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FOREWORD

The energy future which we are creating is unsustainable. If we continue as
before, the energy supply to meet the needs of the world economy over the next
twenty-five years is too vulnerable to failure arising from under-investment,
environmental catastrophe or sudden supply interruption.

This has been the central message from the World Energy Outlook for the past
several years; and in 2005 at Gleneagles and 2006 at St. Petersburg, G8 leaders
endorsed that judgement, making a political commitment to change. They
asked the IEA to map a new energy future.

This edition of the Outlook responds to that challenge. It starts, like previous
editions, with a Reference Scenario projecting energy demand and supply if
present policies were to continue. This is not to cast doubt on the will for
change. Rather it serves as a point of departure for the analysis of how and how
far that future can be altered and at what cost. It is a reminder of why that must
happen: despite the shock of continuing high oil prices, the projected energy
future has hardly changed.

The International Energy Agency has presented other options in the past — an
Alternative Policy Scenario for the countries of the OECD in WEO-2002 and
a global Alternative Policy Scenario in WEO-2004, updated in WEO-2005. Their
basis was what could be achieved by putting into effect those policies for change
already under consideration by governments. Our dedicated team under
Fatih Birol, to whom I again pay tribute, has carried this process much further in
this Outlook, with the support of many distinguished contributors from outside the
Agency and others within. The analysis of alternative policies and their effects in
terms of energy security and carbon dioxide emissions makes up the entire second
part of this book. It is a tool for change. For policy-makers, the Alternative Policy
Scenario identifies the priority sectors for action and the key instruments. It
measures both costs and cost-effectiveness. It shows what can be achieved, along the
road to 2030, within ten years. Given the commitment of G8 leaders to act with
resolve and urgency, this scenario might well have been renamed “Resolute Action”.

What this scenario shows is that the world economy can flourish while using
less energy. The perpetual rise in OECD oil imports can be halted by 2015.
Carbon dioxide emissions can be cut by thousands of millions of tonnes by
2030. The investment cost is higher for consumers; but their extra cost is more
than offset by savings in energy bills and in investment elsewhere. The
challenge for governments is to persuade society that it wants this outcome
sufficiently to give its backing to the necessary action, even where that means
bearing a cost today for the benefit tomorrow.
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It is possible to go further and faster by 2030, though the risks increase. We
have illustrated how, to complement recent IEA studies on technology
development and deployment.

No Outlook would be complete without a collection of additional insights into
the most critical energy issues of the day. This year we have sought to explain
how it is that higher energy prices are now going hand-in-hand with vigorous
world economic growth and how oil and gas investment is shaping up in the
years to 2010. We have looked in depth at two fuels which can help change the
future: nuclear power, which can play a pivotal role if public acceptance is
regained; and biofuels, which could supply a significant share of road transport
fuels by 2030. We show how to ensure 1.3 billion people can have cleaner,
more efficient cooking fuels by 2015 in order to contribute appropriately to the
UN Millennium Development Goals. Finally, we present a snapshot of Brazil,
the fifth-largest country in the world by land area and population, and one
with a unique energy economy, of significance worldwide.

Projecting the future is a hazardous process, however sophisticated the selection
of assumptions and the complexity of the energy model. The International
Energy Agency does not hold out any of the scenarios depicted here as forecasts
of the energy future. But they are reliable indications of what the future could
be on the given assumptions. It will take courage to act, often in the face of
political difficulty and controversy, to lead the world towards a more
sustainable energy future. The objectives can be achieved, by practicable means
and at a cost which does not outweigh the benefits. And those benefits are open
to all, energy suppliers alongside energy consumers and, not least, those
consumers in the countries most in need of economic development. They are
vulnerable to what the French call “/énergie du désespoir”, the overwhelming
power of desperation. On the contrary, I confidently believe that there is ‘e
Lespoir dans l'énergie’.

Claude Mandil

Executive Director
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SUMMARY AND CONCLUSIONS

The world is facing twin energy-related threats: that of not having
adequate and secure supplies of energy at affordable prices and that of
environmental harm caused by consuming too much of it. Soaring energy
prices and recent geopolitical events have reminded us of the essential role
affordable energy plays in economic growth and human development, and of
the vulnerability of the global energy system to supply disruptions.
Safeguarding energy supplies is once again at the top of the international policy
agenda. Yet the current pattern of energy supply carries the threat of severe and
irreversible environmental damage — including changes in global climate.
Reconciling the goals of energy security and environmental protection requires
strong and coordinated government action and public support.

The need to curb the growth in fossil-energy demand, to increase
geographic and fuel-supply diversity and to mitigate climate-destabilising
emissions is more urgent than ever. G8 leaders, meeting with the leaders of
several major developing countries and heads of international organisations —
including the International Energy Agency — at Gleneagles in July 2005 and in
St. Petersburg in July 2006 called on the IEA to “advise on alternative energy
scenarios and strategies aimed at a clean, clever and competitive energy future”.
This year’s Outlook responds to that request. It confirms that fossil-fuel demand
and trade flows, and greenhouse-gas emissions would follow their current
unsustainable paths through to 2030 in the absence of new government action —
the underlying premise of our Reference Scenario. It also demonstrates, in an
Alternative Policy Scenario, that a package of policies and measures that countries
around the world are considering would, if implemented, significantly reduce the
rate of increase in demand and emissions. Importantly, the economic cost of these
policies would be more than outweighed by the economic benefits that would
come from using and producing energy more efficiently.

Fossil energy will remain dominant to 2030

Global primary energy demand in the Reference Scenario is projected to
increase by just over one-half between now and 2030 — an average
annual rate of 1.6%. Demand grows by more than one-quarter in the
period to 2015 alone. Over 70% of the increase in demand over the
projection period comes from developing countries, with China alone
accounting for 30%. Their economies and population grow much faster than

in the OECD, shifting the centre of gravity of global energy demand. Almost
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half of the increase in global primary energy use goes to generating electricity
and one-fifth to meeting transport needs — almost entirely in the form of oil-

based fuels.

Globally, fossil fuels will remain the dominant source of energy to 2030 in
both scenarios. In the Reference Scenario, they account for 83% of the overall
increase in energy demand between 2004 and 2030. As a result, their share of
world demand edges up, from 80% to 81%. The share of oil drops, though oil
remains the largest single fuel in the global energy mix in 2030. Global oil
demand reaches 99 million barrels per day in 2015 and 116 mb/d in 2030 —
up from 84 mb/d in 2005. In contrast to WEO-2005, coal sees the biggest
increase in demand in absolute terms, driven mainly by power generation.
China and India account for almost four-fifths of the incremental demand for
coal. It remains the second-largest primary fuel, its share in global demand
increasing slightly. The share of natural gas also rises, even though gas use grows
less quickly than projected in the last Ourlook, due to higher prices.
Hydropower’s share of primary energy use rises slightly, while that of nuclear
power falls. The share of biomass falls marginally, as developing countries
increasingly switch to using modern commercial energy, offsetting the growing
use of biomass as feedstock for biofuels production and for power and heat
generation. Non-hydro renewables — including wind, solar and geothermal —
grow quickest, but from a small base.

We have revised upwards our assumptions for oil prices in this Outlook, in
the expectation that crude oil and refined-product markets remain tight.
Market fundamentals point to a modest easing of prices as new capacity comes
on stream and demand growth slows. But new geopolitical tensions or, worse,
a major supply disruption could drive prices even higher. We assume the
average IEA crude oil import price falls back to $47 per barrel in real terms in
the early part of the next decade and then rises steadily through to 2030.
Natural gas prices are assumed broadly to follow the trend in oil prices, because
of the continuing widespread use of oil-price indexation in long-term gas
supply contracts and because of inter-fuel competition. Coal prices are assumed
to change proportionately less over time, but follow the direction of oil and
gas prices.

The threat to the world’s energy security is real
and growing

Rising oil and gas demand, if unchecked, would accentuate the
consuming countries’ vulnerability to a severe supply disruption and
resulting price shock. OECD and developing Asian countries become
increasingly dependent on imports as their indigenous production fails to keep
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pace with demand. Non-OPEC production of conventional crude oil and
natural gas liquids is set to peak within a decade. By 2030, the OECD as a
whole imports two-thirds of its oil needs in the Reference Scenario, compared
with 56% today. Much of the additional imports come from the Middle East,
along vulnerable maritime routes. The concentration of oil production in a
small group of countries with large reserves — notably Middle East OPEC
members and Russia — will increase their market dominance and their ability
to impose higher prices. An increasing share of gas demand is also expected to
be met by imports, via pipeline or in the form of liquefied natural gas from
increasingly distant suppliers.

The growing insensitivity of oil demand to price accentuates the potential
impact on international oil prices of a supply disruption. The share of
transport demand — which is price-inelastic relative to other energy services —
in global oil consumption is projected to rise in the Reference Scenario. As a
result, oil demand becomes less and less responsive to movements in
international crude oil prices. The corollary of this is that prices would fluctuate
more than in the past in response to future short-term shifts in demand and
supply. The cushioning effect of subsidies to oil consumers on demand
contributes to the insensitivity of global oil demand to changes in international
prices. Current subsidies on oil products in non-OECD countries are estimated
at over $90 billion annually. Subsidies on all forms of final energy outside the
OECD amount to over $250 billion per year — equal to all the investment
needed in the power sector each year, on average, in those countries.

Oil prices still matter to the economic health of the global economy.
Although most oil-importing economies around the world have continued to
grow strongly since 2002, they would have grown even more rapidly had the
price of oil and other forms of energy not increased. In many importing
countries, increases in the value of exports of non-energy commodities, the
prices of which have also risen, have offset at least part of the impact of higher
energy prices. The eventual impact of higher energy prices on macroeconomic
prospects remains uncertain, partly because the effects of recent price increases
have not fully worked their way through the economic system. There are
growing signs of inflationary pressures, leading to higher interest rates. Most
OECD countries have experienced a worsening of their current account
balances, most obviously the United States. The recycling of petro-dollars may
have helped to mitigate the increase in long-term interest rates, delaying the
adverse impact on real incomes and output of higher energy prices. The longer
prices remain at current levels or the more they rise, the greater the threat to
economic growth in importing countries. An oil-price shock caused by a
sudden and severe supply disruption would be particularly damaging — for
heavily indebted poor countries most of all.
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Will the investment come?

Meeting the world’s growing hunger for energy requires massive investment
in energy-supply infrastructure. The Reference Scenario projections in this
Outlook call for cumulative investment of just over $20 trillion (in year-2005
dollars) over 2005-2030. This is around $3 trillion higher than in WEO-2005,
mainly because of recent sharp increases in unit capital costs, especially in the oil
and gas industry. The power sector accounts for 56% of total investment — or
around two-thirds if investment in the supply chain to meet the fuel needs of
power stations is included. Oil investment — three-quarters of which goes to the
upstream — amounts to over $4 trillion in total over 2005-2030. Upstream
investment needs are more sensitive to changes in decline rates at producing
fields than to the rate of growth of demand for oil. More than half of all the
energy investment needed worldwide is in developing countries, where demand
and production increase most quickly. China alone needs to invest about
$3.7 trillion — 18% of the world total.

There is no guarantee that all of the investment needed will be forthcoming.
Government policies, geopolitical factors, unexpected changes in unit costs and
prices, and new technology could all affect the opportunities and incentives for
private and publicly-owned companies to invest in different parts of the various
energy-supply chains. The investment decisions of the major oil- and gas-
producing countries are of crucial importance, as they will increasingly affect the
volume and cost of imports in the consuming countries. There are doubts, for
example, about whether investment in Russia’s gas industry will be sufficient even
to maintain current export levels to Europe and to start exporting to Asia.

The ability and willingness of major oil and gas producers to step up
investment in order to meet rising global demand are particularly uncertain.
Capital spending by the world’s leading oil and gas companies increased sharply
in nominal terms over the course of the first half of the current decade and,
according to company plans, will rise further to 2010. But the impact on new
capacity of higher spending is being blunted by rising costs. Expressed in cost
inflation-adjusted terms, investment in 2005 was only 5% above that in 2000.
Planned upstream investment to 2010 is expected to boost slightly global spare
crude oil production capacity. But capacity additions could be smaller on account
of shortages of skilled personnel and equipment, regulatory delays, cost inflation,
higher decline rates at existing fields and geopolitics. Increased capital spending
on refining is expected to raise throughput capacity by almost 8 mb/d by 2010.
Beyond the current decade, higher investment in real terms will be needed to
maintain growth in upstream and downstream capacity. In a Deferred
Investment Case, lower OPEC crude oil production, partially offset by increased
non-OPEC production, pushes oil prices up by one-third, trimming global oil
demand by 7 mb/d, or 6%, in 2030 relative to the Reference Scenario.
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On current energy trends, carbon-dioxide
emissions will accelerate

Global energy-related carbon-dioxide (CO,) emissions increase by 55%
between 2004 and 2030, or 1.7% per year, in the Reference Scenario.
They reach 40 gigatonnes in 2030, an increase of 14 Gt over the 2004 level.
Power generation contributes half of the increase in global emissions over
the projection period. Coal overtook oil in 2003 as the leading contributor
to global energy-related CO, emissions and consolidates this position
through to 2030. Emissions are projected to grow slightly faster than
primary energy demand — reversing the trend of the last two-and-a-half
decades — because the average carbon content of primary energy
consumption increases.

Developing countries account for over three-quarters of the increase in
global CO, emissions between 2004 and 2030 in this scenario. They
overtake the OECD as the biggest emitter by soon after 2010. The share of
developing countries in world emissions rises from 39% in 2004 to over
one-half by 2030. This increase is faster than that of their share in energy
demand, because their incremental energy use is more carbon-intensive than
that of the OECD and transition economies. In general, the developing
countries use proportionately more coal and less gas. China alone is
responsible for about 39% of the rise in global emissions. China’s emissions
more than double between 2004 and 2030, driven by strong economic
growth and heavy reliance on coal in power generation and industry. China
overtakes the United States as the world’s biggest emitter before 2010. Other
Asian countries, notably India, also contribute heavily to the increase in global
emissions. The per-capita emissions of non-OECD countries nonetheless

remain well below those of the OECD.

Prompt government action can alter energy
and emission trends

The Reference Scenario trends described above are not set in stone. Indeed,
governments may well take stronger action to steer the energy system onto a
more sustainable path. In the Alternative Policy Scenario, the policies and
measures that governments are currently considering aimed at enhancing
energy security and mitigating CO, emissions are assumed to be implemented.
This would result in significantly slower growth in fossil-fuel demand, in oil
and gas imports and in emissions. These interventions include efforts to
improve efficiency in energy production and use, to increase reliance on non-
fossil fuels and to sustain the domestic supply of oil and gas within net energy-
importing countries.
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World primary energy demand in 2030 is about 10% lower in the
Alternative Policy Scenario than in the Reference Scenario — roughly
equivalent to China’s entire energy consumption today. Global demand
grows, by 37% between 2004 and 2030, but more slowly: 1.2% annually
against 1.6% in the Reference Scenario. The biggest energy savings in both
absolute and percentage terms come from coal. The impact on energy demand
of new policies is less marked in the first decade of the Outlook period, but far
from negligible. The difference in global energy demand between the two
scenarios in 2015 is about 4%.

In stark contrast with the Reference Scenario, OECD oil imports level off
by around 2015 and then begin to fall. Even so, all three OECD regions and
developing Asia are more dependent on oil imports by the end of the
projection period, though markedly less so than in the Reference Scenario.
Global oil demand reaches 103 mb/d in 2030 in the Alternative Policy
Scenario — an increase of 20 mb/d on the 2005 level but 13 mb/d less than in
the Reference Scenario. Measures in the transport sector produce close to 60%
of all the oil savings in the Alternative Policy Scenario. More than two-thirds
come from more efficient new vehicles. Increased biofuels use and production,
especially in Brazil, Europe and the United States, also helps reduce oil needs.
Globally, gas demand and reliance on gas imports are also sharply reduced vis-
a-vis the Reference Scenario.

Energy-related carbon-dioxide emissions are cut by 1.7 Gt, or 5%, in 2015
and by 6.3 Gt, or 16%, in 2030 relative to the Reference Scenario. The
actions taken in the Alternative Policy Scenario cause emissions in the OECD
and in the transition economies to stabilise and then decline before 2030. Their
emissions in 2030 are still slightly higher than in 2004, but well below the
Reference Scenario level. Emissions in the European Union and Japan fall to
below current levels. Emissions in developing regions carry on growing, but the
rate of increase slows appreciably over the Ouzlook period compared with the
Reference Scenario.

Policies that encourage the more efficient production and use of energy
contribute almost 80% of the avoided CO, emissions. The remainder comes
from switching to low- and or zero-carbon fuels. More efficient use of fuels,
mainly through more efficient cars and trucks, accounts for almost 36% of the
emissions saved. More efficient use of electricity in a wide range of applications,
including lighting, air-conditioning, appliances and industrial motors, accounts
for another 30%. More efficient energy production contributes 13%.
Renewables and biofuels together yield another 12% and nuclear the remaining
10%. The implementation of only a dozen policies would result in nearly 40%
of avoided CO, emissions by 2030. The policies that are most effective in
reducing emissions also yield the biggest reductions in oil and gas imports.
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New policies and measures would pay for
themselves

In aggregate, the new policies and measures analysed yield financial
savings that far exceed the initial extra investment cost for consumers —
a key result of the Alternative Policy Scenario. Cumulative investment in
2005-2030 along the energy chain — from the producer to the consumer — is
$560 billion lower than in the Reference Scenario. Investment in end-use
equipment and buildings is $2.4 trillion higher, but this is more than
outweighed by the $3 trillion of investment that is avoided on the supply side.
Over the same period, the cost of the fuel saved by consumers amounts to
$8.1 trillion, more than offsetting the extra demand-side investments required
to generate these savings.

The changes in electricity-related investment brought about by the
policies included in the Alternative Policy Scenario yield particularly
big savings. On average, an additional dollar invested in more efficient
electrical equipment, appliances and buildings avoids more than two dollars
in investment in electricity supply. This ratio is highest in non-OECD
countries. Two-thirds of the additional demand-side capital spending is
borne by consumers in OECD countries. The payback periods of the
additional demand-side investments are very short, ranging from one to
eight years. They are shortest in developing countries and for those polices
introduced before 2015.

Nuclear power has renewed promise
- if public concerns are met

Nuclear power — a proven technology for baseload electricity generation
— could make a major contribution to reducing dependence on
imported gas and curbing CO, emissions. In the Reference Scenario, world
nuclear power generating capacity increases from 368 GW in 2005 to
416 GW in 2030. But its share in the primary energy mix still falls, on the
assumption that few new reactors are built and that several existing ones are
retired. In the Alternative Policy Scenario, more favourable nuclear policies
raise nuclear power generating capacity to 519 GW by 2030, so that its share
in the energy mix rises.

Interest in building nuclear reactors has increased as a result of higher
fossil-energy prices, which have made nuclear power relatively more
competitive. New nuclear power plants could produce electricity at a cost of
less than five US cents per kWh, if construction and operating risks are
appropriately managed by plant vendors and power companies. At this cost,
nuclear power would be cheaper than gas-based electricity if gas prices are
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above $4.70 per MBtu. Nuclear power would still be more expensive than
conventional coal-fired plants at coal prices of less than $70 per tonne. The
breakeven costs of nuclear power would be lower if a financial penalty on
CO, emissions were introduced.

Nuclear power will only become more important if the governments of
countries where nuclear power is acceptable play a stronger role in
facilitating private investment, especially in liberalised markets. Nuclear
power plants are capital-intensive, requiring initial investment of $2 billion to
$3.5 billion per reactor. On the other hand, nuclear power generating costs are
less vulnerable to fuel-price changes than coal- or gas-fired generation.
Moreover, uranium resources are abundant and widely distributed around the
globe. These two advantages make nuclear power a potentially attractive option
for enhancing the security of electricity supply — if concerns about plant safety,
nuclear waste disposal and the risk of proliferation can be solved to the
satisfaction of the public.

The contribution of biofuels hinges on new
technology

Biofuels are expected to make a significant contribution to meeting global
road-transport energy needs, especially in the Alternative Policy Scenario.
They account for 7% of the road-fuel consumption in 2030 in that scenario,
up from 1% today. In the Reference Scenario, the share reaches 4%. In both
scenarios, the United States, the European Union and Brazil account for the
bulk of the increase and remain the leading producers and consumers of
biofuels. Ethanol is expected to account for most of the increase in biofuels use
worldwide, as production costs are expected to fall faster than those of biodiesel
— the other main biofuel. The share of biofuels in transport-fuel use remains far
and away the highest in Brazil — the world’s lowest-cost producer of ethanol.

Rising food demand, which competes with biofuels for existing arable and
pasture land, will constrain the potential for biofuels production using
current technology. About 14 million hectares of land are now used for the
production of biofuels, equal to about 1% of the world’s currently available
arable land. This share rises to 2% in the Reference Scenario and 3.5% in the
Alternative Policy Scenario. The amount of arable land needed in 2030 is equal
to more than that of France and Spain in the Reference Scenario and that of all
the OECD Pacific countries — including Australia — in the Alternative Policy
Scenario.

New biofuels technologies being developed today, notably ligno-cellulosic
ethanol, could allow biofuels to play a much bigger role than that foreseen
in either scenario. But significant technological challenges still need to be
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overcome for these second-generation technologies to become commercially
viable. Trade and subsidy policies will be critical factors in determining where
and with what resources and technologies biofuels will be produced in the
coming decades, the overall burden of subsidy on taxpayers and the cost-
effectiveness of biofuels as a way of promoting energy diversity and reducing
carbon-dioxide emissions.

Making the Alternative Policy Scenario a reality

There are formidable hurdles to the adoption and implementation of the
policies and measures in the Alternative Policy Scenario. In practice, it will
take considerable political will to push these policies through, many of which
are bound to encounter resistance from some industry and consumer interests.
Politicians need to spell out clearly the benefits to the economy and to society
as a whole of the proposed measures. In most countries, the public is becoming
familiar with the energy-security and environmental advantages of action to
encourage more efficient energy use and to boost the role of renewables.

Private-sector support and international cooperation will be needed for
more stringent government policy initiatives. While most energy-related
investment will have to come from the private sector, governments have a key
role to play in creating the appropriate investment environment. The
industrialised countries will need to help developing countries leapfrog to the
most advanced technologies and adopt efficient equipment and practices.
This will require programmes to promote technology transfer, capacity
building and collaborative research and development. A strong degree of
cooperation between countries, and between industry and government will
be needed. Non-OECD countries can seek help from multilateral lending
institutions and other international organisations in devising and
implementing new policies. This may be particularly critical for small
developing countries which, unlike China and India, may struggle to attract
investment.

The analysis of the Alternative Policy Scenario demonstrates the urgency
with which policy action is required. Each year of delay in implementing
the policies analysed would have a disproportionately larger effect on
emissions. For example, if the policies were to be delayed by ten years, with
implementation starting only in 2015, the cumulative avoided emissions by
2030 vis-a-vis the Reference Scenario would be only 2%, compared with 8%
in the Alternative Policy Scenario. In addition, delays in stepping up energy-
related research and development efforts, particularly in the field of CO,
capture and storage, would hinder prospects for bringing down emissions
after 2030.
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Larger energy savings would require
an even bigger policy push

Even if governments actually implement, as we assume, all the policies
they are considering to curb energy imports and emissions, both would
still rise through to 2030. Keeping global CO, emissions at current levels
would require much stronger policies. In practice, technological breakthroughs
that change profoundly the way we produce and consume energy will almost
certainly be needed as well. The difficulties in making this happen in the time
frame of our analysis do not justify inaction or delay, which would raise the
long-term economic, security and environmental cost. The sooner a start is
made, the quicker a new generation of more efficient and low- or zero-carbon
energy systems can be put in place.

A much more sustainable energy future is within our reach, using
technologies that are already available or close to commercialisation. A
recently published IEA report, Energy Technology Perspectives, demonstrates that
a portfolio approach to technology development and deployment is needed. In
this Outlook, a Beyond the Alternative Policy Scenario (BAPS) Case illustrates
how the extremely challenging goal of capping CO, emissions in 2030 at
today’s levels could be achieved. This would require emissions to be cut by 8 Gt
more than in the Alternative Policy Scenario. Four-fifths of the energy and
emissions savings in the BAPS Case come from even stronger policy efforts to
improve energy efficiency, to boost nuclear power and renewables-based
electricity generation and to support the introduction of CO, capture and
storage technology — one of the most promising options for mitigating
emissions in the longer term. Yet the technology shifts outlined in the BAPS
Case, while technically feasible, would be unprecedented in scale and speed of
deployment.

Bringing modern energy to the world’s poor
is an urgent necessity

Although steady progress is made in both scenarios in expanding the use
of modern household energy services in developing countries, many
people still depend on traditional biomass in 2030. Today, 2.5 billion
people use fuelwood, charcoal, agricultural waste and animal dung to meet
most of their daily energy needs for cooking and heating. In many countries,
these resources account for over 90% of total household energy consumption.
The inefficient and unsustainable use of biomass has severe consequences for
health, the environment and economic development. Shockingly, about
1.3 million people — mostly women and children — die prematurely every year
because of exposure to indoor air pollution from biomass. There is evidence
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that, in countries where local prices have adjusted to recent high international
energy prices, the shift to cleaner, more efficient ways of cooking has actually
slowed and even reversed. In the Reference Scenario, the number of people
using biomass increases to 2.6 billion by 2015 and to 2.7 billion by 2030 as
population rises. That is, one-third of the world’s population will still be relying
on these fuels, a share barely smaller than today. There are still 1.6 billion
people in the world without electricity. To achieve the Millennium
Development Goals, this number would need to fall to less than one billion
by 2015.

Action to encourage more efficient and sustainable use of traditional
biomass and help people switch to modern cooking fuels and technologies
is needed urgently. The appropriate policy approach depends on local
circumstances such as per-capita incomes and the availability of a sustainable
biomass supply. Alternative fuels and technologies are already available at
reasonable cost. Halving the number of households using biomass for cooking
by 2015 — a recommendation of the UN Millennium Project — would involve
1.3 billion people switching to liquefied petroleum gas and other commercial
tuels. This would not have a significant impact on world oil demand and the
equipment would cost, at most, $1.5 billion per year. But vigorous and
concerted government action — with support from the industrialised countries
— is needed to achieve this target, together with increased funding from both
public and private sources. Policies would need to address barriers to access,
affordability and supply, and to form a central component of broader
development strategies.
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INTRODUCTION

Current trends in energy consumption are neither secure nor sustainable —
economically, environmentally or socially. Inexorably rising consumption of fossil
fuels and related greenhouse-gas emissions threaten our energy security and risk
changing the global climate irreversibly. Energy poverty threatens to hold back
the economic and social development of more than two billion people in the
developing world. G8 leaders, meeting with the leaders of several major
developing countries and heads of international organisations — including the
IEA — at Gleneagles in July 2005 and in St. Petersburg in July 2006 endorsed
these conclusions. They committed themselves to strong action to change energy
trends in order to combat these threats. To this end, they requested the IEA to
“advise on alternative energy scenarios and strategies aimed at a clean, clever and
competitive energy future”. This edition of the Outlook offers a response.

As in previous Outlooks, the analysis presented here starts with projections
derived from a Reference Scenario, which assumes that no new government
policies are introduced during the projection period (to 2030). This scenario
provides a baseline vision of how global energy markets are likely to evolve if
governments do nothing more to affect underlying trends in energy demand
and supply. The appeal of such an approach is that it provides a platform
against which alternative assumptions about future government policies can be
tested. Since WEO-2000, an Alternative Policy Scenario analyses the impact of
a package of additional measures to address energy-security and climate-change
concerns. That scenario illustrates how far policies currently under discussion
could take us and assesses their costs.

This Outlook takes this approach further. It analyses those policies and their
effects in much greater depth. A much broader range of policies than in the
past was also assessed, reflecting the greater sense of urgency on the part of
policy-makers that has emerged in the last two years. The objective is to offer
practical guidance to policy-makers about the potential impact of the many
options they are currently considering and the costs and benefits associated
with them. Above all, our goal is for the findings of the Alternative Policy
Scenario to act as drivers for change. We highlight the results in 2015, to
provide a practical medium-term basis for decision-making.

Information on more than 1400 proposed policies and measures has been
collected and analysed. We have expanded the detail on the sectoral and
regional effects of specific policies and measures, to help identify the actions
that can work best, quickest and at least cost. We have also quantified the
changes in investment in supply infrastructure and on the demand side that
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would be needed (over and above those in the Reference Scenario) and
calculated cost savings from reduced energy consumption. Greater attention
has been given to China, India, Brazil and other developing countries.

The focus of policy-making has shifted in the past two years towards energy
security in response to a series of supply disruptions, geopolitical tensions and
surging energy prices. Notable events have included hurricanes in the Gulf of
Mexico in 2005, the Russian-Ukrainian natural gas price dispute at the
beginning of 2006, civil unrest in Nigeria, nationalisation of hydrocarbon
resources in Bolivia, sudden changes in the investment and operating regime in
Venezuela, the closure of the trans-Alaskan oil pipeline in August 2006 and
persistent unrest in parts of the Middle East. New measures to improve energy
efficiency, to promote indigenous production of fossil fuels and renewable
energy sources, and, in some cases, to revive investment in nuclear power have
already resulted. Although heightened energy insecurity has been the
principal driver of these developments, their consequences for greenhouse-gas
emissions invariably guide the design of policy responses — especially in OECD
countries. Indeed, the primary rationale for many policies on the table today
is environmental. The scope and types of policies analysed in the Alternative
Policy Scenario reflect these twin priorities.

The structure of this Outlook reflects this analytical approach. It comprises
three parts. Part A presents the results of the Reference Scenario, including the
key assumptions, an overview of global energy trends and detailed projections
for each of the main energy sectors: oil, gas, coal and electricity. Part B presents
the results of the Alternative Policy Scenario. An overview of the
methodological approach and global trends is followed by an assessment of the
cost implications of the policies analysed and the detailed results by sector. A
separate chapter discusses the hurdles to government action and goes beyond
the Alternative Policy Scenario, looking at the additional policies and
technological advances that would be needed in order to stabilise energy-related
carbon-dioxide emissions by 2030, and longer-term prospects for technology.
Finally, Part C looks at a number of pertinent issues: the impact of higher
energy prices, current trends in oil and gas investment, prospects for nuclear
power and biofuels, energy use for cooking in developing countries and the
energy outlook for Brazil — the largest economy in Latin America, a growing oil
producer and a leading supplier of biofuels.
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CHAPTER 1

KEY ASSUMPTIONS
HIGHLIGHTS

= The Reference Scenario takes account of those government policies and
measures that were enacted or adopted by mid-2006, though many of
them have not yet been fully implemented. Possible, potential or even
likely future policy actions are not considered.

= Global population is assumed to grow by 1% per year on average, from an
estimated 6.4 billion in 2004 to 8.1 billion in 2030. Population growth
slows progressively over the projection period, as it did in the last three
decades. Population expanded by 1.5% per year from 1980 to 2004. The
population of the developing regions continues to grow most rapidly,
boosting their share of the world’s population.

= The rate of growth in world GDP — the primary driver of energy demand
— is assumed to average 3.4% per year over the period 2004-2030,
compared with 3.2% from 1980 to 2004. It falls progressively over the
projection period, from 4% in 2004-2015 to 2.9% in 2015-2030. China,
India and other developing Asian countries are expected to continue to
grow faster than any other region. All regions continue to experience a
decline in the share of energy-intensive heavy manufacturing in economic
output and a rise in the share of lighter industries and services, particularly
in the developing world.

m Der-capita incomes grow more quickly in the transition economies and
developing countries than in the OECD. Yet per-capita incomes in OECD
countries, which increase by 57% to $44 720 in 2030, are still almost four
times the average for the rest of the world.

= The IEA crude oil import price is assumed to average slightly over $60 per
barrel (in real year-2005 dollars) through 2007 — up from $51 in 2005 —
and then decline to about $47 by 2012. It is assumed to rise again slowly
thereafter, reaching $55 in 2030. These prices are significantly higher than
in WEO-2005. Natural gas prices broadly follow the trend in oil prices,
because of inter-fuel competition and the continuing widespread use of oil-
price indexation in long-term gas-supply contracts. The price of OECD
steam-coal imports is assumed to stabilise at about $55 per tonne in the
next few years and then rise to $60 in 2030.

= In general, it is assumed that energy-supply and end-use technologies
become steadily more efficient, though at varying speeds for each fuel and
each sector, depending on the potential for efficiency gains and the stage of
technology development and commercialisation. New policies — excluded
from the Reference Scenario — would be needed to accelerate the
deployment of more efficient and cleaner technologies.
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Government Policies and Measures

As in previous editions of the Outlook, the Reference Scenario takes account
of those government policies and measures that have been enacted or adopted
— in this case, by mid-2006 — though many of them have not yet been fully
implemented. The impact on energy demand and supply of the most recent
measures does not show up in historical market data, which are available only
up to 2004 for all countries.! Many of them are designed to curb the growth
in energy demand, in response to heightened concerns about energy security,
as well as climate change and other environmental problems. These initiatives
cover a wide array of sectors and involve a variety of policy instruments.
Importantly, unlike the Alternative Policy Scenario, the Reference Scenario
does not take into consideration possible, potential or even likely future policy
actions. Thus, the Reference Scenario projections should not be considered
forecasts, but rather a baseline vision of how energy markets would evolve if
governments do nothing beyond what they have already committed themselves
to doing to influence long-term energy trends. By contrast, the Alternative
Policy Scenario, which forms Part B of this Ouzlook, analyses the impact of a
range of policies and measures that countries in all regions are considering
adopting or might reasonably be expected to adopt at some point over the
projection period.

Although the Reference Scenario assumes that there will be no change in
energy and environmental policies through the projection period, exactly how
existing policies will be implemented in the future is not always clear.
Inevitably, a degree of judgement is involved in translating stated policies into
formal assumptions for modelling purposes. These assumptions vary by fuel
and by region. For example, electricity and gas market reforms, where
approved, are assumed to move ahead, but at varying speeds among countries
and regions. Progress is assumed to be made in liberalising cross-border energy
trade and investment, and in reforming energy subsidies, but these policies are
expected to be pursued most energetically in OECD countries. In all cases, the
rates of excise duty and value-added or sales tax applied to different energy
sources and carriers are assumed to remain constant. As a result, assumed
changes in international prices (see below) have different effects on the retail
prices of each fuel and in each region, according to the type of tax applied and
the rates currently levied. Similarly, in this Reference Scenario, it is assumed
that there will be no changes in national policies on nuclear power. Nuclear
energy will, therefore, remain an option for power generation only in those
countries that have not officially banned it or decided to phase it out.

1. Data for some countries and some fuels are available for 2005 and are included.
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Box 1.1: Improvements to the Modelling Framework in WEO-2006

The IEAs World Energy Model (WEM) — a large-scale mathematical
construct designed to replicate how energy markets function — is the
principal tool used to generate detailed sector-by-sector and region-by-
region projections for both the Reference and Alternative Policy Scenarios.
The model, which has been developed over several years, is made up of five
main modules: final energy demand; power generation; refinery and other
transformation; fossil-fuel supply; and CO, emissions. The WEM
underwent a major overhaul in 2004, involving the addition of several new
features, including new regional demand models, more detailed coverage of
demand by sector and fuel, and new supply models for oil and coal
production and trade. The model has been further extended for the WEO-
2006, including the following new features:
= Greater regional disaggregation, with the development of new, separate,
models for the United States, Canada, Japan, Korea and North Africa.
= More detailed sectoral representation of end-use sectors for non-OECD
countries, including aviation and detailed transport-stock models.
= Detailed analysis of the use of cooking and heating fuels in developing
countries.
= More sophisticated treatment of biofuels use and supply, and of
renewables for heating in end-use sectors.
= An updated analysis of power-generation capital and operating costs,
including a more detailed assessment of nuclear power and renewable-
energy technologies.
= Calibration of the oil and gas production and oil-refining models to the
results of a detailed analysis of the near-term prospects for investment.
A key reason for implementing these improvements has been to deepen the
analysis contained in the Alternative Policy Scenario. With the revised
WEM, the impact of specific policies and measures on energy demand,
production, trade, investment needs, supply costs and emissions can be
evaluated with greater precision.

Population

Population growth affects the size and pattern of energy demand. The rates of
population growth assumed for each region in this Outlook are based on the
most recent projections contained in the United Nations report, World
Population Prospects: The 2004 Revision (UNPD, 2005). Global population is
projected to grow by 1% per year on average, from an estimated 6.4 billion in
mid-2004 to over 8.1 billion in 2030. Population growth slows progressively
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over the projection period, as it did in the last three decades, from 1.1% per
year in 2004-2015 to 0.8% in 2015-2030 (Table 1.1). Population expanded by
1.5% per year from 1980 to 2004.

Table 1.1: World Population Growth (average annual growth rates, %)

1980- 1990- 2004- 2015- 2004-
1990 2004 2015 2030 2030
OECD 0.8 0.8 0.5 0.3 0.4
North America 1.2 1.3 0.9 0.7 0.8
United States 0.9 12 0.9 0.7 0.8
Europe 0.5 0.5 0.3 0.1 0.2
Pacific 0.8 0.5 0.2 0.1 0.0
Japan 0.6 0.2 0.0 -0.3 0.2
Transition economies 0.8 -0.2 -0.2 -0.3 -0.3
Russia 0.6 -0.2 -0.5 0.6 -0.5
Developing countries 2.1 1.7 1.3 1.0 1.2
Developing Asia 1.8 L5 1.1 0.8 0.9
China 1.5 1.0 0.6 0.3 0.4
India 2.1 1.7 1.3 0.9 1.1
Middle East 3.6 2.4 2.0 1.6 1.7
Africa 2.9 2.4 2.1 1.8 1.9
Latin America 2.0 1.6 1.3 0.9 1.1
Brazil 2.1 1.5 1.2 0.8 0.9
World 1.7 1.4 1.1 0.8 1.0
European Union 0.3 03 0.1 0.0 0.0

The OECD’s population is projected to rise modestly, with most of the
increase coming from North America. Population in Russia and other
transition economies is expected to decline (Figure 1.1). Mortality rates there
have been stagnant or even increasing, largely as a result of deteriorating social
conditions, unhealthy lifestyles and, in some cases, because of the spread of
HIV. Russia’s population is projected to drop from 144 million in 2004 to
125 million by the end of the projection period. The population of the
developing regions will continue to grow most rapidly, boosting their share of
the world’s population from 76% today to 80% in 2030. Mortality is falling in
most developing countries, but is rising in those most affected by the
HIV/AIDS epidemic. Nonetheless, an expected expansion of programmes to
distribute antiretroviral drugs to AIDS sufferers has led to higher average
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survivorship for people living with HIV than previously projected.
Consequently, population growth rates are slightly higher in some regions than
in the last Outlook.

Figure 1.1: World Population by Region
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Macroeconomic Factors

The energy projections in the Outlook are highly sensitive to underlying
assumptions about GDP growth — the main driver of demand for energy
services. Energy demand has tended to rise broadly in line with GDP growth
in the past three decades or so, though the ratio has gradually declined over
time. Since 1990, each 1% increase in GDP (expressed in purchasing power
parity terms)? has been accompanied by a 0.5% increase in primary energy
consumption. Between 1971 and 1990, the corresponding increase was 0.7%.
Demand has grown less rapidly relative to GDP in recent years largely due to
warmer weather in the northern hemisphere, which has reduced energy needs

2. All GDP data cited in this chapter are expressed in year-2005 dollars using purchasing power
parities (PPPs) rather than market exchange rates. PPPs compare costs in different currencies of a
fixed basket of traded and non-traded goods and services and yield a broadly-based measure of
standard of living. This is a more appropriate basis for analysing the main drivers of energy demand.
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for heating, and faster improvements in end-use energy efficiency. Demand for
transport fuels and electricity have continued to grow in an almost linear
fashion with, though at a slower rate than, GDP since the 1970s.

Despite higher oil prices since 2002, the economies of most countries around
the world have continued to grow strongly. The world economy grew by 5.3%
in 2004 — the fastest rate since 1973. Preliminary estimates put growth at 4.9%
in 2005. These rates are well above the average of 3.1% over the period 1980-
2003. All major regions saw their growth accelerate in 2003 and 2004, though
most countries experienced a slowdown in 2005 and early 2006. OECD
countries’s GDP grew by 2.8% in 2005, down from 3.3% in 2004. A revival of
the Japanese economy and the continuing strength of the US economy have
been partially offset by continuing sluggish growth across much of Europe.
Developing countries and the transition economies have enjoyed above-average
rates of GDP growth. China’s GDP surged by around 10% in both 2004 and
2005, while growth in India averaged 8%. Middle East economies have picked
up sharply, thanks to higher oil-export revenues. There are signs that GDP
growth in most regions may decline further as interest rates rise in response to
increasing inflationary pressures, resulting from the surge in oil and other
commodity prices. Chapter 11 assesses in detail the macroeconomic impact of
higher energy prices.

GDP growth is expected to slow gradually over the projection period in all
regions (Table 1.2).> World GDP is assumed to grow by an average of 3.4% per
year over the period 2004-2030. Growth drops from an average of 4% in
2004-2015 to 2.9% in 2015-2030. Developing Asian countries are expected to
continue to grow faster than any other region, followed by the Middle East and
Africa. The Chinese economy is assumed to grow fastest at 5.5% per year over
the projection period, overtaking the United States as the world’s largest
economy in PPP terms by around 2015. Growth nonetheless slows as the
economy matures and population levels off. GDP in the OECD as a whole is
assumed to grow by 2.2% per year over the projection period. Growth rates in
the three OECD regions are expected to slow progressively over the projection
period, as population growth slows or reverses and their economies mature. All
regions continue to experience a decline in the share of energy-intensive heavy
manufacturing in economic output and a rise in the share of lighter industries
and services, particularly in the developing world where the process is least
advanced.

Combining our population and GDP growth assumptions yields an average
increase in per-capita income of 2.4% per annum, from $9 253 in 2004 to
$17 196 in 2030 (in PPP terms and year-2005 dollars). Per-capita incomes

3. The same macroeconomic and population assumptions are used in the Alternative Policy Scenario.
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Table 1.2: World Real GDP Growth (average annual growth rates, %)

1980- 1990- 2004- 2015- 2004-
1990 2004 2015 2030 2030
OECD 3.0 2.5 2.6 1.9 2.2
North America 3.1 3.0 2.9 2.0 2.4
United States 3.2 3.0 2.9 1.9 2.3
Europe 24 22 23 1.8 2.0
Pacific 4.2 2.2 2.3 1.6 1.9
Japan 3.9 1.3 1.7 1.3 1.4
Transition economies -0.5 -0.8 4.4 2.9 3.6
Russia - -0.9 4.2 2.9 3.4
Developing countries 3.9 5.7 5.8 3.9 4.7
Developing Asia 0.6 7.3 6.4 4.1 5.1
China 9.1 10.1 7.3 4.3 5.5
India 6.0 5.7 6.4 4.2 5.1
Middle East 0.4 3.9 5.0 3.2 4.0
Africa 2.1 2.8 4.4 3.6 3.9
Latin America 1.3 2.8 3.5 2.9 3.2
Brazil 1.5 2.6 3.3 2.8 3.0
World 2.9 3.4 4.0 2.9 3.4
European Union 24 2.1 22 1.8 2.0

grow more quickly in the transition economies and developing countries than
in the OECD (Figure 1.2). Yet incomes in OECD countries, which increase by
57% to $44 720 in 2030, are still almost four times the average for the rest of
the world.

Energy Prices

As with any good, the price of an energy service (reflecting the price of the fuel
used to provide it) affects how much of it is demanded. The price elasticity of
demand varies across fuels and sectors, and over time, depending on a host of
factors, including the scope for substituting the fuel with another or adopting
more efficient energy-using equipment, the need for the energy service and the
pace of technological change. Primary energy sources are traded on
international markets and their prices are influenced by market forces, even
where those markets are not entirely free. Where retail prices are not directly
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Figure 1.2: Growth in Real GDP Per Capita by Region
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controlled by the government, they generally move in line with international
prices. But the percentage change in the retail price of a fuel is usually much
less than that in the international price because of distribution costs (which
tend to fluctuate much less), taxes and, in some cases, subsidies. Chapter 11
analyses in detail price elasticities, the impact of taxes and subsidies on actual
retail prices, and recent trends in international and retail prices.

The Reference Scenario projections are based on the average retail prices of
each fuel used in final uses, power generation and other transformation sectors.
These prices are derived from assumptions about the international prices of
fossil fuels (Table 1.3). Tax rates and excise duties are assumed to remain
constant over the projection period. Final electricity prices are derived from
marginal power-generation costs (which reflect the price of primary fossil-fuel
inputs to generation, and the cost of hydropower, nuclear energy and
renewables-based generation), and non-generation costs of supply. The fossil-
fuel-price assumptions reflect our judgment of the prices that will be needed to
stimulate sufficient investment in supply to meet projected demand over the
projection period. Although the price paths follow smooth trends, prices are
likely, in reality, to remain volatile.*

4. Some energy prices are assumed to change in the Alternative Policy Scenario. The impact of lower
investment on oil prices, demand and supply is analysed in Chapter 3. The impact of higher oil prices
on energy demand is analysed in Chapter 11.
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Table 1.3: Fossil-Fuel Price Assumptions in the Reference Scenario ($ per unit)

unit 2000 2005 2010 2015 2030

Real terms (year-2005 prices)

IEA crude oil imports barrel 31.38 50.62 51.50 47.80 55.00
Natural gas
US imports MBm 434 655 667 606 692
European imports MBt 316 578 594 555 653
Japanese LNG imports MBm 530 607 662 604 689

OECD steam coal imports tonne  37.51 6245 55.00 55.80 60.00

Nominal terms

IEA crude oil imports barrel  28.00 50.62 57.79 60.16 97.30
Natural gas
US imports MBtw 387 655 749 762 1224
European imports MBtw 282 578 6.66 698 1155
Japanese LNG imports MBtw 473 607 743 759 1218

OECD steam coal imports tonne 33.47 6245 61.74 70.19 106.14

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 2006.

The average IEA crude oil import price, a proxy for international oil prices, was
$51 per barrel in 2005. It is assumed to average slightly over $60 per barrel (in
real year-2005 dollars) through 2007, and then decline to about $47 by 2012.
It is assumed to rise again slowly thereafter, reaching $50 in 2020 and $55
in 2030 (Figure 1.3). In nominal terms, the price will reach $97 in 2030
assuming inflation of 2.3% per year. Prices of the major benchmark crude oils,
West Texas Intermediate (WTT) and Brent, will be correspondingly higher. In
2005, the average IEA crude oil import price was $5.97 per barrel lower than
first-month WTT and $3.90 lower than dated Brent.

Prospects for oil prices remain extremely uncertain. The price assumptions
described above are significantly higher than assumed in the last edition of the
Outlook. This revision reflects the continuing recent tightness of crude oil and
refined-product markets, resulting, to a large extent, from tight product-upgrading
capacity. This is reflected in rising crude oil/light product price differentials and
falling crude oil/heavy fuel oil differentials since 2003 (Figure 1.4). Geopolitical
tensions in the Middle East, Russia, Africa and Latin America have contributed to
the upward pressure on prices. Some commentators and investors predict further
price rises, possibly to $100 per barrel for crude oil. Market fundamentals point
to a modest easing of prices as new capacity comes on stream (see Chapter 12) and
demand growth tempers. But new geopolitical tensions or, worse, a major supply
disruption could drive prices even higher.
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Figure 1.3: Average IEA Crude Oil Import Price in the Reference Scenario
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Source: TEA databases.
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In the longer term, price trends will hinge on the investment and production
policies of a small number of countries — mainly Middle East members of the
Organization of the Petroleum Exporting Countries (OPEC) — that hold the
bulk of the world’s remaining oil reserves and on the cost of developing them.
The assumed slowly rising trend in real prices after 2012 reflects an expected
increase in the market share of a small number of major producing countries,
together with a rise in marginal production costs outside OPEC. Most of the
additional production capacity that will be needed over the projection period
would logically be expected to be built in Middle East OPEC countries. The
resulting growing concentration of production in these countries will increase
their market dominance and, therefore, their ability to impose higher prices
through their collective production and investment policies. It is nonetheless
assumed that they will seek to avoid driving prices up too much and too
quickly, for fear of depressing global demand and of accelerating the
development of alternative energy sources.

Natural gas prices are assumed broadly to follow the trend in oil prices, because
of the continuing widespread use of oil-price indexation in long-term gas
supply contracts’ and because of inter-fuel competition in end-use markets.
Some divergences in oil and gas prices and between gas prices across regions are
nonetheless expected. Increasing gas-to-gas competition will put downward
pressure on gas prices relative to oil prices in some markets, but this factor is
expected to be offset to some degree by rising supply costs — notably in North
America and Europe. Increased short-term trading in liquefied natural gas
(LNG), allowing arbitrage among regional markets, is expected to contribute
to the convergence of regional prices over the projection period. International
steam coal prices have risen steadily in recent years on the back of rising oil
prices and strong demand, particularly from power generators and steel
producers. The price of OECD steam coal imports is assumed to fall back
slightly from a peak of $62 per tonne (in year-2005 dollars) in 2005 to around
$55 in the next few years and then to increase slowly to $60 by 2030.

Technological Developments

The pace of technological innovation and deployment affects the cost of
supplying and the efficiency of using energy. Our projections are, therefore,
very sensitive to assumptions about technological developments. In general, it

5. The share of global gas supply that is traded under contracts with explicit oil-price indexation
clauses is probably at least one-third and may be as high as half. Much of the remaining share of gas
supply is not traded commercially. Almost all long-term contracts in continental Europe, which
account for well over 95% of bulk gas trade, include oil-price indexation. Gas prices are indexed
against oil prices in some way in virtually all long-term LNG supply contracts. In contrast, most gas
is priced against spot or forward gas-price indices in North America and Great Britain.
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is assumed that available end-use technologies become steadily more energy-
efficient, though the pace varies for each fuel and each sector depending on our
assessment of the potential for efficiency improvements and the stage of
technology development and commercialisation. The rate at which available
technologies are actually taken up by end users also varies, mainly as a function
of how quickly the current and future stock of energy-using capital
equipment is retired and replaced. In most cases, capital stock is replaced only
gradually, so technological developments that improve energy efficiency will
have their greatest impact on market trends towards the end of the projection
period — a key message of a recent IEA study on technology (IEA, 2006).6
But some capital equipment is replaced much more frequently: most cars and
trucks are usually replaced within ten or fifteen years — or less in OECD
countries. Heating and cooling systems and industrial boilers typically last a bit
longer. But buildings, power stations and refineries and most of the current
transport infrastructure last several decades or more. Retiring these facilities
early would be extremely expensive. That is why governments will need to
provide strong financial incentives if the rate of deployment of more efficient
and cleaner technologies is to be accelerated. The impact of new policies on the
deployment of more advanced technologies is analysed in detail in the
Alternative Policy Scenario (Part B).

Technological advances are also assumed to improve the efficiency of
producing and supplying energy. In most cases, they are expected to lower the
cost of energy supply and lead to new and cleaner ways of producing and
delivering energy services. There remains considerable scope for improving
the efficiency of power generation, with improvements assumed to occur at
different rates for different technologies. Neither CO, capture and storage nor
second-generation biofuel technologies are assumed to become commercially
attractive on a large scale before the end of the projection period in the
Reference Scenario. Hydrogen fuel cells based on natural gas are expected to
start to become economically attractive in some small-scale power generation
applications and, to a much lesser extent, in the transport sector after 2020.
Exploration and production techniques for oil and gas are also expected to
improve, which could lower the unit production costs and open up new
opportunities for developing resources. However, further increases in raw
material and personnel costs — a worldwide phenomenon in the last few years —
could offset the impact of new technology to some extent (see Chapter 12).

6. Energy Technology Perspectives analyses a range of different energy and technology developments
and deployment options following a portfolio approach.
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CHAPTER 2

GLOBAL ENERGY TRENDS

HIGHLIGHTS

= Global primary energy demand in the Reference Scenario is projected to
increase by 53% between 2004 and 2030 — an average annual rate of 1.6%.
Over 70% of this increase comes from developing countries. The power-
generation sector contributes close to one-half of the global increase.
Demand grows by one-quarter in the period to 2015 alone.

= Globally, fossil fuels remain the dominant source of energy, accounting for
83% of the overall increase in energy demand between 2004 and 2030. As
a result, their share of world demand edges up, from 80% to 81%. In
contrast to WEO-2005, coal sees the biggest increase in demand in
absolute terms, its percentage share in global demand — like that of gas —
increasing slightly. The share of oil drops. Non-hydro renewables grow
quickest, but from a small base.

= The world’s remaining economically exploitable energy resources are
adequate to meet the projected increases in demand through to 2030.
With sufficient investment in production and transportation capacity,
international energy trade would grow steadily over the Ouzlook period to
accommodate the increasing mismatch between the location of demand
and that of production. Energy exports from non-OECD to OECD
regions rise by 47%. Oil remains the most heavily traded fuel in 2030, but
gas trade grows most rapidly.

= Cumulative investment in energy-supply infrastructure amounts to just
over $20 trillion (in year-2005 dollars) over 2005-2030 — significantly
more than in WEO-2005 because of higher unit costs. The power sector
requires more than $11 trillion, equal to 56% of total energy investment
needs (two-thirds if investment in the supply chain to meet the fuel needs
of power stations is included). Capital expenditure amounts to $4.3 trillion
in the oil sector and $3.9 trillion in the gas sector. Roughly half of all the
energy investment needed worldwide is in developing countries, where
demand and production are projected to increase fastest.

= Global energy-related carbon-dioxide emissions increase slightly faster than
primary energy use, because the fuel mix becomes more carbon-intensive.
The power sector contributes around half the increase in emissions from
2004 to 2030. Coal remains the leading contributor to global emissions
over the Outlook period. China accounts for 39% of the increase between
2004 and 2030, overtaking the United States as the world’s biggest emitter
before 2010.
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Demand

Primary Energy Mix

Global primary energy demand' in the Reference Scenario is projected to
increase by 1.6% per year between 2004 and 2030, reaching 17.1 billion
tonnes of oil equivalent (Table 2.1). The increase in demand amounts to
almost 6 billion toe, or 53% of current demand. The average projected rate of
growth is, nevertheless, slower than that over the period 1980-2004, when
demand grew by 1.8% per year. The pace of demand growth slackens
progressively over the projection period: in the period 2004-2015, it grows by
2.1%. By 2015, total global energy demand is one-quarter higher than in
2004. The rate of growth drops to 1.3% in 2015-2030.

Table 2.1: World Primary Energy Demand in the Reference Scenario

(Mtoe)

1980 2004 2010 2015 2030 2004 -

2030*
Coal 1785 2773 3354 3666 4441 1.8%
il 3107 3 940 4366 4750 5575 1.3%
Gas 1237 2302 2 686 3017 3869 2.0%
Nuclear 186 714 775 810 861 0.7%
Hydro 148 242 280 317 408 2.0%
Biomass and waste 765 1176 1283 1375 1 645 1.3%
Other renewables 33 57 99 136 296 6.6%
Total 7261 11204 12842 14071 17095 1.6%

* Average annual growth rate.

Fossil fuels are projected to remain the dominant sources of primary energy
globally. They account for close to 83% of the overall increase in energy demand
between 2004 and 2030. Their share of world demand edges up from 80% in
2004 to 81% in 2030. Coal sees the biggest increase in demand in volume terms
in 2004-2030, closely followed by oil (Figure 2.1). In WEO-2005, oil and gas

1. World total primary energy demand, which is equivalent to total primary energy supply, includes
international marine bunkers, which are excluded from the regional totals. Primary energy refers to
energy in its initial form, after production or importation. Some energy is transformed, mainly in
refineries, power stations and heat plants. Final consumption refers to consumption in end-use
sectors, net of losses in transformation and distribution. In all regions, total primary and final
demand includes traditional biomass and waste such as fuel wood, charcoal, dung and crop residues,
some of which are not traded commercially.
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Figure 2.1: World Primary Energy Demand by Fuel in the Reference Scenario
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were projected to grow the most. Oil nonetheless remains the single largest fuel
in the primary fuel mix in 2030, though its share drops, from 35% now to 33%.
Coal remains the second-largest fuel, with its share increasing one percentage
point to 26%. Gas demand grows faster than coal, but — in contrast to WEO-
2005 — does not overtake it before 2030. The growth in demand for gas has
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been revised down and that for coal up, mainly owing to relatively higher gas
prices. In the Reference Scenario, the share of nuclear power is expected to fall
(albeit less rapidly than in WEO-2005), on the assumption that few new
reactors are built and that several existing ones are retired between now and
2030. Hydropower’s share of primary energy use rises slightly. The share of
traditional biomass falls, as developing countries increasingly switch to using
modern commercial energy. Other renewable energy technologies, including
wind, solar, geothermal, wave and tidal energy, see the fastest increase in
demand, but their share of total energy use still reaches only 1.7% in 2030 — up
from 0.5% today.

Global primary energy intensity, measured as energy use per unit of gross
domestic product, falls on average by 1.7% per year over 2004-2030. The
decline is most rapid in the non-OECD regions, mainly because they profit
from the greater scope for improving energy efficiency and because their
economies become less reliant on energy-intensive heavy manufacturing
industries as the services sector grows faster. The transition economies see the
sharpest fall in intensity, which almost halves between 2004 and 2030, as new
technologies are introduced, wasteful practices are dealt with and consumption
subsidies are reduced (see Chapter 11). Yet they remain far more energy-
intensive than either developing or OECD countries in 2030. The shift to
services is much more advanced in the OECD, so there is less scope for
reducing energy intensity.

Regional Trends

Over 70% of the increase in world primary energy demand between 2004 and
2030 comes from the developing countries (Figure 2.2). OECD countries
account for almost one-quarter and the transition economies for the remaining
6%. As a result, the OECD’s share of world demand drops, from just under
half in 2004 to 40% in 2030, while that of the developing countries jumps,
from 40% to 50%. The share of China alone rises from 15% to 20%, though
this projection is particularly uncertain (Box 2.1). The transition economies’
share falls from 10% to 8%. The increase in the share of the developing regions
in world energy demand results from their more rapid economic and
population growth. Industrialisation and urbanisation boost demand for
modern commercial fuels.

The developing regions account for 23 mb/d, or 71%, of the 33 mb/d
increase in oil demand between 2005 and 2030, with demand growing most
rapidly in volume terms in the developing Asian countries. Oil demand
increases less quickly in the OECD regions and the transition economies. In
volume terms, gas demand expands most in the Middle East. Coal demand
grows most in developing Asia, where there are large, low-cost resources. Coal

68 World Energy Outlook 2006 - THE REFERENCE SCENARIO



Box 2.1: Uncertainty Surrounding China’s Energy Trends

China is a major source of uncertainty for our global energy projections.
The country is already a key player in the global energy market, and its
role is expected to grow significantly over the projection period. In the
Reference Scenario, the country accounts for 20% of the world primary
energy demand in 2030 — up from 15% today. Its share of global coal
demand rises from 36% today to 46% in 2030 (on an energy-content
basis). Small changes in the outlook for China would, therefore, have a
significant impact on the global energy picture. For example, a one-
percentage point higher average annual rate of growth in China’s demand
would raise world primary energy demand by nearly 1 000 Mtoe, or
6%, and oil demand by 4.4 million barrels per day, or 4%, in 2030.
Several factors could change energy prospects in China:

= Long-term macroeconomic prospects: China’s economy has grown by
about 10% per year on average for the past two decades, the fastest rate of
any major country. The governments 11th five-year plan aims to
moderate growth to 7.5% per year between 2005 and 2010 to prevent the
economy from over-heating. But the preliminary estimate for its growth
rate in the first half of 20006 is nearly 11%. In the longer term, growth is
nonetheless expected to slow as the economy matures and population
growth declines, but how quickly this occurs is very uncertain.

= The link between energy demand and GDP growth: Energy demand
has not grown in a stable ratio to GDP in the past. For example, primary
coal demand grew steadily between 1971 and 1996, but fell between 1997
and 2001 — despite continuing rapid economic growth. Demand started to
grow again in 2002, surging in 2003 and 2004 by around 20% per year.
Demand for other fuels has also soared relative to GDP in the past few
years (see Chapter 11). Several factors, such as a surge in vehicle ownership,
periodic government measures to limit energy use, the Asian financial crisis
and statistical problems help to explain these erratic trends in demand.

= The impact of structural reforms in the energy sector: End-use energy
prices, which have been under the government’s control, are expected to
be more liberalised in future. How quickly this occurs will have a
significant impact on energy markets. In the coal industry, the
government has encouraged the closure and consolidation of inefficient
small mines. By the end of 2005, more than 2000 small mines had been
closed. Restructuring of the coal industry and the pace of demand
growth will determine whether China remains a net coal exporter.

World Energy Outlook 2007 will be devoted to an extensive analysis of
energy developments in China, as well as India, and their implications for
global energy markets.
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Figure 2.2: World Primary Energy Demand by Region
in the Reference Scenario
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continues to dominate the fuel mix in India and China. By 2030, they
account together for 57% of world coal demand, up from 43% in 2004. On
the policy assumptions of the Reference Scenario, nuclear power declines in
Europe, but increases in all other regions. The biggest increases in nuclear
power production occur in Russia, Japan, Korea and developing Asian
countries. Overall, nuclear power’s share of world primary energy drops from

6% in 2004 to 5% in 2030.

Sectoral Trends

The power-generation sector accounts for 47% of the increase in global energy
demand over the projection period (Figure 2.3). Its share of primary demand
increases from 37% in 2004 to 41% in 2030. Demand for electricity-related
services, the main determinant of how much fuel is needed to generate power,
is closely linked to incomes. Nonetheless, continued improvements in the
thermal efficiency of power stations mean that the rate of growth in power-
sector energy demand is somewhat lower than that of final electricity demand.
The transport sector (excluding electricity used in rail transportation) accounts
for about another fifth of the increase in global demand.

World energy consumption in end-use sectors as a whole — industry, transport,
residential, services (including agriculture) and non-energy uses — increases by
1.6% per year over 2004-2030, the same rate as primary demand. Among all
major end-use energy sources, electricity is projected to grow most rapidly, by
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Figure 2.3: Incremental World Primary Energy Demand by Sector
in the Reference Scenario, 2004-2030
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2.6% per year, nearly doubling between 2004 and 2030. As a result, electricity’s
share of total final consumption grows from 16% to 21% (Figure 2.4). In
1980, it was only 11%. Electricity use grows most rapidly in developing
countries, as the number of people with access to electricity and incomes rises
steadily. By 2030, the share of electricity in final energy use in developing
countries almost reaches that of OECD countries. Yet per-capita consumption
remains much lower, mainly because incomes are far smaller — even though the
gap between OECD and developing country incomes narrows significantly
over the projection period. In 2030, per-capita consumption reaches 26.9 kWh
per day in OECD countries but only 6.2 kWh in non-OECD countries. The
share of traditional biomass in final consumption declines, as developing-
country households switch to modern fuels for cooking and heating (see
Chapter 15). The share of other renewables increases, but is still less than 1%
in 2030. The shares of all other fuels hardly change over 2004-2030.

Energy Production and Trade

Resources and Production Prospects

Sufficient resources exist worldwide to permit the world’s energy industry to
expand capacity in order to meet the projected increases in demand through to
2030 for each form of energy described above. The world’s remaining
economically exploitable fossil-fuel, hydroelectric and uranium resources are
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Figure 2.4: Fuel Shares in World Final Energy Demand in the Reference

Scenario
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adequate. At issue is whether these resources will actually be developed quickly
enough and at what cost. The Reference Scenario is predicated on the
assumption that the stated prices will be high enough to stimulate sufficient
investment in new supply infrastructure to enable all the projected demand to
be met. Notwithstanding this assumption, it is far from certain whether energy
companies will be willing or able to invest in developing those resources and in
bringing them to market, and how much it will cost. A number of factors may
impede required investments from being made in a particular sector or region.
These include a worsening of the investment climate, changes in government
attitudes to foreign investment and capacity expansions, the adoption of more
stringent environmental regulations and less favourable licensing and fiscal
conditions.?

Proven reserves of natural gas and coal are much larger than the cumulative
amounts of both fuels that will be consumed over the projection period. Today,
proven reserves are equal to 64 years of current consumption of gas and 164 years
of coal. And substantial new reserves will undoubtedly be added between

2. The impact of a deferral of investment in the upstream oil industry is assessed in Chapter 3. A
detailed assessment of current trends in oil and gas investment is provided in Chapter 12. The impact
of new government policies to bolster energy security and curb energy-related greenhouse-gas
emissions is assessed in the Alternative Policy Scenario, described in detail in Part B (Chapters 7-10).
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now and 2030. Proven reserves of crude oil and natural gas liquids are much
smaller in relation to current consumption, covering barely 42 years. Although
that is enough to meet all the oil consumed in the Reference Scenario through
to 2030, more oil would need to be found were conventional production not
to peak before then. Even if it were to do so, non-conventional sources of oil
— including oil sands and gas- and coal-to-liquids plants — could meet any
shortfall in conventional oil supply if the necessary investment is forthcoming.
There is no lack of uranium for projected nuclear power production in the
Reference Scenario for the next several decades at least. There is also significant
remaining potential for expanding hydropower and energy from biomass and
other renewable sources.

The Middle East and North Africa, which have massive hydrocarbon resources
(IEA, 2005a), are expected to meet much of the growth in world oil and gas
demand over 2004-2030. Latin America (especially Venezuela and Brazil),
Africa and the transition economies also increase production of both oil and
gas. Conventional oil production declines in most other regions, including
OECD North America and Europe. Production of natural gas, resources of
which are more widely dispersed than oil, increases in every region other than
Europe. Although there are abundant coal reserves in most regions, increases in
coal production are likely to be concentrated in China, India, the United
States, Australia, South Africa, Indonesia, and Colombia, where extraction,
processing and transportation costs are lowest. The production prospects for
each fuel are discussed in more detail in later chapters.

Inter-Regional Trade

International energy trade is expected to grow steadily over the Ourlook period
to accommodate the increasing mismatch between the location of demand and
that of production. In the Reference Scenario, the OECD accounts for 23% of
the total increase in world primary energy demand, but only 5% of the growth
in output. As a result, exports from non-OECD regions to OECD regions
expand by 47%. Total OECD imports, including trade between OECD
regions, will also increase by 47% between 2004 and 2030 (Table 2.2). By
2030, 43% of all the primary energy consumed in the OECD is imported. The
transition economies and the developing countries in aggregate become bigger
net exporters. Trade between major non-OECD regions also increases sharply.
The Middle East sees the biggest increase in energy exports, while imports
grow most in developing Asia.

Almost all of the projected increase in inter-regional energy trade is in the form
of conventional oil, gas and coal, but biofuels make a growing contribution.
Trade in electricity remains minimal. Oil remains the most traded fuel in both
percentage and volume terms (Figure 2.5). By 2030, 54% of all the oil
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Table 2.2: Net Energy Imports by Major Region (Mtoe)

2004 2015 2030
OECD 1657 2123 2 444
Coal 113 117 98
Oil 1272 1569 1712
Gas 272 436 634
Transition economies —492 —641 -745
Coal =27 -39 —46
Oil 345 476 -541
Gas -120 -126 -158
Developing countries -1228 -1549 -1776
Coal -70 -71 —45
Oil -1007 -1168 —-1256
Gas -152 =310 —476

Note: Trade in other forms of energy is negligible. Negative figures are net exports. Total imports do not always
equal total exports because of processing gains, international marine bunkers and statistical discrepancies.

Figure 2.5: Share of Inter-Regional Trade in World Primary Demand by Fossil

Fuel in the Reference Scenario
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consumed in the world is traded between the WEO regions, up from 48% in
2004. The volume of oil traded grows by 60%. The Middle East accounts for
the bulk of the increase in oil exports, with most of this oil going to developing
countries, especially in Asia. The transition economies, Africa and Latin
America also export more oil. OECD oil-import dependence, taking account
of trade between OECD regions, rises from 56% now to 65% in 2030, as a
result of dwindling indigenous production and rising consumption. Intra-
regional trade, which is not captured by our projections, is also likely to
expand.

Inter-regional natural gas trade expands quickly too, though the bulk of the gas
consumed around the world is still produced within each consuming region in
2030. Most of the additional gas traded between now and 2030 is in the form
of liquefied natural gas. An unprecedented boom in LNG developments is
under way. LNG trade increased by almost one-third between 2000 and 2005,
and it is expected to double by 2010, as projects that are currently under
construction or that are at an advanced stage of planning come on stream.
More liquefaction capacity is expected to be added through to 2030. Although
a number of major long-distance pipelines are also likely to be completed, the
share of piped gas in total inter-regional trade is expected to drop from 77%
today to about 50% in 2030. The largest volume increases in gas imports occur
in Europe and North America. Several developing countries — including China
and India — emerge as major gas importers over the projection period. The
Middle East, Africa and the transition economies meet most of the increase in
demand for gas imports.

Inter-regional hard-coal trade increases in volume terms over 2004-2030, but
the share of coal trade in total world coal supply is flat. Most of the increase in
traded coal goes to OECD Europe, already the largest importing region, where
demand is projected to rise and coal mining to continue to decline through to
2030. Steam coal accounts for a growing share of world hard-coal trade, driven
mainly by power-sector needs.

Investment in Energy Infrastructure

The Reference Scenario projections in this Outlook call for cumulative
investment in energy-supply infrastructure of just over $20 trillion (in year-
2005 dollars) over 2005-2030. This projection is around $3 trillion higher
than in WEO-2005. The increase is explained by recent sharp increases in unit
capital costs, especially in the oil and gas industry. Projected capital spending
includes that needed to expand supply capacity to meet rising demand and to
replace existing and future supply facilities that will be retired during the
projection period. Just over half of the investment will go simply to maintain
the current level of supply capacity: much of the world’s current production
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capacity for oil, gas, coal and electricity will need to be replaced by 2030. In
addition, some of the new production capacity brought on stream in the early
years of the projection period will itself need to be replaced before 2030. Many
power plants, electricity and gas transmission and distribution facilities, and oil
refineries will also need to be replaced or refurbished. Box 2.2 describes the
methodology used to project energy investment.

Box 2.2: Methodology for Projecting Energy Investment

The projections of investment in both the Reference and Alternative Policy
Scenarios for the period 2005-2030 are derived from the projections of
energy supply. The calculation of the amount of investment corresponding
to projected supply for each fuel and each region involved the following
steps:

» New-build capacity needs for production, transportation and (where
appropriate) transformation were calculated on the basis of projected
supply trends, estimated rates of retirement of the existing supply
infrastructure and natural decline rates for oil and gas production.

= Unit capital cost estimates were compiled for each component in the
supply chain. These costs were then adjusted for each year of the
projection period using projected rates of change based on a detailed
analysis of the potential for technology-driven cost reductions and on
country-specific factors.

= Incremental capacity needs were multiplied by unit costs to yield the
amount of investment needed.

All the results are presented in year-2005 dollars. The projections take account

of projects that have already been decided and expenditures that have already

been incurred. Capital spending is attributed to the year in which the plant in
question becomes operational. In other words, no attempt has been made to
estimate the lead times for each category of project. This is because of the
difficulties in estimating lead times and how they might evolve in the future.

Investment is defined as capital expenditure only. It does not include spending

that is usually classified as operation and maintenance.

The power sector requires more than $11 trillion of investment, 56% of that
for the energy sector as a whole (Table 2.3). That share rises to two-thirds if
investment in the supply chain to meet the fuel needs of power stations is
included. More than half of the investment in the electricity industry is in
transmission and distribution networks, with the rest going to power
generation. Capital expenditure in the oil industry amounts to $4.3 trillion, or
just over one-fifth of total energy investment. More than three-quarters of total
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oil investment is in upstream projects. Gas investment is $3.9 trillion, or 19%.
The upstream absorbs 56% of total gas investment (Figure 2.6).> Coal
investment is about $560 billion, or 3% of total energy investment. Producing,
transporting and delivering coal to power stations and end users is much less
capital-intensive than oil or gas, but operating and maintenance costs are
higher per unit of output on an energy-content basis.

More than half of all the energy investment needed worldwide is in developing
countries, where demand and production increase most quickly. China alone
needs to invest about $3.7 trillion — 18% of the world total. Russia and other
transition economies account for 9% of total world investment and the OECD
for the remaining 37%.

Table 2.3: Cumulative Investment in Energy-Supply Infrastructure
in the Reference Scenario, 2005-2030
($ billion in year-2005 dollars)

Coal Oil Gas Power Total

OECD 156 1149 1744 4240 7 289
North America 80 856 1189 1979 4104
Europe 34 246 417 1680 2376
Pacific 42 47 139 582 809
Transition economies 33 639 589 590 1850
Russia 15 478 440 263 1195
Developing countries 330 2223 1516 6 446 10 515
Developing Asia 298 662 457 4 847 6264
China 238 351 124 3007 3720
India 38 48 55 967 1108
Indonesia 13 49 86 187 335
Middle East 1 698 381 396 1476
Africa 20 485 413 484 1402
Latin America 12 378 265 719 1374
Brazil 1 138 48 252 439
Inter-regional transport 45 256 76 - 376
World 563 4266 3925 11276 20192

Note: World total includes $161 billion of investment in biofuels.

3. See Chapter 12 for a detailed discussion of the near-term prospects for oil and gas investment.
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Figure 2.6: Cumulative Investment in Energy Infrastructure
in the Reference Scenario by Fuel and Activity, 2005-2030
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Energy-Related CO, Emissions

Global energy-related carbon-dioxide (CO,) emissions increase by 1.7 % per
year over 2004-2030 in the Reference Scenario. They reach 40.4 billion
tonnes in 2030, an increase of 14.3 billion tonnes, or 55%, over the 2004
level (Table 2.4). By 2010, emissions are 48% higher than in 1990. However,
the aggregate increase is much smaller for Annex I countries with
commitments to limit emissions under the Kyoto Protocol (Box 2.3). Power
generation is projected to contribute a little less than half the increase in global
emissions from 2004 to 2030. Transport contributes one-fifth, with other uses
accounting for the rest. By 2030, the power sector accounts for 44% of total
emissions, up from 41% today. Continuing improvements in the thermal
efficiency of power stations are largely outweighed by the strong growth in
demand for electricity. Transport remains the second-largest sector for
emissions worldwide, with its share of total emissions stable at around 20%
throughout the projection period.
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Box 2.3: Will Signatories to the Kyoto Protocol Respect their Greenhouse-Gas
Emission-Limitation Commitments?

The energy-related CO, emissions projected in the Reference Scenario G
give an indication of how likely it is that those countries that have
agreed to limit their emissions, known as Annex I countries, under the
Kyoto Protocol will meet their commitments. The Kyoto Protocol,
which came into effect on 16 February 2005, sets binding targets
for developed countries to reduce greenhouse-gas emissions by an
average of 5.2% below 1990 levels by 2008-2012. The Protocol covers
six types of emissions and the contribution of sinks (vegetation that
absorbs carbon dioxide). Although our projections reflect only
energy-related CO, emissions, these account for the bulk of
greenhouse-gas emissions.

Our analysis suggests that, if total greenhouse-gas emissions rise at the
same rate as energy-related emissions, Annex I countries in aggregate
would not be able to meet the overall emissions-reduction target on
current trends. In 2010, the total emissions of Annex I OECD countries
are projected to be 29% above the target. Excluding the United States and
Australia, which have not ratified the Protocol, the gap would be 19%. The
emissions of Annex I transition economies are projected to be 22% below
target. This would not be enough to make up all of the gap in all Annex I
OECD countries, even if the United States and Australia are not included.
Even if Annex I countries were to adopt a new set of policies and measures,
they would be unlikely to significantly affect emission trends before
2010 — a key message that emerges from the Alternative Policy Scenario
(see Part B). The recent surge in emissions makes it even less likely that the
targets will be met: global emissions rose at a much faster rate in the four
years to 2004 than they did in the 1990s (Figure 2.7).

The Kyoto Protocol was always intended to be a first step. There is little
that governments can do today that will have any significant effect on
emissions before 2010. The challenge now is to forge an international
framework that engages all major emitting countries in an effective long-
term effort to mitigate greenhouse-gas emissions (IEA, 2005b). In May
2005, parties to the UN Framework Convention on Climate Change
convened a seminar of government experts to discuss possible future
efforts, but explicitly did not open negotiations on new commitments.
In July 2005, at the Gleneagles Summit, G8 leaders pledged to introduce
innovative measures to achieve substantial reductions in greenhouse-gas
emissions as part of an agreed long-term plan. This pledge was reaffirmed
at the 2006 St Petersburg Summit.
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Table 2.4: World Energy-Related CO, Emissions by Sector
in the Reference Scenario (million tonnes)

1990 2004 2010 2015 2030 2004-

2030*

Power generation 6955 10587 12818 14209 17680 2.0%
Industry 4474 4742 5679 6213 7255 1.6%
Transport 3885 5289 5900 6543 8246 1.7%
Residential and services™ 3353 3297 3573 3815 4298 1.0%
Other*** 1796 2165 2396 2552 2942 1.2%
Total 20463 26079 30367 33333 40420 1.7%

* Average annual growth rate. **Includes agriculture and public sector. ***Includes international marine
bunkers, other transformation and non-energy use.

Figure 2.7: Increase in Energy-Related CO, Emissions by Region
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Coal recently overtook oil as the leading contributor to global energy-related
CO, emissions and, in the Reference Scenario, consolidates this position
through to 2030 (Figure 2.8). Coal’s share of emissions increases slightly, from
41% today to 43%. The share of natural gas also increases, from 20% to 22%,
while that of oil falls, from 39% to 35%. Gas-related emissions increase most
rapidly, by two-thirds between 2004 and 2030.
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Figure 2.8: World Energy-Related CO, Emissions by Fuel
in the Reference Scenario
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Developing countries account for over three-quarters of the increase in
global CO, emissions between 2004 and 2030. They overtake the OECD as
the biggest emitter by around 2012 (Figure 2.9). The share of developing
countries in world emissions rises from 39% at present to 52% by 2030.
This increase is faster than that of their share in energy demand, because
their incremental energy use is more carbon-intensive than that of the
OECD and transition economies. In general, they use more coal and less
gas. China alone is responsible for 39% of the rise in global emissions.
China’s emissions more than double between 2004 and 2030, driven by
strong economic growth and heavy reliance on coal in industry and power
generation. China overtakes the United States as the world’s biggest emitter
before 2010. Other Asian countries, notably India, also contribute heavily
to the increase in global emissions.

Over the past two-and-a-half decades, energy-related CO, emissions
worldwide grew less rapidly than primary energy demand, largely because of
the rising shares of gas, which is less carbon-intensive than coal and oil, and
of nuclear power in the energy mix. Carbon emissions grew by 1.6% per year,
while energy demand grew by 1.8%. In the Reference Scenario, the trend is
reversed over the projection period, as the rate of growth in emissions, at
1.7% per year, is faster than the 1.6% rate of demand growth (Figure 2.10).
This is because the average carbon content of primary energy consumption
increases from 2.33 tonnes of CO, per toe of energy to 2.36 tonnes
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Figure 2.9: Energy-Related CO, Emissions by Region
in the Reference Scenario
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Figure 2.10: Average Annual Growth in World Energy-Related CO, Emissions

and Primary Energy Demand in the Reference Scenario
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(Table 2.5). Per-capita emissions also rise, mainly because rising incomes
push up per capita energy consumption. They grow most rapidly in the
developing countries. Yet the OECD still has by far the highest per-capita
emissions and developing countries the lowest in 2030. Developing countries
have lower per-capita incomes and energy consumption, and rely more
heavily on biomass and waste, which are assumed to produce no emissions on
a net basis.* By contrast, the carbon intensity of the global economy,
measured by emissions per unit of GDP, is projected to decline steadily in all
regions in line with the fall in primary energy intensity.

Table 2.5: World Energy-Related CO, Emission Indicators by Region
in the Reference Scenario (tonnes of CO,)

OECD Non-OECD World
2004 2015 2030 2004 2015 2030 2004 2015 2030
Per capita 11.02 11.69 11.98 2.45 3.09 3.55 4.11 4.65 4.97

Per unit of GDP*  0.39 0.33 0.27 0.49 0.39 030 0.44 0.37 0.29
Per toe of primary  2.33  2.30 2.26 230 241 242 233 237 236
energy

* Thousand dollars in year-2005 dollars and PPP terms.

4. For the purposes of this analysis, all biomass is assumed to be replaced eventually. As a result, the
carbon emitted when biomass fuels are burned is cancelled out by the carbon absorbed by the
replacement biomass as it grows.
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CHAPTER 3

OIL MARKET OUTLOOK

HIGHLIGHTS

= Primary oil demand grows by 1.3% per year over 2005-2030 in the
Reference Scenario, reaching 99 mb/d in 2015 and 116 mb/d in 2030 —
up from 84 mb/d in 2005. The pace of demand growth slackens
progressively over the projection period. More than 70% of the increase in
oil demand comes from developing countries, which see average annual
demand growth of 2.5%. Demand in OECD countries rises by only 0.6%
per year. The transport sector absorbs most of the increase in global oil
demand.

= Oil supply is increasingly dominated by a small number of major
producers, where oil resources are concentrated. OPEC’s share of global
supply grows significantly, from 40% now to 42% in 2015 and 48% by
the end of the Outlook period. Saudi Arabia remains by far the largest
producer. Non-OPEC conventional crude oil output peaks by the middle
of the next decade, though natural gas liquids production continues to rise.

= Conventional oil accounts for the lion’s share of the increase in global oil
supply between 2005 and 2030, but non-conventional resources — mainly
oil sands in Canada — and, to a lesser extent, gas-to-liquids plants play an
increasingly important role. Canadian oil-sands production is projected to
triple to 3 mb/d by 2015 and climb further to almost 5 mb/d by 2030.

= The volume of inter-regional oil trade expands even faster than
production, from 40 mb/d in 2005 to 51 mb/d in 2015 and 63 mb/d in
2030. The Middle East sees the biggest increase in net exports. All four
major net oil-importing regions — the three OECD regions and
developing Asia — become more dependent on oil imports by the end of
the projection period.

= The oil industry needs to invest a total of $4.3 trillion (in year-2005
dollars) over the period 2005-2030, or $164 billion per year. The upstream
sector accounts for the bulk of this. Almost three-quarters of upstream
investments will be required to maintain existing capacity.

= It is far from certain that all this investment will actually occur. Resource
nationalism and other factors could hold back capital spending. In a
Deferred Investment Case, slower growth in OPEC oil production drives
up the international oil price and, with it, the prices of gas and coal. Higher
energy prices, together with slower economic growth, choke off energy
demand in all regions, curbing demand for OPEC oil compared with the
Reference Scenario. OPEC oil exports still grow, but much more slowly.
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Demand!

Primary oil> demand is expected to continue to grow steadily over the
projection period in the Reference Scenario, at an average annual rate of 1.3%.
It reaches 99 mb/d in 2015 and 116 mb/d in 2030, up from 84 mb/d in
2005 (Table 3.1). The pace of demand growth nonetheless slackens

Table 3.1: World Primary Oil Demand* (million barrels per day)

1980 2004 2005 2010 2015 2030 2005-

2030**
OECD 419 475 477 498 524 551 0.6%
North America 21.0 24.8 249 26.3 28.2 30.8 0.9%
United States 174 205 206 216 231 250 0.8%
Canada 2.1 2.3 2.3 2.5 2.6 2.8 0.8%
Mexico 1.4 2.0 2.1 22 2.4 31 1.6%
Europe 147 145 144 149 154 154 0.2%
Pacific 6.2 8.2 8.3 8.6 8.8 89 0.3%
Transition economies 8.9 4.3 4.3 4,7 5.0 57 1.1%
Russia n.a. 2.5 2.5 2.7 2.9 32 1.0%
Developing countries 11.4 27.2 280 33.0 379 513 25%
Developing Asia 44 142 146 177 206 297 2.9%
China 1.9 6.5 6.6 84 100 153 3.4%
India 0.7 26 26 3.2 3.7 54  3.0%
Indonesia 0.4 1.3 1.3 1.4 1.5 23 24%
Middle East 2.0 5.5 5.8 7.1 8.1 9.7 2.0%
Africa 1.4 2.6 2.7 3.1 3.5 49 2.4%
North Africa 0.5 13 14 16 18 25 24%
Latin America 3.5 4.8 4.9 5.1 5.6 70  1.5%
Brazil 1.4 2.1 2.1 2.3 2.7 35 20%
Int. marine bunkers 2.2 3.6 3.6 3.8 3.9 43  0.6%
World 644 825 836 913 993 1163 1.3%
European Union na. 135 135 139 143 141 02%

* Includes stock changes. ** Average annual growth rate.
n.a.: not available.

1. See Chapter 2 for a more detailed discussion of the role of oil in the overall energy mix.
2. Oil does not include biofuels derived from biomass. Transport demand for oil is modelled to take
account of the use of biofuels (see Chapter 14). See Annex C for a detailed definition of oil.

86 World Energy Outlook 2006 - THE REFERENCE SCENARIO



progressively, broadly in line with GDP, averaging 1.7% in 2005-2015 — only
just below the average of the last ten years — and 1.1% in 2015-2030.
Preliminary data for 2005 indicate that global oil demand rose by 1.3% — well
down on the exceptionally high rate of 4% in 2004.

Most of the increase in oil demand comes from developing countries, where
economic growth — the main driver of oil demand® — is highest (Figure 3.1).
China and the rest of developing Asia account for 15 mb/d, or 46%, of the
33-mb/d increase in oil use between 2005 and 2030, in line with rapid
economic growth. At 3.4% per year on average, China’s rate of oil-demand
growth is nonetheless below the 5.1% rate of 1980-2004. The Middle East,
which experiences the fastest rate of demand growth, accounts for a further
3.8 mb/d. Higher oil revenues than in the last two decades boost economic
activity, incomes and, together with subsidies, demand for oil. Demand in
OECD countries, especially in Europe and the Pacific region, rises much more
slowly. Nonetheless, the absolute increase in North America — 5.9 mb/d over
the Outlook period — is the second-largest of any region, because it is already by

Figure 3.1: Incremental World Oil Demand by Region and Sector
in the Reference Scenario, 2004-2030
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3. See Chapter 11 for a detailed analysis of the impact of economic growth and oil prices on demand.
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far the largest consumer. The economies of non-OECD countries will remain
considerably more oil-intensive, measured by the amount of oil used per unit
of gross domestic product (at market exchange rates), than those of OECD
countries.

The transport sector absorbs 63% of the increase in global oil demand in 2004-
2030. In the OECD, oil use in other sectors hardly increases at all, declining
in power generation and in the residential and services sectors, and growing in
industry. Most of the increase in energy demand in non-transport sectors is met
by gas, coal, renewables and electricity. In non-OECD countries, too, transport
is the biggest contributor to oil-demand growth; but other sectors — notably
industry — also see significant growth.

Supply
Resources and Reserves

According to the Oil and Gas Journal, the world’s proven reserves* of oil (crude
oil, natural gas liquids, condensates and non-conventional oil) amounted to
1293 billion barrels® at the end of 2005 — an increase of 14.8 billion barrels,
or 1.2%, over the previous year. Reserves are concentrated in the Middle East
and North Africa (MENA), together accounting for 62% of the world total.
Saudi Arabia, with the largest reserves of any country, holds a fifth. Of the
twenty countries with the largest reserves, seven are in the MENA region
(Figure 3.2). Canada has the least developed reserves, sufficient to sustain
current production for more than 200 years. The world’s proven reserves,
including non-conventional oil, could sustain current production levels for
42 years.

Proven reserves have grown steadily in recent years in volume terms, but have
remained broadly flat as a percentage of production. Since 1986, the reserves-
to-production, or R/P, ratio has fluctuated within a range of 39 to 43 years. A
growing share of the additions to reserves has been coming from revisions to
estimates of the reserves in fields already in production or undergoing appraisal,

4. Oil that has been discovered and is expected to be economically producible is called a proven
reserve. Ol that is thought to exist, and is expected to become economically recoverable, is called a
resource. Total resources include existing reserves, “reserves growth” — increases in the estimated size
of reserves as fields are developed and produced — and undiscovered resources. Comparison of
reserves and resource assessments is complicated by differences in estimation techniques and
assumptions among countries and companies. In particular, assumptions about prices and
technology have a major impact on how much oil is deemed to be economically recoverable.

5. Oil and Gas Journal (19 December 2005). Includes proven oil-sands reserves in Canada.
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Figure 3.2: Top Twenty Countries’ Proven Oil Reserves, end-2005
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Source: il and Gas Journal (19 December 2005).

rather than from new discoveries. Some of these revisions have resulted from
higher oil-price assumptions, allowing some oil that is known to exist to be
reclassified as economically exploitable and, therefore, moved into the proven
category. The application of new technology has also improved reservoir
management and boosted recovery rates. The amount of oil discovered in new
oilfields has fallen sharply over the past four decades, because of reduced
exploration activity in regions with the largest reserves and, until recently, a fall
in the average size of fields discovered. These factors outweighed an increase in
exploration success rates.

Opver the past ten years, drilling has been concentrated in North America, a
mature producing region with limited potential for new discoveries. Less than
2% of new wildcat wells drilled were in the Middle East, even though the
region is thought to hold over 30% of the world’s undiscovered crude oil and
condensates and is where the average size of new fields discovered in the ten

years to 2005 have been higher than anywhere else (Figure 3.3).
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Figure 3.3: Undiscovered Oil Resources and New Wildcat Wells Drilled,
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Note: The size of each bubble indicates the average size of new discoveries in 1996-2005.
FSU: Former Soviet Union.
Sources: Undiscovered resources — USGS (2000); new field wildcats — IHS databases.

There has recently been an increase in the average size of new hydrocarbon
discoveries for each new field wildcat well drilled, bucking the trend of much of
the period 1965-1998. The size of new fields that have been discovered has
continued to decline, largely because exploration and appraisal activity has been
focused mainly on existing basins. However, the application of new technology,
such as 3D seismic, has increased the discovery success rate per wildcat well,
particularly since 1998 — boosted by rising global oil demand and a resulting
increase in exploration and appraisal activity — and, to a lesser extent, since
1991, with the advent of deep-water exploration (Figure 3.4). Nonetheless, the
average size of discoveries per wildcat well — at around 10 million barrels —
remains barely half that of the period 1965-1979. The reduction almost to zero
of exploration in the Middle East, where discoveries have been largest, was the
main reason for the lower average size of discoveries since the 1980s.

Exploration and appraisal drilling is expected to increase to offset rising decline
rates at existing fields and the consequent need to develop new reservoirs —
particularly in MENA, where some of the greatest potential for finding new
fields exists. Proven reserves are already larger than the cumulative production
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Figure 3.4: Cumulative Oil and Gas Discoveries and New Wildcat Wells
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needed to meet rising demand until at least 2030. But more oil will need to be
added to the proven category if production is not to peak before then.
According to the US Geological Survey, undiscovered conventional resources
that are expected to be economically recoverable could amount to 880 billion
barrels (including natural gas liquids, or NGLs) in its mean case (USGS, 2000).
Together with reserves growth and proven reserves, remaining ultimately
recoverable resources are put at just under 2 300 billion barrels. That is more
than twice the volume of oil — 1 080 billion barrels — that has so far been
produced. Total non-conventional resources, including oil sands in Canada,
extra-heavy oil in Venezuela and shale oil in the United States and several other
countries, are thought to amount to at least 1 trillion barrels (WEC, 2004).

Production
Conventional crude oil and NGLs®

In the Reference Scenario, conventional oil production continues to be
dominated by a small number of major producers in those countries where oil
resources are concentrated. The share of production controlled by members of

6. “Conventional oil” is defined as crude oil and natural gas liquids produced from underground
reservoirs by means of conventional wells. This category includes oil produced from deep-water fields
and natural bitumen. “Non-conventional oil” includes oil shales, oil sands-based extra-heavy oil and
derivatives such as synthetic crude products, and liquids derived from coal (CTL) and natural gas

(GTL).
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Table 3.2: World Oil Supply (million barrels per day)

1980 2000 2005 2010 2015 2030 2005-
2030*
Non-OPEC 35.2 439 481 534 550 57.6 0.7%
Crude oil 322 381 416 455 454 434 02%
OECD 14.6 172 152 138 124 9.7 -1.8%
North America 11.8 10.2 9.8 9.4 9.0 7.8 -0.9%
United States 8.7 5.8 5.1 5.3 5.0 4.0 -1.0%
Canada 1.2 1.4 1.4 1.1 0.9 0.8 -22%
Mexico 1.9 3.0 3.3 3.1 3.1 3.0 -05%
Pacific 0.5 0.8 0.5 0.7 0.5 04 -1.2%
Europe 24 6.2 4.8 3.8 2.9 1.5 -4.5%
Transition economies 11.5 77 114 137 145 164 1.5%
Russia 10.7 6.3 92 105 106 11.1 0.7%
Other 0.8 1.4 22 3.3 3.9 53 3.6%
Developing countries 6.0 132 151 179 185 174 0.6%
Developing Asia 29 5.3 5.9 6.3 6.1 5.0 -0.6%
China 2.1 3.2 3.6 3.8 3.7 28 -1.0%
India 02 0.6 0.7 0.8 0.8 0.6 -0.2%
Other 0.6 1.4 1.6 1.7 1.6 1.6 0.0%
Latin America 1.5 3.4 3.8 4.8 5.3 59 1.8%
Brazil 0.2 1.2 1.6 2.6 3.0 35 31%
Other 1.3 2.2 2.2 2.2 2.3 25 05%
Africa 1.2 2.6 3.5 5.2 5.5 49 1.4%
North Africa 0.7 0.8 0.6 0.6 0.6 0.7 0.4%
Other Africa 0.5 1.8 29 46 49 43  1.6%
Middle East 0.5 2.0 1.9 1.7 1.6 14 -1.1%
NGLs 2.6 4.9 5.1 55 5.8 6.8 1.2%
OECD 2.3 3.7 3.7 4.0 4.1 44  0.7%
Transition economies 0.2 0.5 0.5 0.4 0.5 0.6 1.2%
Developing countries 0.1 0.7 09 1.1 1.3 1.8 2.7%
Non-conventional 0il 0.4 0.9 1.4 2.5 3.7 7.4 7.0%
Canada 0.2 0.6 1.0 2.0 3.0 4.8 6.4%
Others 0.2 0.3 0.4 0.5 0.7 2.7 82%
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Table 3.2: World Oil Supply (million barrels per day) (continued)

1980 2000 2005 2010 2015 2030 2005-

2030*

OPEC 28.0 309 33.6 359 420 56.3 2.1%
Crude oil 262 278 291 302 349 457 1.8%
Middle East 17.9 19.5 207 220 257 345 2.1%
Saudi Arabia 9.4 8.0 91 97 11.3 146 1.9%
Iran 1.5 3.7 3.9 3.9 4.4 52 1.1%
[mq 2.6 2.6 1.8 2.2 2.8 6.0 4.9%
Kuwait 1.3 1.8 2.1 2.2 2.8 4.0 2.5%
United Arab Emirates 1.8 22 2.5 2.7 3.1 38 1.8%
Qatar 0.5 0.7 0.8 0.7 0.7 0.5 -1.9%
Neutral zone™* 0.8 0.6 0.6 0.5 0.5 0.5 -0.6%
Non-Middle East 8.3 8.3 8.4 8.2 9.1 112 1.2%
Algeria 0.9 08 13 1.1 1.1 0.7 =2.7%
Libyﬂ 1.8 1.4 1.6 1.7 1.9 2.7 2.0%
Nigeria 2.1 2.0 2.4 2.5 2.7 32 1.2%
Indonesia 1.5 1.2 0.9 0.8 0.8 0.8 -0.8%
Venezuela 2.0 2.9 2.1 22 2.8 39 25%
NGLs 1.8 2.9 4.3 5.4 6.3 9.0 3.0%
Saudi Arabia 0.7 1.0 1.5 1.9 2.0 2.7 25%
Iran 0.0 0.1 0.3 0.4 0.6 1.1 4.8%
UAE 0.4 0.4 0.5 0.7 0.9 1.3 3.6%
Algeria 0.1 0.6 0.8 09 09 0.7 -0.3%
Others 0.6 0.8 1.2 1.5 1.9 33 4.1%
Non-conventional 0.0 02 02 0.3 0.8 15 88%
Venezuela 0.0 0.1 0.1 0.1 0.2 04 5.8%
Others 0.0 0.1 0.1 0.2 0.6 1.2 10.5%
TOTAL WORLD 64.9 76.5 83.6 91.3 99.3 1163 1.3%
Crude oil 58.3 66.0 70.8 75.7 80.3 89.1 0.9%
NGLs 4.4 7.8 9.3 10.8 12.2 158 2.1%
Non-conventional oil 0.4 1.1 1.6 2.8 4.5 9.0 7.2%
Processing gains 1.7 1.7 1.9 20 23 25 1.2%

*Average annual growth rate.
** Neutral Zone production is shared by Saudi Arabia and Kuwait.
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the Organization of the Petroleum Exporting Countries, particularly in the
Middle East, grows significantly.” Their collective output of crude oil, NGLs
and non-conventional oil grows from 34 mb/d in 2005 to 42 mb/d in 2015
and 56 mb/d in 2030, boosting their share of world oil supply from 40% now
to 48% by the end of the Outlook period. Non-OPEC production increases
much more slowly, from its current level of 48 mb/d to 55 mb/d in 2015 and
58 mb/d in 2030 (Table 3.2). Conventional oil accounts for the bulk of
the increase in oil supply between 2005 and 2030, but non-conventional
resources play an increasingly important role (Figure 3.5). The projections
to 2010 take account of current, sanctioned and planned upstream projects

(see Chapter 12).

Production in OPEC countries, especially in the Middle East, is expected to
increase more rapidly than in other regions, because their resources are much
larger and their production costs are generally lower. Saudi Arabia remains by
far the largest producer of crude oil and NGLs. Its total output of crude and
NGLs grows from 10.9 mb/d in 2005, to 13.7 mb/d in 2015 and to
17.6 mb/d in 2030 (including Saudi Arabia’s half-share of Neutral Zone
production). Most of the rest of the increase in OPEC production comes from
Iraq, Iran, Kuwait, the United Arab Emirates, Libya and Venezuela. Other
OPEC countries struggle to lift output, with production dropping in Qatar,
Algeria and Indonesia. These projections are broadly commensurate with
proven reserves. OPEC’s price and production policies and national policies on
developing reserves are extremely uncertain.

Outside OPEC, conventional crude oil production in aggregate is projected to
peak by the middle of the next decade and decline thereafter, though this is
partly offset by continued growth in output of NGLs (Figure 3.6). Production
in several mature regions, including North America and the North Sea, which
has been in steady decline in recent years, stabilises or rebounds in the near
term. This reflects several factors, including the restoration of production
capacity lost through hurricanes and other technical difficulties, and the impact
on increased drilling to boost production in response to recent oil-price
increases. But this trend is expected to be short-lived, as relatively high decline
rates and rising costs soon drive output back down again. In the longer term,
only Russia, Central Asia, Latin America and sub-Saharan Africa — including
Angola and Congo — achieve any significant increases in conventional oil
production.

7. OPEC is assumed to be willing to meet the portion of global oil demand not met by non-OPEC
producers at the prices assumed (see Chapter 1). A special analysis of the effect of lower OPEC
investment in upstream capacity is presented at the end of this chapter.
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Figure 3.5: World Oil Supply by Source
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A lack of reliable information on production decline rates makes it difficult to
project new gross capacity needs. A high natural decline rate — the speed at which
output would decline in the absence of any additional investment to sustain
production — increases the need to deploy technology at existing fields to raise
recovery rates, to develop new reserves and to make new discoveries. Our analysis
of capacity needs is based on estimates of year-on-year natural decline rates
averaged over all currently producing fields in a given country or region. The rates
assumed in our analysis vary over time and by location. They range from 2% per
year to 11% per year, averaging 8% for the world over the projection period.®
Rates are generally lowest in regions with the best production prospects and the
highest R/P ratios. For OPEC, they range from 2% to 7%. They are highest in
mature OECD producing areas, where they average 11%.

The average quality of crude oil produced around the world is expected to become
heavier (lower API gravity) and more sour (higher sulphur content) over the
Outlook period.” This is driven by several factors, including the continuing decline
in production from existing sweet (low-sulphur) crude oilfields, increased output

of heavier crude oils in Russia, the Middle East and North Africa (Figure 3.7),

Figure 3.7: Gravity and Sulphur Content of Selected Crude Oils, 2005
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Note: The size of each bubble indicates the level of production in 2005.
Sources: IEA analysis based on ENI (2006), Platts and IHS Energy databases.

8. These rates are based on information obtained in consultations with international and national oil
companies, oilfield service companies and consultants. Observed decline rates are generally much
lower, as they reflect investment to maintain or boost output at existing fields.

9. However, upstream projects under development may result in a marginal reduction in the sulphur
content and a small increase in the API gravity of installed crude oil production capacity in the next
five years, according to the IEA’s Oil Marker Report (12 September 2006).
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and the projected growth of heavy non-conventional oil output. These trends,
together with increasing demand for lighter oil products and increasing fuel-
quality standards, is expected to increase the need for investment in upgrading
facilities in refineries.

Production from Non-Conventional Resources

Production of non-conventional oil, mainly in non-OPEC countries, is
expected to contribute almost 8% to global oil supplies by 2030 — up from less
than 2% now. Output jumps from 1.6 mb/d to 9 mb/d. The bulk of this
increase comes from oil sands in Canada.'® Gas-to-liquids plants also make a
small but growing contribution to non-conventional oil supplies, rising from
0.1 mb/d in 2005 to 0.3 mb/d in 2015 and 2.3 mb/d in 2030. Coal-to-liquids
production is projected to reach 750 kb/d in 2030, with most of this output
coming from China, where low-cost coal supplies are abundant (see Chapter 5).
Several countries have significant oil-shale resources, though they are not
expected to make a significant contribution to global oil supply before 2030.

Canadian non-conventional oil production is centred in the province of
Alberta. The province contains an estimated 315 billion barrels of ultimately
recoverable crude bitumen resources, with proven reserves of 174 billion barrels
at year-end 2005 (NEB, 20006). Alberta produces diluted bitumen and
upgraded crude, most of which is exported to the United States. In both cases,
the primary hydrocarbon content, known as natural bitumen, is extracted from
oil-sand deposits. This bitumen is then diluted with lighter hydrocarbons and
transported to a refinery or upgraded on site into a high-quality synthetic crude
oil, which can be refined in the normal way. In 2005, Canadian production of
non-conventional oil totalled 1 mb/d. Output is projected to triple by 2015
and climb further to close to 5 mb/d by 2030.

There are currently 12 oil-sands projects under construction and another
38 proposed projects in Alberta. Investment of almost $80 billion is planned for
the next 10 years. Some 36 of these projects involve mining or drilling while the
rest are new or expanded projects involving upgrading facilities. Of the drilling
projects, 45% are in situ steam-assisted gravity drainage — a process that involves
the injection of steam into the oil-sands deposits to allow the bitumen to flow to
well bores and then to the surface (Table 3.3). Our projections take account of the
availability and cost of natural gas — the primary energy input to i situ oil-sands
production. The majority of the new production is expected to be of the higher-
quality upgraded crude. Many new players have entered the oil-sands industry,
including several international oil and gas companies and foreign national oil
companies. In the Reference Scenario, capital expenditure averages about
$6.8 billion per year over the projection period.

10. Most of the production of extra-heavy bituminous crude oil in Venezuela is now classified as
conventional oil.
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Table 3.3: Major New Oil-Sands Projects and Expansions in Canada

Bitumen
Production Start capacity
Company Project name type date (kb/d)
Suncor Voyager Integrated 2010-12 500 - 550
Canadian Natural Horizon Integrated 2008-17 500
Resources Limited Oil Sands
Imperial/ExxonMobil Kearl Mine Integrated 2010-18 300
Canada
North West North West Integrated 2010-16 200
upgrader
Husky Lloydminster Integrated 2007-09 150
upgrader
BA Energy Heartland Integrated 2008-12 150
upgrader
Petro-Canada/UTS/ Fort Hills Integrated na. 100
Teck Cominco phase 1
EnCana Foster Creek In situ 2010-15 500
Birch Mountain Birch Mountain I situ 2011-23 200
Resources
Husky Sunrise In situ 2008-14 200
Shell Carmon Creek In situ 2009-15 90
Total E&P (formerly Joslyn In situ 20006-11 40
Deer Creek)

Source: IEA databases.

We have revised significantly upwards our projections of output from
Canadian non-conventional resources since the last edition of the Outlook, in
response to higher oil prices and to growing interest in developing such
resources. Higher oil prices have already boosted revenues from oil-sands and
extra-heavy oil projects, though profitability has increased proportionately less
because of higher electricity and natural gas prices. Non-conventional projects
are very energy-intensive, so their profitability is very sensitive to energy-input
prices.!" For in situ production, the availability and price of diluent for
blending and the differential between heavy and light crude oil prices are also

11. On average, about 30 cubic metres of natural gas is used in producing a single barrel of bitumen

in Canada (NEB, 2006).
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important factors. Higher differentials over the past few years have made the
option of adding local upgrading capacity more attractive. As a result, most
planned i situ projects now also include upgrading of the raw bitumen. For
integrated mining and upgrading projects, the cost of building upgrading
units is a critical factor. Capital costs have risen sharply in recent years as prices
of steel, cement and equipment have soared (Box 3.1). Rapid development
of the oil-sands industry has also led to a shortage of skilled labour and a fall
in productivity.

Box 3.1: Canadian Oil-Sands Production Costs

Overall production costs — including capital, operating and maintenance,
but excluding taxes — are typically lower for in situ projects. The cost
of producing bitumen from greenfield projects is currently about
US$ 16 per barrel. It is highly sensitive to the steam-to-oil ratio (SOR),
a measure of how much energy must be applied to the reservoir to induce
bitumen to flow into the producing-well bore. For pure steam, an
increase of 0.5 in SOR translates into an additional 6 cubic metres of
natural gas consumption per barrel of bitumen, as well as increased water
handling costs. At current gas prices, this equates to nearly $2 per barrel.
For integrated mining, the current cost of producing synthetic crude is
about $33 per barrel. Each 10% increase in capital costs is estimated to
increase the per-barrel production cost by $1.50 for iz situ projects and
$2 for integrated projects.

The energy efficiency of both 7z siru and integrated projects is expected to
improve over the projection period. New technologies, such as bitumen or coke
gasification, which are assumed to be introduced after 2012, contribute to a
significant reduction in average gas intensity. Some new projects are expected
to use only natural gas, but others will use gasification or a combination of the
two. However, the fall in gas intensity may be partially offset by more intensive
upgrading to produce higher-quality synthetic crude, which requires more
hydrogen. Currently, about 60% of crude bitumen is transformed into various
grades of synthetic crude or upgraded products. Although this percentage is
expected to decline, we believe it will still be higher than 50% by 2015. Overall
natural gas consumption for oil-sands production, including on-site gas-fired
power production, is projected to rise from 10 bem per year now to 21 bem in
2015 and 29 bem in 2030 (Figure 3.8). These projections assume that no
financial penalty for carbon-dioxide emissions is introduced. As oil-sands
production is very carbon-intensive, such a move could have a major impact on
prospects for new investment.
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Figure 3.8: Non-Conventional Oil Production and Related Natural Gas
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Trade

Inter-regional oil trade is set to grow rapidly over the projection period, as the
gap between indigenous production and demand widens in all WEO regions.
The volume of trade rises from 40 mb/d in 2005 to 51 mb/d in 2015 and
63 mb/d in 2030. The Middle East will see the biggest increase in net exports,
from 20 mb/d in 2005 to 35 mb/d in 2030 (Figure 3.9).

All the major net oil-importing regions import more oil at the end of the
projection period, both in absolute terms and as a proportion of their total oil
consumption. The increase is sharpest for developing Asia, where imports jump
from 48% of demand in 2004 to 73% in 2030 (Table 3.4). Among the three
OECD regions, Europe’s dependence grows most rapidly, from 58% to 80%,
because of both rising demand and falling indigenous production. The OECD
as a whole imports two-thirds of its oil needs in 2030 compared with 56%
today.

Growing oil exports from the Middle East will focus attention on the world’s
vulnerability to oil-supply disruptions, not least because the bulk of the
additional exports will involve transport along maritime routes susceptible to
piracy, terrorist attacks or accidents. At present, more than 17 mb/d of crude oil
and products flow through the Straits of Hormuz at the mouth of the Arabian
Gulf — the world’s busiest maritime oil-shipping route. If it were blocked, only
a small share of the oil could be transported through alternative routes.
Moreover, much of this oil is subsequently shipped through the Straits of
Malacca — already the scene of repeated acts of piracy — to Far East markets.
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Figure 3.9: Net Oil Exports in the Reference Scenario
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Table 3.4: Oil-Import Dependence by Major Importing Region in the

Reference Scenario (net imports as % of consumption)

1980 1990 2004 2010 2015 2030

OECD 59% 53%  56% 60% 62% 65%
North America 32% 31%  42% 45% 46%  49%
United States 41% 46%  64% 66% 69%  74%
Europe 82% 67% 58% 69% 75% 80%
Pacific 92% 90%  93% 91% 93%  95%
Japan 100% 100% 100%  100%  100% 100%
Korea 100% 100% 100%  100%  100% 100%
Developing Asia 2% 6% 48% 57% 63%  73%
China 9% -16%  46% 55% 63%  77%
India 69% 44%  69% 72% 77%  87%
European Union - - 79% 85% 89%  92%
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Investment

Cumulative global investment in the oil sector amounts to about $4.3 trillion
(in year-2005 dollars) over the period 2005-2030, or $164 billion per year, in
the Reference Scenario. Investment relative to increases in capacity is highest in
OECD countries, where unit costs and production decline rates are high
compared with most other regions. Projected oil (and gas) investment needs in
this Outlook are higher than in previous editions, largely because of the recent
unexpected surge in the cost of materials, equipment and skilled personnel.
Unit costs are assumed to fall back somewhat after 2010, as oil-services capacity
increases and exploration, development and production technology improves.
Upstream investment accounts for 73% of total oil-industry investment.

The required rate of capital spending over the projection period is
substantially higher than actual spending in the first half of the current
decade, which averaged little more than $100 billion per year. Investment
needs increase in each decade of the projection period as existing
infrastructure becomes obsolete and demand increases. Our analysis of the
spending plans of the world’s leading oil and gas companies through to 2010
shows that they expect their spending to be much higher in the second half of
the current decade than the first (see Chapter 12).

Upstream Investment

Upstream oil spending — more than 90% of which is for field development and
the rest for exploration — averages $125 billion per year (Figure 3.10). Three-
quarters of this investment is needed to maintain the current level of capacity
in the face of natural declines in capacity at producing fields as reserves are
depleted. This investment goes to drilling new wells, to working over existing
wells at currently producing fields or to developing new fields. In fact,
investment needs are far more sensitive to changes in natural decline rates than
to the rate of growth of demand for oil.

Downstream Investment

Cumulative investment in oil refining amounts to around $770 billion
($30 billion per year) in the Reference Scenario. These projections include the
investment needed to meet demand growth and additional spending on
conversion capacity so that existing refineries are able to meet the changing mix
of oil-product demand. Tighter fuel-quality standards aimed at mitigating the
environmental impact of fuel use are also obliging the refining industry to
invest in new quality-enhancement capacity. The required level of refining
capacity, allowing for normal maintenance shutdowns, rises from 85 mb/d in
2004 to 117 mb/d in 2030. The largest investments occur in the Middle East
and developing Asia (Figure 3.11). Most new refineries will be built outside the
OECD (see below).
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Figure 3.10: Cumulative Oil Investment by Activity in the Reference Scenario,
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Figure 3.11: Cumulative Investment in Oil Refining by Region, 2005-2030
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Although investment in oil tankers and inter-regional pipelines makes up a
small proportion of total investment needs to 2030, the sum required rises
rapidly throughout the projection period, because of the need to replace a large
share of the world’s ageing tanker fleet. Total cumulative capital spending

OECD/IEA
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amounts to around $260 billion. Investment in gas-to-liquids plants in 2005-
2030 is expected to amount to $100 billion. Most of this investment occurs in
the second half of the projection period. Investment in commercial coal-to-
liquids plants, mostly in China, is projected to total over $30 billion.

Investment Uncertainties and Challenges

Over the period to 2010, the total amount of investment that will be made in
oil and gas infrastructure is known with a reasonable degree of certainty (see
Chapter 12). Investment plans may change in response to sudden changes in
market conditions and some projects may be cancelled, delayed or accelerated for
various reasons. But the actual gross additions to supply capacity at various points
along the oil-supply chain are unlikely to depart much from those projected in
this Outlook. However, beyond 2010, there is considerable uncertainty about the
prospects for investment, costs and the rate of capacity additions. The
opportunities and incentives for private and publicly-owned companies to invest
are particularly uncertain. Environmental policies could increasingly affect
opportunities for building upstream and downstream facilities and their cost,
especially in OECD countries. In the longer term, technological developments
could open up new opportunities for investment and help lower costs.

The availability of capital is unlikely to be a barrier to upstream investment in
most cases. But opportunities and incentives to invest may be. Most privately-
owned international oil and gas companies have large cash reserves and are able
to borrow at good rates from capital markets when necessary for new projects.
But those companies may not be able to invest as much as they would like
because of restrictions on their access to oil and gas reserves in many resource-
rich countries. Policies on foreign direct investment will be an important factor
in determining how much upstream investment occurs and where.

A large proportion of the world’s reserves of oil are found in countries where there
are restrictions on foreign investment (Figure 3.12). Three countries — Kuwait,
Mexico and Saudi Arabia — remain totally closed to upstream oil investment by
foreign companies. Other countries are reasserting state control over the oil
industry. Bolivia recently renationalised all its upstream assets. Venezuela
effectively renationalised 565 kb/d of upstream assets in April 2006, when the
state-owned oil company, PdVSA took over 115 kb/d of private production and
took a majority stake in 25 marginal fields producing 450 kb/d after the
government unilaterally switched service agreements from private to mixed public-
private companies. The Russian government has tightened its strategic grip on oil
and gas production and exports, effectively ruling out foreign ownership of large
fields and keeping some companies, including Transneft, Gazprom and Rosneft,
in majority state ownership. Several other countries, including Iran, Algeria and
Qatar, limit investment to buy-back or production-sharing deals, whereby control
over the reserves remains with the national oil company.
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Figure 3.12: Access to World Proven Oil Reserves, end-2005
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Even where it is in principle possible for international companies to invest,
the licensing and fiscal terms or the general business climate may discourage
investment. Most resource-rich countries have increased their tax take in the
last few years as prices have risen. The stability of the upstream regime is an
important factor in oil companies’ evaluation of investment opportunities.
War or civil conflict may also deter companies from investing. No major oil
company has yet decided to invest in Iraq. Geopolitical tensions in other
parts of the Middle East and in other regions may discourage or prevent
inward investment in upstream developments and related LNG and export-
pipeline projects.

National oil companies, especially in OPEC countries, have generally increased
their capital spending rapidly in recent years in response to dwindling spare
capacity and the increased financial incentive from higher international oil
prices. But there is no guarantee that fuzure investment in those countries will
be large enough to boost capacity sufficiently to meet the projected call on their
oil in the longer term. OPEC producers generally are concerned that
overinvestment could lead to a sharp increase in spare capacity and excessive
downward pressure on prices. Sharp increases in development costs are adding
to the arguments for delaying new upstream projects. For example, two
planned GTL plants in Qatar were put on hold by the government in 2005 in
response to soaring costs and concerns about the long-term sustainability of
production from the North field. An over-cautious approach to investment
would result in shortfalls in capacity expansion.
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Environmental policies and regulations will increasingly affect opportunities
for investment in, and the cost of, new oil projects. Many countries have placed
restrictions on where drilling can take place because of concerns about the
harmful effects on the environment. In the United States, for example, drilling
has not been allowed on large swathes of US federal onshore lands — such as the
Arctic National Wildlife Refuge (ANWR) — and offshore coastal zones for
many years.'> Even where drilling is allowed, environmental regulations and
policies impose restrictions, driving up capital costs and causing delays. The
likelihood of further changes in environmental regulations is a major source of
uncertainty for investment.

Local public resistance to the siting of large-scale, obtrusive facilities, such as oil
refineries and GTL plants, is a major barrier to investment in many countries,
especially in the OECD. The not-in-my-backyard (NIMBY) syndrome makes
future investments uncertain. It is all but impossible to obtain planning
approval for a new refinery in many OECD countries, though capacity
expansions at existing sites are still possible. The risk of future liabilities related
to site remediation and plant emissions can also discourage investment in oil
facilities. The prospect of public opposition may deter oil companies from
embarking on controversial projects. Up to now, NIMBY issues have been less
of a barrier in the developing world.

Technological advances offer the prospect of lower finding and production
costs for oil and gas, and opening up new opportunities for drilling. But
operators often prefer to use proven, older technology on expensive projects to
limit the risk of technical problems. This can slow the deployment of new
technology, so that it can take decades for innovative technology to be widely
deployed, unless the direct cost savings are clearly worth the risk. This was the
case with the rotary steerable motor system, which has finally become the norm
for drilling oil and gas wells. These systems were initially thought to be less
reliable and more expensive, even though they could drill at double or even
triple the rate of penetration of previous drilling systems. The slow take-up of
technology means that there are still many regions where application of the
most advanced technologies available could make a big impact by lowering
costs, increasing production and improving recovery factors. For example,
horizontal drilling, which increases access to and maximises the recovery of
hydrocarbons, is rarely used in Russia.

As well as lowering costs, technology can be used to gain access to reserves in
ever more remote and hostile environments — such as arctic regions and deep
water — and to increase production and recovery rates. New technology has
enabled the subsurface recovery of oil from tar sands using steam-assisted
gravity drainage and closely placed twin horizontal wells, while enhanced oil

12. In mid-2006, Congress was considering a bill to open up 8% of ANWR.
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recovery has been made possible by injecting CO, into oil wells and by using
down-hole electrical pumps, to allow oil to be produced when the reservoir
pressure is insufficient to force the oil to the surface.

Although costs have risen sharply in recent years (see Chapter 12), much of the
world’s remaining oil can still be produced at costs well below current oil prices.
Most major international oil companies continue to use a crude oil price
assumption of $25 to $35 per barrel in determining the financial viability of
new upstream investment. This conservative figure by comparison with current
high oil prices partly reflects caution over the technical risks associated with
large-scale projects and the uncertainty associated with long lead times and the
regulatory environment.

The current wave of upstream oil investment is characterised by a heavy focus
on such projects, involving the development of reserves that were discovered in
the 1990s or earlier. Unless major new discoveries are made in new locations,
the average size of large-scale projects and their share in total upstream
investment could fall after the end of the current decade. That could drive up
unit costs and, depending on prices and upstream-taxation policies, constrain
capital spending. Capital spending may shift towards more technically
challenging projects, including those in arctic regions and in ultra-deep water.
The uncertainties over unit costs and lead times of such projects add to the
uncertainty about upstream investment in the medium to long term.

Implications of Deferred Upstream Investment

In light of the uncertainties described above, we have developed a Deferred
Investment Case to analyse how oil markets might evolve if upstream oil
investment in OPEC countries over the projection period were to increase
much more slowly than in the Reference Scenario. This could result from
government decisions to limit budget allocations to national oil companies or
other constraints on the industry’s ability or willingness to invest in upstream
projects. For the purposes of this analysis, it is assumed that upstream oil
investment in each OPEC country proportionate to GDP remains broadly
constant over the projection period at the estimated level of the first half of the
current decade of around 1.3%. This yields a reduction in cumulative OPEC
upstream investment in the Deferred Investment Case vis-2-vis the Reference
Scenario of $190 billion, or 25%, over 2005-2030. Upstream investment still
grows in absolute terms.

Lower oil investment inevitably results in lower OPEC oil production. This
is partially offset by increased non-OPEC production. Higher oil prices
encourage this increased investment and production in non-OPEC
countries. They also cause oil demand to fall relative to the Reference
Scenario. Higher prices for oil and other forms of energy also reduce GDP
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growth marginally, pushing demand down further.”” In 2030, the
international crude oil price, for which the average IEA import price serves
as a proxy, is $19 higher in year-2005 dollars and $33 higher in nominal
terms (assuming annual inflation of 2.3%) than in the Reference Scenario —
an increase of about 34%.

As a result of higher prices and lower GDP growth, the average annual rate of
global oil-demand growth over 2005-2030 falls from 1.3% in the Reference
Scenario to 1.1% in the Deferred Investment Case. By 2030, oil demand
reaches 109 mb/d — some 7 mb/d, or 6%, less than in the Reference Scenario
(Figure 3.13). This reduction is equal to more than the current oil demand of
China. Higher oil prices encourage consumers to switch to other fuels, use
fewer energy services and reduce waste. They encourage faster improvements in
end-use efficiency. In the transport sector, they also encourage faster
deployment of biofuels and other alternative fuels and technologies, such as
hybrids. The size of these effects varies among regions. It is highest in non-
OECD countries, because the share of non-transport uses in final demand
(which is relatively price-elastic) is higher there than in the OECD and because
the share of taxes, which blunt the impact on demand of higher international
oil prices, is generally lower.

Figure 3.13: Reduction in World Oil Demand and OPEC Market Share
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13. See IEA (2005) for a detailed explanation of the methodology used to quantify the effects of
lower investment on oil demand, supply and prices.
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The drop in world oil demand that results from higher prices is accompanied
by an equivalent decline in world production in the Deferred Investment Case.
Unsurprisingly, OPEC oil production falls sharply in response to much lower
investment (Figure 3.14). Including NGLs, OPEC output is just over 11 mb/d
lower in 2030 than in the Reference Scenario, though, at 45 mb/d, it is still
nearly 12 mb/d higher than in 2005. OPEC’s share of world oil production
remains essentially flat at about 40% over the projection period. In the
Reference Scenario, the share rises to 48% in 2030.

The fall in OPEC production is largely offset by higher non-OPEC output,
which climbs to 64 mb/d — some 4 mb/d higher than in the Reference
Scenario and 14 mb/d higher than in 2005. Higher prices stimulate faster
development of conventional and non-conventional reserves in all non-OPEC
regions, as marginal fields become more commercial. About 1 mb/d, or 15%,
of the increase in non-OPEC output comes from oil-sands in Canada. As a
result, the share of non-conventional oil in total world supply increases from
2% in 2005 to more than 9% in 2030, compared with less than 8% in the
Reference Scenario.

Figure 3.14: World Oil Production in the Deferred Investment Case Compared
with the Reference Scenario
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CHAPTER 4

GAS MARKET OUTLOOK

HIGHLIGHTS

= Primary gas consumption increases in all regions over the period 2004-
2030 in the Reference Scenario, from 2.8 trillion cubic metres in 2004
t0 3.6 tem in 2015 and 4.7 tcm in 2030. Globally, demand grows by an
average of 2% per year — well down on the 2.6% rate of 1980-2004 and
slightly below the rate projected in WEO-2005. The biggest increase in
volume terms occurs in the Middle East, though demand rises at a faster
rate in China, India and Africa. OECD North America and Europe
remain the largest markets in 2030. The power sector accounts for more
than half of the increase in global primary gas demand.

= In aggregate, annual world gas production expands by almost 1.9 tcm,
or two-thirds, between 2004 and 2030. The Middle Fast and Africa
contribute most to this increase. Output also increases quickly in Latin
America and developing Asia. Europe is the only region to experience a
drop in output between now and 2030.

= Inter-regional gas trade expands even faster than output, because of
the geographical mismatch between resource endowment and demand.
The main gas-consuming regions become increasingly dependent on
imports. In absolute terms, the biggest increases in imports occur in
Europe and North America. LNG accounts for most of the increase in
global inter-regional trade.

= The Middle East and Africa provide more than two-thirds of the increase
in global inter-regional exports over the Ourlook period. The bulk of the
exports from these two regions goes to Europe and the United States.
Africa overtakes the transition economies, including Russia, as the largest
regional supplier to Europe. There are doubts about whether Russia will
be able to raise production capacity fast enough to even maintain current
export levels to Europe and to start exporting to Asia.

= Cumulative investment in gas-supply infrastructure amounts to
$3.9 willion over the period 2005-2030. Capital needs are highest in
North America, where most spending goes simply to maintaining
current capacity. The upstream absorbs 56% of global spending. Most of
the investment to 2010 is already committed. Thereafter, it is far from
certain that all the investment needed will, in fact, occur. A particular
concern is whether the projected increase in exports in some regions,
especially the Middle East, is achievable in light of institutional, financial
and geopolitical factors and constraints.
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Demand

Primary gas consumption is projected to increase in all regions over the next
two-and-a-half decades. Globally, demand grows by an average of 2% per year
from 2004 to 2030 — well down on the rate of 2.6% per year of 1980-2004 and
slightly below the rate projected in WEO-2005. Demand grows at the fastest
rates in Africa, the Middle East and developing Asia, notably China. The biggest
increase in volume terms occurs in the Middle East, driven by demand from the
power and petrochemical sectors. Nonetheless, OECD North America and
Europe remain the largest markets in 2030 (Table 4.1). The share of gas in the
global primary energy mix increases marginally, from 21% in 2004 to 23% in
2030. Our gas-demand projections in most regions have been scaled down since
the last edition of the Outlook, mainly because the underlying gas-price
assumptions have been raised and because of growing concerns about the security
of imported gas supplies.

Table 4.1: World Primary Natural Gas Demand in the Reference Scenario (bcm)

1980 2004 2010 2015 2030 2004-

2030

OECD 959 1453 1593 1731 1994 1.2%
North America 659 772 830 897 998  1.0%
United States 581 626 660 704 728  0.6%
Canada 56 94 109 120 151  1.8%
Mexico 23 51 62 74 118 3.3%
Europe 265 534 592 645 774 1.4%
Pacific 35 148 171 188 223 1.6%
Transition economies 432 651 720 770 9206 1.3%
Russia n.a. 420 469 503 582  1.3%
Developing countries 121 680 932 1143 1763 3.7%
Developing Asia 36 245 337 411 622 3.7%
China 13 47 69 96 169  5.1%
India 1 31 43 53 90 4.2%
Indonesia 6 39 56 65 87 32%
Middle East 36 244 321 411 636 3.7%
Africa 14 76 117 140 215 4.1%
North Africa 13 63 88 104 146 3.3%
Latin America 36 115 157 180 289  3.6%
Brazil 1 19 28 31 50 3.8%
World 1512 2784 3245 3643 4663 2.0%
European Union n.a. 508 560 609 726 1.4%

* Average annual growth rate.
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The power sector accounts for more than half of the increase in primary gas
demand worldwide (Figure 4.1). Its use of gas increases by 2.5% per year from
2004 to 2030. In many regions, gas is still preferred to other generation-fuel
options — particularly for mid-load — because of its cost competitiveness and its
environmental advantages over other fossil fuels. Distributed generation, which
is expected to play an increasingly important role in power supply, and the
shorter lead times and lower costs of building efficient gas-fired combined-cycle
gas-turbines also favour the use of gas. In absolute terms, gas demand in the
power sector increases most in the Middle East.

Figure 4.1: World Primary Natural Gas Demand by Sector
in the Reference Scenario
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In line with previous projections, gas-to-liquids (GTL) plants are expected to
emerge as a significant new market for gas. Global GTL demand for gas is
projected to increase from a mere 8 bcm in 2004 to 29 bem in 2010, 75 bem in
2015 and 199 bem in 2030. In 2006, a new 34-kb/d plant called Oryx, built by
Qatar Petroleum and Sasol in Qatar, was commissioned. This doubled existing
capacity at two small plants in South Africa and Malaysia. Several other plants are
under construction or planned, including a 95-kb/d facility in Nigeria due on
stream in 2008-2009 and an expansion of the Oryx plant.! Much of the gas used
by GTL plants is for the conversion process, which is extremely energy-intensive.

1. See Chapter 12 for more details on near-term GTL investment plans.
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The long-term rate of increase in GTL production will hinge on reduced
production costs, lower energy intensity, the ratio of gas to oil prices, the
premium available for high-quality GTL fuels over conventional products and
the economics of liquefied natural gas projects, which compete with GTL for use
of available gas.

Final gas consumption grows markedly less rapidly than primary gas use — by
1.8% a year in industry and 1.4% in the residential, services and agricultural
sectors. Final consumption slows in the OECD because of saturation effects,
sluggish output in the heavy manufacturing sector and modest increases in
population. Demand grows more strongly in developing countries and
transition economies along with rising industrial output and commercial activity.
But residential gas use nonetheless remains modest compared with OECD
countries, because incomes are often too low to justify the investment in
distribution infrastructure. End-use efficiency gains in the transition economies
also temper the growth in residential gas demand. Some oil-producing
developing countries continue to encourage switching to gas in order to free up
more oil for export.

Supply
Resources and Reserves

Gas resources are more than sufficient to meet projected increases in demand to
2030. Proven reserves amounted to 180 trillion cubic metres at the end of 2005,
equal to 64 years of supply at current rates (Cedigaz, 2006). Were production to
grow at the 2% annual rate projected in the Reference Scenario, reserves would
last about 40 years. Close to 56% of these reserves are found in just three
countries: Russia, Iran and Qatar. Gas reserves in OECD countries represent less
than a tenth of the world total (Figure 4.2).

Worldwide proven gas reserves have grown by more than 80% over the past two
decades, with large additions being recorded in Russia, Central Asia and the
Middle East. Much of this gas has been discovered while exploring for oil. In
recent years, the larger share of reserve additions have come from upward
revisions to reserves in fields that have already been discovered and are
undergoing appraisal or development. As with oil, the gas fields that have been
discovered since the start of the current decade are smaller on average than those
found previously.

Ultimately recoverable remaining gas resources, including proven reserves, reserve
growth and undiscovered resources, are considerably higher than reserves alone.
According to the US Geological Survey, they could total 314 tcm in a mean
probability case (USGS, 2000). Cumulative production to date amounts to only
around 15% of total resources.
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Figure 4.2: Proven Gas Reserves and Production by Region, 2005
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Production

Projected trends in regional gas production in the Reference Scenario generally
reflect the relative size of reserves and their proximity to the main markets.?
Production grows most in volume terms in the Middle East and Africa
(Figure 4.3). Most of the incremental output in these two regions will be
exported, mainly to Europe and North America. Output also grows quickly in
Latin America, where Venezuela emerges as an important supplier to North
America and possibly Europe too. Output is expected to grow less rapidly in
Russia, despite the region’s large reserves: much of that gas will be technically
difficult to extract and transport to market. There are also doubts about how
much investment will be directed to developing reserves in the transition
economies (see below). Other developing Asia sees slower growth, as Indonesia
struggles to develop its reserves for export to other countries in the region. Europe
is the only region which experiences a drop in output between now and the end
of the projection period, as North Sea production peaks early in the next decade
and gradually declines thereafter. In aggregate, annual world production expands
by almost 1.9 tcm, or two-thirds, between 2004 and 2030.

2. They also take into account special factors, including depletion policies, development costs,
geopolitical considerations and the use of gas for reinjection to boost oil recovery.
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Figure 4.3: Natural Gas Production by Region in the Reference Scenario
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Most natural gas supplies will continue to come from conventional sources.
The share of associated gas is expected to fall progressively, as more non-
associated fields are developed to meet rising demand — despite a further
reduction in the amount of associated gas flared. Several countries, especially
in the Middle East and Africa, are implementing programmes to reduce gas
flaring. Around 150 bem of gas is flared each year, mostly in the Middle East,
Nigeria and Russia (IEA, 2006b; World Bank, 2006). Non-conventional gas
production, including coal-bed methane (CBM) and gas extracted from low
permeability sandstone (tight sands) and shale formations (gas shales), increases
significantly in North America. The United States is already the biggest
producer of non-conventional gas, mainly tight sands gas and CBM from the
Rocky Mountains. Together, they account for about one-quarter of total
US gas output. In most other regions, information on the size of non-
conventional gas resources is sketchy. In some cases, there is no incentive to
appraise these resources, as conventional gas resources are large.

In general, the share of transportation in total supply costs is likely to rise as
reserves located closest to markets are depleted and supply chains lengthen.
Technology-driven reductions in unit production and transport costs could,
however, offset the effect of distance on total supply costs to some extent.
Pipelines will remain the principal means of transporting gas in North
America, Europe and Latin America. Yet LNG is set to play an increasingly
important role in gas transportation worldwide over the projection period,
mainly to supply Asia-Pacific and Atlantic Basin markets.
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Inter-Regional Trade

The geographical mismatch between resource endowment and demand means
that the main gas-consuming regions become increasingly dependent
on imports (Table 4.2). In volume terms, the biggest increase in imports
is projected to occur in OECD Europe. Imports in OECD Europe jump by
280 bem between 2004 and 2030, reaching almost 490 bcm — equal to about
two-thirds of inland consumption. North America, which is largely self-
sufficient in gas at present, emerges as a major importer. By 2030, imports — all
of which are in the form of LNG — meet 16% of its total gas needs. Chinese gas
imports also grow from around 1 bem in 2004 to 56 bem by 2030. The
country’s first LNG terminal, with a capacity of 3.7 million tonnes (6 becm) per
year was commissioned in 2006. Nonetheless, gas still meets only 5% of
Chinese energy needs by 2030, up from 3% today.

The Middle East and Africa account for 72% of the increase in global exports
over the Outlook period. The bulk of the exports from these two regions goes
to Europe and the United States (Figure 4.4). Africa overtakes the transition
economies, including Russia, as the largest regional supplier to Europe. In light
of current investment plans, there are doubts about whether Russia will be able
to raise production fast enough to maintain current export levels to European
markets given rising domestic needs (IEA, 2006b). Russia, Central Asia,
Australia and the Middle East emerge as new exporters of gas to China during
the projection period. Russia is also expected to begin exporting gas to OECD
Asia before 2030.

Gas continues to be traded on a largely regional basis, as there are few
physical connections now between the main regional markets of North
America, Europe, Asia-Pacific and Latin America. But these markets are set
to become more integrated as trade in LNG expands. This will open up
opportunities for arbitrage, leading to a degree of convergence of regional
prices. LNG accounts for almost 60% of the increase in inter-regional trade
(Figure 4.5). Exports of LNG grow from 150 bem in 2004 to 200 bem in
2010 and around 470 bem in 2030. Much of the new liquefaction, shipping
and regasification capacity that is due to come on stream by 2010 is either
already being built or is at an advanced planning stage. Total liquefaction
capacity worldwide would double between end-2005 and 2010, from
178 Mt (242 bem) per year to 345 Mt (470 bem) if all the projects under
development are completed on time, though some will undoubtedly be
delayed or cancelled.’ North America is expected to see the biggest increase
in LNG imports over the whole projection period (Box 4.1).

3. See Chapter 12 for a detailed near-term analysis of LNG and pipeline investment.
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Box 4.1: LNG Set to Fill the Growing US Gas-Supply Gap

The roller-coaster rise of US natural gas prices in recent years bears
testimony to the shifting balance of gas supply and demand. Average
monthly well-head prices peaked at almost $11/MBtu in October 2005 in
the wake of Hurricane Katrina, sliding to only $6.50 by March 2006 and
remaining below $7 for most of the time through to July. The ratio of gas
to oil prices is now at its lowest level since early 2000. The main reason is
that rising prices since the end of the 1990s have choked oft demand
— particularly in the chemicals and power sectors. Warmer weather in the
winter of 2005-2006 also curtailed demand. Higher prices have, by
contrast, been much less effective in stimulating indigenous output, despite
increased drilling: marketed production in 2005 would barely have
increased had Katrina not occurred, even though the number of gas wells
drilled reached almost 26 000 — an increase of 28% on 2004 and almost
two-thirds on 2000. In fact, output in 2005 fell to its lowest level since
1992. Increased imports of LNG have made good most of the shortfall,
with piped gas imports from Canada rising only modestly.

The diminishing additions to net capacity from increased drilling reflect the
maturity of conventional gas basins, as drilling focuses on smaller and
smaller pockets of gas and as decline rates at producing fields and wells
gather pace. Raising US production in the long term will undoubtedly call
for a shift in drilling to new basins, including non-conventional deposits.
One of the most prospective areas is the Alaskan North Slope, but
development of the region’s vast gas reserves will require the construction of
a pipeline system to connect with the existing systems in British Columbia
and Alberta in Western Canada that export gas to the United States.
A 40-50 bem/year pipeline to ship gas from the North Slope, proposed
by producers BP, ConocoPhillips and ExxonMobil, is assumed to be
commissioned after 2015.

Supply from indigenous sources is nonetheless not expected to keep pace
with demand over the projection period. We expect total US gas production
to level off after 2015, leading to higher imports — mostly in the form of
LNG. Five regasification terminals are under construction, another
12 projects have been approved by the national authorities and dozens
more have been proposed. Local opposition may prevent some of these
projects from going ahead. The terminals now being built will, alone, add
about 65 bem/year of capacity by 2010 to the 60 bem/year of capacity at
the country’s five existing terminals. If all the approved projects go ahead,
capacity would exceed 200 bem/year.

Sources: IEA databases; EIA/DOE online databases (www.eia.doe.gov); IEA (2006a).
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Figure 4.5: World Inter-Regional Natural Gas Trade by Type
in the Reference Scenario
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Investment

Cumulative investment in gas-supply infrastructure, including upstream
facilities, liquefaction plants, LNG tankers and regasification terminals,
transmission pipelines and storage facilities, and distribution networks, is
projected to amount to $3.9 trillion ($151 billion per year) in the Reference
Scenario over the period 2005-2030. Capital needs are highest in OECD
North America, where demand increases strongly and where construction
costs are high (Figure 4.6). The upstream absorbs 56% of total spending.
Investment in new transmission pipelines and in extending existing
distribution networks amounts to around $1.4 trillion over the period
2005-2030.

Decisions on the investment in gas-supply capacity additions that will come on
stream by the end of the current decade have already been taken. So the
amount of capacity that will be available by 2010 to meet the rise in demand
that we project is known with a reasonable degree of certainty. The analysis of
Chapter 12 suggests that there will be enough supply capacity to meet
projected demand by then. However, it is far from certain that all the
investment needed beyond 2010 will in fact occur. As with oil, the
opportunities and incentives to invest are a major source of uncertainty.
Environmental policies and not-in-my-backyard resistance may impede the
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construction of upstream and downstream facilities and push up their cost,
especially in OECD countries. On the other hand, technological developments
could open up new opportunities for investment and help lower costs in the
longer term. Chapter 3 outlines potential barriers to upstream investment,
affecting both oil and gas development.

Figure 4.6: Camulative Investment in Gas-Supply Infrastructure by
Region and Activity in the Reference Scenario, 2005-2030
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A particular concern is whether the high rates of increase in exports projected
for some regions, especially the Middle East, are achievable in light of
institutional, financial and geopolitical factors and constraints. A small number
of countries are expected to provide the bulk of the gas to be exported, mainly
as LNG. If problems were to arise within these countries or between these
countries and importers, it would be less likely that all the required investments
in export-related infrastructure would be forthcoming. The availability of LNG
carriers and trained crews may also constrain investment in LNG chains. Any
deferral of upstream oil investment, analysed in Chapter 3, would also reduce
associated gas production.

The future rate of investment in Russia’s gas industry is a particularly critical
uncertainty. The bulk of Russia’s gas production comes from three super-giant
fields — Urengoy, Yamburg and Medvezhye — which are declining at a
combined rate of 20 bem per year (IEA, 2006b). Production at a fourth super-
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giant, Zapolyarnoye, which came on stream in 2001, has already peaked at
100 bem per year. Enormous investments are needed to develop new fields in
deeper strata and/or in the Arctic region and other regions where reserves are
expensive to develop, simply to compensate for the depletion at the old super-
giants. Gazprom, which produces 90% of Russia’s gas, recently announced an
increase in its capital spending to almost $13 billion per year, but this is still
below the $17 billion per year that we estimate the Russian gas industry will
need to spend on average over the projection period. Moreover, much of
Gazprom’s spending is being directed at foreign acquisitions and export
infrastructure, rather than the domestic network and the upstream sector. One
relatively low-cost option for augmenting supplies would be to allow oil
companies and independent gas companies, which could sharply increase their
marketed gas output, to gain access to Gazprom’s network. Reducing waste in
domestic consumption would free up more gas for export. The development of
the Shtokman field in the Barents Sea and the Bovanenskoye field in Yamal,
announced in October 2006, would also increase export availability.

Another source of uncertainty concerns the possibility of major gas-exporting
countries coordinating their investment and production plans in order to avoid
surplus capacity and to keep gas prices up. The Algerian national oil and gas
company, Sonatrach, and Russia’s Gazprom recently signed a memorandum of
understanding on cooperation in upstream activities — a move that has raised
concerns among European gas importers about its implications for
competition and prices.

Investment in downstream gas infrastructure in consuming countries
— including transmission pipelines, storage facilities and distribution
networks — will hinge on appropriate regulatory frameworks, as much of the
capital will have to come from the private sector. This is the case in many
developing countries, where publicly-owned gas companies face difficulties in
raising sufficient funds. Investment prospects are more secure for domestic
downstream projects in OECD countries, particularly those that involve the
extension or enhancement of existing pipeline networks. This type of
investment is usually considered to be relatively low-risk, particularly where
demand trends are reasonably stable and predictable and where returns are
protected by the regulator through explicit price controls. The returns that can
be made on such investments usually depend to a large extent on price
controls. Most downstream gas transmission and distribution companies
operating in regulated markets are also well-placed to obtain finance for new
infrastructure investments.

Pricing policies are critical to incentives to invest in gas networks. The allowed
rate of return is generally low relative to the average return on investment in
other industries, reflecting the lower level of risk — especially where the
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investment is incremental and where the regulatory framework provides a high
level of assurance to the investor that he will be able to recover his costs through
regulated tariffs. There is nonetheless a danger that the regulator may fix the
allowed rate of return too low, which can discourage investment and create
bottlenecks. In OECD countries, regulated tariffs are generally set so as to
cover the full cost of supply. In some cases, the regulatory regime may
incorporate incentives for utilities to reduce costs — an approach pioneered in
Great Britain. In the vast majority of non-OECD countries, price ceilings that
keep retail prices below the full long-run marginal cost of supply can impede
the capacity of gas utilities — whether private or public — to invest in expanding
and maintaining the network (see the discussion of subsidies in Chapter 11).
This is a major problem in Russia and several other transition economies.
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CHAPTER 5

COAL MARKET OUTLOOK

HIGHLIGHTS

= Global coal demand in the Reference Scenario is projected to grow at an
average annual rate of 1.8% between 2004 and 2030, such that coal’s share
in the global energy mix remains broadly constant at around one-quarter.
Coal use rises by 32% by 2015 and 59% by 2030 (expressed in tonnes) —
a significantly faster rate of growth than in WEO-2005. Of the total
increase in demand, 86% comes from developing Asia, particularly China
and India. OECD coal use grows modestly.

= Power generation accounts for 81% of the increase in coal use to 2030,
boosting its share of total coal demand from 68% in 2004 to 73%. Coal
use in final sectors barely increases in many regions and falls in the OECD.
Demand will remain sensitive to developments in clean coal technology
and government policies on energy diversification, climate change and
local pollution, as well as to relative fuel prices.

= Coal is the most abundant fossil fuel. Proven reserves at the end of 2005
amounted to around 909 billion tonnes, equivalent to 164 years of
production at current rates. Around half of these reserves are located in just
three countries — the United States, Russia and China — but twenty other
countries each hold substantial reserves of at least 1 billion tonnes.
Production, processing and transportation costs vary widely.

= Coal needs continue to be met mainly by indigenous production. China
— already the world’s leading coal producer — and India account for over
three-quarters of the 3.3 billion-tonne increase in coal production in
2030 over 2004. The United States sees the biggest absolute rise in
output among OECD countries, accounting for about 8% of global
production growth. Australia, Indonesia, South Africa and Colombia
also contribute significantly. Hard coal output in the European Union,
where costs are generally high, falls as remaining subsidies are phased out,
but brown coal output remains flat. Steam coal accounts for most of the
growth in total world coal output between 2004 and 2030. Safety
remains a major concern in the mining industry in some large producing
countries.

= Global inter-regional trade in hard coal expands at the same rate as demand,
from 619 Mtin 2004 to 975 Mt in 2030. Trade in steam coal grows much
faster than that in coking coal. Trade in brown coal and peat remains
negligible. Australia is expected to extend its lead as the world’s biggest
exporter of coking coal and, along with Indonesia, continues to dominate
steam-coal trade. China remains an exporter, but loses market share, as more
of its output is diverted to rapidly growing domestic markets.
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Demand

Global coal use is projected to grow at an average annual rate of 1.8%
between 2004 and 2030 (Table 5.1). Coal’s share in the global energy mix
remains broadly constant at around one-quarter over the projection period.
Coal use rises by 32% by 2015 and 59% by 2030 (expressed in tonnes). The
prospects for coal use have brightened since the last edition of the Outlook
because coal prices are now expected to remain well below those of gas — the
main competitor to coal, especially in power generation — and oil products in
energy terms over the projection period. Coal demand in 2030 is now
expected to be about 19% higher than projected in WEO-2005. The
projected increase in global demand is significantly slower than that seen in
the past five years, when it grew by more than 5% per year — mainly due to
strong growth in China. Demand will remain sensitive to developments in
clean coal technology and government policies on energy diversification,
climate change and local pollution, as well as to relative fuel prices. Although
coal is more carbon-intensive than oil or gas, coal supplies are regarded as
more secure.

Prospects for coal demand differ markedly among regions. Most of the
growth in demand comes from developing Asia, particularly China and
India, where coal resources are abundant. In fact, these two countries account
for over three-quarters of the entire increase in coal use between 2004
and 2030. Strong economic growth has led to a surge in their coal use in the
last few years. In all three OECD regions, coal use grows much more
slowly. The EU Emissions Trading Scheme introduced in 2005, which
involves national caps on greenhouse-gas emissions and EU-wide trading
of emission allowances, could contribute to the decline in coal demand in
the European Union.

Power generation accounts for 81% of the increase in coal demand to 2030.
Coal use in final sectors barely increases in many regions and falls in the
OECD.! The power sector’s share of global coal demand rises from 68% in
2004 to 73% in 2030 (Figure 5.1). The importance of power generation in
coal demand varies considerably among regions. Among the WEO regions, it
is highest in OECD North America. Demand from coal-to-liquids plants is
expected to remain marginal over the Outlook period, the assumption being
that costs will remain too high to make the technology economic in most
cases (Box 5.1).

1. Steam and brown coals are used for the production of heat and power. Coking coal is used mainly
in the iron and steel industries.
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Table 5.1: World Coal Demand* (million tonnes)

1980 2004 2010 2015 2030 2004-

2030

OECD 2033 2313 2507 2552 2735 0.6%
OECD North America 687 1080 1222 1248 1376  0.9%
United States 646 1006 1135 1151 1282 09%
Canada 38 59 70 76 67 05%
Mexico 4 15 18 21 27 2.4%
OECD Pacific 183 399 439 450 453 0.5%
OECD Asia 114 262 293 296 287  0.3%
OECD Oceania 69 137 146 154 166  0.8%
OECD Europe 1163 834 846 855 905  0.3%
Transition economies 842 521 560 575 491 -0.2%
Russia n.a. 215 239 234 216 0.0%
Developing countries 917 2766 3643 4215 5647 2.8%
Developing Asia 804 2523 3390 3938 5306 2.9%
China 626 1881 2603 3006 3867 2.8%
India 114 441 534 636 1020 3.3%
Indonesia 0 36 50 63 105 4.2%
Other 64 166 204 232 314 25%
Latin America 18 34 39 44 63  2.3%
Brazil 10 22 23 25 34 1.7%
Africa 93 193 196 211 248  1.0%
Middle East 2 15 18 23 31 2.8%
World™ 3822 5558 6696 7328 8858 1.8%
European Union n.a. 789 777 759 745  —0.2%

* Includes hard coal (steam and coking coal), brown coal (lignite) and peat.
** Average annual rate of growth.

*** Includes statistical differences and stock changes.

n.a. = not available.

Reserves and Production

Coal is the most abundant fossil fuel. Proven reserves at the end of 2005
amounted to around 909 billion tonnes, equivalent to 164 years at current
production rates (B, 2006). Coal is found in many countries, but more than
80% of the reserves are located in just six (Figure 5.2). The three largest
consumers — China, the United States and India — together hold about half of
the global reserves, and Russia, Australia and South Africa account for another
31%. Many other countries hold large reserves. In total, 20 countries each hold
more than 1 billion tonnes.
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Figure 5.1: Share of Power Generation in Total Coal Consumption
by Region in the Reference Scenario
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Box 5.1: The Economics of Coal-to-Liquids Production

Concerns about oil-supply security have recently led to renewed interest in
coal as an alternative feedstock for the production of transport fuels and
chemicals. Coal-to-liquids (CTL) technologies include coal gasification,
combined with Fischer-Tropsch synthesis to produce liquid fuels (in the
same way as gas-to-liquids), and direct coal-liquefaction technologies,
which are still under development. Coal gasification is already widely used
in the production of chemicals and fertilizers, notably in China, where
8 000 coal gasifiers are in operation. Sasol, a South African company,
operates two coal-to-liquids plants, with total capacity of 150 kb/d. Output
consists of 80% synthetic diesel and 20% synthetic naphtha. China is
building a 60 kb/d plant and has plans for further projects. In the United
States, coal companies are assessing the commercial viability of new projects
following the introduction of new incentives for CTL.

Process technologies for the production of synthesis gas from coal are well
established, but unit costs of CTL production remain high compared with
conventionally refined products. Nonetheless, where coal can be delivered
at low cost, CTL could be competitive. For example, at a steam-coal price
of $20 per tonne — less than half the current international price —

128 World Energy Outlook 2006 - THE REFERENCE SCENARIO



the average production cost of synfuels would be about $50 per barrel,
making CTL competitive at a crude oil price of under $40. However, at
current coal prices, oil prices would have to average well over $50 per barrel.
Moreover, the capital costs of CTL plants are very high: around $5 billion
for a 80-kb/d unit compared with less than $2 billion for a GTL plant of
similar size. CTL plants must have access to reliable supplies of low-cost
coal, ideally with adjacent reserves of at least 500 million tonnes. CTL
processes are also very energy-intensive and result in seven to ten times more
CO, emissions per unit of output than conventional oil refineries (without
carbon capture and storage). For these reasons, CTL is likely to remain a
niche activity over the Outlook period.

Source: IEA (2006).

Figure 5.2: Proven Coal Reserves by Country (end-2005)
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In the Reference Scenario, China — already the world’s leading coal producer —
and India together account for over three-quarters of the 3 300 million-tonne
increase in coal production over the Outlook period (Table 5.2). The United
States sees the biggest absolute rise in output among OECD countries,
accounting for about 8% of global production growth. However, its
production will lag domestic requirements. Although it has vast reserves, they
are relatively expensive to extract and transport in some parts of the country.
Australia, Indonesia, South Africa and Colombia also raise their production
significantly to meet rising domestic needs and to profit from growing
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international demand. In contrast, output of steam and coking coal in the
European Union, where costs are high, declines as remaining subsidies are
phased out in most countries. But EU brown-coal production, used almost
exclusively in the power sector, remains more or less flat throughout the
projection period on the assumption that subsidies are retained. The share of
brown coal in total EU coal production on a volume basis rises from 68% in
2004 to 87% in 2030. Adjusted for energy content, total EU coal production
falls by 38%. Globally, cumulative coal production to 2030 amounts to only
22% of current proven reserves.

Table 5.2: World Coal Production in the Reference Scenario (million tonnes)

1980 2004 2010 2015 2030 2004-

2030

OECD 2045 2075 2274 2318 2538 0.8%
OECD North America 793 1085 1230 1250 1361 0.9%
United States 753 1009 1139 1150 1267 0.9%
Canada 37 66 79 85 77 0.6%
OECD Pacific 144 363 436 467 564 1.7%
OECD Asia 37 3 2 0 0 n.c.
OECD Oceania 107 360 434 467 564 1.7%
OECD Europe 1108 0627 609 601 614  -0.1%
Transition economies 849 572 630 653 584 0.1%
Russia n.a. 260 304 306 301 0.6%
Developing countries 929 2913 3791 4357 5737  2.6%
Developing Asia 796 2596 3445 3980 5272 2.8%
China 620 1960 2673 3074 3927 2.7%
India 116 413 494 586 937 3.2%
Indonesia 0 132 172 202 263 2.7%
Other 60 90 106 118 145 1.8%
Latin America 11 67 83 94 130 2.6%
Brazil 5 5 7 8 12 3.0%
Africa 120 248 261 280 332 1.1%
Middle East 1 2 2 2 3 1.9%
World 3822 5559 6696 7328 8858 1.8%
European Union n.d. 597 556 524 477 -0.9%

* Average annual rate of growth.
n.a. = not available; n.c. = not calculable.
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There is a shift in the breakdown of global production by type of coal over the
Outlook period, reflecting demand trends and differences in local availability and
production costs. Production of steam coal grows most rapidly, accounting for
85% of the total increase in output between 2004 and 2030 (Figure 5.3). Coking
coal accounts for a mere 8%, and brown coal and peat for the rest. Most of the
growth in brown coal production takes place in OECD Europe.

Figure 5.3: Global Coal Production by Type in the Reference Scenario
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Inter-Regional Trade

Global inter-regional trade” in hard coal expands at a rate of 1.8% per year over
2004-2030, from 619 Mt in 2004 to 975 Mt in 2030 (Table 5.3). Even so, most
coal will continue to be consumed within the region in which it is produced.
Trade grows slightly quicker than demand, more so if China and India are
excluded. The share of inter-regional trade in total hard coal consumption
worldwide will remain flat at 13% between 2004 and 2030. Trade in brown coal
and peat remains negligible. Trade in steam coal grows much faster than in
coking coal, largely because demand increases more quickly. Steam coal accounts
for 85% of the total expansion in coal trade growth. International steam-coal
trade grows faster than demand, because demand outstrips indigenous
production in some regions. As a result, the share of steam coal in global
hard-coal trade increases from 71% in 2004 to 76% in 2030 (Figure 5.4).

2. As for oil and gas, the projections presented here cover only trade between WEO regions, not trade
within those regions. In 2004, inter-regional trade accounted for about 80% of total international
hard-coal trade.

Chapter 5 - Coal Market Outlook 131




Table 5.3: Hard Coal* Net Inter-Regional Trade in the Reference Scenario

(million tonnes)

1980 2004 2010 2015 2030

OECD 19 218 224 225 188
OECD North America -82 -25 -16 -12 6
United States -83 -14 —4 1 16
Canada 1 -13 -16 -16 -17
OECD Pacific 28 42 4 -17  -110
OECD Asia 72 261 291 296 287
OECD Oceania —43 =220 =288 -314 -397
OECD Europe 73 201 237 254 292
Transition economies -4 -57 -73 -81 -95
Russia n.a. =50 —65 72 -85
Developing countries -17 -141 -150 -144 91
Developing Asia 2 —64 -56 —44 31
China -5 -72 -70 -67 -60
India 0 27 40 50 82
Indonesia -0 -96 122 -139  -157
Other 6 77 96 113 167
Latin America 7 -33 —45 -51 67
Brazil 5 16 16 18 22
Africa 27 =57 —65 —69 -84
Middle East 1 13 16 20 28
World 172 619 754 819 975
European Union n.a. 187 219 234 267

* Steam and coking coal.

Note: Negative figures denote exports; positive figures imports. World trade is calculated as the sum of steam
coal and coking coal. The figures for each region show the net trade in both types of coal combined. As a result,
the world total is slightly larger than the sum of the exports.

n.a. = not available.

Patterns of steam-coal trade see some significant changes. The Atlantic
market continues to be supplied mainly by South Africa, Colombia and
Russia, but the United States emerges as a new importer — albeit on a modest
scale — alongside Europe. EU output falls even faster than demand, so
imports continue to grow. In the Pacific market, India joins Japan, Korea and
Chinese Taipei as a large coal importer as domestic power-sector needs
outpace the growth of indigenous output. Indonesia, Australia and Russia
meet an increasing proportion of Pacific steam-coal import needs. China
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remains an exporter, but loses market share, as an increasing proportion of
the country’s output is diverted to domestic markets. This projection is
particularly uncertain: slightly faster demand or slower production growth
than projected here could turn China into a net importer. Four countries
— Australia, the United States, Canada and Russia — continue to account for
the bulk of coking-coal exports. Australia’s share continues to expand, from
63% in 2004 to 67% in 2030, extending its lead as the world’s biggest
exporter of coking coal.

Figure 5.4: Net Inter-Regional Trade in Hard Coal in the Reference Scenario
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Coal Supply Costs and Investment

Supply costs are the primary determinant of where incremental coal
production and export capacities are added. Assessing those costs is difficult,
because they vary widely across countries and regions according to local factors,
including geology, technology, infrastructure and labour costs. The average
free-on-board cost of supply of steam coal, including production, processing,
inland transportation and loading onto ships (but excluding capital charges
and profit margins), ranges from less than $20 per tonne in Indonesia and
Venezuela to about $50 in the United States (Figure 5.5). Much of the coal
currently exported involves costs of around $25 to $30 per tonne.’

3. These estimates are based on an analysis of coal-supply costs carried out by the IEA Clean Coal
Centre, submitted to the IEA in June 2006.
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Consolidation of the mining industry has helped to lower production costs in
several countries in the last decade or so. We expect costs in most major
exporting countries to remain broadly flat in real terms over the projection
period. Rationalisation programmes and the adoption of modern technology
are expected to largely offset the higher costs associated with developing new
underground and surface mines that will also require new above-ground
infrastructure.

Figure 5.5: Indicative Supply Costs for Internationally Traded Steam Coal
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Note: FOB cost, not including capital charges, based on a standardised heat content of 6 000 kcal’kg
(comparable to a typical South African coal exported from Richard’s Bay). The heat content of internationally
traded coals ranges from 5 200 kcal/kg to 7 000 keal/kg.

Source: TEA Clean Coal Centre analysis based on Devon and Ewart (2005) and RWE (2005).

In some regions, mining accounts for up to half the cost of coal supply
(Figure 5.6). Mining costs vary depending on the type of mine extraction
method deployed, the accessibility of the coal seams, the degree of
preparation the coal needs prior to transporting and labour requirements.
Average mine costs range from $7 per tonne for opencast, high-calorific-value
coal in Venezuela to more than $10 in countries like Australia where
underground mining accounts for a more significant share of total production.
Underground coking-coal costs can sometimes exceed $40 per tonne, but
coking coal produced at this cost can still be competitive because of its high
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Figure 5.6: Structure of Steam Coal Supply Costs for Major Exporting Countries
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Source: IEA Clean Coal Centre analysis based on Devon and Ewart (2005).

value. The per-tonne cost of coal processing is typically around $2, while
administration and general management costs add another $1 to $3. Royalties
and taxes can be significant, amounting to almost $4 on average in Australia
and Indonesia based on current prices. The cost of transporting coal from the
mine to the port terminal, usually by rail, can account for a large share of total
supply costs. Port facilities for loading coal onto ships cost between $1 and $3
per tonne. Seaborne freight charges depend on the vessel size and the voyage
distance. In 2005, voyages in large capesize vessels (150 kt dead-weight) cost
around $10 to $20 per tonne, and in smaller panamax vessels (50 kt) between
$15 and $30. Fluctuations in demand for, and supply of, dry-bulk vessels, used
to ship coal and other commodities, can create enormous volatility in the cost
of transporting coal between continents. For example, in 2005, freight rates
accounted for half the cost of South African steam-coal exports to Japan.

Several factors will influence supply costs and, therefore, the attractiveness of
new investment in the coal industry in the coming decades:

= Energy prices: The recent surge in energy prices has put upward pressure on
coal-supply costs. The price of electricity for running mining machinery and
fuel for trucks directly affects mining costs.
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= Exchange rates: A drop in the value of the dollar would increase supply costs,
which are generally priced in local currencies, relative to export revenues,
which are priced in dollars.

= Taxation: Changes in tax and royalty policies and other charges can have a
major impact on the profitability of coal projects.

= Geology: The development of new seams at both existing and new mines
can raise operating and processing costs, as development moves to less
accessible deposits or seams that are located further from the mine head and
existing processing and transport infrastructure.

m The need for new transport infrastructure: Most coal-export ports are
currently operating at close to capacity and the scope for expansion at
existing facilities is often limited. Building new ports is expensive — typically
around $15 per tonne of annual capacity. In the United States, Russia and
China, coal is transported by rail on networks that are frequently inadequate
even for the volumes now carried.

= Seaborne freight rates: Chinese demand for dry bulk goods is driving the
shipping market and keeping utilisation of the shipping fleet at over 90%.
Orders for new vessels are at an all-time high. As new capacity becomes
available in the next few years, freight rates are likely to ease.

» Safety concerns: Coal-mining safety remains a major concern, particularly
in developing countries. In China, over 6 000 men lose their lives each year
in coal-mining accidents, mainly in the small private and collective mines in
towns and villages. Even in developed countries, accidents still occur
occasionally.

Global coal industry investment needs over the next two-and-a-half decades
amount to about $563 billion in the Reference Scenario. Unit investment costs
to meet the increase in demand are expected to average about $50 per tonne
per year for new supply capacity, including the cost of sea freight. Currently,
there are plans to add about 62 million tonnes per year of steam and coking-
coal production capacity at existing mines, compared with 35 Mt of capacity
at new greenfield mines. In the longer term, capacity is expected to come
increasingly from greenfield developments.

The recent surge in demand for coal has had an inflationary impact on mining
costs, averaging about 9% in 2005 for materials. With lead times for mining
equipment now extending to a year or more and with shortages of skilled
labour, these costs have also risen significantly. Our projections assume that this
boom cycle will be short-lived and that coal supply and demand will balance
at the prices assumed (see Chapter 1).
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CHAPTER 6

POWER SECTOR OUTLOOK

HIGHLIGHTS

= World electricity demand is projected to double by 2030 in the Reference
Scenario, growing at 2.6% per year on average. Developing Asia is the
main engine of growth: China and India see the fastest growth in demand.

m The share of coal in the power generation fuel mix increases, because of
high natural gas prices and strong electricity demand in developing Asia,
where coal is abundant. That region accounts for over three-quarters of the
increase in coal-fired generation between now and 2030.

= Natural gas-fired electricity generation more than doubles between now
and 2030, but the projected growth is lower than in past Outlooks, when
gas prices were expected to remain lower than now assumed. The
generating costs of CCGTs are now expected to be between 5 cents and
7 cents per kWh, as against 4 cents and 6 cents per kWh for coal-fired
generation.

= Nuclear capacity increases to 416 GW by 2030, but the nuclear share in
total electricity generation drops from 16% to 10%. Renewed interest in
nuclear power could change this picture.

= Hydropower continues to expand, mostly in developing countries.
Globally, less than a third of economic hydropower potential has been
exploited. The share of other renewables is projected to increase from 2%
now to 7% by 2030, most of the growth occurring in OECD countries.

= World CO, emissions from power plants are projected to increase by about
two-thirds over the period 2004-2030. China and India alone account for
nearly 60% of this increase.

= Total cumulative investment in power generation, transmission and
distribution over 2004-2030 amounts to $11.3 trillion. China needs to
invest most, some $3 trillion. In the developing world, private investment
in the power sector remains concentrated in a few large countries. The
prospects for investment in small, poor countries remain weak.

= Falling power capacity reserve margins and ageing infrastructure — both
power plants and networks — give rise to a need for substantial increases in
investment in many OECD countries. High and volatile gas prices,
uncertain environmental policies, difficulties in siting new facilities and
complicated and unreliable licensing processes are growing challenges for
investors.

= There are still 1.6 billion people in the world without electricity. On
present policies, that number would fall by only 200 million by 2030. To
achieve the Millennium Development Goals, it would need to fall to less
than one billion by 2015.
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Electricity Demand Outlook

Global electricity demand' in the Reference Scenario is projected to
practically double over the next 25 years, from 14 376 TWh in 2004 to
28 093 TWh in 2030, growing at 2.6% per year on average. Growth is
stronger, at 3.3% per year in the period 2004-2015, falling to 2.1% per
year thereafter. In developing countries, demand grows three times as fast as

in the OECD, tripling by 2030 (Figure 6.1).

Figure 6.1: World Electricity Demand by Region in the Reference Scenario
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The fastest growth in electricity demand, averaging 5.4% per year in 2004-
2030, occurs in India, followed by China at 4.9% per year (Figure 6.2). In
2004-2015, Chinas demand for electricity grows by 7.6% per year, much
higher than the world average, but below the 12% annual average rate seen
over the past five years.

The share of electricity in total final energy consumption increases in industry,
in households and in the services sector in all regions. Overall, the share of
electricity in total final energy consumption worldwide is projected to rise from
16% in 2004 to 21% in 2030. Demand grows most rapidly in households,
underpinned by strong demand for appliances, followed by the services sector.
In absolute terms, industry is expected to remain the largest final consumer of
electricity throughout the projection period, but its share in final electricity
demand is projected to fall.

1. Demand refers to final consumption of electricity.

138 World Energy Outlook 2006 - THE REFERENCE SCENARIO

2007

OECD/IEA



Figure 6.2: Average Annual Growth in Electricity Demand by Region
in the Reference Scenario
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World electricity generation almost doubles, from 17 408 TWh in 2004 to
33 750 TWh in 2030, in the Reference Scenario. The share of coal-fired
generation in total generation increases from 40% now to 44% in 2030,
while the share of gas-fired generation grows from 20% to 23%. Non-hydro
renewable energy sources — biomass, wind, solar, geothermal, wave and tidal
energy — continue to increase their market share, accounting for almost 7%
of the total in 2030, up from 2% now. Oil use in power generation continues
to shrink: its share in electricity generation drops to 3% by 2030. Hydropower
accounts for a smaller share in 2030 than now. Nuclear power suffers the largest
fall in market share, dropping from 16% in 2004 to 10% in 2030
(Figure 6.3).> Compared with the projections in previous Outlooks, the share of
gas in 2030 is lower, while the shares of coal, nuclear and renewables are
projected to be higher.

2. Electricity generation includes final demand, network losses and own use of electricity at
power plants.
3. See also Chapter 13 for an analysis of nuclear power.
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Figure 6.3: World Incremental Electricity Generation by Fuel
in the Reference Scenario
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Coal-fired power plants produced 6 917 TWh in 2004, 40% of total world
electricity output. Coal-fired generation is projected to reach 14 703 TWh in
2030. Most of the increase occurs in China, where strong demand for
electricity continues to be met primarily by coal — the country’s most
abundant energy resource. Growth in coal-fired generation is also strong
in India and in other developing Asian economies. Developing Asia as a
whole accounts for more than three-quarters of the increase in coal-fired
generation between now and 2030 (Figure 6.4). Worldwide, high natural
gas prices are making coal-fired generation competitive again. A number of
coal-fired power stations are now under construction in the United States
and some companies have announced plans to build coal-based power plants
in Europe.

Coal-fired generation technology has improved. New coal-fired power plants
on the market now have efficiencies of up to 46%, compared to 42% in the
early 1990s.* Efficiency is expected to improve further. Most new coal-fired
power plants are expected to use conventional steam boilers, with the share of
supercritical technology rising gradually. Integrated-gasification combined-cycle

4. On a net basis, using lower heating value (the heat liberated by the complete combustion of a unit
of fuel when the water produced is assumed to remain as a vapor and the heat is not recovered).
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(IGCC) technology is expected to become increasingly competitive after 2015,
reaching 46% efficiency in 2015 and 51% by 2030. Overall, 144 GW of
IGCC capacity is expected to be commissioned during the projection period,
more than half of it in the United States.

Figure 6.4: Incremental Coal-Fired Electricity Generation by Region
in the Reference Scenario, 2004-2030
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Natural gas-fired electricity generation is expected to more than double
between now and 2030. The projected increase in gas-fired generation is more
equally distributed between regions than coal. High natural gas prices are now
expected to constrain demand for new gas-fired generation, but gas-fired
generation carries a number of advantages that make it attractive to investors,
despite high fuel prices. Combined-cycle gas turbines (CCGTs) will be used to
meet base- and mid-load demand and the bulk of peak-load demand will be
met by simple-cycle gas turbines. Gas turbines will also be used in
decentralised electricity generation. Fuel cells using hydrogen from reformed
natural gas are expected to emerge as a new source of distributed power after
2020, producing 1% of total electricity output in 2030.° Higher natural gas
prices in the second half of the projection period make coal-fired generation
more attractive for new plants.

Oil-fired electricity generation continues to lose market share, dropping from
7% of the world total in 2004 to just 3% by 2030. Oil continues to be used
where gas is not available.

The share of nuclear power in world electricity generation is projected to drop
from 16% in 2004 to 10% in 2030, despite an increase in nuclear power

5. Power generation from fuel cells is included in gas-fired power generation.
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generating capacity from 364 GW in 2004 to 416 GW in 2030. Most of this
increase occurs in Asia, notably in China, Japan, India and the Republic of Korea.

Hydropower output is projected to increase from 2 809 TWh in 2004 to
4 749 TWh by 2030, increasing at 2% year to year on average. The share of
hydropower in total electricity generation continues its downward trend,
falling from 16% to 14%. Only about 31% of the economic potential
worldwide had been exploited by 2004. Most new hydropower capacity is
added in developing countries, where the remaining potential is highest
(Box 6.1). In the OECD, the best sites have already been exploited and
environmental regulations constrain new development. Most of the increase in
hydropower in the OECD occurs in Turkey and Canada. Some OECD

countries provide incentives for small and mini hydropower projects.

Box 6.1: Prospects for Hydropower in Developing Countries

Opver the past fifteen years, many large hydropower projects in developing
countries have been adversely affected by concerns over the environmental
and social effects of building large dams. Obtaining loans from
international lending institutions and banks to finance such projects has
become more difficult. Consequently, many projects have been delayed or
cancelled. Five years ago, hydropower was the world’s second-largest source
of electricity; now it ranks fourth.

The remaining economic potential in developing countries is still very
large (Figure 6.5). Several developing countries are focusing again on this
domestic source of electricity, driven by a rapidly expanding demand for
electricity, by the need to reduce poverty and to diversify the electricity mix.
Support from international lenders and interest from the private sector is
also growing.

There is a strong consensus now that countries should follow an integrated
approach in managing their water resources, planning hydropower
development in cooperation with other water-using sectors. There is
significant scope for optimising the current infrastructure. The majority of
reservoirs have been developed for water supply, primarily irrigation. Only
about 25% of reservoirs worldwide have any associated hydropower
facilities (WEC, 2004).

Properly managed, hydropower could help restrain the growth in
emissions from burning fossil fuels. In Brazil, for example, where more than
80% of electricity is hydropower, the power sector accounts for just 10% of
the country’s total CO, emissions, four times less than the world average.
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The share of non-hydro renewable sources in total electricity generation increases from
2% now to almost 7% by 2030. This increase occurs largely in OECD countries,
though several developing countries are also adopting policies to increase the use of
renewables, among them China. Wind power achieves the biggest increase in market
share, from 0.5% now to 3.4% in 2030. The share of electricity generation from
biomass increases from 1.3% to 2.4%. Geothermal power grows at 4.5% per year and
its share increases from 0.3% to 0.5%. Solar;, tidal and wave energy sources increase
their contributions towards the end of the projection period.

Energy-Related CO, Emissions from Power Generation

In the Reference Scenario, world CO, emissions from power plants are
projected to increase by two-thirds over the period 2004-2030, at a rate of 2%
per year. Power generation is now responsible for 41% of global energy-related
CO, emissions. This share rises to 44% in 2030, mainly because of the growing
share of electricity in energy consumption. In developing countries, CO,
emissions from this sector grow by 131%, while they increase by only 10% in
transition economies and 25% in the OECD. China and India together
account for 58% of the global increase in CO, from power generation over
2004-2030, because of their strong reliance on coal. In 2030, emissions from
power plants in China and India will be greater than those from power plants
in the OECD. Almost all of the increase in power-sector emissions in China and
India combined can be attributed to coal-fired generation, as opposed to about
a third in other developing countries and 70 % in the OECD (Figure 6.6).

Figure 6.6: Increase in Power-Sector CO, Emissions by Fuel
in the Reference Scenario, 2004-2030
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The Economics of New Power Plants

Over the Outlook period, the main technologies available for large-scale
baseload generation are expected to be CCGTs, coal steam, coal IGCC and
nuclear and wind power.® The electricity generating costs of these technologies
are shown in Figure 6.7, based on the technology expected to prevail over the
next ten years and on gas prices of around $6 to $7 per MBtu. CCGTs are no
longer expected to be the most competitive option for baseload electricity
generation in most cases, reversing a trend seen in OECD markets since the
early 1990s, based on earlier expectations of low gas prices of around $3 per
MBtu. The generating costs of CCGTs are now expected to be between 5 cents
and 7 cents per kWh, while the generating costs of coal-fired plants are
expected to range between 4 cents and 6 cents per kWh.

Figure 6.7: Electricity Generating Cost Ranges of Baseload Technologies
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Note: The ranges of capital and fuel costs largely reflect regional differences. Capital costs range as follows:
$2 000 to $2 500 per kW for nuclear; $550 to $650 per kW for CCGT; $1 200 to $1 400 per kW for coal
steam; $1 400 to $1 600 per kW for IGCC and $900 to $1 100 per kW for onshore wind. Fuel cost ranges are
$0.4 to $0.6 per MBtu for nuclear; $5 to $7 per MBtu for gas and $40 to $70 per tonne for coal. Wind average
capacity factor ranges from 25% to 32%.

Coal-fired generation is now competitive in the US market and several
coal-fired power plants are under construction or in the planning process. New
gas-fired generation is constrained in the United States by high gas prices and

6. Wind power cannot be compared directly with traditional baseload technologies because of its
variable nature. It is, however, useful to include it in the comparison of generating costs as it is
becoming increasingly significant in several countries’ electricity mix.
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by insufficient LNG infrastructure. In many cases, the generating cost of new
coal steam plants is not only lower than the generating cost of CCGTs but also
lower than the cost of gas, which represents more than three-quarters of
total CCGT generating costs. IGCC plants are not yet competitive. There
are several projects now under construction or planned in the United States
(16 GW, or about one-fifth of total planned coal-fired capacity), supported by
government incentives. Their competitiveness is expected to improve over time
along with technical improvements, capital cost reductions and stricter limits
on conventional pollutants. In the OECD Pacific region, coal steam
technology is generally the most competitive option.

In Europe, coal-fired generation now appears to be cheaper than gas-fired
generation. The difference between the two is less pronounced than in the United
States, because European coal prices, on average, are about twice as high and gas
prices somewhat lower. Most power plants now under construction or planned
to be built over the next few years are CCGTs. In liberalised markets, the
operating flexibility of CCGTs makes them an attractive choice. For CCGTs,
fixed costs make up a lower proportion of total costs than is the case for coal and
nuclear plants, so that the generating costs are less affected by a low capacity
factor (Figure 6.8). CCGT plants can be built relatively quickly, usually in about
three years and sometimes less. Expectations about stricter CO,-emission
regulations favour gas rather than coal. This trend is expected to change gradually,
in favour of coal, as concerns grow over the security of gas supply. Plans to build
new coal-fired power plants in some European countries are growing.

Figure 6.8: Impact of Capacity Factor on Generating Costs
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Wind power generation is generally more expensive than coal and — to a lesser
extent — than gas, but it can be competitive in certain locations. Incentives are
widely available for development of wind farms and these are expected
to continue to be available. Nuclear power is projected to be cheaper than
gas-fired generation but more expensive than coal. The introduction of a
carbon value would increase the costs of coal-fired generation and, to a lesser
extent, of CCGT generation, making nuclear and wind power more attractive

economically (Figure 6.9).

Figure 6.9: Impact of Carbon Value on Generating Costs
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Note: Nuclear capital costs range between $2 000 and $2 500 per kW, reflecting uncertainties about the costs
of new nuclear power plants (see also Chapter 13). Differences in wind power costs reflect different capacity
factors.

Capacity Requirements and Investment Outlook

Over the Outlook period, a total of 5 087 GW of generating capacity is
projected to be built worldwide in the Reference Scenario. More than half of
this capacity is in developing countries (Table 6.1). OECD countries need over
2 000 GW. Power plants in OECD countries are ageing. Retirements of old
coal-fired and nuclear plants become significant around the middle of the next
decade. Most of these retirements are in OECD Europe, where environmental
restrictions will force old and inefficient coal-fired units to close and present
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phase-out policies require 27 GW of nuclear power plants to be retired
prematurely. Developing countries need to build some 2 700 GW of capacity,
of which two-thirds will be in developing Asia. China alone builds almost
1 100 GW. China has recently been adding 50 GW to 70 GW of new capacity
every year. Over the projection period, this rate is expected to average around
40 GW per year. China needs to build more capacity than any other country
or region.

Table 6.1: New Electricity Generating Capacity and Investment by Region
in the Reference Scenario, 2005-2030

aﬁggzﬁ* Investment in electricity sector ($ billion)

(GW) Generation Transmission Distribution Total

OECD 2 041 2 248 578 1414 4240
North America 932 953 314 711 1979
United States 750 794 249 567 1609
Europe 928 1014 159 507 1680
Pacific 181 281 105 196 582
Japan 65 129 47 82 259
Transition economies 329 285 67 237 590
Russia 153 149 25 88 263
Developing countries 2 717 2653 1196 2598 6 446
Developing Asia 1824 1965 908 1974 4 847
China 1089 1170 579 1258 3007
Indonesia 84 83 33 71 187
India 330 408 176 383 967
Middle East 335 166 73 158 396
Africa 216 203 89 193 484
North Africa 73 154 29 62 246
Latin America 342 320 126 274 719
Brazil 98 127 39 86 252
World 5087 5186 1 841 4249 11 276
European Union 862 925 137 429 1491

* Includes replacement capacity.

Total power-sector investment over 2005-2030, including generation,
transmission and distribution, exceeds $11 trillion (in year-2005 dollars). Some
$5.2 trillion of investment is required in generation, while transmission
and distribution networks together need $6.1 trillion, of which more than
two-thirds goes to distribution. The largest investment requirements, some
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$3 trillion, arise in China. Investment needs are also very large in OECD
North America and Europe (Figure 6.10). Investment to replace currently
operating capacity accounts for over 40% of total investment in the OECD
and over 50% in transition economies, but it is a very small share of total
investment in developing countries (Figure 6.11).

Figure 6.10: Cumulative Power-Sector Investment by Region
in the Reference Scenario, 2005-2030
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Box 6.2: Siting New Power Infrastructure

Opver the next 25 years, the Outlook projects a need for substantial new
investment in generation and transmission. But in many countries,
particularly in the OECD, siting new power plants or transmission lines
has become very difficult. Nuclear and coal-fired plants, wind farms and
hydropower stations, all face stiff opposition. Many hydropower projects
in developing countries have been delayed or abandoned (see Box 6.1).
In the United States, several of the many newly proposed coal-fired
power plants have already been challenged. Building onshore wind
turbines is widely opposed. Transmission networks are even more
unpopular. It is more than possible that much of the required new
capacity will not be built in time.

Chapter 6 - Power Sector Outlook 149



Figure 6.11: Cumulative Power-Sector Investment by Type
in the Reference Scenario, 2005-2030
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Power Generation Invesiment Trends in the OECD

Electricity capacity reserve margins are declining in most OECD countries
signalling the need for new investment.” The supply disruptions in parts of
North America and Europe in summer 2006 have raised again questions about
the adequacy of generation margins and investment in network infrastructure.

Reserve margins are expected to fall in most European countries. They are
expected to remain adequate in at least France, Germany, Italy, Spain, Portugal
and Central Europe over the period 2006-2010 (Figure 6.12). Spare capacity
will be insufficient in Ireland, Belgium and the Netherlands, although existing
interconnections can help improve security of supply. For the period 2010-
2015, additional capacity must come on line everywhere to meet demand. Up
to 2010, almost all new power plants are expected to be CCGTs or wind farms,
but recent increases in gas prices have led a number of power companies to
indicate that they plan to build coal-fired power stations, despite the existence
of the European Union’s Emissions Trading Scheme (ETS). Licensing
procedures are becoming increasingly complicated and their outcomes
unpredictable.

7. The reserve margin is the percentage of installed capacity in excess of peak demand. Differences
in plant margin requirements reflect the nature of the different systems considered - factors such as
interconnection capacity with neighbouring systems, transmission constraints, the frequency of
peak loads, and the generation mix affect the required plant margin.
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Plant retirements are expected to increase, but the extent is uncertain, as power
companies do not have to report their retirements to the network operators
long in advance. The ETS, together with the EU’s Large Combustion Plant
Directive (which requires power plants over 50 MW to comply with emission
limit values for sulphur dioxide, nitrogen oxides and particulates), may make
some power plants uneconomical — particularly older coal-fired power stations
— forcing early retirement. On the assumption that Belgium, Germany and
Sweden proceed with their nuclear phase-out policies, nuclear power plant
retirements in these countries amount to 13 GW in the period 2005-2015 in
the Reference Scenario.

Figure 6.12: European Generation Margins
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Notes: Only projects under construction or planned, but with a high degree of certainty that they will be
built, are included. Data are for winter peak load. UCTE is the association of transmission system operators
(TSOs) in continental Europe. CENTREL is the association of TSOs of the Czech Republic, Hungary,
Poland and Slovakia. NORDEL is the association of TSOs in the Nordic countries (Denmark, Iceland,
Finland, Norway and Sweden).

Sources: ETSO (2006) and UCTE (2005).

Growth in high-voltage transmission lines has been slow in a number of
countries, though power companies in some, including the United Kingdom
and Germany, have recently announced that they plan to increase spending on
networks. Since peak demand does not occur simultaneously in all countries,
interconnections can contribute to system security and lower overall costs.
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Increasing interconnection capacity between European countries is one of the
objectives of European market integration. But building new interconnections
is a major challenge in some areas because of local opposition or, sometimes,
because no clear arrangements yet exist to share costs between the different
system operators. The uneven increase in wind power generation tends to
reduce the availability of cross-border transmission capacity (European
Commission, 2005).

Figure 6.13: US Capacity Reserve Margins
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Source: North American Electric Reliability Council (2005).

In the United States, system capacity reserve margins increased substantially
after 1999 (Figure 6.13). Between 2000 and 2004, new capacity of nearly
200 GW was built, mainly CCGT plants, which increased margins across the
country from 7.6% in 1999 to 24.8% in 2004. Yet, strong demand growth is
now reducing these margins, even though a total of 82 GW of additional
capacity is expected to come on line in the United States by 2009. Over 60%
of this capacity will be gas-fired (DOE/EIA, 2005). Up to 13 GW of coal-fired
capacity could be built in this period. Some of these new projects are facing
environmental opposition; if their construction is delayed, electricity supply
could become tight over the next five years. Many states have introduced
renewable portfolio standards to encourage the contribution of renewables, but
new construction is likely to depend on the extension of the production tax
credit, which expires at the end of 2007. This could have a negative impact on
electricity supply.

152 World Energy Outlook 2006 - THE REFERENCE SCENARIO



Reserve margins vary widely across the United States. They are tight in some
areas, notably in California and Texas. Gas-fired generation makes up a
significant proportion of total US capacity so that electricity supply can be
tight when gas supply is tight, particularly in periods of cold weather because
of competing demand for gas for heating. Investment in transmission
networks, which was at historically low levels in the late 1990s, has been
increasing recently. However, some parts of the network may approach their

operational limits as demand increases (NERC, 2005).

In Japan, investment in both power generation and network infrastructure has
been declining in recent years (Figure 6.14). The intention is to hold reserve
margins stable at around 10% after 2010. About 16.5 GW of generating
capacity is now under construction, mainly gas-fired, coal-fired and nuclear

power plants. A total of 28 GW is planned for the period to 2015.

Figure 6.14: Japan Power-Sector Investment, 1998 to 2003
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Note: Expansion investment only. Figures do not include investment in transformation and supply.
Source: FEPC (2005).

Investment Trends in Developing Countries

Trends in Private Investment

In the 1990s, many developing countries initiated electricity-sector reforms
aimed at attracting private investment. Total private-sector investment in
electricity between 1990 and 2004 in these countries amounted to $276 billion
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(in year-2005 dollars). These reforms attracted a strong initial response
from the private sector, but private investment declined rapidly after 1997
(Figure 6.15). The reasons included poor design of the economic reforms,
under-pricing of electricity, adverse exchange-rate movements, economic
recession and more cautious business judgments. Many private companies have
since sold their assets in developing countries, resulting in a sharp reduction in
the number of active international investors. Investment rebounded in 2000,
reaching $29 billion, but has since been fluctuating around $10 billion to
$15 billion, only about 30% of the peak in 1997.

Figure 6.15: Private Investment in Electricity Infrastructure
in Developing Countries, 1990-2004
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Source: World Bank Private Participation in Infrastructure (PPI) database.

Opver the past decade, most private investment in electricity has gone into
power generation, either into individual power plants or independent power
producers. The bulk of the remaining investment has been made mainly in the
distribution sector. Initially, most private investment went into the acquisition
of existing facilities. But in the past few years, investment in greenfield projects
has predominated (World Bank, 2005).

Opver the period 1990-2004, private activity was selectively directed to projects
in a few large developing economies, such as Brazil, China, Argentina and
India. Out of nearly a hundred countries in total, the top ten received
$200 billion, or 72% of the total. Brazil alone received $60 billion, accounting
for more than one-fifth of the total private investment flow to developing
countries (Figure 6.16). From 1990 to 2004, the low-income countries received
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only about $36 billion (about 14% of the total), while the lower-middle income
countries and upper- to middle-income countries (as classified by the World
Bank) received $116 billion (42%) and $122 billion (44%) respectively. In 2004,
Brazil, India, Malaysia and Thailand were the largest recipients of private
investment. Power plants accounted for three-quarters of investment in the
sector, followed by transmission facilities and distribution companies.

Figure 6.16: Cumulative Private Investment in Electricity Infrastructure
in Developing Countries, 1990-2004

Brazil
China
Argentina
India
Philippines
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Indonesia
Thailand
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Other
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Source: World Bank PPI database.

The type of company pursuing infrastructure projects is also changing. Early
investors, such as AES, EDF and Suez, have scaled back their investment in
developing countries (World Bank, 2004). Corporations based in developing
countries have emerged as important sponsors, with four of them ranking
among the top ten investors in 2001-2004: Malakoff (Malaysia), China Light
and Power (Hong Kong, China), Banpu (Thailand), and Sasol (South Africa).
In India, local investors have been responsible for the recent revival of private
activity in electricity.

Financing power generation in developing countries, particularly in the poorer
of them, is a key challenge. The investment gap can be filled only by internal
cash generation or increased private-sector financing. Both require significant
improvements in governance and continued restructuring and reform. The gap
between needs and investment is likely to remain in the worst-affected
countries, deferring the timescale for widespread access to electricity.
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Access to Electricity

The number of people without electricity today stands at around 1.6 billion,
equal to over a quarter of the world population.® Electrification is very
unevenly distributed worldwide.” Sub-Saharan Africa and South Asia are the
regions with the highest proportion of the population still without access to
electricity, both in urban and rural areas (Figure 6.17). With less than 7% of
their population having access to electricity, Burkina Faso, Mozambique, the
Democratic Republic of Congo and Afghanistan are the least electrified
countries in the world.

Overall, 80% of those without access to electricity currently live in rural areas
of developing countries. In the last 15 years, the number of people without
electricity has fallen from 2 billion in 1990 to 1.6 billion in 2005, with China
recording the swiftest progress. Excluding China, the number of people
without electricity has steadily grown over the past 15 years. Because of
continuing population growth, if no new policies are put in place, there will
still be 1.4 billion people lacking access to electricity in 2030. To reach the
Millennium Development Goals, this number would need to fall to less than
one billion by 2015.

8. The electrification database has been updated since WEO-2004 to take into account a number of
factors, in particular rapid population growth outrunning the electrification process in the poorest
countries, especially in sub-Saharan Africa.

9 See Annex B for detailed data on electrification by country.
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CHAPTER 7

MAPPING A NEW ENERGY FUTURE

HIGHLIGHTS

= The Alternative Policy Scenario analyses how the global energy market
could evolve if countries were to adopt all of the policies they are
currently considering related to energy security and energy-related CO,
emissions. The aim is to understand how far those policies could take us
in dealing with these challenges and at what cost.

= These policies include efforts to improve efficiency in energy production
and use, increase reliance on non-fossil fuels and sustain the domestic
supply of oil and gas within net energy-importing countries. They yield
substantial savings in energy consumption and imports compared with
the Reference Scenario. They thereby enhance energy security and help
mitigate damaging environmental effects. Those benefits are achieved at
lower total investment cost than in the Reference Scenario.

= World primary energy demand in 2030 is about 10%, or 1 690 Mtoe,
lower in the Alternative Policy Scenario than in the Reference Scenario
— roughly equivalent to China’s entire energy consumption today. The
impact of new policies is felt throughout the period; already in 2015, the
difference between the two scenarios is 4%, or 534 Mtoe.

= The policies analysed halt the rise in OECD oil imports by 2015.
OECD countries and developing Asia become more dependent on oil
imports in 2030 compared to today, but markedly less so than in the
Reference Scenario. Global oil demand reaches 103 mb/d in 2030 in the
Alternative Policy Scenario — an increase of 20 mb/d on 2005 levels but
a fall of 13 mb/d compared with the Reference Scenario. Globally, gas
demand and reliance on gas imports are also reduced below the levels of
the Reference Scenario.

= Energy-related CO, emissions are cut by 6.3 Gt, or 16%, in 2030 relative
to the Reference Scenario and already 1.7 Gg, or 5%, by 2015. OECD
emissions peak by around 2015 and then decline. Emissions in Japan and
the European Union in 2030 are lower than 2004 levels. Global
emissions nonetheless continue to rise, from 26 Gt in 2004 to 32 Gt in
2015 and 34 Gt in 2030.
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= Policies encouraging more efficient production and use of energy
contribute almost 80% of the avoided CO, emissions in 2030, the
remainder arising from fuel switching. More efficient use of fuels, mainly
through improved efficiency of cars and trucks, accounts for almost
36%. More efficient use of electricity in a wide range of applications,
including lighting, air-conditioning, appliances and industrial motors
accounts for 30%. Greater efficiency in energy production accounts for
13%. Renewables and biofuels contribute another 12% and nuclear the
remaining 10%.

Background

Why an Alternative Policy Scenario?'

The Reference Scenario presents a sobering vision of how the global energy
system could evolve in the next two-and-a-half decades. Without new
government measures to alter underlying energy trends, the world consumes
substantially more energy, mostly in the form of fossil fuels. The consequences
for energy security and emissions of climate-altering greenhouse gases are stark.
The major oil- and gas-consuming regions — including those that make up the
OECD - become even more reliant on imports, often from distant, unstable
parts of the world along routes that are vulnerable to disruption. Sufficient
natural resources exist to fuel such long-term growth in production and trade,
but there are formidable obstacles to mobilising the investment needed to
develop and use them. The projected rate of growth in fossil-fuel consumption
drives up carbon dioxide (CO,) and other greenhouse-gas emissions even more
quickly than in the past.

Policy-makers and the energy industry alike have increasingly acknowledged
over the last few years the twin threats to energy security and global climate
change. They accept the need for urgent action to address these threats. In July
2005, G8 leaders, meeting at Gleneagles with the leaders of several major
developing countries and heads of international organisations, including the
IEA, recognised that current energy trends are unsustainable and pledged
themselves to resolute action to combat rising consumption of fossil fuels and
related greenhouse-gas emissions. They called upon the IEA to, “advise on
alternative energy scenarios and strategies aimed at a clean, clever, and
competitive energy future”.> The analysis presented in this part of the WEO is

1. The preparation of the Alternative Policy Scenario in this Outlook benefited from a high-level
informal brainstorming meeting held at the IEA headquarters in Paris on 15 March 2006.
2. Gleneagles G8 Summit Communiqué, page 3. Available at: www.iea.org/G8/g8summits.htm.
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one of the IEA’s responses to that request, which the G8 reaffirmed in July
20006 at its summit in St. Petersburg,.

The Alternative Policy Scenario® presented in the 2004 edition of the Outlook
analysed how the global energy market could evolve if countries around the world
were to adopt a set of policies and measures that they were then considering and
might be expected to implement over the projection period. The aim was to
provide a clear picture of how far policies and measures then under discussion
could take us in dealing with energy-security and climate-change challenges.

This edition of the Outlook deepens and broadens that analysis. In particular,
it takes a step further by offering guidance to policy-makers about the cost-
effectiveness of policy options. To offer guidance on near-term policies, as
well as on trends through to 2030, information is provided for the year 2015.
Full details of the results of the analysis are presented in tabular form
in Annex A, the first such complete presentation in the World Energy
Outlook series.

Preparation for the Alternative Policy Scenario in this Outlook involved
detailed quantitative assessments of the impact of different policies and
measures. The range of policies assessed was broader than that for WEO-2004,
reflecting in particular the heightened global interest in threats to energy
security. Sectoral detail is provided on the effects of specific policies and
measures in each region, so as to help policy-makers identify the actions that
could work best and quickest for them and at what cost. Detailed country-by-
country and sector-by-sector results are presented for energy savings and CO,
emissions reductions. A comprehensive economic assessment also quantifies
the investment requirements on both the supply and demand sides and the
cost savings from reduced energy consumption. Greater attention is given to
China, India and other developing countries because of their growing
significance in the overall picture.

The first part of this chapter summarises the background to the Alternative
Policy Scenario, including the methodological approach and key assumptions.
This is followed by an overview of the resulting global energy trends, including
a detailed analysis of fossil-fuel supply and the implications for inter-regional
trade and energy-related CO, emissions. Chapter 8 sets out the economic costs
and benefits of the Alternative Policy Scenario.

Chapter 9 analyses, sector by sector, the effects on energy demand and CO,
emissions of the policies and measures included. Chapter 10 discusses what will
be involved in implementing the policies of the Alternative Policy Scenario and

3. The Alternative Policy Scenario was first introduced in WEO-2000. Subsequent WEO editions
expanded the regional, sectoral and technology coverage of the scenario: WEO-2002 extended the
analysis to all transformation and end-use sectors in OECD regions. The analysis in WEO-2004
covered for the first time all world regions.

Chapter 7 - Mapping a New Energy Future 163



the additional policies and technological developments that would be needed
in order to create by 2030 an energy outlook which could more properly be
described as sustainable.

Methodology

The Alternative Policy Scenario takes into account policies and measures that
countries are currently considering and are assumed to adopt and implement,
taking account of technical and cost factors, the political context and market
barriers. Only policies aimed at enhancing energy security and/or addressing
climate change have been considered. Though their cost-effectiveness is
discussed in Chapter 8, they have not been selected on a scale of economic
cost-effectiveness: they reflect the proposals under discussion in the current

energy policy debate.

An extensive effort has been made to update and substantially expand the list of
energy-related policies and measures compiled for the Alternative Policy Scenario
analysis of WEO-2004. The list now includes more than 1 400 policies from both
OECD and non-OECD countries.* The first step was to distinguish those
policies and measures that have already been adopted (taken into account in
the Reference Scenario), from those which are still under consideration. Items
on the second list were then scrutinised to enable a judgment to be made as to
which of them were likely to be adopted and implemented at some point over
the projection period in the country concerned.

Several new policies have been developed or proposed since WEO-2004. Each
policy has been carefully scrutinised and analysed to verify that it genuinely
belongs to the category of policies for inclusion in the Alternative Policy
Scenario. No country is assumed to adopt policies that it does not have under
consideration, even though they may be under consideration elsewhere. One
country might, however, benefit incidentally (for example from technological
advancements stimulated by another country’s policies).

The modelling of the impact of the new polices on energy demand and supply
involved two main steps. For each of the policies considered, it was first
necessary to assess quantitatively their effects on the main drivers of energy
markets. The second step involved incorporating these effects into the World
Energy Model> (WEM) to generate projections of energy demand and supply,
related CO, emissions, and investments. As many of these policies have effects

4. The updated list of policies, including proposed implementation dates and impacts on the energy
sector can be found at www.worldenergyoutlook.org. Policy data are available not only for the
OECD countries but also for developing countries, including China, India and Brazil.

5. A detailed description of the WEM, a large-scale mathematical model, can be found at
www.worldenergyoutlook.org
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at a micro-level, it was necessary to incorporate detailed “bottom-up” sub-
models of the energy system into the WEM, allowing all policies to be analysed
within a coherent and consistent modelling framework. These sub-models
explicitly take account of the energy efficiency of specific technologies, as well
as the activities that drive energy demand and the physical capital stock of
energy-using equipment. The rebound effect on energy demand of introducing
more efficient energy-consuming goods is also modelled.

Estimates of the rate of replacement of capital stock play a vital role in
determining the overall effectiveness of policies on both the demand side and
the supply side. The very long life of certain types of energy capital goods limits
the rate at which more efficient technology can penetrate and reduce energy
demand. The detailed capital stock turnover rates embedded in the sub-models
capture these effects.

The policies of the Alternative Policy Scenario are expected to result in the
faster development and deployment of more efficient and cleaner energy
technologies. Although most technological advances will be made in OECD
countries, non-OECD countries will be able to benefit from them. As a result,
global energy intensity falls more rapidly in this scenario than in the Reference
Scenario.

It is important to bear in mind that the projected energy savings and reductions
in CO, emissions do not reflect the ultimate technical or economic potential.
Even bigger reductions are possible; but they would require efforts that go
beyond those currently enacted or proposed. Such additional efforts could
further enhance the penetration of existing advanced technologies and lead to
the introduction of additional new technologies in the energy sector.

Policy Assumptions

Over the past two years a series of supply disruptions, geopolitical tensions
and surging energy prices have renewed attention on energy security.
Notable events include the Russian-Ukrainian natural gas price dispute at
the beginning of 2006, which led to natural gas supplies to Western and
Central Europe being temporarily curtailed; hurricanes of unprecedented
destructiveness in the Gulf of Mexico in 2005, which knocked out oil and
gas production facilities; civil unrest in Nigeria, which curbed oil output;
nationalisation of hydrocarbon resources in Bolivia; and the discovery of
corrosion in the trans-Alaskan oil pipeline, causing its temporary closure, in

August 20006.

These developments have prompted policy responses in many countries. In his
annual State of the Union address in January 2006, President Bush announced
new measures for improving energy efficiency and for promoting indigenous
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fossil-fuel and renewable energy sources,® an address followed by many

initiatives at State level. In March 2006, the European Commission released a
green paper addressing energy security (EC, 2006). In May 2006, Japan
released the New National Energy Strategy which has energy security as its core
(METI, 2006). The UK government has released an energy review to reinforce
the United Kingdom’s long-term energy policy in the face of the mounting
threat to the global climate and to energy security (DTT, 2006).

Several countries have declared their intention to step up production of
biofuels (Chapter 14). Others have announced plans to revive investment in
nuclear power (Chapter 13). Interest in policies to improve energy efficiency
and to boost the role of renewables has grown. Although high energy prices and
considerations of energy security are the principal drivers of these
developments, their policy design is invariably influenced by the implications
for greenhouse-gas emissions — especially in OECD countries.

There have also been important developments in the field of climate-change
policy since 2004. The Kyoto Protocol entered into force on 16 February 2005.
All Kyoto Protocol Annex B countries have taken concrete steps to meet their
commitments, although the measures adopted have, so far, met with varying
degrees of success. A notable measure, the EU Greenhouse Gas Emissions
Trading Scheme, which involves capping the emissions of electricity generation
and of the major industrial sectors and the trading of emission allowances,
came into operation in January 2005.

Australia, India, Japan, China, the Republic of Korea and the United States
agreed in January 2006 to co-operate on the development and transfer of
technology to enable greenhouse-gas emissions to be reduced. Under this
agreement, known as the Asia-Pacific Partnership on Clean Development and
Climate (AP6), member countries are working with private-sector partners in
several industry and energy sectors to voluntarily reduce emissions.

The new policy environment is reflected in the increased number and breadth
of the policies and measures that have been analysed beyond those in the
Alternative Policy Scenario of WEO-2004. A selective list of policies included
this time is provided in Table 7.1. The list, which is far from exhaustive, offers
a general sense of the geographical and sectoral coverage of the policies. As with
the Reference Scenario, a degree of judgment is inevitably involved in
translating those proposed policies into formal assumptions for modelling.
Box 7.1 illustrates how one policy is categorised and modelled. The main
policies incorporated in the Alternative Policy Scenario by sector are detailed
in Chapter 9.

6. The text of the 31 January 2006 State of the Union address by President Bush can be found at
http://www.whitehouse.gov/stateoftheunion/2006/index.html
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Box 7.1: New Vehicle Fuel Economy in the United States

The fuel economy of new cars and light trucks in the United States is
regulated by Corporate Average Fuel Economy (CAFE) standards. These
were first enacted by Congress in 1975, with the purpose of reducing energy
consumption. CAFE standards are the responsibility of the Department of
Transport (DOT) and the Environmental Protection Agency (EPA). DOT
sets standards for the cars and light trucks sold in the United States, while
EPA calculates the actual average fuel economy for each manufacturer.” The
standards for passenger cars have remained practically unchanged since
1985 at 27.5 miles per gallon (mpg). Light truck standards have been
increased by about 1 mpg since 1985. However, the fuel economy of the
light-duty vehicle fleet as a whole has now dropped to 21 mpg from its
1987-1988 high of 22.1 mpg (EPA, 2000). This is due to the growing share
of less-efficient but popular sports utility vehicles, which are classified as
light trucks, but are increasingly used as passenger vehicles (ACEEE, 2000).
In the Reference Scenario, no change in CAFE standards is assumed
during the projection period. Average fuel economy is nonetheless
assumed to improve very slightly, by 2.5% between now and 2030 in
that scenario. The Alternative Policy Scenario assumes the
implementation of the reform of CAFE standards proposed by the
National Highway Traffic Safety Administration (NHTSA), and the
introduction in California of the California Air Resources Board
(CARB) emission standards for light-duty vehicles. The NHTSA
proposal, made in August 2005, would restructure CAFE standards for
light trucks, resulting in significantly tighter standards overall, which
would be fully operational for model years from 2011. On the strength
of this reform, the average light truck fleet would be 14% more efficient
than today even in 2010. CARB standards set CO, emissions targets for
all vehicles sold in California: models sold in 2016 are expected to emit
30% less CO, than today.® Both CAFE and CARB standards are
assumed to be met and prolonged in the Alternative Policy Scenario. As
a result, new vehicle average fuel economy in 2030 is 31% higher than
in the Reference Scenario (see Chapter 9).

7. Details on fuel economy regulations can be found at: http://www.nhtsa.dot.gov/

8. The automotive industry has filed a suit against CARB, arguing that California’s greenhouse-gas
emission standards are effectively fuel economy standards and that they are, therefore, pre-empted by
a federal statute that gives the DOT exclusive authority to regulate fuel economy. (Energy
Information Administration, 2006).
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Table 7.1: Selected Policies Included in the Alternative Policy Scenario*

Country Policy/measure Implementation

in the Alternative
Policy Scenario

Biofuels

[N EPACT 2005 requires ethanol use to increase Target met
to 7.5 billion gallons in 2012, and remain at and strengthened
that percentage from 2013 onwards.

Japan A target of biofuel use in the transport sector Target met
of 500 000 kilolitres of oil equivalent in 2010. and prolonged

EU To boost the percentage of biofuels Target met
t0 5.75% of fuels sold by 2010. and strengthened

China National standard for ethanol fuel usage. Ethanol use
Pilot programmes are installed in 9 trial provinces. increased

India To promote biofuels through fiscal incentives, Increased use
plus design and development efforts. of biofuels

Other renewables

US State-based Renewable Portfolio Standards ensure Met and
that a minimum amount of renewable energy strengthened
is included in the portfolio of electricity resources. over the period

EU The Biomass Action Plan outlines measures in heating, Met by 2020
electricity and transport to increase the use
of biomass to about 150 Mroe by 2010.

China Targets in 2020 for renewable energy for small-scale Overall target met
hydropower, wind, biomass-fired electricity, and small and prolonged
increases in solar, geothermal, ocean and tidal energy.

India To promote renewables (e.¢. wind and solar) through Increased
fiscal incentives, plus design and development efforts. use of renewables

Nuclear power

UsS EPACT 2005 includes several provisions designed to ensure  Increased nuclear
that nuclear energy will remain a major component of power generation
energy supply, including extending the Price-Anderson Act,
production tax credits and insurance against regulatory
delay for first 6 GW.

China A target to reach 40 GW of nuclear Target met
capacity by 2020. before 2030

India A target for nuclear generating capacity to reach 25 GW
40 GW in 2030. in 2030

Industry sector

Japan Energy Conservation Law strengthened by raising the number Improved energy
of factories and workplaces responsible for promoting efficiency
energy conservation from 10 000 to about 13 000. in industry

China The Top 1 000 Enterprises programme requires monitoring ~ Met and
with targets to improve efficiencies of the largest energy strengthened
consumers in 9 industrial sectors.
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Table 7.1: Selected Policies Included in the Alternative Policy Scenario* (continued)

of many small plants and increased efficiency in large plants.

Country Policy/measure Implementation
in the Alternative
Policy Scenario
Building sector
EU The Ecodesign Directive for minimum environmental Improved energy
performance requirements focusing on energy and water efficiency in industry
consumption, waste generation and extension of machinery
lifetime of energy-using products.
China The energy conservation level of residential and public buildings Improved efficiency
to be close to, or reach, modern, medium-developed countries  in residential and
by 2020. services sector
India Minimum requirements for the energy-efficient design Met and strengthened
and construction of buildings that use significant
amounts of energy.
Transport sector
UsS Structural reform of Corporate Average Fuel Economy (CAFE) - Implemented
standards to allow for size-based fuel efficiency. and strengthened
Japan Top Runner programme sets efficiency standards for passenger ~ Met and prolonged
cars and trucks according to the most efficient vehicle
in each category.
EU Expansion of the EU Emissions Trading Scheme (ETS) Reduced aviation
to other sectors, including civil aviation. Applicable to all flights  fuel demand
departing from the EU for both EU and non-EU carriers.
China National standards require the car industry to limit Met and strengthened
vehicle fuel consumption, limits based on vehicle weight.
Other
US EPACT 2005 provides for tax credits for the construction Increased
of coal-fired generation projects, requisite on meeting efficiency ~ share of IGCC
and emissions targets. and clean coal
US EPACT 2005 includes royalty relief for oil and gas production  Increased share
in Gulf of Mexico. of domestic oil
production
EU Directive on the promotion of end-use efficiency and energy ~ Met and strengthened
services ensures that all member States save at least 1%
more energy each year.
China The 11th 5-year plan stipulates massive restructuring Improved efficiency
and amalgamation of the coal industry, seeing the closure of coal industry

*The full list of policies and measures analysed for the Alternative Policy Scenario can be downloaded from the WEO website,
at www.worldenergyoutlook.org
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Energy Prices and Macroeconomic Assumptions

The basic assumptions about economic growth and population are the same as
in the Reference Scenario. Although there may be some feedback from the new
policies to economic performance in practice, this factor was considered too
complex and uncertain to model. However, changes in energy investment by
energy suppliers and consumers are assessed.

The price for crude oil imports into the IEA and gas import prices are assumed
not to change compared to the Reference Scenario. New policies that
consuming countries are assumed to introduce to bolster their indigenous oil
and gas production, together with the lower global demand that results from
demand-side policies, would result in a drop in OPEC’s market share. This
could be expected to lessen OPEC members’ ability and willingness to push for
higher prices. At the same time, increased non-OPEC production would
arguably not come forward without prices at least as high as in the Reference
Scenario, for want of sufficient stimulus to investment. How these factors
would balance is extremely hard to predict. For the sake of simplicity in this
analysis, we assume that these considerations would effectively cancel
themselves out, leaving prices unchanged. This assumption is consistent with
an OPEC strategy that seeks to sustain a constant price by adjusting volume
output as demand shifts (Gately, 20006).

As in the Reference Scenario, natural gas prices are assumed broadly to follow
the trend in oil prices, because of the continuing widespread use of oil-price
indexation in long-term gas supply contracts. Coal import prices, however,
would be affected by the different supply-demand equilibrium established in
the Alternative Policy Scenario. The significant contraction of the coal market
is assumed to drive down coal prices, especially towards the end of the Ourlook
period when coal demand falls most heavily, with coal prices falling from
$62 per tonne in 2005 to $55 in 2030. Electricity prices are also assumed to
change, reflecting changes in fuel inputs and in the cost of power-generation
technologies. Renewables and nuclear power, which are more capital-intensive
than fossil-based thermal generation options, gain market share relative to the
Reference Scenario. The price of grid-based electricity increases in some regions
mainly because of the higher share of renewables, many of which require
financial support. No global application of a financial penalty for CO,

emissions (carbon price) has been assumed.

Technological Developments

The rate of technological deployment across all technologies, on both end
use and production, is faster in the Alternative Policy Scenario than in the
Reference Scenario. However, technologies that have not yet been
demonstrated on a commercial basis are not included in the Alternative Policy

170 World Energy Outlook 2006 - THE ALTERNATIVE POLICY SCENARIO



Scenario. This is because significant cost reductions would be needed for these
technologies to become commercially available and widely deployed. It is also
hard to predict if or when commercialisation might occur. For this reason,
consideration of carbon capture and storage (Box 7.2), second-generation
biofuels, plug-in hybrids and other advanced technologies are excluded from
this scenario. This approach allows us to give an indication of the potential
energy and CO, savings achievable with incremental improvements in existing
technologies and their greater penetration of the market, but excluding major
breakthroughs. The potential impact of the emergence of such technologies is
nonetheless discussed in Chapter 10.

Box 7.2: Current Status and Development of CO, Capture and Storage
Technology

CO, capture and storage (CCS) involves separating the gas emitted when
fossil fuels are burned, transporting it to a storage location and storing it in
the earth or the ocean. Each of the component parts of the CCS process is
already in use in various places around the world, including in commercial
settings. However, there is relatively little experience in combining CO,
capture, transport and storage into a fully-integrated CCS system.

CCS for large-scale power plants, the potential application of major interest,
still remains to be implemented (IPCC, 2005). For this reason, CCS is not
taken into account in the Alternative Policy Scenario. If all the eleven
currently planned and proposed large-scale integrated CCS projects were to
be successfully implemented, they would save up to 15 Mt of CO,
emissions in 2015. This is equivalent to only 0.2% of coal-fired power
generation emissions in the Alternative Policy Scenario in 2015.

CCS increases the cost of fossil-based power generation. Consequently, it
will not be applied on a large scale without strong government support.
Recent IEA analysis shows that CCS could play a significant role by 2050
in limiting CO, emissions from coal-fired power plants in rapidly growing
economies with large coal reserves (IEA, 2006). This potential will be
exploited only if at least ten large-scale integrated coal-fired power plants
with CCS are demonstrated and commercialised within the next decade. A
key policy which could help CCS to penetrate the market is the

introduction of a carbon price.

Many of the policies considered in the Alternative Policy Scenario lead to faster
deployment of more efficient and less polluting technologies. As those
technologies are deployed under the stimulus of national policy, the unit cost
of the technology falls, so that it subsequently becomes available globally at a
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lower cost than in the Reference Scenario. As a result, cleaner technologies are
deployed sooner and more widely than in the Reference Scenario. For example,
the level of production of biofuels reached in 2030 in the Reference Scenario
is achieved eight years earlier in the Alternative Policy Scenario and the number
of hybrid cars on the road in 2030 in the Reference Scenario is reached as early
as 2023 in the Alternative Policy Scenario (Figure 7.1). The rate of decline in
cost of the different technologies varies according to the maturity of the
technology and the rate of transfer to other countries (IEA, 2005a).

Figure 7.1: Years Saved in the Alternative Policy Scenario in Meeting the
Levels of Deployment of the Reference Scenario in 2030

Energy efficiency
in buildings

Wind

Hybrid cars

Biofuels

In general, the rate of improvement in energy efficiency in the Alternative Policy
Scenario is higher in developing countries and the transition economies than in
OECD countries. This reflects the larger potential for efficiency improvements
in those regions and the fact that additions to the physical capital stock are
expected to be much larger in non-OECD countries than in the OECD. The
rate of efficiency gain varies according to the end-use sector, the efficiency of the
existing capital stock, the existing policy framework and the type and
effectiveness of the policies adopted. Specific assumptions for each sector are
provided in Chapter 9. Improved energy efficiency results in a faster decline in
primary energy intensity — the amount of energy consumed per unit of gross
domestic product. In aggregate, global energy intensity declines at an average
rate of 2.1% per year over 2004-2030 in the Alternative Policy Scenario,
compared with 1.7% in the Reference Scenario and 1.6% from 1990 to 2004.
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The efficiency of supply-side technologies is also assumed to improve more
quickly in the Alternative Policy Scenario. For example, the faster deployment of
biofuels is expected to bring down their production cost more quickly than in the
Reference Scenario. In the power sector, renewables-based technologies are
assumed to be deployed more widely, the efficiency of thermal plants is assumed
to increase, and transmission and distribution losses are assumed to be reduced.

Global Energy Trends

Primary and Final Energy Mix

In the Alternative Policy Scenario, the implementation of more aggressive policies
and measures significantly curbs the growth in total primary and final energy
demand. Primary demand reaches 15 405 Mtoe in 2030 — a reduction of about
10%, or 1 690 Mtoe, relative to the Reference Scenario (Table 7.2). That saving
is roughly equal to the current energy demand of China. Demand still grows, by
37% between 2004 and 2030, but more slowly: 1.2% annually against 1.6% in
the Reference Scenario. The impact of new policies is less marked in the period
to 2015, but far from negligible: the difference between the two scenarios in
2015 is about 4%, or 534 Mtoe, close to the current consumption of Japan.

Table 7.2: World Energy Demand in the Alternative Policy Scenario (Mtoe)

2004 2015 2030 2004- Difference from
2030* the Reference
Scenario in 2030
Mtoe %

Coal 2773 3431 3512 0.9% -929 -20.9%
Oil 3940 4534 4955  0.9% -621 -11.1%
Gas 2302 2877 3370 1.5% —-499 -12.9%
Nuclear 714 852 1070 1.6% 209 24.3%
Hydro 242 321 422 2.2% 13 3.2%
Biomass and waste 1176 1374 1703 1.4% 58 3.6%
Other renewables 57 148 373 7.5% 77 26.1%
Total 11204 13537 15405 1.2% -1690 -9.9%

* Average annual rate of growth.

The cost of replacing capital stock prematurely is high, even when the new stock
is more energy-efficient. This limits the opportunities for change, especially over
the next ten years. In the longer term, more capital stock will be added and
replaced, boosting opportunities for the introduction of more efficient
technologies. The gap between the demand figures of the two scenarios
accordingly widens progressively over the projection period (Figure 7.2).

Chapter 7 - Mapping a New Energy Future 173




The reduction in the use of fossil fuels is even more marked than the reduction
in primary energy demand. It results from the introduction of more efficient
technologies and switching to carbon-free energy sources. Nonetheless, fossil
fuels still account for 77% of primary energy demand by 2030 (compared with
81% in the Reference Scenario). The biggest savings in both absolute and
percentage terms come from coal (Figure 7.3).

Figure 7.2: World Primary Energy Demand in the Reference and Alternative
Policy Scenarios (Mtoe)
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Figure 7.3: Incremental Demand and Savings in Fossil Fuels in the Alternative
Policy Scenario, 2004-2030
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Demand for oil in the Alternative Policy Scenario grows on average by
0.9% per year, reaching just under 5 000 Mtoe in 2030 (or 103.4 mb/d)
— 621 Mtoe, or 11%, lower than in the Reference Scenario. In 2030, the
share of oil in total primary energy demand is 32% in the Alternative
Policy Scenario, a drop of three percentage points compared to 2004. By
2015, oil demand will be 15% higher than in 2004, compared to 21% in
the Reference Scenario. Increased fuel efficiency in new vehicles, together
with the faster introduction of alternative fuels and vehicles, accounts for
more than half of the oil savings in the Alternative Policy Scenario. Most
of the rest comes from savings in oil use in the industry and building
sectors.

Natural gas demand continues to grow steadily over the Outlook period in
the Alternative Policy Scenario, reaching 2 877 Mtoe (or 3 472 becm) in
2015 and 3 370 Mrtoe (or 4 055 bem) in 2030. The rate of growth over the
tull projection period, at 1.5% per year, is nonetheless 0.5 percentage points
lower than in the Reference Scenario, and the level of demand in 2030 is
13% lower. Reduced gas use for power generation, resulting from less
demand for electricity and fuel switching to non-carbon fuel, is the main
reason for this difference. Demand for coal falls the most, by 6% in 2015
and 21% in 2030. It grows by only 0.9% per year over the period 2004-
2030, compared with 1.8% in the Reference Scenario. As with natural gas,
reduced electricity demand and fuel switching are the main reasons. Coal
demand still grows to 2020, but then levels off. If CO, capture and storage
were to become commercially available before 2030, the fall in coal demand
could be significantly less marked. The potential impact of the introduction

of CCS is analysed in Chapter 10.

Demand for energy from non-fossil fuel primary sources is 358 Mtoe, or
11%, higher in 2030 than in the Reference Scenario (Figure 7.4).
Renewables and nuclear power partially displace fossil fuel. Nuclear power
accounts for over half of the additional demand for non-fossil fuel energy,
hydro for 4%, non-hydro renewables for 22% and biomass for the rest.
Nuclear energy, which grows more than twice as fast between 2004 and
2030, is 24% higher in 2030 than in the Reference Scenario. Hydroelectric
supply also grows more quickly, but only to a level 3% higher than in the
Reference Scenario in 2030. Higher consumption of biomass results from
several different factors. Switching away from traditional biomass for
cooking and heating in developing countries (see Chapter 15) and, to a
lesser extent, improvements in efficiency in industrial processes, drive
demand down. However, this is outweighed by the increased use of
biomass in combined heat and power production and electricity-only
power plants and in biofuels for transport (see Chapter 14). On balance,
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global consumption of biomass is 58 Mtoe higher in 2030 in the
Alternative Policy Scenario than in the Reference Scenario. The
consumption of other renewables — wind, geothermal, and solar power — is
also higher, by 26%, or 77 Mtoe in 2030. Power generation accounts for
two-thirds of the increase in renewables; transport use of biofuels and, to
a lesser extent, heating from solar water-heaters and geothermal use in final
consumption contribute the rest.

Figure 7.4: Incremental Non-Fossil Fuel Demand in the Reference
and Alternative Policy Scenarios,
2004-2030
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At the final consumption level, electricity demand is 24 672 TWh in 2030
—a reduction of 12% compared to the Reference Scenario. It falls by 5% by
2015. Energy-efficiency measures in buildings, in particular those
concerning appliances, air-conditioning and lighting, contribute two-thirds
of the savings. The other one-third comes from improvements in the
efficiency of industrial processes. Heat demand is also 5%, or 18 Mrtoe,
lower compared to the Reference Scenario, mainly because of stricter
building codes and better insulation. The final consumption of all three
fossil fuels is also lower, but slightly less in percentage terms than primary

demand (Table 7.3).
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1able 7.3: Final Energy Consumption in the Alternative Policy Scenario (Mtoe)

2004 2015 2030 2004- Difference from

2030* the Reference
Scenario in 2030

Mtoe %
Coal 641 774 763 0.7% -160 -17.3%
Oil 3228 3783 4242  1.1% -544 -11.4%
Gas 1219 1487 1721 1.3% -118 —6.4%
Electricity 1236 1682 2121 2.1% 294 -12.2%
Heat 255 280 306 0.7% -18  -5.4%
Biomass & Waste 1052 1168 1295 0.8% 21 -1.6%
Other Renewables 7 33 93  10.3% 33 54.3%
Total 7 639 9207 10542 1.2% 1122 9.6%

* Average annual rate of growth.

Energy Intensity

Global primary energy intensity falls by 2.1% per year through the Outlook period
in the Alternative Policy Scenario, falling by 2.2% per annum in the intermediate
period from 2004-2015. In the Reference Scenario, the annual decline from 2004-
2030 is 1.7%. Over the period 1990-2004, intensity fell by 1.6% per annum. The
difference between the two scenarios is more pronounced in developing countries
and in the transition economies, because there is more potential in these regions for
improving energy efficiency in power generation and in end uses (Figure 7.5). In
the OECD, energy intensity falls by 1.6% per year over the projection period,

Figure 7.5: Change in Primary Energy Intensity by Region in the Reference
and Alternative Policy Scenarios, 2004-2030
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compared with 1.3% in the Reference Scenario. Per-capita primary energy
continues to rise, from 1.76 toe in 2004 to 1.89 toe in 2015 and remains at this
level through to 2030. It nonetheless is 10% lower in 2030, compared with the
Reference Scenario.

Invesitment and Fuel Expenditures

The Alternative Policy Scenario yields considerable savings in energy demand,
energy imports, CO, emissions from the Reference Scenario and requires less
overall energy investment. The savings are attained through a combination of
increased consumer investment on more energy-efficient goods and of fuel choice
decisions in the power and transport sectors. Over the next two-and-a-half decades,
households and firms have to invest $2.4 trillion more than in the Reference
Scenario to buy more efficient goods. Consumers in the OECD countries bear
two-thirds of the incremental investment. The incremental investment is more than
offset in most cases by lower energy bills. The change in end-use investment
patterns, the consequences for consumers energy bills and energy supply
investment for the Alternative Policy Scenario are analysed in detail in Chapter 8.

Oil Markets
Demand

Global oil demand reaches 103 mb/d in 2030 in the Alternative Policy Scenario —
an increase of 20 mb/d on 2005 levels, but a fall of 13 mb/d compared with the
Reference Scenario (Table 7.4). These savings are equivalent to the current combined
production of Saudi Arabia and Iran. By 2015, demand reaches 95 mb/d, a
reduction of almost 5 mb/d on the Reference Scenario. Measures in the transport
sector — notably those that boost the fuel economy of new vehicles — contribute 59%
of the savings over the projection period. Increased efficiency in industrial processes
accounts for 13%, and fuel switching in the power sector and lower demand from
other energy-transformation activities, such as heat plants and refining, for 9%.
More efficient residential and commercial oil use makes up the rest.

The biggest savings occur in the United States, China and the European Union,
which, combined, contribute almost half of the global oil savings by 2030. The US
market remains the largest at that time, at 22.5 mb/d, followed by China, at
13.1 mb/d and the European Union at 12.8 mb/d. The impact of new policies
differs markedly among these markets. EU oil demand peaks around 2015 and
then declines at a rate of 0.5% per year. Japan follows a very similar trend with an
even more pronounced decline, of 0.7% per year, after 2015. Demand in the
United States levels out after 2015, but does not fall. On the other hand, oil
demand in China continues to grow steadily, averaging 2.8% per year over the
projection period, though the rate of increase does slow progressively. Demand in
all other developing regions continues to grow, albeit at a more moderate pace than
in the Reference Scenario.
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Table 7.4: World Oil Demand in the Alternative Policy Scenario* (mb/d)

Difference versus
Reference

2005-  Scenario in 2030

2005 2015 2030 2030** mb/d %
OECD 47.7 50.7 49.9 0.2% -5.2 -9.5%
North America 249 27.2 27.7 0.4% 31 -102%
United States 20.6 22.4 22.5 0.3% 25 -10.1%
Canada 2.3 2.5 25 0.5% -02 -8.2%
Mexico 2.1 24 2.7 1.1% 04 -12.7%
Europe 14.4 149 139 -0.1% -14  -9.3%
Pacific 8.3 8.5 8.2 -0.0% -0.7 —7.6%
Transition economies 4.3 4.7 5.0 0.6% 0.7 -11.8%
Russia 2.5 2.7 2.9 0.5% 04 -12.2%
Developing countries 28.0  35.6 447  1.9% -6.6 -12.9%
Developing Asia 14.6 194 258  2.3% -39 -132%
China 6.6 9.4 13.1 2.8% 22 -14.5%
India 2.6 3.6 4.8 2.5% -0.6 -11.3%
Indonesia 1.3 1.5 22 2.0% -02 —7.5%
Middle East 5.8 7.7 8.8 1.7% -0.9 -8.9%
Africa 2.7 3.3 4.2 1.8% 0.7 -14.4%
Latin America 49 5.3 5.9 0.8% -1.1  -15.8%
Brazil 2.1 2.5 2.9 1.3% -06 -16.0%
Int. marine bunkers 3.6 3.7 3.8 0.2% 0.4 -9.8%
World 83.6 94.8 103.4 09% -129 -11.1%
European Union 13.5 13.8 12.8 -0.2% -1.3 -9.5%

* Includes stock changes.
** Average annual growth rate.

Supply

In principle, lower global oil demand in the Alternative Policy Scenario would
be expected to result in a lower oil price than in the Reference Scenario.’
Production in higher-cost fields mainly located in OECD countries, would be
reduced, declining even more rapidly after 2010 than in the Reference
Scenario. But concerns about the security of supply might encourage OECD
and other oil-importing countries to take action to stimulate development of
their own oil resources. For example, the UK government is currently
considering such policies (DTI, 2006) and the US Congtess is considering
allowing more offshore oil exploration and giving royalty relief for offshore

9. In WEO-2004, we estimated that the oil prices would be 15% lower over the projection period in
the Alternative Policy Scenario compared with the Reference Scenario (IEA, 2004).
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production. For these reasons, we assumed that oil production in OECD and
other net oil-importing countries — as well as the international crude oil price —
remain at the same levels as in the Reference Scenario. As a result, the call on
oil supply from the net exporting countries is reduced in the Alternative Policy
Scenario. OPEC members and major non-OPEC producing regions,
including Russia, the Caspian region and west Africa, are most affected (Figure
7.6). OPEC production reaches 38.8 mb/d in 2015 and 45.1 mb/d in 2030.
The average growth of 1.2% per year is just over half the growth in the
Reference Scenario. OPEC’s share of the global oil market rises from the
current 40% to nearly 44% in 2030, but this is five percentage points lower
than that in the Reference Scenario.

Crude oil production outside OPEC is projected to increase from 50 mb/d in
2005 to 56 mb/d in 2015 and 58.3 mb/d in 2030 (though 1.8 mb/d or 3% lower
than in the Reference Scenario). The transition economies are expected to account
for half of this increase. Latin America and West Africa account for most of the
remainder. Production in OECD countries is expected to decline steadily from
2010 onwards, as in the Reference Scenario. The share of non-conventional oil
production in this scenario in 2030, at 8.7%, is an increase of 7.4 mb/d over
current levels. The production of biofuels is also expected to increase substantially,
especially in oil importing countries. Globally, biofuel production will grow almost
10 times, from 15 Mtoe in 2004 to 147 Mtoe in 2030. Most of the additional
growth, over and above Reference Scenario levels, is expected to occur in the
United States and the European Union (see Chapter 14 for a detailed discussion
of projections and underlying policy assumptions).

Figure 7.6: Oil Supply in the Alternative Policy Scenario
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Inter-Regional Trade

In the Alternative Policy Scenario, all the major net oil-importing regions —
including all three OECD regions and developing Asia — continue to become
more dependent on oil imports by the end of the projection period than they
were in 2005 (Table 7.5). The volume of inter-regional trade accordingly
continues to expand — but considerably less than in the Reference Scenario.
Indeed, the differences between the two scenarios are significant, particularly for
the countries of the OECD. In sharp contrast with the Reference Scenario, where
OECD oil-import needs continue to increase throughout the Outlook period to
alevel of 35.7 mb/d in 2030, in the Alternative Policy Scenario oil imports into
the OECD reach a peak of 30.9 mb/d around 2015 and then begin to fall. By
contrast, oil imports into developing countries do continue to increase over the
period, albeit at a slower rate (Figure 7.7). China and India will temper their
imports compared to the Reference Scenario, but they will still rise significantly
— by 6.6 mb/d from 2005 to 2030, reaching 9.6 mb/d in 2030 for China and
rising by 2.3 mb/d from 2005 to 2030, reaching 4.1 mb/d in 2030 for India.

Table 7.5: Net Oil Imports in Main Importing Regions (mb/d)

Alternative Policy Reference

Scenario Scenario
2005 2015 2030 2015 2030
OECD 27.6 30.9 30.5 32.7 35.7
North America 11.1 12.1 11.9 13.0 15.0
Europe 8.8 11.0 10.8 11.5 12.2
Pacific 7.7 7.9 7.8 8.2 8.5
Developing Asia 7.1 11.7 17.8 13.0 21.7
China 3.0 5.6 9.6 0.3 11.8
India 1.8 2.7 4.1 2.9 4.7
Rest of developing Asia 23 3.3 4.1 3.8 5.2
European Union 10.9 122 11.7 12.7 13.0

Exports by producers in the Middle East, and OPEC producers generally,
fall markedly compared with the Reference Scenario, but not by as much
as production. This is because domestic demand in these countries falls
in response to new measures to curb oil use, freeing up more oil for export.
Nevertheless, the call on OPEC supply still increases from 33.6 mb/d in
2005 to 38.8 mb/d in 2015, highlighting the need to expand production
capacity.
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Figure 7.7: Increase in Net Oil Imports in Selected Importing Regions
in the Alternative Policy Scenario
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Demand

Primary natural gas consumption is projected to climb to 4 055 bem in 2030,
at an average annual growth rate of 1.5% — half a percentage point lower than
in the Reference Scenario. In 2030, gas demand is 13% lower. The saving is
about 610 bcm, an amount comparable to the current gas demand of the
United States, the world’s largest gas consumer. At 170 bem, the saving is also
significant as early as 2015. Global gas demand in the Alternative Policy
Scenario is, nonetheless, 46% higher in 2030 than today. The share of gas in
the global primary energy mix increases marginally, from 21% in 2004 to 22%
in 2030 — one percentage point lower than in the Reference Scenario.

Gas demand continues to rise in all regions throughout the projection period,
except in the United States and Japan, where demand dips slightly between
2015 and 2030. In the United States, demand is significantly lower than in the
Reference Scenario in the power generation sector, mainly due to reduced
electricity demand and a bigger role for nuclear power and renewables, in
industry, where more efficient processes are introduced, and in buildings,
where stricter building codes are applied. In Japan, the increased role of nuclear
power and lower electricity demand are the primary reasons for the downturn
in gas consumption. China actually 7ncreases its use of gas compared with the

182 World Energy Outlook 2006 - THE ALTERNATIVE POLICY SCENARIO



Table 7.6: World Primary Natural Gas Demand in the Alternative Policy Scenario (bcm)

Difference from
Reference
2004-  Scenario in 2030
2004 2015 2030 2030* bcm %

OECD 1453 1662 1780 0.8% =215 -10.8%
North America 772 874 917  0.7% -81 -8.1%
United States 626 690 682  0.3% —46 —6.3%
Canada 94 113 130 1.2% 21 —14.0%
Mexico 51 71 105 2.8% -13 —11.3%
Europe 534 605 679  0.9% 96  -12.4%
Pacific 148 183 184 0.9% -38 -17.3%
Transition economies 651 740 777  07% @ -129 -14.2%
Russia 420 476 508  0.7% 74  -12.7%
Developing countries 680 1070 1499 3.1% 264 -15.0%
Developing Asia 245 398 584  3.4% -38 -6.2%
China 47 108 198 5.7% 29 17.1%
India 31 52 8  3.9% -7 ~7.7%
Indonesia 39 64 84  3.0% -3 —3.5%
Middle East 244 368 490  2.7% -146  -23.0%
Africa 76 133 188 3.6% -28 -12.8%
Latin America 115 171 237 2.8% -52 -18.0%
Brazil 19 31 42 3.1% -7 =15.0%
World 2784 3472 4055 1.5% -608 -13.0%
European Union 508 571 636 0.9% 90 -12.4%

* Average annual growth rate.

Reference Scenario, because of aggressive policies to switch away from coal for
environmental reasons. Our gas-demand projections in most regions and in
both scenarios have been scaled down since the last edition of the Outlook,
mainly because the underlying gas-price assumptions have been raised and
because of growing concerns about the security of imported gas supplies.

Production and Trade

The fall in gas production consequent upon lower global demand compared to
the Reference Scenario is borne by all exporting regions, but disproportionately
by the main exporting regions — namely the Middle East, Russia and Africa. A
significant proportion of the projected increase in output in those regions is
driven by export demand. As the need for imports in the main consuming
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markets is significantly lower in the Alternative Policy Scenario, the call on
exporters gas is reduced. Most of the projected rise in global output still occurs
in the Middle East, Africa and Russia, though the amount of the increase is
significantly lower. Their combined production grows from 1 050 bcm in 2004
to 1 685 bem in 2030, only 60%, compared with the 106% observed in the
Reference Scenario. Gas production in OECD countries rises marginally from
1123 bcm in 2004 to 1231 becm in 2030 — the same increase as in the
Reference Scenario.

Inter-regional gas trade grows more slowly in the Alternative Policy Scenario.
It totals 749 bem in 2030, or 18% of world production, against 936 bcm
(20%) in the Reference Scenario. All the major net importing regions need
more imports in 2030 than now, but — with the exception of China —
significantly less than required in the Reference Scenario (Figure 7.8).

Figure 7.8: Natural Gas Imports in Selected Importing Regions
in the Reference and Alternative Policy Scenarios
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New policies reduce the growth in demand for coal more than any other fuel
in the Alternative Policy Scenario. By 2030, global coal demand is 24% higher
than today, reaching 6 900 million tonnes, but this represents a fall of around
one-fifth from the Reference Scenario. More than three-quarters of this
reduction is due to lower coal consumption in the power sector. The savings in
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electricity demand account for 35% of the reduction in coal use in the power
sector, and the remainder to fuel switching. In 2030, coal’s share in electricity
generation globally is expected to be three percentage points lower than today.
The biggest coal savings in absolute terms occur in China, where demand is
678 Mt lower, in the European Union (323 M), in the United States (235 M)
and in India (259 Mt). Together, those regions account for over 85% of the
total reduction in coal use in 2030.

In contrast to the slight increase seen in the Reference Scenario, coal
consumption in the OECD will peak before 2015 and then decline at 1.2% per
year. This decrease is more than offset by the consumption growth in developing
countries, which is expected to continue at 1.9% per year through the Ourlook
period, driven by China and India. In fact, the Alternative Policy Scenario sees
Chinese coal demand overtake that of the entire OECD region around 2010.

Figure 7.9: Coal Demand in the Reference and Alternative Policy Scenarios
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There is a large degree of uncertainty in these demand trends. They are
particularly sensitive to the policies and technologies adopted in the major
markets: China, the United States and India. While neither the Reference nor
the Alternative Policy Scenario assumes any significant penetration of carbon
capture and storage, this technology could significantly change the demand
trends depicted. Faster penetration of coal to liquids, discussed in Chapter 5,
could also alter those trends. The former is likely to offer more potential for
coal in a carbon-constrained world, the latter to enhance security in the
transport sector by increasing the alternatives to oil-based products.
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Production and Trade

As in the Reference Scenario, most of the increase in coal demand is met by
domestic production. Production adjusts to the lower demand levels.
However, the decline in international coal prices affects most the producers
with higher marginal production costs, notably the United States and Europe
(Figure 5.5 in Chapter 5). In both cases, the decline in domestic production is
more marked than the decline in domestic demand, high domestic production
costs making imports a more cost-effective option than domestic production.
China, Australia and New Zealand, and India account for most of the still
substantial growth in global coal production. Their combined production
increases by 60% compared to the current level.

Globally, coal trade grows by 21% compared to current levels. This growth
levels off towards the end of the Outlook period, caused by slower demand
growth. Global coal exports are 211 Mz, or 23%, lower than in the
Reference Scenario in 2030, exemplified by the largest exporting region —
OECD Oceania — decreasing its exports by 76 Mt, or 19% compared
with the Reference Scenario. However, exports from Australia and New
Zealand remain 46% higher than current levels. The strongest growth
in imports through the Ourlook period occurs in India, though it falls
from 4.4% to 4.2% per annum in the Alternative Policy Scenario. The
growth in trade in steam coal, which accounts for the bulk of total inter-
regional coal trade, is affected by lower growth in electricity and fuel
switching. Trade in steam coal falls more than trade in coking coal for the
industry sector, which remains relatively stable.

Energy Security in Importing Countries

As energy demand grows in net importing countries, their energy security is
increasingly linked to the effectiveness of international markets for oil, gas
and coal and to the reliability of suppliers. Over the next two-and-a-half
decades oil and gas production will become increasingly concentrated in
fewer and fewer countries. This will add to the perceived risk of disruption
and the risk that some countries might seek to use their dominant market
position to force up prices. Exposure to disruption from these risks increases
over time in both the Reference and the Alternative Policy Scenarios as net
energy imports increase and supply chains lengthen. However, the
Alternative Policy Scenario at least mitigates those risks, by reducing the
growth in oil and gas imports. For example, the oil and gas imports into the
United States grow by 23% compared to the current level, rather than the
46% of the Reference Scenario. Similar trends apply in the European Union
and Korea. Japan actually reduces its oil and gas import needs compared to
today’s level (Figure 7.10).
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Figure 7.10: Change in Oil and Gas Imports in the Reference
and Alternative Policy Scenarios, 2004-2030
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The degree to which energy-importing countries are dependent on imports
differs markedly between the two scenarios. In the Reference Scenario, the gas
and oil import dependence of OECD countries, taken as a whole, rises from
30% in 2004 to 38% in 2030. Much of the increase depends upon exports
from Middle Eastern and North African countries (IEA, 2005b). In the
Alternative Policy Scenario, the OECD’s energy import dependence still
increases, but to 33%, a level reached within the next 10 years in the Reference
Scenario. For developing countries there is also a difference, but it is less
marked than in OECD countries.

As the share of transport in total oil use continues to grow in all regions in the
scenarios described in this Outlook, the inflexibility of this class of oil demand
increases the vulnerability of importing countries. However, demand for oil-
based transport fuels grows significantly less in the Alternative Policy Scenario,
compared to the Reference Scenario, both because of lower transport demand
and because the share of non-oil fuels in global transport increases from 6% in
2004 to 10% in 2030. This is mainly due to increased use of biofuels in road
transport and, to a lesser extent, to switching to other forms of transport.

The security of electricity supply is a multi-faceted problem. Different risks
affect power plants and transmission and distribution networks. Factors that
can improve security of supply in the short term (the management of power-
generation facilities and the network to match supply and demand in real time)
can be usefully distinguished from factors that can improve security of supply

Chapter 7 - Mapping a New Energy Future 187




in the long run (in particular maintaining adequate investment in the power
infrastructure). Several factors in the Alternative Policy Scenario improve the
prospects for a secure power supply in all regions, both in the short and long
term as compared to the Reference Scenario. On the demand side, lower
electricity intensity improves the resilience of the economy to potential power
supply disruptions, while the reduction of electricity demand (by 12%
worldwide in 2030) reduces the pressure on power generation and distribution
networks. On the supply side, a more diverse fuel mix (the combined share of
the two dominant power generation fuels — coal and gas — is reduced from 67%
to 57% worldwide) creates more potential for fuel switching and, by increasing
the use of renewables and nuclear, whose share increases by nine percentage
points worldwide in 2030, lowers dependence on fuels that must be imported.

Energy-Related CO, Emissions

The policies and measures analysed in the Alternative Policy Scenario
significantly curb the growth of energy-related carbon-dioxide emissions. Lower
overall energy consumption and a larger share of less carbon-intensive fuels in the
primary energy mix together yield, in 2030, savings of 6.3 gigatonnes (Gt), or
16%, in emissions compared with the Reference Scenario. The total avoided
emissions by 2030 are equal to more than the current emissions of the United
States and Canada combined. The change in emissions trends is noticeable by
2015, by which point the Alternative Policy Scenario yields annual savings of
1.7 Gt, an amount equal to the current emissions of Japan and Korea combined.
Notwithstanding the improvements, global CO, emissions nonetheless continue
to rise, from 26 Gt in 2004 to 32 Gt in 2015 and 34 Gt in 2030 —a 21%
increase by 2015 and a 31% increase by 2030.

The policies of the Alternative Policy Scenario lead to stabilisation and then
reduction of emissions in OECD countries before 2030 (Figure 7.11).
Emissions there peak around 2015, at close to 14 Gt, and then tail off to less
than 13 Gt in 2030. That is still slightly higher than in 2004, but well below
the Reference Scenario level in 2030 of 15.5 Gt. Europe and the Pacific
regions are responsible for the decline in emissions after 2015: their emissions
are even lower in 2030 than today. By contrast, emissions in the United
States — by far the largest emitting country in the OECD — peak some time
before 2020 and fall only marginally before 2030.

Growth in emissions continues in non-OECD regions, though the rate of
increase slows appreciably over the Outlook period. Developing-country
emissions grow at 2.1% annually on average through to 2030, reaching 14.4 Gtin
2015 and 17.5 Gtin 2030 — up from 10.2 Gt in 2004. In the Reference Scenario,
their emissions reach 21.1 Gt in 2030. Emissions in China alone rise by 4 Gt
between 2004 and 2030, accounting for half of the global increase (Figure 7.12).
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As in the Reference Scenario, China overtakes the United States as the single
largest CO, emitter before 2010. By 2030, its emissions reach 8.8 Gt or half of
total developing-country emissions. At 2.5% and 2.3% per year respectively,
Indonesia and India have the fastest rate of emissions growth of all regions. The
increase in emissions in the transition economies is much slower, peaking at

2.9 Graround 2020 and then stabilising at 2.8 Gt in 2030.

Figure 7.11: Energy-Related CO, Emissions by Region in the Alternative Policy Scenario
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Figure 7.12: Change in Energy-Related CO, Emissions by Region
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Notwithstanding the rates of growth in national emissions, the gap between
developed and developing countries in emissions per capita remains wide.
OECD per-capita emissions increase slightly from 2004 levels of 11.0 tonnes,
peak around 2010, decrease to 11.2 tonnes in 2015, and then continue to fall
to 10.2 tonnes in 2030. Conversely, emissions in the developing world, starting
in 2004 at 2.1 tonnes per capita, grow steadily, rising to 2.7 tonnes in 2030 —
still a factor of four less. These per-capita differences reflect substantially lower
energy consumption per person. On a CO,-intensity basis, they also reflect
both the relative inefficiency of the energy systems in the developing world and
their high reliance on fossil fuels for power.

On an absolute basis, the reduction in CO, emissions in the Alternative
Policy Scenario is greatest in countries that emit the most (Figure 7.13).
Thus, China shows the largest reduction from the Reference to the
Alternative Policy Scenario by 2030, with 1.6 Gt, followed by OECD North
America (1.1 Gt) and OECD Europe (0.8 Gt). The smallest emissions
reduction, both in absolute and percentage terms, occurs in the least
developed regions, notably Africa and Latin America.

At the point of use, the largest contributor to avoided CO, emissions is
improved end-use efficiency, accounting for nearly two-thirds of total savings
(Figure 7.14)."° Fuel savings, achieved through more efficient vehicles,
industrial processes and heating applications, contribute 36% in 2030, while
lower electricity demand, from more efficient appliances, industrial motors and
buildings, represents 29%. Switching to less carbon-intensive fossil fuels,
mainly from coal to gas in power generation, and improved supply-side
efficiency account for a further 13%. Increased use of renewables in power
generation and of biofuels in transport account for 12%. Increased reliance on
nuclear is responsible for the remaining 10%.

Looking at the sources of emissions, the biggest contribution to avoided
emissions comes from power generation, where emissions peak towards the end
of the period, and are 3.9 Gt lower in 2030 in the Alternative Policy Scenario
than in the Reference Scenario. This sector alone contributes almost two-thirds
of avoided emissions globally. Emissions savings from this sector result
principally from policies to promote carbon-free power generation, including
policies to encourage nuclear power, and discourage the use of coal. The fastest
annual growth in emissions over the Outlook period occurs in the transport
sector, averaging 1.3%. Savings in this sector in 2030 in the Alternative Policy
Scenario are small relative to other sectors, at 0.9 Gt, because of the limited

10. Curbing CO, emissions through energy efficiency policies has, in most cases, significant local air
pollution benefits, as the emissions of other pollutants are reduced. Those “ancillary benefits” are
greater in developing countries, where air quality in big cities is, on average, worse than in the OECD

(Markandya and Riibbelke, 2003).
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Figure 7.14: Global Savings in CO, Emissions in the Alternative Policy Scenario
Compared with the Reference Scenario
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scope for widespread switching to carbon-free fuels. As a result, emissions
reductions result primarily from reduced consumption, stemming from
increased efficiency, increased use of less carbon-intensive fuels or switching
between modes of transport. Emissions from industry are 0.9 Gt lower in
2030, equal to 14% of the total reduction in emissions compared with the
Reference Scenario. Avoided emissions from the residential and the services
sectors account for the remainder.
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CHAPTER 8

ASSESSING THE COST-EFFECTIVENESS OF
ALTERNATIVE POLICIES

HIGHLIGHTS

= The Alternative Policy Scenario yields considerable savings in energy
demand, energy imports, and CO, emissions at a lower total investment
cost. The savings require a profound shift in energy investment patterns
and are attained through a combination of increased investment in more
energy-efficient goods and processes, and different fuel choices in the
power and transport sectors.

= Meeting demand for energy services requires less investment in the
Alternative Policy Scenario than in the Reference Scenario. Cumulative
investments in 2005-2030 — by both the producers and consumers — are
$560 billion lower than in the Reference Scenario. Consumers spend
$2.4 trillion more, reducing energy supply investment needs by $3 trillion.

= In the electricity chain, the avoided investment is $1.1 trillion. Additional
demand-side investment in electricity is $950 billion, but this is more than
offset by net savings on the supply side of $2.1 willion. Demand-side
investments in more efficient electrical goods are particularly economic
overall; on average, an additional $1 invested in more efficient electrical
equipment and appliances avoids more than $2 in investment on the
supply side. This ratio is higher in non-OECD countries.

= The cumulative oil-import bills of OECD and developing Asia combined
are $1.9 trillion lower over the Outlook period in the Alternative Policy
Scenario. This is achieved with additional cumulative investment of only
$800 billion in more efficient cars and other oil-consuming goods. In
2005-2015, the oil-import savings in the OECD amount to $130 billion,
compared with additional investment of only $50 billion.

= Although overall investment is reduced, end users invest more in the
Alternative Policy Scenario, while energy producers invest less.
Consequently, the additional investment is made by a large number of
small investors. Two-thirds of the additional demand-side capital
spending is borne by consumers in OECD countries. Consumers see
savings in their energy bills of $8.1 trillion, comfortably offsetting the
$2.4 trillion in increased investment required to generate these savings.
The payback period of the additional demand-side investments is very
short, especially in developing countries and for those policies taken
before 2015. Government intervention would nonetheless be needed to
mobilise the necessary investments.
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Investment in Energy-Supply Infrastructure and
End-Use Equipment

Overview

The reductions in energy demand, energy imports and energy-related carbon-
dioxide emissions that are brought about by the policies and measures analysed
in the Alternative Policy Scenario require a profound shift in energy investment
patterns. Consumers — households and firms — invest more to purchase energy-
efficient equipment. Energy suppliers — electricity, oil, gas and coal producers
— invest less in new energy-production and transport infrastructure, since
demand is reduced by the introduction of new policies compared with the
Reference Scenario. Overall, over 2005-2030, the investment required by
the energy sector — ranging from end-use appliances to production and
distribution of energy — is $560 billion less (in year-2005 dollars) in the
Alternative Policy Scenario than in the Reference Scenario (Figure 8.1). This
capital would be available to be deployed in other sectors of the economy.

Box 8.1: Comparing Costs and Savings

This chapter discusses the economics of the Alternative Policy Scenario,
providing analyses of:
= The net change in investment by energy suppliers and energy consumers.
= The net change in energy import bills and export revenues.
= How the cost to consumers of investing in more energy-efficient
equipment compares with the savings they make through lower
expenditure on energy bills.
Demand-side investments are consumers’ outlays for the purchase of durable
goods, that is, end-use equipment. Increases in demand-side investments are
thus increases in cash outlays on durable goods.! All investments and
consumers  savings in energy bills are expressed in year-2005 dollars.
Consumers outlays are attributed to the year in which the equipment is
purchased, but their savings are spread over a number of years. Strictly
speaking, these savings should be discounted to allow for the higher value of
benefits which arise earlier. But there is no generally accepted discount rate,
at the global level, to reflect this “time preference” of society. Its value varies
from sector to sector, and between different types of purchase.
The offsetting savings in energy costs quoted here are, accordingly, not
discounted. Our analysis suggests that the undiscounted cumulative savings
in energy bills are more than three times the additional demand-side
investments. This implies that even using a relatively high discount rate, 7. e.
20%, consumers, at least on a collective basis, are better off in the Alternative
Policy Scenario.

1. Transaction costs and changes in non-energy operating costs in the Alternative Policy Scenario are not

included.

194 World Energy Outlook 2006 - THE ALTERNATIVE POLICY SCENARIO



Figure 8.1: Change in Cumulative Demand- and Supply-Side Investment
in the Alternative Policy Scenario*, 2005-2030
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* Compared with the Reference Scenario.

The macroeconomic gains from more efficient energy use involve transfers of G
income in part from energy producers to producers of consumer end-products
and new technologies, and in part from energy consumers to equipment
producers and technology providers. Ultimately, consumers invest an estimated
$2.4 trillion more over the projection period compared with the Reference
Scenario. That additional investment is the consequence of more costly purchases
of more efficient cars, industrial motors, appliances and other types of
equipment. It reduces global demand for energy by 10% in 2030. As a result, the
need for investment in oil, gas, coal, and electricity production and distribution
is significantly lower. Cumulative investment in energy-supply infrastructure over
2005-2030 amounts to $17 trillion in the Alternative Policy Scenario, about
$3 trillion less than in the Reference Scenario.

Investment not only shifts from supply to demand in the Alternative Policy
Scenario; responsibility for investment decisions also shifts, to the innumerable
individual firms and households purchasing these new goods. In the Reference
Scenario, investments are made by a much smaller group of actors, primarily
large energy producers and distributors. To give an idea of the magnitude of the
shift, consider the output of one mid-load CCGT plant producing some 2 TWh
of electricity per year. To save the same amount of electricity per year, some
16 million European consumers would need to buy a 40% more efficient
refrigerator.” This would equate to 80% of annual refrigerator sales in Europe.

2. According to current labels, this is equivalent to moving from a class A refrigerator to a class A++.
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Investment along the Electricity Chain

In the Alternative Policy Scenario, the avoided investment throughout the
electricity chain — from the producer to the consumer —is $1.1 trillion (Table 8.1).
Total additional investment on the demand side of electricity amounts to about
$950 billion, while savings on the supply side total $2.1 trillion. On average, an
additional $1 invested on demand-side electricity in the Alternative Policy Scenario
avoids more than $2 in investment on the supply side (including generation,
transmission and distribution). This ratio varies by geographic region. In OECD
countries, the ratio is $1 invested to $1.6 avoided, while in developing countries,
the ratio is larger, at $1 in investment to more than $3 in supply costs avoided.

Demand-side investment in the Alternative Policy Scenario across all regions amounts

to about $950 billion more than in the Reference Scenario over the next twenty five

years, as consumers purchase more efficient equipment. Their purchases include:

= Industry and agriculture: motors, pumps, compressor systems, irrigation
pumping systems.

= Residential sector: heating, ventilation, air-conditioning, lighting, appliances
(e. g refrigerators, washing machines, televisions), hot water systems.

m Services sector: heating, ventilation, air-conditioning, lighting, office
appliances (e. g PC, mainframes).

More efficient and cleaner technologies, energy-efficient equipment and

appliances generally cost more in OECD countries than in non-OECD

countries. In the OECD, equipment efficiency at the outset is already higher.

More than two-thirds of overall additional spending on the demand side will be

by consumers in those countries. On a per-capita basis, the incremental cost in

OECD countries is eight times higher than in non-OECD countries. Globally,

demand-side investments result in slower growth in electricity demand, reducing

global electricity generation needs by 3 900 TWh in 2030. As a result, there is less

need to build transmission and distribution lines: cumulative network

investment is $1 630 billion lower than in the Reference Scenario.

Not all policies in the Alternative Policy Scenario drive supply-side investments
down. Policies to promote renewable energy and nuclear power result in an
additional total investment in these types of generating plant of $600 billion.
However, the net supply-side investment in this scenario is still lower than
in the Reference Scenario, because the higher spending on renewables-based
and nuclear plants is more than offset by the reduction in total capacity.
Total new fossil-power plant investment in the Alternative Policy Scenario is
$1 030 billion lower than in the Reference Scenario.

Most of the avoided net investment along the entire electricity chain occurs in
developing countries, where savings amount to some $680 billion. Avoided
investment in OECD countries is smaller, largely because the additional capital
spending on end-use equipment is bigger.
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Demand-Side Investment

Additional demand-side investment in the Alternative Policy Scenario
amounts to $2.4 trillion (Table 8.2).> Of this, investment in transport increases
by $1.1 trillion, close to half of the total additional demand-side investments
for all sectors worldwide. Investment in the residential and services sectors
(including agriculture) is more than $920 billion higher than in the Reference
Scenario, while industry invests an extra $360 billion.

Table 8.2: Additional Demand-Side Investment in the Alternative Policy
Scenario*, 2005-2030 ($ billion in year-2005 dollars)

OECD Non-OECD  World
Industry 210 152 362
of which electrical equipment 121 74 195
Transport 661 415 1076
Residential and services 022 304 926
of which electrical equipment 546 212 758
Total 1492 872 2 364

*Compared with the Reference Scenario.

Consumers in OECD countries, where the capital cost of more efficient and
cleaner technologies is high, need to invest $1.5 trillion, two-thirds of the
additional global investment in end-use equipment. The share of additional
demand-side investment that occurs in non-OECD countries ranges from
33% of the global total of $926 billion in the residential and services sectors to
42% of the total of $362 billion in the industrial sector. These smaller shares
are a result of the generally lower capital cost of the end-use technologies
applied in developing and transition countries (Box 8.2).

3. The estimates of capital costs for end-use technology used in this analysis are based on the
results of work carried out in co-operation with a number of organisations, including the UNEP
Risoe Centre on Energy, Climate and Sustainable Development, the European Environment
Agency (EEA, 2005), Centro Clima at COPPE/UFR], the Indian Institute of Management, and
the Energy Research Institute in China. We are particularly grateful to Argonne Laboratory in the
United States for its support to part of this analysis through the AMIGA model (Hanson and
Laitner, 2006). A number of independent sources were used for consistency-checking purposes,
e.g. ADB (2006), Chantanakome (2006) and Longhai (2006). Given the variability in the quality
of many of the specific regional and sectoral data used, there are many uncertainties surrounding
these estimates.
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Box 8.2: Energy Efficiency Codes and Standards in China’s Residential
and Services Sectors

Much work is under way in China on establishing and improving building
codes, appliance standards and energy efficiency labels. Basic building codes
are in place for many regions in China; a national commercial building code
was approved in April 2005. In March 2005, China launched a mandatory
appliance energy information label programme with pilot projects for
refrigerators and air-conditioners (The Energy Foundation, 2006).

The challenge for China and other developing countries is to bring
appliance efficiency and building standards up to best international levels
and to improve monitoring and enforcement at all levels. There are some
clear incentives: in contrast to OECD countries, where paybacks on energy-
efficiency investments range from one to eight years, paybacks on
investment in China are shorter.

As an example, consider electricity use in the residential and services sectors.
In China the payback on investments to conform with higher appliance
standards, labelling and building codes is estimated at two years. Thus, with
average annual investments of $2 billion (in year-2005 dollars) starting in
2007 for ten years, China would create an increase in net wealth of
$70 billion over the ten-year period. During all but the initial two years,
there would be a net income gain (7.e. savings exceed outlays).

China has a number of specific advantages. It may be reasonably anticipated
that, as a major global manufacturer of appliances and electrical equipment,
China can ensure that sufficiently efficient products reach the domestic market.
Investment capital, historically a critical bottleneck in most developing
countries, is not scarce in China. The country is, therefore, particularly well-
placed to make major gains in energy efficiency at an investment cost which
would be much lower than that required to meet unconstrained energy
demand. Further, energy-efficiency investments in new building construction
or retrofit should achieve even higher rates of return than those projected in
OECD countries, because of China’s lower labour costs.

The additional investment needs of households and firms grow steadily over
the Outlook period (Figure 8.2). In OECD countries, the additional outlays
reach $140 billion in 2030, while those in non-OECD countries reach
$95 billion. This is explained partly by the fact that the costs of investments in
more efficient equipment rise with time, as low-cost opportunities have already
been exploited, and partly by the growth over time in the stock of appliances,
cars and buildings. Overall, the additional expenditure represents a very small
percentage of GDP over the Outlook period, 0.13% for OECD countries and
0.07% for non-OECD countries, though the sums involved can be large for
individual investors.
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Figure 8.2: Demand-Side Investment and Final Energy Savings by Region
in the Alternative Policy Scenario*
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* Compared with the Reference Scenario.

Transport

Additional investment in the transport sector amounts to $1.1 trillion. Half of
this investment, or $560 billion, goes to light-duty vehicles. Improved efficiency
in trucks and more use of buses and high-speed trains account for another
$330 billion, while investments in aviation account for some $190 billion.
Although aviation accounts for almost 20% of the total additional transport
investment, it achieves only 11% of the total reduction in energy demand in the
transport sector. The high share of aviation in the total is a function of the high
cost of improving average fleet fuel efficiency for aircraft.

OECD countries make 60% of the incremental transport investment, a similar
share across transport modes. This high share is a function of the higher cost
of increasing fuel economy in OECD countries and their larger share
of cumulative vehicles sales over the projection period.

A variety of technologies contributes to energy savings. In the Alternative
Policy Scenario, some of the improvements in the technology of the internal
combustion engine (ICE) are assumed to be applied to increase vehicle power,
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but many go to fuel efficiency. In addition, energy savings come from hybrid
cars and alternative fuel vehicles and from the more rapid market penetration
of light-weight materials. Such technological advances come at a cost: in 2030,
the additional cost per vehicle is between $200 and $600 in non-OECD
countries and between $400 and $800 in OECD countries, compared to the
Reference Scenario. This increment represents only an average 3% and 5%
increase in the vehicle price respectively. Improving vehicle efficiency is, of
course, cheaper in countries with a larger share of inefficient vehicles, especially
heavy ones, in the existing fleet.

Other Sectors

Three-quarters of the additional investment in the industry and in the
residential and services sectors is for electrical equipment. Additional
investment in the Alternative Policy Scenario in electrical equipment —
industrial motors, appliances and lighting — in industry and buildings amounts
to $950 billion. Around three-quarters of this investment occurs in the
buildings sector. Investment in efficient lighting and appliances accounts for
more than 80% of additional investment in the residential and services sectors.
Additional investment in motor systems and other electrical equipment
accounts for the bulk of additional investment in industry (see Box 8.3).

Box 8.3: Energy Efficiency Project in Industry in China
The Global Environment Facility (GEF) is providing funds to back loan

guarantees to commercial banks in China to promote Energy Management
Companies (EMCs) work on energy performance contracting (World Bank,
2002 and 2005). The expansion of the EMC industry is one of the main
means the Chinese government is using to promote energy conservation.
EMC:s carry out projects at industrial companies on a contractual basis,
providing the design, financing and implementation of the project. EMCs
and their industrial clients are free to choose the efficiency measures to be
implemented. Equipment installed during the project is handed over by the
EMC at the end of the contract (usually one to three years).

The GEF project was built in two phases. The first one has been completed
and the second has started. More than 140 measures have been
implemented during the first phase of the programme. They have already
yielded significant savings in industrial energy consumption, 75% of which
were in the form of reduced coal burn and the remainder in the form of
reduced electricity consumption.

Total expected investment over the second phase of the project is
$384 million. Planners project that, over its lifetime, the programme should
result in 35 million tonnes of coal equivalent (25 Mtoe) energy savings
as well as a reduction of 86 Mt of CO, emissions. On the basis of 2005
end-use prices to industrial customers and the fuel mix of the first phase,
the average payback time amounts to less than one year.
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Supply-Side Investment

In the Alternative Policy Scenario, the worldwide investment requirement
for energy-supply infrastructure over the period 2005-2030 is $17.3 trillion —
$2.9 trillion, or 14%, less than in the Reference Scenario. The cumulative reduction
in supply-side investment in developing countries and transition economies
amounts to about $1.8 trillion, a fall of 14% compared with the Reference
Scenario. The reduced investment in OECD countries is $1.1 trillion, or 15%.

Reduced electricity-supply investment accounts for more than two-thirds of
the overall fall. The capital needed for transmission and distribution networks
is almost $1.6 trillion lower, thanks mainly to lower demand but also to the
wider use of distributed generation. The fall in cumulative investment in power
generation, at $420 billion, is proportionately much smaller. This is because
the capital intensity of renewables, nuclear power and some forms of
distributed generation is higher than that of fossil fuels (Figure 8.3).

Figure 8.3: Cumulative Global Investment in Electricity-Supply
Infrastructure by Scenario, 2005-2030
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Total fossil-fuel investment in the Alternative Policy Scenario continues to rise
over the Outlook period but falls below the levels projected in the Reference
Scenario: total investment worldwide in oil and gas is $800 billion, or 10%,
lower than in the Reference Scenario, mainly because there is less demand and
consequently less need to expand production (Figure 8.4). Given that many
countries, for reasons of energy security, are seeking to develop domestic
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resources, it is projected that the greatest impact of these investment reductions
will be in exporting countries. Thus, for example, the difference in investment
between the Alternative Policy and the Reference Scenarios in OECD oil and
gas supply investment is very small. In contrast, reduced investment in oil
exploration and development in Middle East and North Africa makes up a
significant part of the decrease in non-OECD oil investment. Reduced
investment for gas-transportation infrastructure contributes the largest share of
the $360 billion global reduction in gas investment. Investment needs in the
coal industry are reduced by 22%), from $560 billion in the Reference Scenario
to around $440 billion. Reduced investment in coal in China alone accounts
for about a third of that difference.

Figure 8.4: Investment in Fossil-Fuel Supply in the Reference and Alternative
Policy Scenarios, 2005-2030
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Implications for Energy Import Bills and Export
Revenues

In the Alternative Policy Scenario, major oil and gas importing regions will
benefit from a decrease in their oil and gas import bills (see Table 8.3). Over the
Outlook period the oil import bills of OECD countries will be 6% — or
$900 billion — lower than in the Reference Scenario. The United States will see
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Table 8.3: Cumulative Oil and Gas Import Bills in Main Net Importing
Regions by Scenario, 2005-2030 (in year-2005 dollars)

Reference  Alternative Difference Percentage

Scenario  Policy Scenario difference
Oil Gas  Oil Gas Oil  Gas Oil  Gas

$ trillion $ trillion $ trillion %

OECD 160 6.6 151 60 -09 -0.6 6% -9%
United States 77 10 72 08 05 -02 6% -20%
Japan 24 0.8 23 08 -0.1 0.0 4% 0%
European Union 59 48 56 44 03 -04 5% -8%
DevelopingAsia 70 03 6.0 05 -1.0 02 -14% 67%
China 35 0.2 30 04 -05 02 -14% 100%
India 1.6 0.1 1.4 0.1 -0.2 00 -13% 0%

its bill reduced the most, both in absolute and percentage terms ($500 billion
and 6% respectively). Developing country importers, in particular China and

India, will also benefit from the fall in oil import bills: China will see a decline
of $500 billion (14%) and India a drop of $200 billion (13%).

Approximately 60% of the savings in oil demand, and consequently in net
import requirements, accrue from reduced demand in the transport sector. In
all net-importing countries, the additional investment required in the transport
sector is outweighed by the savings in oil import bills. Savings in oil import
bills are already noticeable by 2015: by then, OECD countries save
$130 billion, as a result of additional investment of only $50 billion — mainly
in the transport sector.

Gas bills for the OECD and developing Asia are also lower — $400 billion
less than in the Reference Scenario over the Outlook period. All importing
countries except China will see declining gas bills. While the European Union
experiences a large reduction in absolute value (at $400 billion), China will see
an increase in its gas import bill, because of aggressive policies to switch away
from coal for environmental reasons.

The lower demand for oil and gas translates into a lower call on Middle East
and North Africa exports. This results in a 25% reduction in the region’s
cumulative oil and gas export revenues over 2005-2030, compared to the
Reference Scenario, although the region still sees an increase of 140% over
2005 levels (Figure 8.5). Other exporting countries, like Russia, will also see
their export revenues fall below the level of the Reference Scenario, although
these countries also see an increase over today’s level.
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Figure 8.5: Oil and Gas Export Revenues in the Middle East and North
Africa in the Reference and Alternative Policy Scenarios
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Implications for Consumers

The energy and emissions savings in the Alternative Policy Scenario can be
achieved at net benefit (negative cost) to society. This is not to say the savings are
free, but rather that the higher capital spending to improve energy efficiency is
more than offset by savings in consumers’ fuel expenditures over the lifetime of
the equipment. These benefits are coupled with the additional benefits of
improved energy security and lower emissions of CO, and other pollutants.
These environmental and security gains, though difficult to express in monetary
terms, are nonetheless of increasingly high value to society. In some cases, policy-
makers may consider them to be large enough alone to justify the policy
intervention; and, in certain circumstances, the public at large might agree.
More efficient appliances also often bring other, non-energy related benefits,
such as longer equipment lifetimes and lower maintenance costs.

It should be noted that all calculations here of the net economic benefit to
consumers are made using a zero discount rate (Box 8.1). In reality, consumers
will discount the benefits of the reduced energy bills. Discount rates will vary
according to the goods purchased. For example, consumers use one discount
rate — and different rates in different regions — to buy a double-glazed window
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and another to buy a car. But there is no available scale of generally accepted
discount rates for different goods and regions. We accordingly provide the
undiscounted values of the additional outlays and the reduced fuel bills.

The payback time of the policies included in the Alternative Policy Scenario
is usually very short. Payback times of about two years can be achieved in
commercial lighting retrofits or generally in buying compact fluorescent lamps
instead of incandescent bulbs (IEA, 2006). Payback times in OECD countries
are usually longer than in non-OECD countries. Payback times are also longer
for investment made later in the projection period. This is because the marginal
cost of improving efficiency is higher once the cheaper options available in early
years have been exploited. Payback periods vary between one and eight years.
The longest payback is in the transport sector in OECD countries (Figure 8.6).

A significant number of demand-side measures across various sectors are
feasible both in OECD and non-OECD countries (Boxes 8.2 and 8.4). High-
efficiency industrial motors and irrigation pumps in most developing
countries, for instance, can save electricity at a cost in the range of $5 to $30
per MWh (World Bank, 2006). Our analysis shows that investment required
to save 1 kWh in the residential and services sectors in non-OECD countries

Figure 8.6: Indicative Average Payback Period of Selected Policies
in the Alternative Policy Scenario by Region
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is around US 1.5 cents* and in the OECD US 3 cents to US 4.5 cents,
compared with electricity prices in the OECD of between US 9 cents and US
15 cents per kWh. In non-OECD countries prices are tipically lower because
of subsidies.

In aggregate terms, over the next two-and-a-half decades, the Alternative Policy
Scenario would require additional investment in electricity-using equipment of
$1 trillion beyond that projected in the Reference Scenario. Over the same
time frame, savings in consumers’ electricity bills would come to more than
$3 trillion (Figure 8.7). In non-OECD countries, energy-efficiency investment
made in the residential and services sectors at the beginning of the projection
period pays off very quickly for the consumer, in most cases in less than a year.
Over the projection period as a whole, the saving in electricity bills in the

Figure 8.7: Change in End-Use Electricity Investment and in Consumers’
Electricity Bills in the Alternative Policy Scenario*, 2005-2030
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* Compared with the Reference Scenario.

4. The Brazilian National Program for Energy Efficiency in Power Sector (PROCEL) during 1996
to 2003 achieved electricity savings at a cost of US 1.2 cents per kWh (Guerreiro, 2000).
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Box 8.4: Energy Savings Programme in the UK Residential Sector

The Electricity Act 1989 and Gas Act 1986, as amended by the Utilities
Act, make provision for the government to set energy efficiency targets on
energy suppliers. In the 3-year period from 2002 to 2005, the government
set a target of cumulative energy savings of 62 TWh. Electricity and gas
suppliers were required to achieve these energy savings through the
encouragement of efficiency measures among their customers in the
residential sector.

The cumulative energy savings achieved surpassed the target and amounted
to 38 TWh of electricity and 53 TWh of fossil fuel, of which an estimated
90% is gas. The total cost of the programme, including the direct and
indirect costs incurred by the energy suppliers, contributions from
households and contributions from other parties amounted to 690 million
pounds ($1 190 million).

The net present value of the benefits to households, after deducting their
direct contributions and the energy suppliers’ total costs, is estimated at
about $5.2 billion. The total cost of saving a delivered unit of electricity or
gas was 2.2 cents per kWh and 0.9 cents per kWh respectively (Lees, 20006).
The greater part of the savings was achieved by a relatively small number of
measures, including wall and loft insulation, installation of higher-efficiency
freezers and washing machines, and replacement of incandescent lights by
compact fluorescent lamps.

The programme has been followed up by a second commitment period that
is to run from 2005 through 2008. The overall target for this next phase is
130 TWh. This follow-up programme is taken into account in the
Alternative Policy Scenario.

residential and commercial sectors in non-OECD countries is more than four
times higher than the additional investment required.

A similar set of benefits and costs is observed in the transport sector. In both
OECD and non-OECD countries, the savings in spending on fuel by
consumers more than offset the incremental capital cost (Figure 8.8). In
OECD countries, the value of fuel savings is more than twice as high as the
additional capital expenditure. In non-OECD countries, it is almost three
times higher. As the lifetime of light-duty vehicles (LDV) is usually from
8 to 15 years, most investments in more efficient vehicles would be profitable
to the consumer (Box 8.5), although the gradual payback over time may
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Figure 8.8: Change in End-Use Investment in Transport and Consumers’
Fuel Bills in the Alternative Policy Scenario*, 2005-2030
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Box 8.5: Increasing Light-Duty Vehicle Efficiency

Using current technologies to improve the fuel economy of light-duty
vehicles rather than to increase power and size could lead to significant fuel
savings —and could be achieved with little if any cost penalty. In the United
States and Canada, assuming a fuel economy improvement of 32% by 2030
compared to today, the payback period for a consumer buying a new vehicle
and driving it about 10 000 km per year would be between one and six years
(depending on the technology used). The shorter payback occurs when all
the technology improvements are devoted to fuel economy improvements;
the longer period would be required where the initially higher capital cost
of introducing hybrids has to be covered.

In the European Union, using the same assumptions for vehicle use and
applying a fuel economy improvement of 35% by 2030, the payback period
would range between one and four years. The European Union’s shorter
payback compared to that in the United States is due to higher end-use fuel
prices in the European Union. In Japan, payback periods are typically
longer, since relatively low-cost technological options to improve fuel
economy have already been adopted.
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With the exception of China (where stringent fuel economy standards have
been enacted) and, to some extent, Brazil, most developing countries’ new
light-duty vehicle sales over the projection period will be dominated by
proven technologies that are widespread in the OECD. The marked cost
advantages of adopting new vehicle fuel economy improvements in these
circumstances keep the payback period short. Developing countries, on
average, have payback periods for transport efficiency measures ranging from
one to five years. With its stringent standards, China is the exception: its
payback periods are the longest among non-OECD countries and range
from four to five years. However, the net benefits to China of reduced oil
imports have led decision-makers to accept the slightly longer payback
periods.

necessitate intervention to overcome the problem of financing initial capital
requirements.

Barriers to Investment in End-Use Energy Efficiency

Compared with investment in supply, end-use efficiency improvements in the
transport, industry, commercial and residential sectors involve many more
individual decision-makers and a much greater number of individual
decisions. Financing comes from the private sector or the consumers
themselves. The most effective way of encouraging investment in energy-
efficiency improvements in these circumstances is well-designed and
well-enforced regulations on efficiency standards, coupled with appropriate
energy-pricing policies (World Bank, 2006a). In most cases, buying more
efficient energy-consuming equipment would bring a net financial benefit to
the consumer, at least over time. However, it is highly unlikely that an
unregulated market will deliver least-cost end-use energy services. Market
barriers and imperfections include:

= Energy efficiency is often a minor factor in decisions to buy appliances and
equipment.

» The financial constraints on individual consumers are often far more severe
than those implied by social or commercial discount rates or long-term
interest rates. The implicit discount rate in the services sector may be as high
as 20%, compared with less than 10% for the public sector and 4% to 6%
for long-term interest rates.

» Missing or partial information regarding the energy performance of end-use
equipment or energy-using systems.

= A lack of awareness regarding the potential for cost-effective energy-savings.
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» The decision-makers for energy-efficiency investments are not always the
final users who have to pay the energy bill. Thus, the overall cost of energy
services is not revealed by the market. For example, landlords and property
developers have less incentive to make buildings more efficient, as the
tenants and future owners are liable for the running costs and this factor is
not fully reflected in the value of the property.

A market cannot operate effectively when the value of the goods or services

being bought is unknown or unclear. Despite numerous important policy-

driven improvements in this regard over recent years, the energy performance
of many energy-using systems is still either invisible or obscure to end-users.

In fast-growing economies, such as India and China, the energy efficiency of
new energy-consuming capital stock is of crucial importance to future energy-
demand trends. However, rapid growth in itself may also compromise energy
efficiency, as the pressure to build new capacity quickly and cheaply often
outweighs longer-term considerations about efficiency and running costs
(World Bank, 2006b). Even if investment in energy efficiency is considered by
economists to be profitable and by policy-makers to be crucial to meeting
energy-security and environmental goals, it is likely to be necessary to offer
incentives for such investments. But such policies have been adopted only
slowly. Investment directed to energy efficiency by the World Bank over
the past 15 years represents a tiny percentage of its total energy investment
(Figure 8.9).

Figure 8.9: World Bank Investment in Energy by Sector, 1990-2005
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CHAPTER @

DEEPENING THE ANALYSIS: RESULTS BY SECTOR

HIGHLIGHTS

= World electricity generation is 12% lower in 2030 than in the Reference
Scenario, mainly because of greater end-use efficiency. The shares of
renewables, nuclear power and combined heat and power are higher. The
efficiency of fossil-based generation is also higher. Global CO, emissions
from power plants are reduced by 22%, almost 4 gigatonnes. More than
half of this reduction occurs in developing countries. In the OECD, power
sector emissions are 6% lower than in 2004.

= Measures in the transport sector produce 7.6 mb/d of savings in global oil
demand by 2030, close to 60% of all the oil savings in the Alternative
Policy Scenario. Half of the savings come from just three regions — the
United States, China and the European Union — and more than two-thirds
from more efficient new vehicles. Improved conventional internal
combustion engines and the introduction of hybrid vehicles contribute
most to efficiency improvements in the Alternative Policy Scenario.
Biofuels use is also higher, helping to cut oil needs. Efficiency
improvements in new aircraft save 0.7 mb/d by 2030, but they cost more
than savings in other transport modes.

= Global industrial energy demand is 337 Mtoe, or 9%, lower in 2030 than
in the Reference Scenario. Reduced consumption of coal accounts for 38%
of total savings, while electricity accounts for 27%, oil for 23% and gas for
12%. Over half of global energy savings in the industry sector are the result
of more energy-efficient production of iron and steel, chemicals
and non-metallic products. Nearly three-quarters occur in non-OECD
countries. The savings in China alone exceed those in all OECD countries.

= The electricity saved in the residential and commercial sectors combined
accounts for two-thirds of all the electricity savings in the Alternative Policy
Scenario. By 2030, the savings in these two sectors avoid the need to build
412 GW of new capacity — slightly less than the total installed capacity of
China in 2004. Introduction of more efficient appliances, air-conditioning
and lighting account for the bulk of these savings. Stricter building codes
cut oil and gas use for heating by 10% by 2030. Most of these savings
occur in non-OECD countries, where the building stock and appliances
are expected to grow the most.
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Power Generation

Summary of Results

Power generation is the fastest-growing sector, both in terms of energy demand
and carbon-dioxide emissions. In the Reference Scenario, the share of electricity
in world energy demand is projected to increase from 16% in 2004 to 21% in
2030. The power sector now accounts for 41% of total energy-related CO,
emissions. This share rises to 44% in 2030 in the Reference Scenario. The power
sector can use a wide range of fuels and offers numerous options to alter these
trends, reducing emissions and improving security of supply.

In the Alternative Policy Scenario, new policies cut CO, emissions by 22%
in 2030. They also reduce dependence on imported fuels, notably gas. Power-
generation demand for gas is 22% lower in 2030. World electricity generation
reaches 29 835 TWh in 2030, 12% lower than in the Reference Scenario,
mainly as a result of end-use efficiency improvements. The reduction
corresponds approximately to seven years of demand growth. In other words,
electricity generation in 2030 in the Alternative Policy Scenario roughly
corresponds to electricity generation in 2023 in the Reference Scenario. The
savings are greater than all the electricity now generated in OECD Europe in
a year. Over half of the savings occur in developing countries, where the
potential to improve end-use efficiency is greatest (Figure 9.1).

Figure 9.1: Reduction in Electricity Generation in the Alternative Policy
Scenario* by Region, 2030

OECD
Developing 40%
countries
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* Compared with the Reference Scenario.
The projected trends in the Alternative Policy Scenario imply a more rapid

decline in electricity intensity — electricity consumption per unit of GDP —
than in the Reference Scenario and a substantial deviation from recent trends
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(Table 9.1). Even so, average per-capita electricity generation in 2030 is
one-third higher than today globally and 15% higher in the OECD.

Table 9.1: Flectricity Generation and Electricity Intensity Growth Rates

Electricity Electricity
generation (%) intensity (%)
1990-2004 2.8% -0.5%
2004-2030 Reference Scenario 2.6% -0.8%
2004-2030 Alternative Policy Scenario 2.1% -1.3%

In the Reference Scenario, the power sector relies increasingly on fossil fuels:
about two-thirds of electricity generation is based on fossil fuels in 2030. Coal and
gas make up nearly three-quarters of the additional electricity generation. In the
Alternative Policy Scenario, the share of fossil fuels in electricity generation mix
falls to 60% by 2030. The current share is 66%. The largest fall is in the share of
coal, which drops to 37% in 2030 — nearly seven percentage points lower than in
the Reference Scenario (Figure 9.2). The change in the electricity mix is more
pronounced in the second half of the Outlook period, reflecting the rate of capital-
stock turnover, the long lead times for some types of power plants, improvements
in technology and reductions in the capital costs of new technologies.

Figure 9.2: Global Fuel Shares in Electricity Generation
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Table 9.2 shows the changes in electricity-generating capacity. Global installed
capacity is 770 GW lower in 2030 compared with the Reference Scenario,
roughly evenly split between the OECD and the developing world. Coal-fired
capacity is reduced by 680 GW and gas-fired capacity by 409 GW. There is less
need for baseload and mid-load gas-fired capacity, but gas is still the main fuel
used in gas turbines to meet peak-load demand. Nuclear power generating
capacity is more than 100 GW, or 25%, higher in 2030. Two-thirds of this
increase occurs in OECD countries. There are about 258 GW of additional
renewables-based capacity in the Alternative Policy Scenario.

New power plants are more efficient than in the Reference Scenario, by about
two percentage points on average. The efficiency of new coal-fired power plants
exceeds 50% in 2030. Combined-cycle gas turbines (CCGTs) achieve thermal
efficiencies approaching 65% and open-cycle gas turbines between 40% and
45%.

Distributed generation — production of energy close to where it is used — plays
a greater role in the Alternative Policy Scenario. It helps save fuel and CO,
emissions because it reduces network losses. It also reduces investment in
transmission networks. Distributed generation in the Alternative Policy
Scenario involves greater use of combined heat and power (CHP) — mainly in
industry — and photovoltaics in buildings. CHP generation relies on gas (which
improves the economics of gas-fired generation) and biomass. Fuel cells using
natural gas have a higher market share and they are used increasingly in CHP.

Their efficiency increases up to 70% by 2030.

Electricity Mix

Total coal-fired electricity generation reaches about 10 900 TWh in 2030,
26% less than in the Reference Scenario but still 58% higher than today.
The total reduction in coal-fired generation is almost as large as the current
level of coal-fired electricity generation in the OECD. Most of the
reduction in coal-fired generation is in China, India and the OECD
(Figure 9.3). Coal nonetheless remains the world’s largest source of
electricity in 2030.

Gas-fired electricity generation is 21% lower in 2030 than in the Reference
Scenario. The share of gas in total generation drops by two percentage points.
The total reduction in 2030 amounts to 1 619 TWh. The OECD contributes
45% to this reduction, developing countries 40% and the transition
economies 15%. There are substantial reductions in CCGT capacity but
overall there is a higher share of gas-fired CHP and electricity generation from
fuel cells.
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Table 9.2: Changes in Electricity-Generating Capacity Additions
in the Alternative Policy Scenario*, 2005-2030 (GW)

World OECD  Developing  Transition
countries economies
Decreases
Coal -680 -298 -367 -15
il 42 -28 -14 0
Gas —409 -183 -173 -54
Increases
Nuclear +103 +66 +26 +10
Hydro +58 +13 +42 +3
Biomass +28 0 +26 +2
Wind onshore +88 +26 +58 +4
Wind offshore +21 +18 +3 0
Solar photovoltaics +50 +29 +21 0
Solar thermal +7 +6 +1 0
Geothermal +2 +1 +1 0
Tidal and wave +4 +3 0 0
Net change =770 -346 -375 =50

* Compared with the Reference Scenario.

Figure 9.3: Reduction in Coal-Fired Generation by Region
in the Alternative Policy Scenario*
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Nuclear power capacity rises to 519 GW in 2030, about 100 GW more than
in the Reference Scenario. This is because fewer nuclear power plants are shut
down over the period 2005-2030 and because more new nuclear power
plants are built. Globally, the share of nuclear power in electricity
generation is 14% in 2030, compared with 16% in 2004. In the OECD, the
share of nuclear power in 2030 is about the same as now, at 22%. The share
of nuclear power increases both in the transition economies and in the
developing world (see Chapter 13). Nuclear power generating capacity in the
OECD reaches 362 GW in 2030, up from 305 GW in 2004. There are
substantial increases in China (50 GW of installed capacity in 2030), India
(25 GW) and Russia (40 GW).

Figure 9.4: Share of Nuclear Power in Electricity Generation by Region
in the Alternative Policy Scenario
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In the Alternative Policy Scenario, renewable energy plays a major role in the
global electricity mix in 2030, supplying 26% of total electricity. On a regional
basis, the share of hydropower and other renewables increases by ten percentage
points above current levels in the OECD, by four points in developing
countries and by four points in the transition economies. In the OECD, the
most dramatic increase is projected for OECD Europe, where 38% of
electricity is based on renewables in 2030.

More hydropower plants are built than in the Reference Scenario, mostly in
developing countries, where the unexploited potential is still large. The share
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of hydropower is 16% in 2030, the same as now. Total hydropower capacity
reaches 1 431 GW in 2030, compared with 851 GW now and 1 373 GW in
2030 in the Reference Scenario. In the Alternative Policy Scenario, hydropower
capacity in China increases from 105 GW in 2004 to 298 GW in 2030.! In
India, it increases from 31 GW to 105 GW. Electricity from biomass, wind,
solar, geothermal and tide and wave power reaches 2 872 TWh in 2030, almost
eight times higher than now and 27% higher than in the Reference Scenario.
Their share in electricity generation grows from 2% now to 10% in 2030.
Most of the growth is in wind power and biomass. These substantial increases
reflect new policies to support the development of renewables as well as cost
reductions resulting from technological learning (Figure 9.6).

Figure 9.5: Shares of non-Hydro Renewable Energy in Electricity
Generation by Region in the Alternative Policy Scenario
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At 13.7 gigatonnes, power-sector CO, emissions in 2030 are 22% lower in
the Alternative Policy Scenario than in the Reference Scenario. Emissions per
unit of electricity produced drop substantially, mainly because of the larger
shares of nuclear power and renewables in the electricity mix (Figure 9.7).
Overall, the electricity mix decarbonises at a rate of 1.1% per year. In the
OECD, power-sector emissions are roughly stable through to 2020 and start
falling thereafter. In 2030, they are 6% lower than in 2004. In developing
counties, CO, emissions from power plants are 22% lower than in the

1. Recent plans of the Chinese government call for an increase to 300 GW by 2020.
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Figure 9.6: Investment Costs of Renewables-Based Power-Generation
Technologies in the Alternative Policy Scenario, 2004 and 2030
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Figure 9.7: CO, Emissions per kWh of Electricity Generated
in the Reference and Alternative Policy Scenarios
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Reference Scenario, although they still increase from 4.4 Gt in 2004 to 7.9 Gt
in 2030. In the Alternative Policy Scenario, emissions from power plants in

China and India in 2030 are 1.3 Gt, or 18%, lower than in the Reference
Scenario.

Policy Assumptions and Effects

The policies under consideration that affect the power sector are mainly driven
by concern to increase the use of low-carbon technologies or to reduce
dependence on imported fuels. The most important policies and measures
considered in the Alternative Policy Scenario include:

= Incentives and regulations to boost the use of renewables.

= Programmes to improve the efficiency and reduce the cost of advanced
technologies in power generation.

= Dolicies to increase the use of nuclear power.

= Incentives to promote the use of CHP.

Many governments, particularly in the OECD, favour the use of renewable
energy as a means of reducing CO, emissions and increasing reliance on
domestic energy sources. Typical measures include guaranteed buy-back
tariffs (for example, in several European countries) or renewables portfolio
standards (an approach requiring a stated proportion of generation to come
from renewables, which is now common in the United States, where
19 states have adopted such policies). In the Alternative Policy Scenario, it
is assumed that policies are put in place to ensure that these targets are met.
Policy support for renewables is now spreading to the developing world.
China adopted a renewable energy law in 2005. India has also taken steps to
provide more incentives for renewables and already has a thriving wind-
power industry. In Brazil, the federal PROINFA programme provides
incentives for the development of alternative sources of energy (see also

Chapter 16).

Several countries, particularly in the OECD, are assumed to increase incentives
for using CHP. Most new CHP capacity is likely to be used for on-site
generation in industry. CHP also benefits from incentives for renewable energy.
Biomass-fired CHP increases considerably. The share of electricity produced
from CHP plants is in general from one to three percentage points higher in
the Alternative Policy Scenario than in the Reference Scenario.

Advanced power-generation technologies are assumed to become available
earlier than in the Reference Scenario. There is now a strong focus on cleaner
coal technologies. The United States and China, the two largest users of coal in
power generation, are promoting the development of advanced coal
technologies.
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The Alternative Policy Scenario assumes that measures are adopted to extend
the lifetime of existing nuclear power plants or to accelerate the construction
of new ones. A number of countries plan to expand the use of nuclear power.
Japan, Korea, Russia, China and India have specific development targets.
Extending the lifetime of existing reactors from 40 to 60 years helps maintain
a higher share of nuclear power.

The European Union Emissions Trading Scheme (ETYS) is assumed to lead to
CO, emission reductions in the countries of the European Union through
short-term switching of coal to gas in power generation in both scenarios. At the
moment, there are many uncertainties about how the ETS will evolve and what
the size of the caps will be. Because of the uncertainties of the scheme, long-term
investment decisions are not assumed to be affected by it. In the Alternative
Policy Scenario, policies that provide incentives for energy efficiency and
renewables play a larger role than ETS in reducing power-sector CO, emissions.

Transport

Summary of Results

In the Alternative Policy Scenario, oil savings in the transport sector account for
around 60% of the total reduction in global oil demand. Energy demand in the
transport sector reaches 2 800 Mtoe in 2030, about 300 Mtoe, or 10%, less than
in the Reference Scenario (Table 9.3). The oil saved in transport amounts to
7.6 mb/d in 2030, equal to slightly more than the current production of Iran and
the United Arab Emirates combined. Those savings have profound implications
for oil import needs, as described in Chapter 7. Oil products still account for 90%
of transport demand in 2030, reflecting the extent of the challenge of developing
commercially viable alternatives to oil to satisfy mobility needs. Because road
transport currently accounts for about 80% of total transport energy demand,
savings in this sector have a large impact on projected growth. In the Alternative
Policy Scenario, demand for oil for road transport is 14% lower in 2030 than in
the Reference Scenario. Improvements in vehicle fuel efficiency, increased use of
alternative fuels — mainly biofuels — and modal shifts (shifts to different forms of
transport) explain this trend. Reduced demand for aviation fuels accounts for 11%
of total savings in transport energy demand.?

OECD countries see a saving of 146 Mtoe, or 9%, in this sector in 2030 in the
Alternative Policy Scenario. This is driven by two divergent underlying trends.
Oil savings of 183 Mtoe, or 12%, are larger than total energy savings, but they
are partially offset by an increase in biofuels, gas and electricity consumption
of 36 Mtoe, or 40%. The same trends occur in non-OECD countries, where

2. Later in this chapter, the impact of policies on aviation fuel use is examined for the first time in

the Outlook.
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Table 9.3: Transport Energy Consumption and Related CO, Emissions
in the Alternative Policy Scenario

2004 2015 2030 2004- Change in

2030 (%) 2030 (%)
Total energy (Mtoe) 1969 2354 2804 1.4 -9.9
Road (Mtoe) 1567 1 841 2159 1.2 -11.2
Aviation (Mtoe) 238 316 419 2.2 -7.6
Other (Mtoe) 165 197 226 1.2 -0.2
CO, emissions (Mt) 5289 6265 7336 1.3 -11.0

* Annual average growth rate. ** Compared with the Reference Scenario.

total savings in 2030 of 161 Mtoe are driven by a fall of 181 Mtoe in oil
consumption and an increase of 21 Mtoe in biofuels, gas and electricity use.

Policies resulting in improved new vehicle fuel efficiency produce more than
two-thirds of the oil savings in the Alternative Policy Scenario (Figure 9.8).
Increased use of biofuels accounts for 14%, decreased aviation fuel
consumption for 9% and modal shifts and reduced fuel consumption in other
modes for the remainder.

Figure 9.8: World Transport Oil Demand in the Alternative Policy
Scenario and Savings Compared with the Reference Scenario by Source
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As oil is the principal fuel in transport and transport CO, emissions are closely
linked to fuel consumption, emissions trends are broadly similar to the
consumption trends discussed above. Projected transport-related emissions in
2030 of 7.3 Gt represent a saving of 0.9 Gt compared with the Reference
Scenario. In 2015, the saving is 0.3 Gt. Slightly over half of these savings occur
in the OECD countries, 40% in developing countries and the rest in the
transition economies. The growth in transport emissions slows from 1.7% per
year in 2004-2030 in the Reference Scenario to 1.3% in the Alternative Policy
Scenario. This is driven by a halving of the growth rate in the OECD from 1%
to 0.5% per annum, a fall in the rate in developing countries from 3.2% to
2.7% and a fall in the transition economies from 1.5% to 1.1%.

Road Transport

In the Alternative Policy Scenario, road transport energy demand grows by
1.2% per year over the projection period, reaching 2 160 Mtoe in 2030. This
compares with an annual growth of 1.7% in the Reference Scenario and 2.4%
per year growth in the period 1990-2004. Road transport accounts for 77% of
transport demand in 2030, slightly decreasing from 80% in 2004. Road
transport demand in OECD countries increases at 0.4 % per annum over the
projection period, to 1 180 Mtoe. All OECD regions see demand level out
around 2015. Road transport growth is driven largely by the developing
countries, which grow to 893 Mtoe in 2030, a growth rate of 2.8% per annum.
The principal source of growth is China, which sees demand increase at 5.6%
per annum to reach 289 Mtoe in 2030, comparable to total current road
transport demand in the European Union. The largest savings potential in
going from the Reference Scenario to the Alternative Policy Scenario is in the
OECD countries, seeing savings of 140 Mtoe by 2030, over half of which
occurs in the United States and almost one-quarter in the European Union.
Developing countries achieve savings of 114 Mtoe by 2030, one-quarter of
which occurs in China (Fig. 9.9).

Policy Assumptions and Effects

These savings are achieved by policies that affect fuel type, new vehicle fuel
economy and modal shift.> Modal shift policies are limited to a few regions,
mainly the EU, Japan and China. Their impact on global fuel consumption
and emissions is much smaller than that of policies influencing fuel type and
fuel economy.*

3. Vehicle ownership is assumed to remain unchanged in the Reference and Alternative Policy
Scenarios.

4. Policies whose effects are confined to a city or a local region are not quantifiable within the World
Energy Model framework.
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Figure 9.9: Road Transport Demand in the Reference and Alternative

Policy Scenarios
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Fuel Type

Biofuels are the alternative fuel that has been receiving by far the greatest
attention from policy-makers, for reasons of security of supply, environmental
protection and agricultural support. They are discussed in depth in Chapter 14,
but the results of the Alternative Policy Scenario are briefly summarised here.
Biofuels consumption in 2030 soars to 147 Mtoe, an increase of 54 Mtoe, or
almost 60%, compared with the Reference Scenario. The share of biofuels in
total road transport fuel demand reaches 7% in 2030, compared with 4% in
the Reference Scenario. It is only 1% today. Biofuels consumption increases in
all regions. The European Union and the United States account for more than
half of the additional growth in biofuels consumption. In both regions, strong
policies to spur biofuels consumption are already in place. In the Alternative
Policy Scenario, we assume that those policies are strengthened and extended.
As a result, biofuels account for 12% of road transport energy use in the
European Union in 2030 and 7% in the United States in 2030. Brazil, while
expanding its role as a biofuel exporter, does not see a big difference in
domestic consumption between the two scenarios. Biofuels demand in
developing countries as a whole jumps from 6 Mtoe in 2004 to 62 Mtoe in
2030. In the Reference Scenario, it reaches only 40 Mtoe. In both scenarios,
only first-generation biofuels are assumed to be economically viable before
2030. There is also an increase in natural gas use in CNG cars, but the increase,
3 Mtoe by 2030, or 16% compared to the Reference Scenario, is negligible
compared to biofuels growth.

Chapter 9 - Deepening the Analysis: Results by Sector 225




Fuel Economy

Governments intervene extensively in the transport sector, though frequently
for reasons not primarily focused on the reduction of energy consumption and
greenhouse gas (GHG) emissions, such as road safety or reduced impact on
the local environment. Some examples include traffic restrictions, education
programmes for travellers, and parking and congestion charges. The effects of
these policies on energy consumption and GHG reduction are more difficult
to quantify than those of policies such as direct taxation on the purchase of
vehicles and fuels, as well as stringent fuel economy standards for new
vehicles. There are relatively fewer policies currently under discussion relating
to the freight transport sector than to the passenger sector, which accounts for
65% of total road-fuel consumption. Although energy demand for freight
transport is expected to increase at a slightly faster rate than energy for
passenger transport, it accounts for no more than 40% of road transport
energy demand in 2030. Demand for freight transport is closely linked to
economic activity and, given that fuel expenditures constitute a major cost of
their business, freight operators have a strong financial incentive to be
efficient. The assumed improvements in the efficiency of freight transport
stem from operational improvements, logistical changes, shifts in modal
choices and improved loading techniques aimed at reducing wasted loading
space. Changes in vehicle technologies also reduce fuel consumption, but to
a lesser extent than for passenger transport, which is the focus of the
remainder of this subsection.

Several countries have passed legislation regulating passenger car fuel
efficiency, either with mandatory fuel-economy standards or through
voluntary agreements with manufacturers (Table 9.4). Some countries have
adopted or are considering the introduction of taxes on car ownership which
are differentiated according to the fuel economy of the car. The United States,
Japan and China regulate passenger car fuel efficiency through mandatory
standards. Japan also regulates heavy-duty vehicle fuel economy. The
European Union, Canada, Australia and Switzerland have agreed on voluntary
targets for car manufacturers and importers. Japan’s Top Runner programme
and the EU ACEAs (European Automobile Manufacturers Association)
voluntary targets are the most ambitious ones. US CAFE (Corporate Average
Fuel Economy) standards are far less stringent, but new standards adopted by
California in 2006 are more stringent (see Box 7.1).

Car manufactures can use technological advances in vehicle design either to
increase the power and performance of the vehicle or to improve its fuel
efficiency. Often these aims conflict, with power improvements damaging fuel
efficiency. Market forces often favour increased power. Governments can play
an important role by introducing fuel efficiency regulations to force
automakers to devote new technology to improving fuel efficiency.
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Table 9.4: Key Selected Policies on Light-Duty Vehicle Fuel Economy in
the Alternative Policy Scenario

Country Scope

Timeline

Structure

Australia - Reduction in average test fuel
consumption for new petrol-fuelled
passenger cars to 6.8 litres/100 km
by 2010 (from 8.3 litres/100 km
in 2001). Light trucks are excluded.

2010

Passenger cars,
voluntary

Canada  Progressive tightening of corporate
average fuel economy standards
in line with US standards.

Reduction of annual GHG emissions
from Canada’s vehicle fleet by 5.3 Mt
in 2010 (interim reduction goals of
2.4 Mtin 2007, 3.0 Mt in 2008 and
3.9 Mt in 2009).

2007-2011

Cars and
light trucks,

voluntary

China  Reduction of the fuel consumption
of passenger cars by approximately
10% by 2005 and 20% by 2008.

2008

Weight-based,
mandatory

European Reduction of fleet-average vehicle
Union  CO, emissions to 140 g/km
by 2008 and 120 g/km by 2012.

2008 - 2012

Overall
light-duty fleet,

voluntary

Japan Reduction of the fuel consumption of
passenger cars from 1995 to 2010 by
approximately 23% (for passenger
cars) and by 13% (for light trucks).

Progressive

Weight-based,
mandatory

United  Progressive increase from 20.7 mpg in

States 2004 to 22.2 miles per gallon for light-
duty trucks by model year 2007. The
light-truck fuel economy targets will
increase from 22.2 in 2007 to an average
equivalent of 24 miles per gallon in
2011 under reformed CAFE standards.

California: reduction by 2016 of CO,
equivalent emissions from light-duty
vehicles by about 30% (33% for
passenger cars and 25% for light
trucks) compared with 2002.

2007-2011
California:
2009-2016

Cars and light
trucks,
mandatory
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The broad categories of policy mentioned above underlie the on-road fuel
economy assumptions for new light-duty vehicle sales in the Reference and
Alternative Policy Scenarios in Table 9.5. In the Reference Scenario, there is a
relatively stable trend for fuel economy improvements, assuming that a
consistent fraction of all technological advances would be used to increase
vehicle power, size and comfort, while a limited amount of this potential would
be dedicated to fuel economy. Some targets, such as those in the voluntary
agreement in the European Union, are not met in the Reference Scenario. On
the other hand, in the Alternative Policy Scenario the targets set by government
authorities or included in the voluntary agreements between governments and
manufacturers are assumed to be met, and further fuel economy improvements
are taken into account after the existing commitment periods. However, a small
part of the gains from these improvements is lost to the rebound effect, where
improved fuel economy leads to lower driving costs, so encouraging increased
vehicle usage and longer journeys.

Table 9.5: Average On-Road Vehicle Fuel Efficiency for New Light-Duty
Vehicles in the Reference and Alternative Policy Scenarios (litres per 100 km)

Reference Scenario  Alternative Policy
2004 2030 Scenario - 2030
OECD 9.3 8.3 6.2
North America 11.6 11.3 7.8
Europe 7.7 0.1 5.1
Pacific 8.6 6.9 5.7
Transition economies 10.0 9.0 7.0
Developing countries 10.3 9.1 7.1
China 11.3 9.0 7.5
India 10.1 8.9 7.1
Brazil 9.1 8.5 6.2

Implications for Light-Duty Vehicles Sales and Technology

The number of light-duty vehicles in use worldwide is expected to double over
the projection period, from 650 million in 2005 to 1.4 billion in 2030.
Increasing income per capita boosts global light-duty vehicle ownership from
100 light-duty vehicles per 1 000 persons today to 170 in 2030 in both
scenarios. We do not include in the Alternative Policy Scenario policies that
will alter vehicle ownership per capita, but only — as already said — those which
affect vehicle fuel consumption and vehicle use. The typical lifetime of a light-
duty vehicle is some 10 to 15 years in a developed country and somewhat
longer in developing countries. As a result, many light-duty vehicles in use
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today will be retired by 2015-2020, so the medium-term potential for the
introduction of more efficient technologies and for energy and CO, savings is
considerable (Figure 9.10).

Figure 9.10: World On-Road Passenger Light-Duty Vehicle Stock*
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In both scenarios, annual sales of new vehicles in OECD countries over the
Outlook period are expected to increase slightly. In contrast, vehicle sales in non-
OECD countries more than triple by 2030 (Figure 9.11). Light-duty vehicle
ownership in the United States and Japan is close to saturation and is projected
to remain stable over the Outlook period. In developing countries, however,
light-duty vehicle ownership will continue to grow rapidly. It is projected to
grow by 10% per year in China and 9% in India. The light-duty vehicle stock
in China climbs from 9 million today to more than 100 million in 2030; in
India, it grows from 6.5 million to 56 million. Vehicle manufacturing is
currently concentrated in OECD countries, but this is changing. The number
of vehicles manufactured in China has nearly doubled over the past five years
and in 2004 was about equal to the number of vehicles manufactured in Japan.
Policies aimed at regulating fuel economy standards will become more and
more important in non-OECD countries, where most of future sales will
happen. Transfer of technology through multinational automakers® is also
expected to play a very significant role in increasing the fuel economy of light-
duty vehicles in developing countries in the Alternative Policy Scenario.

5. Five multinational automakers — General Motors, Ford, Toyota, Volkswagen and DaimlerChrysler —
produce about half of all motor vehicles sold worldwide (WRI, 2005).
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Figure 9.11: New Vehicle Sales by Region, 2005-2030*
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* In both the Reference and Alternative Policy Scenarios.

Technologies are available to automakers today which can achieve the vehicle
fuel economy standards assumed in the Alternative Policy Scenario. In
countries where fuel economy regulations have been relatively weak, like the
United States, Canada and non-OECD countries, there is potential for major
efficiency improvements at very low additional costs (see Box 8.5).

Achieving the additional efficiency improvements assumed in the Alternative
Policy Scenario (see Table 9.5) requires improvements in the efficiency
of internal combustion engines (ICEs), advanced vehicle technologies,® and a
higher penetration rate of mild” and full hybrid technologies. Mild hybrids
would need to represent 60% of global new light-duty vehicle sales in 2030
(Figure 9.12) and full hybrids 18% of light-duty vehicle sales. If the fuel
economy improvement potential of the technologies mentioned here was
exploited partly to offer increased power and performance, the share of mild
and full hybrids in the new light-duty vehicle market might actually be higher,
but without further improving the overall energy savings.®

6. Includes the use of lighter materials, improved aerodynamics and low rolling resistance tyres.

7. The term “mild hybrid” (sometimes called light hybrid) identifies those hybrid configurations in
which there is only one electric motor connected to the ICE, acting as a starter and an alternator at
the same time. Mild hybrids use “idle-off” technology, where the ICE is switched off instead of idling
as a conventional engine would.

8. The technology penetration considered requires a diesel fuel share in 2030 roughly equal to current
levels.
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Figure 9.12: Technology Shares in New Light-Duty Vehicles Sales
in the Reference and Alternative Policy Scenarios

100% . B
80%
60% -
40% -
20% -
0% - T T T T T T -_
2005 2015 2015 2030 2030
Reference Alternative Reference Alternative
Scenario  Policy Scenario  Policy
Scenario Scenario
B ICE gasoline ICE diesel B Mild hybrids
Full hybrids gasoline Full hybrids diesel
Aviation
Energy Trends

Aviation recently overtook road as the fastest growing transport mode despite the
slowdown following the events of 11 September 2001. Aviation grew at 7.3%
from 2003 to 2004, double the rate of road transport. Oil demand for aviation
increased from 2.9 mb/d in 1980 to 5 mb/d in 2004. International flights
accounted for 62% of incremental aviation oil consumption from 1971 to 2004,
and they are expected to become even more important in the future.

In the Reference Scenario, the biggest increase in aviation oil consumption over
2004-2030 occurs in non-OECD countries. By 2030, OECD consumption
reaches 265 Mtoe, up from 163 Mtoe today. In non-OECD countries, demand
increases from 75 Mtoe to 189 Mtoe. Globally, aviation oil consumption rises on
average by 2.5% per year through to 2030, reaching 454 Mrtoe.

Aviation oil consumption depends on three factors: growth in air traffic, fleet
efficiency and, to a lesser extent, air traffic control practices. Today there are
16 800 commercial aircraft in operation. Their number is projected to grow by
3.8% per year over the Outlook period in the Reference Scenario, reaching more
than 44 000 by 2030. Over half of the current fleet of planes will be retired
between 2004 and 2030. As a result, four-fifths of the world’s fleet will be
composed of aircraft brought into service at some point during the projection
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period. The fleet grows most rapidly in non-OECD countries, especially in
China, India and Latin America (Boeing, 2005; Airbus, 2004). Growth in
global aviation traffic, measured in revenue passenger-kilometres’, is faster than
fleet growth, at 4.7% per annum over the Outlook period. This is due to
improved aircraft load factors from increased aircraft occupancy and larger
aircraft.

Figure 9.13: Growth in Road and Aviation Oil Consumption
in the Reference Scenario
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In the Reference Scenario, efficiency is assumed to continue to improve at
a rate of 1.8% per year, in line with past trends'. Fuel costs range from as
little as 10% to as much as 30% of the total operating costs of an aircraft,
depending on its age and efficiency and prevailing jet-kerosene prices. Fuel
prices are, therefore, a major factor in the fuel efficiency of aircraft:
prolonged high fuel prices encourage the use of newer, more efficient
aircraft. The potential for technical improvements in efficiency from turbine
technology, improved aerodynamics and weight reductions is estimated at
1.0% to 2.2% per year through to 2025 (Lee ez al., 2001). Optimised air
traffic control and more direct air routes could yield 0.4% to 1% per year
improvement (IPCC, 1999).

9. Revenue passenger-kilometres, defined as the number of passengers multiplied by the number of
kilometres they fly, is a commonly used measure of air traffic.

10. Alternatives to kerosene-based fuels are promising but are a long-term option. Hydrogen fuel
requires new approaches to aircraft design and supply infrastructure (IEA, 2005).
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Despite growing energy consumption and CO, emissions from aviation,
relatively few policies are currently under discussion to combat these trends.
The most significant is the inclusion of aviation in the European Union
Emissions Trading Scheme (ETS). Another possibility is increased taxation on
aviation, both domestic and international. Policies encouraging a shift from
aviation to high-speed rail in Europe, Japan and China could also lower
demand for aviation fuel. In the United States, the Federal Aviation
Administration and the National Aeronautics and Space Administration are
pursuing strategies to improve aviation fuel efficiency and reduce its impact
on the global climate.

In the Alternative Policy Scenario, we assume that aviation is included in the ETS
in Europe, that new aviation taxes being discussed in France, Germany and
Norway are introduced, and that a modal shift to high-speed rail takes effect.
These policies are assumed to create an incentive for airlines to introduce more
efficient aircraft more quickly, resulting in an overall increase in fleet efficiency of
2.1% per year. As a result, aviation oil consumption falls by 0.7 mb/d, or 7%, in
the Alternative Policy Scenario compared with the Reference Scenario, reaching
419 Mtoe in 2030. OECD countries see their consumption rise to 258 Mtoe in
the Alternative Policy Scenario in 2030, a saving of 7 Mtoe on the Reference
Scenario, whereas non-OECD countries’ consumption increases to 161 Mtoe, a

saving of 27 Mtoe.

Table 9.6: Aviation Fuel Consumption and CO, Emissions
in the Alternative Policy Scenario

1990 2004 2015 2030 Reduction in
2030*
Oil consumption (mb/d) 3.8 49 6.4 8.6 0.7
CO, emissions (Mt) 458 685 909 1206 99

* Compared with the Reference Scenario.

CO, Emissions Trends

Aviation currently accounts for 13% of CO, emissions from transport, a share
that has been growing for many years. Emissions from aircraft at high altitudes
are thought to have a disproportionately larger effect on the environment than
emissions from most other sources (ECMT, 2006). The impact of aviation on
climate change is complex and uncertain with CO,, NOy and contrails all
playing a part. Because of the combined effects of these phenomena, the
Intergovernmental Panel on Climate Change estimates that the total climate
impact of aviation is two to four times greater than the impact of its CO,
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emissions alone (IPCC, 1999). Using advanced aircraft scheduling techniques
may prove possible to avoid a significant proportion of the effects associated
with contrails and associated cirrus clouds.

Consumption in the United States is currently responsible for over one-third
of global CO, aviation emissions. In the Reference Scenario, aviation CO,
emissions almost double over the Ouzlook period, from 685 Mt in 2004 to
1 305 Mt in 2030. In the Alternative Policy Scenario, they rise to 1 206 Mt
— 8% lower (Figure 9.14). The share of aviation in total global energy-related
CO, emissions is nonetheless higher in the Alternative Policy Scenario, because
emissions from other sectors fall more by comparison with the Reference
Scenario, reflecting the wider range of policies under consideration to mitigate
CO, emissions in those sectors.

Figure 9.14: World Aviation CO, Emissions (Mt)
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Note: In line with accepted practice, the regional totals for CO, emissions shown in the tables in Annex A do
not include CO, emissions from international aviation.

Industry

Summary of Results

Global industrial energy demand is 337 Mtoe, or 9%, lower in 2030 in the
Alternative Policy Scenario than in the Reference Scenario (Table 9.7).
Reduced consumption of coal accounts for 38% of total savings, while
electricity accounts for 27%, oil for 23% and gas for 12%. Improved efficiency
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in developing countries contributes nearly two-thirds of global savings and
China alone for over one-third. OECD countries account for about one-
quarter and transition economies for the rest. By 2030, savings relative to the
Reference Scenario are 6.5% in the OECD, 9.6% in developing regions and

10.5% in the transition economies.

Table 9.7: Change in Industrial Energy Consumption in the Alternative

Policy Scenario*, 2030
OECD Transition ~ Developing ~ World
economies countries
Change in industrial energy consumption (%)
Coal -8.2 -12.2 -18.7 -17.0
Oil -4.7 -11.5 -13.3 -9.1
Gas -7.6 -11.7 0.1 —4.8
Electricity -9.4 -8.3 -10.8 -10.0
Heat -4.9 -8.7 11.3 -0.5
Biomass and waste -0.3 - 12.6 7.2
Total -6.5 -10.5 -9.6 -8.6
Contribution to total change by fuel (Mtoe)
Coal -8 -5 -123 -136
Oil -20 -5 -58 -83
Gas -28 -15 0 —43
Electricity -33 -6 =56 -95
Heat -1 —4 5 -1
Biomass and waste 0 - 20 20
Total -91 -35 211 -337

* Compared with the Reference Scenario.

In developing countries, a large part of the reduction of coal use by industry
results from the substitution by natural gas in China. In the Alternative Policy
Scenario, use of gas by industry in China is 61% higher than in the Reference
Scenario, while coal demand is 94 Mtoe lower. Industrial demand for oil in
developing countries falls by 13% in 2030, thanks to fuel switching and to
improvements in process heat and boiler efficiencies. In the Reference Scenario,
the share of gas in industrial energy use remains high in the transition
economies throughout the Outlook period. Efficiency improvements in their
industrial processes in the Alternative Policy Scenario yield large savings in gas
use, amounting to 12% of demand in the Reference Scenario in 2030 and
representing 43% of the total energy saved by the region’s industry. Biomass
and waste consumption increases in the Alternative Policy Scenario, with other
developing Asian countries accounting for over half the increase. There is
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greater use of biomass- and gas-fired combined heat and power in industry in
the Alternative Policy Scenario (see section on power generation above). CHP
contributes to gas savings in industry. Biomass consumption is higher because
we assume biomass replaces gas and coal.

In the OECD, electricity contributes 37% of total industrial energy savings by
2030, primarily as a result of policies aimed at improving the efficiency of
motor systems (IEA, 2006a). Electricity savings are largest in OECD Europe,
because electrical efficiency is currently lower there than in North America and
the Pacific. Gas accounts for about a third of the reduction in industrial energy
demand in the OECD. Gas savings in OECD North America account for
some 60% of the reduction in industrial gas demand in the OECD. Nearly half
of the energy savings in OECD countries result from lower demand in the
United States and Canada. OECD Europe accounts for another 39%), with a
decline of over 7% in its industrial energy use. Demand is 11 Mtoe lower in the
OECD Pacific.

Energy savings in industry in non-OECD countries are over two-and-a-half
times greater than comparable savings in OECD countries (Figure 9.15). The
gains in China, some 114 Mtoe, are greater than in the entire OECD region.
In the Middle East, efficiency improvements lead to a 21 Mrtoe drop in
industrial energy demand. India reduces its consumption by 24 Mtoe and
Brazil by 12 Mtoe.

Figure 9.15: Change in Industrial Energy Demand by Region and Sector
in the Alternative Policy Scenario*, 2030
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Over half of global energy savings in the industry sector are the result of
efficiency improvements in the iron and steel, chemicals and non-metallic
industries. Energy savings in the chemical industry contribute significantly to
total industrial savings in all regions, because of this sector’s large share in total
industrial energy use.'' In the OECD, the iron and steel industry sees
incremental intensity gains of between 9% and 11% by 2030 compared with
the Reference Scenario. Efficiency gains in iron and steel in Russia, China and
Brazil combined are roughly of the same magnitude. In 2030, one-quarter less
energy than is projected in the Reference Scenario will be required to produce
one tonne of steel in India. This results largely from consolidation in the
industry. In developing countries, the efficiency of production of non-metallic
minerals increases considerably, providing nearly a third of their total savings
of industrial energy use by 2030.

In the Alternative Policy Scenario, CO, emissions in the industry sector are
6.4 Gt in 2030, some 0.9 Gt, or 12%, less than in the Reference Scenario.
However, because of the relatively larger efficiency gains in the transport and
power generation sectors, industry’s share of total energy-related emissions,
at 19%, is one percentage point higher in the Alternative Policy Scenario.
A 607-Mt reduction in coal-related emissions accounts for 70% of the total fall
in emissions from industry. Lower coal demand in China accounts for the bulk
of the reduction, with CO, emissions from the burning of coal 419 Mt lower
than in the Reference Scenario. Switching to gas offsets these gains to some
extent: gas-related emissions in China rise by 48 Mt. Global oil-related
emissions in the industry sector are 160 Mt, or 9%, lower in the Alternative
Policy Scenario, while gas-related emissions are 97 Mt, or 5%, lower.

Developing countries account for more than three-quarters of the total
reduction in CO, emissions in the industry sector worldwide in 2030. Another
14% comes from OECD countries, where industry emissions are some 120 Mt
lower. North America and Europe each register a 6% reduction in CO,
emissions from industry compared with the Reference Scenario. Gas-related
emissions are also reduced significantly in percentage terms in transition
economies, to 243 Mt in 2030 in the Alternative Policy Scenario compared
with 275 Mt in the Reference Scenario.

Policy Assumptions and Effects

Estimating the overall impact of policies on industrial energy use is
complicated by the limited availability of data at the subsectoral level and the
diversity of industrial processes and technologies. For the Alternative Policy
Scenario analysis, energy use per tonne of output was calculated for different

11. This occurs despite the fact that no policies are considered in the Alternative Policy Scenario that
would reduce feedstock use.
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energy-intensive processes in both OECD and non-OECD countries. In this
way, regional differences in the potential for energy-efficiency improvements
were taken into account. The projected improvements in efficiency in the
Alternative Policy Scenario are derived from changes in the energy efficiency of
each process and from changes in the mix of processes used. A rapid decline in
energy intensity in transition economies and developing countries is already
incorporated into the Reference Scenario, on the assumption that the energy
intensity of industrial production will approach OECD levels by 2030. In the
Alternative Policy Scenario, the gap in efficiency between OECD and non-
OECD narrows even further. The energy intensity of industrial processes varies
considerably worldwide (Table 9.8). Japan is the world’s most efficient
producer of steel and cement, because of relatively higher energy costs. Russia,
India and China tend to have the lowest efficiencies.

Table 9.8: Energy Intensities in the Steel, Cement and Ammonia Industries
in Selected Countries, 2004 (Index, 100=most efficient country)

Primary steel ~ Cement clinker Ammonia

Japan 100 100 n.a.
Korea 105 110 n.a.
Europe 110 120 100
United States 120 145 105
China 150 160 133
India 150 135 120
Russia 150 165 111
Technical potential with

best available technology 75 90 60

Sources: METT (2004), IEA databases.

The methodological approach used here differs between OECD and non-
OECD regions. For OECD countries, the Alternative Policy Scenario analyses
the impact of new policies to improve energy efficiency in process heat, steam
generation and motive power. Policies include standards and certification for
new motor systems, voluntary programmes to improve the efficiency of
industrial equipment and to accelerate the deployment of new boilers, machine
drives and process-heat equipment, and research and development to
improve the efficiency of equipment entering the market after 2015.

For non-OECD regions, the analysis focuses on efficiency improvements in the
production of iron and steel, ammonia, ethylene and propylene, aromatics,
cement and pulp and paper. For each process, the efficiency of new capital
stock is assumed to approach that of the current stock in OECD countries.
However, in some industries, including aluminium, efficiency is already
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substantially higher in non-OECD countries than in OECD countries.
Changes in the process mix are based on the assumption that state-owned firms
will be restructured more quickly than assumed in the Reference Scenario,
stimulating investments in larger-scale and more efficient processes. These
policies are of particular importance in China and India. A switch from coal to
more efficient gas-based processes is assumed in China only. In major cities
such as Beijing and Shanghai, policies are already in place to replace coal with
gas in order to reduce local air pollution. In the Alternative Policy Scenario,
these policy efforts are assumed to be strengthened.

Box 9.1: The Efficiency of Energy Use in the Aluminium Industry

For most industries, new plants are typically based on the most efficient
technology available, regardless of location. As a result, a country with
relatively new capital stock will be more energy-efficient than a country
with a more mature stock. The aluminium industry, in particular, is very
energy-intensive: energy costs represent the bulk of total production costs.
Older aluminium smelters are mostly located in OECD countries and
newer plants tend to be built in non-OECD countries. Consequently,
efficiency in non-OECD countries is generally higher. Africa has the most
efficient aluminium smelters in the world (Table 9.9). As the capital stock
of all industries matures in developing countries and older stock is replaced
in industrialised countries, differences in energy efficiency among regions
will tend to diminish.

Table 9.9: Average Electricity Intensity of Primary Aluminium Production,

2004 (kWh/tonne)
Africa 14 337
Oceania 14768
Europe 15275
Asia 15 427
Latin America 15551
North America 15613
World 15 268

Source: World Aluminium (2006).

The structure of an industry can limit its energy efficiency potential. About half
of China’s iron and steel industry is comprised of large and medium-sized plants.
These plants have an average energy intensity per tonne of steel of 705 tonnes
of coal equivalent (tce) — 7% higher than the average intensity in Japan. Smaller-
scale iron and steel plants in China, however, have an average energy intensity of
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more than 1 000 tce per tonne of steel. The predominance of small-scale plants is
due to the country’s inadequate transport infrastructure. Plants are generally built
close to coal resources and demand centres.

Turnkey process operations are supplied by international engineering
companies and contractors, while small-scale operations are usually based on
local or national knowledge. The energy efficiency of turnkey operations is
similar across the world. To improve the efficiency of turnkey operations,
policies need to focus on research and development and on overcoming barriers
in global supply chains. For small-scale industrial operations, the potential for
energy-efficiency improvement is substantial, but policies need to be tailored
to sectors and take account of national circumstances.

Resource availability is also important for improved industrial energy efficiency,
for example cement clinker substitutes and scrap. The ratio of iron to steel in
China was 0.92 in 2003, while in the United States it was only 0.44. China lacks
indigenous scrap resources and, unlike the United States, is not a significant
importer of scrap and steel products. The iron to steel ratio in China is expected
to remain above that in the United States, and, consequently, the energy intensity
of its iron and steel industry will remain much higher, even if individual process
operations attain the same energy efficiency. In addition, large-scale industries are
usually more energy-efficient than small-scale ones. International collaboration
and technology exchange are important drivers for achieving higher energy
efficiency through economies of scale in developing countries.

The Alternative Policy Scenario incorporates many new policies to improve the
efficiency of motors and motor systems. These policies lead to an average decline
in global electricity demand of some 10% in 2030 compared with the Reference
Scenario. A range of measures is assumed to be adopted (Box 9.2). In addition to
the energy savings, substantial cost savings would also be achieved (see Chapter 8).

Box 9.2: Improving the Energy Efficiency of Motor Systems

Motors and motor systems consume about two-thirds of electricity demand
in the industry sector.'? The potential for energy-efficiency improvements
in motors, based on technologies available today, is estimated to be roughly
20% to 25%. This potential is greater if savings from improved
distribution and use are taken into account. High-efficiency technologies
for motors are commercially available, as are guidelines for proper
maintenance and repair. Most OECD countries and a number of non-
OECD countries have implemented policies to encourage greater motor
efficiency, including minimum energy performance standards and energy-

12. Motor systems in this case means a machine, such as a pump, fan or compressor, that is driven
by a rotating electrical machine (motor).
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efficiency programmes. In countries that have implemented standards, such
as Canada and the United States, the market share of high-efficiency motors
is over 70%. In European countries, which have not adopted such standards,
the market share is often below 15%, despite voluntary programmes.
Standards for electric motors in Australia have prevented lower-efficiency
imported motors from flooding the domestic market. Replacing standard-
efficiency motors with high-efficiency ones, however, only accounts for
about 10% of the energy-saving potential assumed in the Alternative Policy
Scenario. The rest comes from policies aimed at better motor sizing,
appropriate use of adjustable speed drives and other measures.

Source: IEA (2006a).

Residential and Services Sectors
Summary of Results

Global energy use in the residential and services sectors combined is 444 Mtoe,
or 11%, lower in 2030 in the Alternative Policy Scenario than in the Reference
Scenario. This saving is equal to almost the current combined consumption of
these sectors in the European Union. The two sectors account for 40% of
savings in final consumption by 2030 and for 68% of electricity savings. The
residential sector accounts for 72% of the consumption and 70% of the savings
in 2030.

Energy savings in the Alternative Policy Scenario in the residential and services
sectors are almost three times higher in non-OECD countries than in the
OECD countries. Of global savings, 200 Mtoe, or 45%, are in electricity.
Electricity consumption varies greatly by region in the residential and services
sectors, accounting for 42% of total consumption in OECD and 26% in non-
OECD in the Alternative Policy Scenario in 2030. The other fuel showing
large regional disparities is biomass, accounting for 7% of the energy use of
these sectors in the OECD and 43% in non-OECD countries in 2030 in the
Alternative Policy Scenario. The change in biomass consumption in the
Alternative Scenario is also very different by region (Figure 9.16). It increases
by 27 Mtoe in the OECD but falls by 123 Mtoe in non-OECD, compared
with the Reference Scenario. This is due to increased heating from modern
biomass technologies encouraged by the EU Biomass Action Plan in Europe
and faster switching in developing countries from traditional biomass for
heating and cooking to modern fuels and cleaner technologies, such as more
efficient stoves. While other renewables will still amount to only 2% of total
consumption in these sectors in 2030 in the Alternative Policy Scenario, the
increase from 55 Mtoe in the Reference Scenario to 87 Mtoe is nonetheless
substantial.
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Almost all of the 21 Mroe savings in global coal use in 2030 in the two sectors
and the 17 Mtoe savings in heat, as well as two-thirds of the 66 Mtoe in oil
savings, occur in non-OECD regions. Only gas savings are bigger in the
OECD, accounting for 60 % of the 76 Mtoe saved in 2030. CO, emissions in
these sectors are 0.4 Gt lower in the Alternative Policy Scenario, with almost
half of the savings occurring in developing countries, 40% in the OECD and
the rest in the transition economies.

Figure 9.16: Change in Final Energy Consumption in the Residential and
Services Sectors in the Alternative Policy Scenario* by Fuel, 2030

Codl
Qil
Gas
Electricity
Biomass
-150 -100 -50 0 50
Mtoe
| OECD B Non-OECD

* Compared with the Reference Scenario.

Electricity Savings

The main driver of energy demand growth in the residential and services
sectors is the increasing importance of electrically-powered equipment and
appliances used in buildings. For example, the number of electric appliances
per European household has increased tenfold over the last three decades.
Electricity use in buildings today accounts for 53% of total world electricity
demand, up from 38% in 1971. In the Reference Scenario, this share rises
slightly to 55% by 2030. The introduction of new policies in the Alternative
Policy Scenario tempers the growth in electricity demand in buildings, so that
its share in total demand is slightly lower, at 53%. The electricity savings in the
residential and services sectors, compared with the Reference Scenario, are
2320 TWh in 2030 (using a conversion of 1 Mtoe to 11.63 TWh), equivalent
to 412 GW of installed capacity, slightly less than the total installed capacity of
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Figure 9.17: Change in Electricity Demand in the Residential and Services
Sectors in the Alternative Policy Scenario* by Use, 2030
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China in 2004. These savings would avoid the need to build some 400 large
coal-fired power plants that would otherwise be needed in 2030.

More efficient household appliances cut electricity use by 714 TWh in 2030,
compared with the Reference Scenario, accounting for 31% of the total
electricity savings in the residential and services sectors. There is considerable
scope even within OECD countries to save electricity through measures that
stimulate the deployment of more efficient equipment. Electricity savings in
2030 in OECD are 88 Mtoe, slightly smaller then the 112 Mtoe savings in
non-OECD. About half of these savings are produced by a tightening of
between 10% and 30% in standards for appliance efficiency compared with
the Reference Scenario. However, potential savings are greater still. The
cost-effective savings potential'® in household appliances amounts to 36% of
total residential electricity demand in the OECD.'"* Developing countries,

13. This potential is defined as the savings that could be achieved without any increase in the overall
cost of buying and running the appliance over its lifetime (IEA, 2003).

14. The IEA has launched initiatives to reduce electricity consumption in the residential and services
sectors. Noteworthy proposals include the IEA 1 Watt Plan and setting efficiency standards for
television “set-top” boxes and digital television adaptors. The IEA 1 Watt Plan proposes that all
countries harmonise energy policies to reduce standby power use to no more than one watt per
electronic appliance. Standby power is the electricity consumed by appliances while switched off or
not performing their primary functions. The potential savings in the IEA countries would be 20 GW
by 2020. Similarly, establishing efficiency standards for television “set-top” boxes and digital
television adaptors would save a further 8 GW by 2020 (IEA, 2006b).
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which have much lower equipment ownership and use than in the OECD, are
poised for a boom in the sale of electrical equipment and appliances. The
efficiency of the equipment on offer in developing countries is frequently low,
so even greater relative savings can be attained by measures to improve the
energy efficiency of the products on offer.

More efficient air-conditioning, mainly in non-OECD countries, accounts for
another quarter of electricity savings in buildings in the Alternative Policy
Scenario. In OECD countries, the proportion of building floor area that is
space-conditioned (z.e. heated and/or cooled) has grown dramatically over the
last three decades. Coupled with the continuing increase in total building floor
area, this would have increased building energy demand exponentially had
there not also been an almost equally large fall in the amount of energy needed
to heat or cool a given amount of building space. Better insulation and more
efficient heating, ventilating and air-conditioning equipment has enabled the
average amount of energy used to space-condition a unit area to remain
relatively constant over this time frame despite the considerable increase in
thermal comfort. Non-OECD countries are expected to experience similar
growth in diffusion of air-conditioning, so this is where the greatest potential
for savings lies.

More efficient lighting also offers considerable potential for electricity savings,
and exploiting these saves 483 TWh, or 21%, in 2030 compared with the
Reference Scenario (Box 9.3). Savings from more efficient lighting are
estimated at 38% of total lighting energy use in the Alternative Policy Scenario,
assuming only cost-effective investment (IEA, 2006b).

Box 9.3: Opportunities to Save Energy Through More Efficient Lighting

Lighting accounts for an estimated 19% of global electricity demand.
World lighting demand is greater than all the power generated from
either the world’s hydroelectric or nuclear power plants. Three-quarters
of all electric light is consumed in the residential and services sectors. It
results in almost 1.9 Gt of CO, emissions. Enormous amounts of
electricity are wasted in lighting. Light is routinely supplied to spaces
where no one is present. There are very large differences in the efficiency
of competing lighting sources and in the way lighting systems are
designed to deliver light where it is needed. Moreover, architecture often
makes poor use of abundant daylight, which could contribute more to

lighting needs.
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The IEA estimates that were end-users to install only efficient lamps®,
ballasts and controls whose efficiency would save money over the life cycle
of the lighting service, global lighting electricity demand in 2030 would be
just 2 618 TWh. This is almost unchanged from 2005 levels and the level
is actually lower in the years between 2010 and 2030. In the intervening
years, staggering cumulative savings of almost 28 000 TWh of final
electricity and over 16 000 Mt of CO, emissions would be realised, as
compared with the Reference Scenario, with its assumption of the
continuation of current policies (IEA, 2006¢).

Savings in Other Fuels

The energy used in buildings can be divided into that used to provide thermal
comfort, ventilation, lighting, water heating and the services supplied by
various appliances. Buildings in most OECD regions are generally nearing
saturation in demand for heating per unit area. To further cut total space-
heating demand in absolute terms will require improving the efficiency of the
building stock at a faster rate than the growth in total building floor area. In the
Alternative Policy Scenario, oil and gas consumption in the OECD falls by
142 Mtoe, or 10%, compared with the Reference Scenario, as a result of an
assumed strengthening of building codes. Non-OECD regions are far from
reaching saturation, so demand is driven less by the efficiency of the delivered
service and more by trends in total building floor area, comfort requirements
and the affordability of space heating and cooling. Savings of oil and gas in
2030 in developing countries are 75 Mtoe, or 12%, below those in the
Reference Scenario. Once again, the potential for improvement is even larger
than that achieved in the Alternative Policy Scenario.

Several countries have adopted policies to encourage solar energy, mainly for
water heating. In the Alternative Policy Scenario, solar energy use in buildings
reaches 87 Mtoe in 2030, an increase of over 50% compared with the
Reference Scenario. A comprehensive programme of research, development
and demonstration is still needed to generate competitive solar heating and
cooling systems that could account for up to 10% of low temperature heat
demand in OECD countries (IEA, 2006d).

15. For example, using compact fluorescent lamps in place of incandescent lamps, the most efficient
linear fluorescent lamps in place of standard ones, and not using inefficient halogen torchiere
uplighters and mercury vapour.
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Policy Overview

Policies taken into account in estimating the figures for the residential sector in
the Alternative Policy Scenario cover lighting, electric appliances, space
heating, water heating, cooking and air-conditioning. In the services sector,
lighting, space heating, air-conditioning and ventilation are assessed, as well as
miscellaneous electrical equipment. In the OECD, equipment standards,
building codes, building energy certification and voluntary measures are
analysed. In some cases, mandatory labelling schemes are also considered.
Voluntary measures include voluntary targets, financing schemes for efficiency
investments, endorsement labelling and “whole-building” programmes.
Financing schemes include direct consumer rebates, low-interest loans and
energy-saving performance contracting. Accelerated research and development
efforts by governments are also taken into account.

Since 2004, there have been some important developments in the
implementation of national, regional and local equipment and building energy
efficiency measures. The nature of new measures under discussion has also
changed. For example Europe has implemented three major new energy-
efficiency directives: the Eco-Design, Energy Services and Energy Performance
in Buildings directives. They reduce energy use in the Reference Scenario. In
the Alternative Policy Scenario, these directives are assumed to be implemented
in a more rigorous manner. As a result, the savings projected in the European
Union in the Alternative Policy Scenario are bigger than in WEO-2004.

In recent years, many non-OECD countries have also adopted policies aimed
at improving the energy efficiency of new equipment and buildings. They are
assumed to achieve efficiencies that approach those of the OECD in the
Alternative Policy Scenario. China has increased both the scope and number of
the efficiency policies it has implemented. Accordingly, the ambition of the
policies now under consideration has grown, increasing the savings in the
Alternative Policy Scenario as these policies are assumed to be put into effect.
Several OECD and developing countries have adopted policies to encourage
solar energy — mainly solar water heaters — but further government action will
be necessary to boost solar markets and is assumed here.

The rate of electrification and access to gas networks are assumed to be the
same in both scenarios. But measures aimed at promoting a faster transition
from traditional biomass to modern commercial energy sources in equipment
and buildings are assumed in the Alternative Policy Scenario. As in the OECD
region, the most important results in non-OECD countries come from
measures to encourage energy labelling and setting of mandatory minimum
energy-efficiency standards. For buildings, stricter mandatory codes, building
certification and energy-rating schemes are assumed.
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Many non-OECD countries have already established energy labelling and
minimum efficiency standards. Other countries are planning to implement
such programmes. In the Alternative Policy Scenario, it is assumed that existing
programmes are broadened to cover more equipment types. Standards for new
equipment sold between 2010 and 2030 are also raised to levels closer to those
found in the OECD today. However, efficiency standards and labels are not
assumed to reach life-cycle least-cost efficiency levels, which would bring even
greater efficiency gains. Where there is a large spread in the level of efficiency
attained by a specific category of products in OECD countries, we have
assumed that the lower levels are attained in non-OECD countries.

Few non-OECD countries have adopted measures to improve the energy
performance of buildings. In the Alternative Policy Scenario, it is assumed that
building codes are adopted for new commercial and residential buildings. It is
also assumed that certain policy measures are implemented to encourage higher
efficiency in existing commercial buildings. These include energy-performance
certification and energy-rating schemes for buildings. Solar water heating in
houses is also assumed to expand more quickly than it does in the Reference
Scenario.

The range of policy instruments to encourage greater energy efficiency in the
residential and services sectors includes:

= Energy labelling of energy-using equipment: Labels can be voluntary or
mandatory; they can contain information on the relative energy
performance of the product in question compared to similar products, or
simply be awarded to the most efficient products. The primary purpose of
energy labels is to render the energy performance of products visible to
consumers at the point of sale.

= Energy efficiency performance requirements for new equipment and
building codes: These can also exist in multiple forms, such as mandatory
minimum energy-efficiency standards, fleet average-efficiency requirements
(mandatory or voluntary), voluntary target agreements, or requirements
specifying the efficiency of installed equipment. Building codes also often
specify minimum energy performance requirements for energy-using
equipment systems. Mandatory minimum energy performance requirements
are increasingly being specified in building codes which address all energy
flows within a building and hence are known as “whole-building”
requirements.

» Building energy performance certification: This involves issuing a
certificate to increase awareness in the market of building energy
performance — a practice that is becoming increasingly common in

OECD countries.
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= Utility energy efficiency schemes: The creation of incentives for energy
utilities to implement or promote certified energy-saving measures among
their client base, or the imposition of obligations on them to do so.

= Fiscal and financial incentives: These aim to improve building energy
efficiency, for example through tax credits for building owners who invest in
energy-efficient equipment and materials.

Other policies and measures to raise building energy efficiency taken into
account in the Alternative Policy Scenario include: procurement programmes;
information, awareness and capacity building programmes; voluntary and
long-term agreements; building energy auditing and related measures; the
establishment of energy service companies and third-party finance schemes.
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CHAPTER 10

GETTING TO AND GOING BEYOND THE
ALTERNATIVE POLICY SCENARIO

HIGHLIGHTS

= Achieving the results of the Alternative Policy Scenario depends upon a
strong commitment on the part of governments urgently to adopt and
implement the policies under consideration. Considerable hurdles need
to be overcome, not least policy inertia, opposition from some quarters
and lack of information and understanding about the effectiveness of the
opportunities which are open.

= The policies and measures in the Alternative Policy Scenario would
avoid the release into the atmosphere of some 70 Gt of CO, over the
period 2005-2030. If action were delayed by ten years, with
implementation starting only in 2015, energy trends would deviate
from the Reference Scenario much less by 2030. One result would be
that the cumulative saving in emissions by 2030 would be 2%, rather
than 8%.

= The implementation of only a dozen policies would result in nearly 40%
of avoided CO, emissions by 2030. Giving priority to energy security
would result in an almost identical choice of policies. Both objectives
require a cut in demand for fossil fuels. The policies that, cumulatively,
would yield the greatest reduction in that demand are those that achieve
big gains in the efficiency of electricity generation and transport and the
use of renewable energy and nuclear power.

= Dublic understanding, private-sector support and international co-operation
are needed to enable governments to adopt and implement the more
stringent policies required to make the Alternative Policy Scenario a reality.
The conditions have to be created that will enable developing countries to
adopt efficient equipment, technologies and practices.

= A still more ambitious goal — capping CO, emissions in 2030 at today’s
levels — could be met through a set of technological breakthroughs,
stimulated by yet stronger government policies and measures. A Beyond
Alternative Policy Scenario (BAPS) Case shows how CO, emissions
could be cut by 8 Gt more than in the Alternative Policy Scenario. But
the scale and the speed of the necessary technological change represent a
new order of challenge.
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= Four-fifths of the energy and emissions savings in the BAPS Case come
from three main categories of effort: demand-side policies, fuel
switching to nuclear and renewables in the power sector, and the
introduction of CO, capture and storage technology. Almost all the
measures considered also serve to enhance energy security.

Making the Alternative Policy Scenario a Reality
Identifying Policy Priorities

The adoption and implementation of the set of policies and measures
analysed in the Alternative Policy Scenario would be a major step on the road
to a more sustainable global energy system. They would begin to steer the
world onto a markedly different energy path from that depicted in the
Reference Scenario — a path that could lead, well beyond 2030, to a truly
sustainable energy future in which energy supplies are secured and climate
change is arrested. But adoption and implementation of those policies needs
to begin immediately.

A wide range of policies needs to be adopted urgently, including the sensitive
and progressive removal of subsidies that encourage the wasteful use of
energy, more programmes on technology research, development,
demonstration and deployment, and additional economic incentives to
encourage energy users and producers to switch to low-carbon technologies.
To accelerate energy-efficiency gains, governments need to enforce standards
and implement new regulatory and legislative measures to improve demand-
side management, building codes, industrial energy efficiency and new
vehicle fuel economy. Any delays would compound the problems associated
with rising energy use and emissions by extending the legacy of inefficient
energy systems, increasing the costs of meeting targets and generating
greenhouse-gas emissions that will reside in the atmosphere for decades or
centuries to come.

To take the example of CO, emissions, cumulative energy-related emissions
in the Reference Scenario over the period 2005-2030 are 890 Gt. The
policies and measures of the Alternative Policy Scenario would avoid the
release into the atmosphere of some 70 Gt, or 8% of CO, emissions in the
Reference Scenario. Each year of delay in implementing the assumed policies
would have a disproportionately large effect. A ten-year delay, for example,
with implementation starting only in 2015, would reduce emissions much
less by 2030. As a result, the saving in cumulative emissions in 2005-2030
would be only 2%, compared to the Reference Scenario (Figure 10.1).
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Figure 10.1: Cumulative Energy-Related CO, Emissions in the Reference
and Alternative Policy Scenarios, 2005-2030
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The Alternative Policy Scenario incorporates 1 400 different policies and
measures, all of which contribute to the energy and CO, emissions savings
over the projection period. However, some policies contribute more than
others, by yielding a greater change in energy consumption, imports or
emission intensity. Some are also more cost-effective than others. Almost
40% of the savings in emissions by 2030 are achieved through the
implementation of only a dozen policies (Table 10.1). Unsurprisingly, the
policies with the greatest impact are found in countries where energy demand
and CO, emissions are high, notably the United States, the European Union
and China. In these countries, a focus on demand-side efficiency
improvements (especially stricter vehicle fuel economy standards, building
codes and appliance standards) and increased use of renewable energy sources
and nuclear power in electricity generation contribute the bulk of the energy
and emissions savings. An almost identical list of policies would emerge if the
dominant concern was energy security. In other words, the policies of greatest
significance are those that, cumulatively, produce the biggest switch away
from fossil fuels: efficiency gains in both electricity generation and transport,
and greater use of renewable energy and nuclear power. Collectively, both sets
of policies yield significant economic benefits (see Chapter 8).
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Hurdles to Policy Adoption and Implementation

The economic, energy-security and environmental benefits of the policies of
the Alternative Policy Scenario are elaborated in the previous chapters. Why,
then, have these policies not already been adopted and what might continue to
prevent them from being rapidly adopted and implemented? The barriers are
various.

Improving Energy Efficiency

Improving energy efficiency is often the cheapest, fastest and most
environment-friendly way to bring energy needs and supplies into balance.
Raising energy efficiency also reduces the need to invest in energy-supply
infrastructure. Many energy-efficiency measures are economic: they will pay for
themselves over the lifetime of the equipment through reduced energy costs
(see Chapter 8). Widespread dissemination of best practice and technologies
also helps reduce local and regional air pollutants, as well as greenhouse-gas
emissions.

Several different policies have been proposed to increase efficiency. Two of the
most effective seek to reduce energy demand in the transport sector: an increase
in average fuel efficiency in the US light-duty vehicle fleet, and a vehicle
efficiency programme in Europe. Both face considerable obstacles. In the case
of the United States, some car manufacturers judge that, on the basis of present
incentives and penalties, a switch from large vehicles to smaller and more
efficient alternatives will mean smaller margins. The public, while supporting
in principle the idea of increased efficiency — especially in the current price
context —and lower pollution, allows these considerations to be outweighed by
arguments that smaller cars are inherently less safe, are less comfortable and
offer inferior performance. The new measures assumed in the Alternative
Policy Scenario would impose a new fuel-economy standard but not the
technology to achieve it, thereby giving car manufacturers some flexibility,
while capitalising on public support for improved efficiency.

In the European Union, fuel-efficiency agreements were initially developed
with the car manufacturers on a voluntary basis. The manufacturers are not on
track to meet the target of 120g CO,/km in 2012. The European
Commission is therefore considering mandatory standards, coupled with
differentiated excise-tax rates according to fuel efficiency.

The Japanese “Top Runner” approach for light-duty vehicles identifies the
most fuel-efficient models in each vehicle class and requires future models to
meet a level of fuel consumption close to the current (or expected future) best.
Top Runner improves average fuel efficiency by encouraging improvements in
the worst vehicles (or their elimination), and encouraging continuous
improvements in the best.
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These examples reflect differences of perception in Europe, North America
and Japan over the impact and acceptability of different approaches, such as
increases in fuel prices or additional regulation. Overcoming barriers requires
such a tailored approach. But, in many cases, a regulatory approach will be
needed to reinforce market mechanisms, such as the fuel taxes or carbon
penalties that have been widely proposed and increasingly adopted in other
sectors. This may be because the near-term effects of market options alone are
too limited, making increasingly aggressive fuel-efficiency regulations
necessary to achieve sufficiently rapid change in the transport sector. In
developing and implementing such policies, policy-makers need to, and
invariably do, take into account the consequences for national car makers.
The result can be more politically palatable, though at same cost in terms of
macroeconomic efficiency.

A different story emerges on closer examination of the policies proposed for
saving electricity in the residential and services sectors. End users buying
electrical equipment or appliances face problems of inadequate information
(see Chapter 8). Changes in the price of electricity, as a result of government
decisions on tax policy or the costs of CO, permits, could be expected to make
considerable inroads in demand.

Enhancing the Role of Renewable Energy

Each of the world’s major economies has proposed policies to promote the
development and penetration of renewable energy and many already have
policies in place. As with efficiency policies, there are similarities and
differences in the policy approaches — and the barriers to their full
implementation. New policies to promote renewables can be expected to have
considerable implications for investment in this source of electricity. Indeed,
policies already under consideration are projected to achieve a 27% share of
renewables by 2030, compared with 22% in the Reference Scenario. In the
Alternative Policy Scenario, investment in renewables-based electricity plants
reaches $2.3 trillion, amounting to half the total investment in new generating
plant.

To achieve this level of investment in renewables, governments will have to
introduce vigorous incentives. A number of countries have already achieved
much by using feed-in tariff mechanisms.! Another approach is to impose a
requirement that a given proportion of electricity be produced from
renewables — a portfolio quota — with or without accompanying tradable
certificates, which increase the market orientation of the policy. A third
approach is to offer a tax incentive, such as the US production tax credit. Green

1. A feed-in tariff is the price per unit of electricity that a utility or supplier has to pay for renewables-
based electricity from private generators. The government regulates the tariff.
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pricing, a voluntary measure, has not so far proven to have a significant impact.
Increasing public funding of research, development and deployment can help
speed up the decline in the capital costs of renewables as they enter the market.”
But all these incentives are costly, either to governments themselves (through
increased public spending) or to consumers (through higher taxes or prices).
Pursuing such policies with the vigour assumed in the Alternative Policy
Scenario depends on their being demonstrated to be cost-effective.

Other constraints will also apply. Planning periods are long for some types of
renewables projects, particularly wind farms and hydropower. To facilitate
investment in renewables, a clear and effective planning system is essential. The
integration of intermittent renewables in the electricity grid has also to be
planned with care.

Enhancing the Role of Nuclear Power

In many parts of the world, barriers to the adoption of policies encouraging the
construction of nuclear reactors are particularly high. Public attitudes vary
widely. In several countries in the European Union, there is vocal public
opposition to nuclear power and, in some cases, governments have even fallen
over the issue of plant lifetime extension or expansion of nuclear capacity.
Opposition is based on concerns over reactor safety, the safety and cost of long-
term waste disposal and proliferation of nuclear weapons. In developing
countries, obtaining financing for large-scale initial investment is another
major hurdle. Chapter 13 examines in detail the economics, prospects and
current policy framework for nuclear power.

Overcoming Hurdles to Government Action

It will take considerable political will to push through the policies and measures
in the Alternative Policy Scenario, many of which are bound to encounter
considerable resistance from industry and consumer interests. This is largely
because of the way costs fall under present conventions. Much effort needs to
be expanded in communicating clearly to the general public the benefits of
change to the economy and to society as a whole. In many countries, the public
is becoming increasingly familiar with the energy-security and environmental
advantages of action to encourage more efficient energy use and to boost the
role of non-fossil fuels. The high oil prices experienced over the past few years
have helped to increase the awareness of the benefits of change.

To make the Alternative Policy Scenario a reality, private-sector support for
more stringent government policy initiatives would be essential, together with
a strong degree of co-operation between industry and government and between

2. The share of renewable energy technologies in total government energy R&D spending has
remained relatively stable over the past two decades (IEA, 2006a).
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countries (for example in relation to emissions charges for aviation fuel use).
Multilateral lending institutions and other international organisations can
support non-OECD countries in devising and implementing new policies.
Governments can also facilitate access to advice and expertise on energy policy-
making and implementation and can improve conditions for technology
transfer.

Access to capital is a particular problem for smaller developing countries,
which, unlike China and India, are not besieged by investors seeking
opportunities. Programmes are required to promote technology transfer, to
help build the capacity to implement change and to offer opportunities for
collaborative research and development. Developing countries need to make
complementary changes to facilitate exchanges.

Going Beyond the Alternative Policy Scenario

Although the policies and measures in the Alternative Policy Scenario would
substantially improve energy security and reduce energy-related CO, emissions
relative to the Reference Scenario, fossil fuels would still account for 77% of
primary energy demand. Global CO, emissions would still be 8 Gt higher in
2030 than they are today. Oil and gas imports into the OECD and developing
Asia would be even higher than they are today and would come increasingly
from politically unstable regions, through channels prone to disruption.

In this section, we explore how greater energy savings and emissions reductions
than in the Alternative Policy Scenario might be achieved by 2030. This
Beyond the Alternative Policy Scenario (BAPS) Case responds to requests by
policy-makers to illustrate the potential for achieving still more ambitious
emissions reductions through stronger policies and more favourable
technological development, and the obstacles and implications for energy
security. The goal adopted in this Case, as a proxy for more diverse energy
objectives, is to ensure that global energy-related CO, emissions in 2030 are no

higher than the 2004 level of 26.1 Gt.

The BAPS Case is not constrained by the criterion that only policies already
under consideration by governments are adopted. Accordingly, this case
assumes even faster and more widespread deployment of the most efficient and
cleanest technologies, thanks to more aggressive policies and measures and the
adoption of new technologies, beyond those which have already been applied
commercially today.

Achieving the BAPS Goal

Achieving the BAPS goal means reducing emissions in 2030 by 8 Gt more than
in the Alternative Policy Scenario and by 14.3 Gt compared with the
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Reference Scenario. This would require major changes in energy supply and
use. Demand and supply efficiency would need to be further improved and
increased use be made of nuclear and renewables, to levels well beyond those
in the Alternative Policy Scenario. Technologies exist today that could permit
such radical changes over the Ourlook period, but there are many barriers to
their deployment, including the following:

m The life span of the existing capital stock limits commercial opportunities
for new plant construction — particularly in OECD countries.

= Even existing highly-efficient technologies have yet to be widely adopted.

m The costs are, in some cases, likely to be considerably higher than those of
established technologies.

Achieving the BAPS goal will, therefore, almost certainly call for new
technologies as well as improvements to those that exist. Of the existing
technologies that are currently under development but not yet commercially
available, CO, capture and storage (CCS)’ and second-generation biofuels
seem the most promising.

There are many different possible paths leading to this more sustainable future,
involving a myriad of technology options and fuel choices. A policy approach
that promotes a portfolio of technologies would greatly reduce the risk and
potentially the cost of accelerating technological solutions, because one or more
technologies might fail to make the expected progress. The mix of options
presented here is not necessarily the cheapest, nor the easiest to implement
politically or technically.

So far as emissions reductions are concerned, Pacala and Socolow suggest that
a useful indicator of the value of technical options for emissions reduction is
their capacity to yield 1 Gt of cumulative emissions reductions over the next
50 years (Pacala and Socolow, 2004). A variant of that framework is used here.
We identify six different initiatives, each of which can yield a saving of 1 Gt of
CO, emissions in 2030. We add a seventh, CO, capture and storage in power
generation, which we count upon to save 2 Gt, in order to arrive at savings
of 8 Gt beyond those made in the Alternative Policy Scenario in 2030
(Figure 10.2). The initiatives are as follows:

» Increasing savings in electricity demand: This involves increasing
the average efficiency of electricity use by an additional 50% over and above
the level achieved in the Alternative Policy Scenario. Electricity savings
would total 1 815 TWh compared with the Alternative Policy Scenario and
5 730 TWh compared with the Reference Scenario. Those savings would
avoid building close to 200 GW of coal-fired power plants, emitting 1 Gt of
CO,. Two-thirds of these savings could be achieved in electricity use in the

3. See Box 7.2 and IEA (2004) for a detailed assessment of the status and prospects for CCS.
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Figure 10.2: Reduction in Energy-Related CO, Emissions in the BAPS
Case Compared with the Alternative Policy Scenario by Option
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residential and services sectors, where the untapped technical potential for
energy efficiency measures is still very high. Additional savings could come
from industry, mainly through more efficient motor-drive systems.
Incentives would be required for early capital retirement, together with other
pricing policies and regulations.

Measures in the industrial sector: Increasing the efficiency of fossil fuels used
in industry, by an additional 7% over and above the gains achieved in the
Alternative Policy Scenario, could avoid the burning of fossil fuels emitting
0.5 Gt of CO,. Pricing policies might achieve such a change. Other types of
policy might focus on reducing the capital cost of more efficient equipment.
Another promising option that could bring about an additional reduction of
0.5 Gt is equipping boilers and furnaces with CCS. Policies would be required
to provide incentives for small-scale CCS technologies. These could include
regulatory requirements or subsidies for installation.

More efficient and cleaner vehicles: Sales of hybrid vehicles would make up
60% of new light-duty vehicles sales (18% in the Alternative Policy Scenario),
plug-in hybrids would enter the LDV market and biofuels use in road
transport would double compared to the Alternative Policy Scenario. Those
measures combined would avoid the combustion of more than 7 mb/d of oil,
saving 1 Gt of CO, in 2030. Policies to promote hybrids technology could
include vehicle-purchase subsidies, regulatory standards and higher taxes
on the least efficient vehicles. Plug-in hybrids, which allow a portion of
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road-transport oil demand to be saved by using electricity from the grid, can
yield significant benefits provided the grid becomes less carbon-intensive (see
below). Policies to promote the further development of battery technology
would be essential for these vehicles to be widely deployed. Given the
constraints on land and biomass availability, the level of penetration of biofuels
could only be achieved through the large-scale introduction of second-
generation biofuels based on ligno-cellulosic feedstock (see Chapter 14).
Policies to encourage this could include increased research and development,
incentives for construction and operation of biorefineries and minimum
requirements for biofuels in conventional fuel blends.

= Increasing the efficiency of power generation: Inefficient coal-fired
power plants would be retired early and replaced with more efficient coal
plants and hydrogen fuel cells. Retirement of an additional 125 GW of old
coal-fired plants could be involved (in addition to the 412 GW retired in
the Alternative Policy Scenario) between 2004 and 2030. The new coal-
fired power plants would achieve an average efficiency of 48%, compared
with 46% in the Alternative Policy Scenario. The equivalent savings in
CO, are 0.5 Gt. Policies to drive such early retirements could include
changes in capital depreciation rates, incentives for the installation of
advanced technology and efficiency standards for coal installations. If
hydrogen fuel cells were to supply 550 TWh of electricity more than in the
Alternative Policy Scenario, this could yield another 0.5 Gt of CO,
savings. Policies to bring this about could include intensified research and
development (to drive down costs), subsidies for building new power a
plants and policies to reduce the lending risk of capital for such
investments.

» Increased nuclear power generation: An additional 140 GW of nuclear
capacity would need to be installed by 2030, replacing coal-fired plants. This
would bring the total installed nuclear capacity in 2030 to 660 GW, as
compared with 519 GW in the Alternative Policy Scenario and 416 GW in
the Reference Scenario. Policies to promote such additions might include
more intensive effort to improve waste management, loan guarantees to
reduce the cost of capital and measures to garner public support for nuclear
power.

» Increased use of renewables-based power generation: An additional
550 TWh of hydropower and 550 TWh of other renewables-based generation
would need to be commissioned, each saving 0.5 Gt of CO, emissions. With
such additions, renewables-based generation represents a 32% share of
electricity generated in 2030, as compared with 27% in the Alternative Policy
Scenario and 22% in the Reference Scenario. Policies could include research
and development to bring down costs, renewables portfolio standards or feed-
in tariffs, and loan guarantees to reduce the cost of capital.
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= Introduction of CO, capture and storage in power generation: The
introduction of CCS in the power sector would reduce emissions by 2 Gt in
2030. Approximately 3 100 TWh of electricity would then be generated
from coal and natural gas plants equipped with CCS. Some 70% of new
coal-fired capacity and 35% of new gas-fired plants would be equipped with
CCS over the projection period. CCS in coal plants would account for more
than 80% of the captured emissions. Such a solution would be particularly
productive in China and India. Potential policies to implement this strategy
are diverse: funding for research and development, incentives for large-scale
demonstration plants, loan guarantees for new plants, performance
standards for emissions from new plants, international cooperation to
facilitate the building of new plants in the developing world and the wider
introduction of financial penalties on carbon emissions (taxes or cap-and-
trade arrangements).

If all approaches were adopted in the manner described, the power-generation
mix would change radically (Figure 10.3). The share of nuclear power in total
generation in 2030 would reach 19%, compared with 14% in the Alternative
Policy Scenario and 10% in the Reference Scenario. The share of coal would
remain large — but the share of generation from coal-fired plants equipped with
CCS equipment would reach 8%, compared with zero in the Alternative Policy
and Reference Scenarios. The share of renewable energy would also increase
sharply.

Figure 10.3: Fuel Mix in Power Generation in Different Scenarios
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A large proportion of the emissions reductions would occur later in the
projection period as the incremental capacity of renewables, nuclear and more
efficient fossil fuels-based power generation comes into service and current (less
efficient and higher emitting) electricity-generating plants are retired. The
improvement in the CO,-emissions intensity of electricity generation in 2030
is illustrated in Figure 10.4.

Figure 10.4: CO, Intensity of Electricity Generation
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The policies required to achieve the BAPS reductions are clearly aggressive.
No single policy would suffice. In some cases, there would be synergies
between policies, for example a price on carbon will help incentivise CCS,
nuclear power and renewable energy. However, other policies may be more
divisive. R&D efforts need to be technology-specific and there would be
competition for a limited pot of money. Furthermore, there are many
companies and actors in the energy sector; policies that give advantage to
one part of that community may damage another. Thus, a requirement that
new coal plants install CCS technologies imposes a burden on power
companies and increases electricity prices, while bringing considerable
additional revenue to the CCS technology providers. Interventions by
policy-makers to allocate the costs and the benefits may be necessary to
maximise the effectiveness of the policies and, even, to make them
politically feasible.
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Implications for Energy Security

The analysis of the BAPS Case is based on the goal of returning energy-related
CO, emissions in 2030 to 2004 levels to mitigate climate change. But many of
the measures and technologies that would enable this goal to be met would also
enhance energy security. Greater diversity in the fuel mix serves a diversity of
purposes.

Meeting the BAPS Case CO, goal would reduce oil demand in 2030 to
95 mb/d — around 8 mb/d less than in the Alternative Policy Scenario,
21 mb/d less than in the Reference Scenario and only 10 mb/d more than
today. This implies that the average oil intensity — the amount of oil consumed
per unit of GDP — of the world economy would more than halve between
2004 and 2030. For comparison, oil intensity fell by 46% over the past three
decades worldwide. But global oil demand still increased from 58 mb/d in
1974 to 82.5 mb/d in 2004. The BAPS Case would therefore represent a
significant break with past trends.

Natural gas demand is also reduced. By 2030, it is 6% below the level of the
Alternative Policy Scenario. Most of this reduction comes from lower
demand in the power-generation sector which, with fuel switching to
nuclear power and renewable sources of energy, becomes less reliant on gas.
The volume of gas trade in this case is, therefore, smaller than in the
Alternative Policy Scenario.

Lower oil and gas demand and imports in developing countries would boost
the disposable incomes of households and businesses and the potential for
more rapid economic and human development. This would benefit all
importing nations. Recognition of the mutual energy-security benefits of such
policies would facilitate the establishment of co-operative arrangements
between developing and OECD countries.

Beyond 2030: the Need for a Technology Shift

The above discussion describes some of the policy tools that might be used to
reduce CO, emissions by an additional 8 Gt beyond those attained in the
Alternative Policy Scenario. It is clear that achieving this result will be
contingent on the development and deployment of new technologies. The
technology shifts outlined in the BAPS Case would represent a very severe
challenge in terms of their speed of deployment.

Technology development is typically a slow process: decades often elapse
between the initial invention and mass application. In fact, all of the new
technologies analysed in the Alternative Policy Scenario and some in the
BAPS Case are already commercially available and operational. This is
important, because policies to encourage their faster penetration are less
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speculative than backing unproven technologies. This does not mean that
large-scale application of these technologies is imminent. Without sustained
research and development efforts, many of these technologies will remain
too expensive to be used outside niche applications (IEA, 2006b). But this
level of achievement will also need technologies which are, as yet, far from
commercial application.

A number of technologies are listed in Table 10.2, with an eye to
developments beyond 2030. Some of these (solar PV, CCS and plug-in
hybrids) are assumed to be deployed in the BAPS Case — albeit at low levels, in
some cases. However, nearly all of them could make a significant contribution
to energy supply after 2030. But they are unlikely to be commercialised and
deployed rapidly in the absence of determined policy intervention. For
example, for many forms of renewables-based power generation, the variability
of the resource quality and the intermittency of supply will impede
deployment (IEA, 2006a). Such constraints impose limits on their wide-
ranging deployment, even if their costs are competitive on some bases of
comparison. Long-distance transmission of electricity could play a significant

Table 10.2: Options for Emissions Reductions beyond 2030

Power generation Solar PV and concentrating solar power in combination
with long-distance electricity transportation
Ocean energy
Deep-water wind turbines
Hot dry rock geothermal
Generation IV nuclear reactors
Large-scale storage systems for intermittent power sources
Advanced network design
Low-cost CCS for gas-fired power plants
Distributed generation
Low-cost unconventional gas

Transport Hydrogen fuel-cell vehicles
Plug-in hybrids
Transmodal transportation systems
Intermodal shift

Industry CCS
Biomass feedstocks/biorefineries

Buildings Advanced urban planning
Zero-energy buildings
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role in power supply, if its costs could be brought down. Better integration of
national and regional electricity systems could also dampen the effects of
intermittency and allow the higher share of renewables to grow. Large-scale
electricity-storage systems could serve a similar purpose.

Some technologies are inhibited by a combination of institutional and
technical barriers. As discussed above, nuclear power offers considerable
advantages in terms of avoiding greenhouse-gas emissions and of energy
security. The development of fourth-generation nuclear reactors and new fuel-
cycle facilities aims to address waste disposal and nuclear proliferation concerns
— central to the anxieties of the public about this electricity source (see Chapter
13). However, fourth-generation reactors are not yet commercial. It will take
considerable additional resource commitments, as well as policy intervention,
to bring this generation into widespread use. Its broad penetration is likely only
after 2030 (IEA, 2002).

The building sector is highly significant in terms of its longer-term potential.
While some retrofitting of the existing building stock is both technically and
economically feasible today, a considerably greater opportunity will emerge
as the existing stock is replaced. Achieving better insulated building shells,
improved ventilation systems and the necessary urban planning measures
requires patience. But action as opportunity permits would reduce the
demand for space heating and cooling and, possibly, for transportation. This
would affect not only demand for electricity but also for fossil fuels. New
technologies are emerging that may lead to major changes in this sector,
including small-scale combined heat and power generation systems for
heating and cooling of buildings, improved condensing gas boilers, and
gas-fired heat pumps. Of special importance are the construction
programmes in new cities in the developing world, especially in temperate
climates; taking advantage of modern technologies can significantly reduce
their energy demand.

Indeed, in many countries, new buildings could, on average, be made 70% more
efficient than existing buildings. In Europe today there are over 6 000 passive
solar buildings, mainly in Germany and northern Europe. While these houses are
not yet zero-energy, their heating energy needs are typically 75% lower than
normal. A combination of good insulation and ventilation heat-exchange is
sufficient to achieve this. A further step will be required to achieve zero-energy
buildings (designed to use no net energy from the utility grid).

In the period from 2030 to 2050, the production of hydrogen from
low-carbon and zero-carbon sources could expand and the consumption of
hydrogen, in distributed uses, could grow substantially. However, this will
require huge infrastructure investments (IEA, 2005). Hydrogen-powered
fuel-cell vehicles could make a significant contribution, even by 2030, if there
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are breakthroughs in hydrogen storage and the infrastructure develops. The use
in fuel-cell vehicles of hydrogen from low-carbon or zero-carbon sources could
ultimately largely de-carbonise oil use in transport.

Looking beyond 2050, other options, like nuclear fusion, might emerge.
Fusion is a nuclear process that releases energy by joining together light
elements, as distinct from fission, produced by breaking apart heavy elements.
Its proponents believe it holds the promise of virtually inexhaustible, safe and
emission-free energy. Over the past two decades, the operation of a series of
experimental devices has considerably advanced the technology. Fusion power
generation as a commercial undertaking remains a long-term objective which
requires sustained research and development efforts, including materials and
system optimisation. Because of the potential benefits, very high shares of IEA
countries’ energy research and development budgets are allocated to
investigating its feasibility and potential. It is not likely to be deployed until at
least 2050.
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CHAPTER 11

THE IMPACT OF HIGHER ENERGY PRICES

HIGHLIGHTS

= The price of crude oil imported into IEA countries averaged just over
$50 per barrel in 2005, almost four times the nominal price in 1998 and
twice the 2002 level. Prices continued to rise strongly through to mid-
20006. Real prices paid by most final energy consumers have increased far
less than international prices in percentage terms, because of the cushioning
effect of taxes and distribution margins and, in some countries, subsidies
and a fall in the value of the dollar. We estimate that consumption subsidies
in non-OECD countries amount to over $250 billion per year.

= Strong demand for energy, driven by exceptionally fast economic growth,
has helped drive up oil and other energy prices since 1999, but there are
signs that higher prices are now beginning to curb demand growth. All the
same, oil demand is becoming less sensitive to changes in final prices as
consumption is increasingly concentrated in transport, where demand is
least price-elastic. Income remains the primary driver of demand for oil,
gas, coal, and electricity, demand for all of which has continued to grow
strongly, with incomes, in most regions.

= Oll prices still matter to the health of the world economy. Although most oil-
importing countries around the world have continued to grow strongly, the
world economy would have grown even more rapidly had oil prices and
other energy prices not increased — by 0.3 percentage points per year more
on average since 2002. The loss of real income and the adverse impact on the
budget deficits and current account balances of importing countries were
proportionately greatest for the most heavily indebted poor countries.

= The eventual impact of higher energy prices on macroeconomic prospects
remains uncertain, partly because the effects of recent price increases have
not fully worked their way through the economic system. There are
growing signs of inflationary pressures, leading to higher interest rates. The
longer prices remain at current levels or the more they rise, the greater the
threat to economic growth in importing countries.

= There are major benefits for importing countries, in terms of price, security
and economic welfare, of reducing reliance on imported oil and gas. This
requires policies to stimulate indigenous production of hydrocarbons and
alternative sources of energy and improve energy efficiency. The removal of
energy subsidies and economically efficient pricing and taxation policies
can play a major role in achieving this goal.
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Introduction

Since the first oil shock in 1973-1974, some fluctuations in global economic
performance have been clearly associated with sharp changes in the
international price of oil and other forms of energy. But the causality is not
always obvious, largely because of the complex linkages between energy
demand, supply and prices, and economic activity in general. Economic
activity is the primary determinant of energy demand and thereby influences
energy prices. Yet energy prices, in turn, influence energy demand and
economic performance. The feedback links between the three variables are
complex and involve varying time-lags, which can lead to cyclical movements
in prices. The economic downturn in the wake of the 1997-1998 Asian
financial crisis drove down oil prices, while the economic rebound in 1999-
2000 and 2002-2004 pushed them up again. The first oil shock and the second

in 1979-1980 led to recessions in the major oil-importing countries.

This chapter analyses quantitatively the consequences for energy markets and
the economy at large of high energy prices, both historically and in the future.
It looks at the role of price subsidies in dampening the impact on demand of
higher international energy prices' and their implications for macroeconomic
indicators. It also considers which regions, sectors and social groups are most
vulnerable to persistently higher prices.

The chapter is organised into four sections. The first reviews recent trends in
international energy prices and analyses price relationships between fuels and
regions. The following section considers the sensitivity of energy demand to
changes in price, through a review of the many studies that have been
conducted in recent years on that subject, our own analysis of price/demand
relationships (which underpins the demand modules of the IEAs World
Energy Model) and simulations of higher price assumptions than those used in
the Reference Scenario. A third section assesses the overall macroeconomic
impact of higher energy prices. A final section briefly assesses the implications
of this analysis for energy policy-making.

Energy Price Trends and Relationships
International Prices

Oll prices have been extremely volatile in recent years. The average IEA crude
oil import price rebounded sharply from lows of around $12/barrel (in real
2005 prices) reached at the end of 1998 to well over $30 in 2000, before falling
back to $26 on average in 2001 and 2002 — only slightly above the average of

1. The impact of higher prices on supply is assessed in Chapter 3 (Implications of Deferred Upstream
Investment). A more detailed analysis can be found in IEA (2005).
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the period from 1986 to 1999 (Figure 11.1). Prices rose on average again in
2003, surging to new highs in 2004 and 2005. Prices peaked at well over $70
(almost $80 for West Texas Intermediate, or WTTI) in July 2006 — a record at
the time in nominal terms.” In 2005, the average IEA crude oil import price
was almost four times the nominal price in 1998. As a result, the average IEA
oil price in real terms has been above that of the 1970s since the start of the
current decade, but still below that of the period from 1970 to 1985.
International oil-product prices (before local taxes and subsidies) have generally
increased in line with crude oil prices. Prices have risen in response to a decline
in spare supply capacity, as demand for oil products has outpaced increases in
crude oil production and refining capacity, as well as to supply disruptions and
geopolitical tensions (see Chapter 3).

Figure 11.1: Average IEA Crude Oil Import Price
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Regional oil-import prices expressed in local currency terms have differed
markedly since the end of the 1990s, due to fluctuations in dollar exchange rates
(Figure 11.2). The average European crude oil import price expressed in euros
rose faster than dollar prices in 1999-2000, but then fell — in both absolute and
relative terms. Indexed to the first quarter of 2002, the euro price in real terms
(nominal prices adjusted using the gross domestic product, or GDP, deflator) rose

2. In 2005, the average IEA crude oil import price averaged $5.97 less than WTT and $3.90 less than
Brent.
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by about 60% of the increase in the dollar price. In contrast, the Japanese oil-
import price in yen rose slightly more than the dollar price over 2002-2005.
Chinese oil-import prices followed dollar prices up to July 2005, as the yuan was
pegged to the dollar — a system that had been in place since 1994. With the
adoption of new arrangements, under which the yuan is now tied to a basket of
currencies, the Chinese currency was then revalued upward against the dollar by
2.1%, reducing import prices marginally in yuan terms. In several other
developing countries, currency revaluations have dampened the impact of higher
dollar oil prices to a larger extent. For example, since 2002, the real price of crude
oil imports into India has risen by only about 80% as much as dollar prices.

Figure 11.2: Average Crude Oil Import Prices by Region in Real Terms
and Local Currencies
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Wholesale and import prices of natural gas have generally risen in line with
crude oil prices since 1999, reflecting competition between gas and oil
products and contractual links. Proportionately, gas prices increased more or
less at the same rate as oil prices in North America between the first quarter
of 1999 and the last quarter of 2005, actually increasing faster between
2002 and early 2005 due to supply constraints and a surge in demand as
several new gas-fired power stations came on line. US gas prices have since
fallen relative to oil prices. In Europe and Asia, gas prices increased less
rapidly than oil prices, and with a time-lag. Almost all the gas consumed in
continental Europe and Japan is traded under long-term contracts with
oil-price indexation (Box 11.1), but price caps — contractual clauses that
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Box 11.1: Contractual Links between Oil and Gas Prices

The share of term contracts (as opposed to spot deals) in wholesale or bulk
gas supply varies considerably across regions. Although spot trade has been
growing, it remains small in most regions. The share is highest in North
America, Great Britain and Australia. In other regions, almost all gas is
traded under term contracts of varying lengths. Precise figures are not
available, as the terms of such transactions are confidential. Gas traded
under term contracts (covering supply over several months or years) can be
indexed against spot or futures prices for gas, crude oil, oil products, coal
and/or electricity. Indexation against general price inflation is also
incorporated into some contracts. Some contracts include indexation
against just one price parameter; others include two or more (for example,
crude oil and heavy fuel oil, or oil and electricity). Many term contracts
— especially in non-OECD regions — have no indexation at all.

Gas prices in term contracts are most commonly indexed on oil prices.
Indexation to other gas prices is confined mainly to North America, Britain
and Australia, because spot gas trade elsewhere is limited and reliable price
quotations are not available. Oil indexation is thought to be used in only a
small proportion of contracts in the United States and Canada, accounting
for well under 10% of the total amount of gas traded in bulk. In continental
Europe, term contracts — often covering very long terms of twenty or more
years — account for well over 95% of bulk gas trade (almost 100% outside
Belgium and the Netherlands). Virtually all of these contracts include oil-
price indexation. In Britain, term contracts — which are generally much
shorter in duration than in the rest of Europe — account for 90% of all bulk
trade. In contrast to the rest of Europe, they almost always price the gas on
the basis of spot or futures gas prices, usually at the National Balancing
Point (a notional location on the grid where gas demand and supply are
assumed to balance). A small number of contracts may have some limited
degree of oil-price indexation. Of total OECD European supply of
534 bem in 2004, perhaps 80% — or well over 400 bem — is priced in whole
or in part against oil. It is thought that gas prices are indexed against oil
prices in one way or another in all the long-term LNG supply contracts to
Japan, Korea, Chinese Taipei, China and India. In some contracts, there are
limits on how high or low prices can go. Spot trade, however, is increasing,
especially to Japan.

In other OECD countries, gas prices are usually indexed against oil prices
(solely or in combination with other prices) in import and other bulk
supply contracts. In non-OECD countries, gas consumed domestically is
not usually traded commercially and any contracts that exist typically do
not involve any form of indexation. For example, in Russia — the world’s
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second-largest consumer of gas — gas is sold under regulated, subsidised
prices, with no explicit oil-price indexation. Non-OECD gas exports, when
commercial, are most often priced against oil. We estimate that the share of
global gas supply that is traded in bulk under contracts with explicit oil-
price indexation clauses is probably at least one-third and may be as high as
half. Focusing solely on cross-border trade, contracts with oil-price
indexation probably account for around 90% of the world total.

place a ceiling on how high gas prices can go in absolute terms — have
insulated gas prices from part of the recent increase in oil prices, especially
since 2003 (Figure 11.3). In Japan, for example, the price of imported LNG
at the end of 2002 was the same as that of crude oil in calorific value terms;

by the end of 2005, gas cost more than 40% /ess.

Figure 11.3: Average IEA Crude Oil and Natural Gas Import Prices
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Wholesale coal prices have generally increased much less than the prices of oil
and gas since 2002. The average price paid by OECD countries for imports of
steam and coking coal rose steadily in 2000 and 2001, but then fell back. By
the beginning of 2003, coal prices were well below the level of the 1990s. Coal

274 World Energy Outlook 2006 - FOCUS ON KEY TOPICS



prices rebounded sharply in 2003 and 2004 — by proportionately more than oil
prices — but stabilised in 2005 (Figure 11.4). By the first quarter of 20006, the
price of steam coal was about 51% above the average level of 1992-2002.

Figure 11.4: Average IEA Crude Oil and Coal Import Prices
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Final Prices to End Users

In general, the prices paid by final energy consumers have increased as much
as international or wholesale prices in absolute terms, but far less in
percentage terms. In the case of oil products, this is mainly because of the
dampening impact of taxes and subsidies. Excise duties, which are levied at
a flat rate per volume, cushion the impact on the final prices of oil products
of increases in international prices. The higher the level of duty on a given
fuel, the less the final price will increase proportionately relative to the
international price. Subsidies — often in the form of price controls — can also
prevent higher international market prices from feeding through fully into
local energy prices. In addition, distribution costs and margins — which
make up a significant part of the final price — have increased much less than
bulk prices. As non-fuel costs account for a significant share of the total cost
of electricity supply, increases in generation fuel costs lead to much smaller
increases in final electricity prices — even where all of the cost increases are
passed through. In the OECD, for which good price information is
available, final coal and gas prices have increased more in percentage terms
than the prices of oil products and electricity (Figure 11.5).
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Figure 11.5: Change in Real Energy End-Use Prices by Region and Fuel,
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In most countries, taxes are the main reason why local oil-product prices have
increased proportionately less than import prices and less than the prices of
other end-use fuels. Road-transport fuels are typically the most heavily taxed
products in all regions. In OECD countries, taxes on gasoline currently range
from 13% to 70% of the price at the pump, while diesel taxes range from
11% to 68%. Taxes account for more than half of the gasoline pump price in
22 of the 29 OECD countries surveyed by the IEA. Road fuel tax rates are
highest in Europe and lowest in the United States. In non-OECD countries,
rates are generally lower, so that pump prices have often risen more in
percentage terms than in the OECD (Figure 11.6). In no country have pump
prices increased as much in percentage terms as crude oil prices. Some non-
OECD countries, including China, have limited increases in final prices,
shielding consumers from higher import costs. Other oil products and other
forms of energy, such as coal, are generally taxed at much lower rates or, in
some cases, not at all.

Natural gas prices to end users have also increased to varying degrees across
countries, mainly because of differences in pricing practice and regional market
conditions. Gas prices to end users fluctuate much less than import or well-
head prices because regulated transportation costs, which are usually relatively
stable, account for a significant share of the final price. In the OECD, gas
prices have increased most in recent years in North America because of
particularly tight gas supplies in the region. In Japan, they actually fell slightly
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Figure 11.6: Change in Average Annual IEA Crude Oil Import Price and
Road Fuel Prices in Ten Largest Oil-Consuming Countries, 1999-2005
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Note: All prices are in real terms.

between 1999 and 2005 in real terms. In many non-OECD countries, local gas
prices have not increased significantly, because prices are set independently of
international market conditions. In China, for example, where gas prices until
recently have been set with little regard for international price movements, final
prices to industry and households have risen only modestly since a new pricing
structure was introduced in 1997. The price for end users of coal, which is
rarely taxed at all, has risen more in percentage terms than any other final fuel
on average in the OECD countries — even though international prices have
increased less than those of oil and gas.

Movements in electricity prices in recent years vary considerably among
countries, according to the fuel mix in power generation, government policies
and regulations, and other local factors. On average, final pre-tax electricity
prices (in nominal terms) in OECD countries were broadly flat through the
1990s and have increased only modestly since 2001. Between the first quarter
0f 2001 and the first quarter of 2006, industrial prices rose by less than a third
and household prices by less than a fifth.

Quantifying Energy Subsidies

Energy consumption subsidies — government measures that result in an end-
user price that is below the price that would prevail in a truly competitive
market including all the costs of supply — are large in some countries. Energy
is most commonly subsidised through price controls, often through state-
owned companies. Consumption subsidies have been largely eliminated in the
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OECD, but remain large in some non-OECD countries, both in gross terms
and net of any taxes. Electricity and household heating and cooking fuels are
usually most heavily subsidised, though several countries still subsidise road-
transport fuels. Remaining energy subsidies in OECD countries are mainly
directed to production and do not necessarily reduce end-user prices below
market levels.?

Analysis carried out for this Outlook confirms the prevalence of consumption
subsidies in non-OECD countries. Total subsidies (net of taxes on each fuel) in
the 20 countries assessed, which collectively make up 81% of total non-OECD
primary energy use, amount to around $220 billion per year, according to
2005 data. On the assumption that subsidies per unit of energy consumed are
of the same magnitude in other non-OECD countries, world subsidies might
amount to well over $250 billion per year. That is equal to all the investment
needed in the power sector every year on average in non-OECD countries in
the Reference Scenario. Total subsidies to oil products amount to over
$90 billion. Box 11.2 describes the methodology used to quantify subsidies.

Box 11.2: Quantifying Global Energy Subsidies

Energy subsidies were calculated using a price-gap approach, which
compares final consumer prices with reference prices that correspond to
the full cost of supply or, where available, the international market price,
adjusted for the costs of transportation and distribution.* This approach
captures all subsidies that reduce final prices below those that would
prevail in a competitive market. Such subsidies can take the form of direct
financial interventions by government, such as grants, tax rebates or
deductions and soft loans, and indirect interventions, such as price
ceilings and free provision of energy infrastructure and services.

Simple as the approach may be conceptually, calculating the size of
subsidies in practice requires a considerable effort in compiling price data
for different fuels and consumer categories and computing reference
prices. For traded forms of energy such as oil products, the reference price
corresponds to the export or import border price (depending on whether

3. IEA analysis, the results of which were reported in Von Moltke et a/. (2003), puts total OECD
energy production subsidies at $20-30 billion per year.

4. See IEA (1999) for a detailed discussion of the price-gap approach and practical issues relating to
its use in calculating subsidies and their effects.
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the country is an exporter or importer) plus internal distribution. For
non-traded energy, such as electricity, the reference price is the estimated
long-run marginal cost of supply. VAT is added to the reference price
where the tax is levied on final energy sales, as a proxy for the normal rate
of taxation to cover the cost of governing a country. Other taxes,
including excise duties, are not included in the reference price. So, even
if the pre-tax pump price of gasoline in a given country is set by the
government below the reference level, there would be no 7ez subsidy if an
excise duty large enough to make up the difference is levied.

The aggregated results are based on net subsidies only for each country,
fuel and sector. Any negative subsidies, i.e. where the final price exceeds
the reference price, were not taken into account. In practice, part of the
subsidy in one sector or for one fuel might be offset by net taxes in
another. Subsidies were calculated only for final consumption, to avoid
the risk of double counting: any subsidies on fuels used in power
generation would normally be reflected at least partly in the final price of
electricity. All the calculations for each country were carried out using
local prices, and the results were converted to US dollars at market
exchange rates.

Russia has the largest subsidies in dollar terms, amounting to about
$40 billion per year (Figure 11.7). Most of these subsidies go to natural gas
and the rest to electricity (which includes the underpricing of gas delivered
to power stations). Subsidies of $25 billion per year to final consumption of
gas are alone more than twice the annual investment projected for the entire
Russian gas industry. Iranian energy subsidies are almost as large, at
an estimated $37 billion per year. Six other countries — China, Saudi Arabia,
India, Indonesia, Ukraine and Egypt — have subsidies in excess of
$10 billion per year each.

In terms of fuels, the biggest subsidies overall go to oil products. Most of the
countries included in this analysis were found to subsidise at least one oil
product. Industrial and residential fuels other than gasoline and automotive
diesel’ — notably kerosene and liquefied petroleum gas — and other forms of

5. Other products make up about two-thirds of total oil consumption in non-OECD countries as a
whole.
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Figure 11.7: Economic Value of Energy Subsidies in non-OECD Countries,
2005
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Note: Subsidies in Brazil, the Philippines and Chinese Taipei are not shown, as they amount to less than
$1 billion in each case.

energy are generally subsidised more than road fuels. Subsidies to gasoline and
diesel have fallen sharply in percentage terms in recent years in many countries
— despite rising international prices. This has not been the case in Iran, which
continues to subsidise transport fuels heavily. In fact, Iran had the highest rate
of oil subsidisation in 2005. Oil subsidies were also large in Indonesia, but have
since fallen sharply following a government decision to double the pump price
of road fuels in October 2005. Several other developing Asian countries have
announced their intention to bring domestic prices more into line with
international prices in 2006 and 2007, partly because of the rising fiscal cost of
subsidies or, as in the case of China and India, losses incurred by refiners.
China, Indonesia and Malaysia raised oil-product prices in March 2006.

Underpricing is biggest for natural gas (Table 11.1). On average, consumers in
the countries analysed pay less than half the true economic value of the gas they
use. Gas subsidies are biggest in the transition economies, Saudi Arabia and
Egypt. Electricity subsidies are less prevalent, but are large in some countries,
including Saudi Arabia.
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Impact of Higher Energy Prices on Demand

Energy Demand Trends since Prices Started Rising

Global primary energy demand® grew rapidly between 2000 and 2004,
averaging 2.7% per year (Table 11.2).” Demand grew by only 1.3% on average
in the 1990s. Demand grew about six times faster in non-OECD countries
than in the OECD. In developing Asia it grew faster than in any other major
world region. In most regions, demand growth slowed in 2001 and then
accelerated in 2002 and 2003, with the 4.6% increase in global energy demand
in 2004 representing the fastest rate since 1976. Much of the growth came
from China and other developing countries. Partial data suggest that energy
demand growth may have slowed in 2005, partly in response to higher prices.

Global oil demand has grown on average more slowly than energy demand in total
since 2000. The cumulative increase in global oil use between 2000 and 2004 was
8%, compared to 11% for energy demand as a whole. On average, oil demand
grew by 1.8% per year in the five years to 2005, the same rate as during the second
half of the 1990s (Figure 11.8). Developing Asian countries accounted for 46% of
the total increase in oil demand between 2000 and 2005, with 29% coming from
China alone. China and North America together contributed more than half of the
exceptional increase of more than 3 mb/d, or 4%, in 2004 — the fastest rate of
increase since 1977. Other non-OECD regions have contributed most of the rest
of the increase in oil demand since 2000, especially in 2004 and 2005.

Other fuels have followed markedly different trends. Globally, primary demand
for gas has grown strongly, averaging 2.4% per year since 2000. It surged in
2003, by almost 100 billion cubic metres — despite weaker North American
demand — and continued to grow strongly in 2004 and 2005, contributing to
the overall strength of energy prices (Figure 11.9). North American gas demand
fluctuated between 2000 and 2005. European demand grew without pause, but
at varying rates. Demand in non-OECD regions, including developing Asia,
grew steadily at an average rate of more than 4% between 2000 and 2005. On
average, non-OECD regions accounted for more than 80% of the total increase
in global gas demand between 2000 and 2005.

World coal use has followed a more erratic path. It rose strongly in the three
years to 2004, driven mainly by a surge in demand for power generation in
China and the rest of developing Asia. World demand surged by 7% in 2003
and 9% in 2004. In 2001, coal use fell slightly. Chinese coal demand grew by
about 20% in both 2003 and 2004. World electricity consumption grew at just
over 3% per year over 2000-2004.

6. Demand and consumption are used interchangeably throughout this chapter and the rest of the
Outlook.

7. We do not have a complete picture of energy demand beyond 2004 because of data gaps. Preliminary
data on aggregate demand in some large countries are available for 2005, notably for oil and gas.
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Table 11.2: Change in Energy Demand by Fuel and Region
(%, year-on-year)

2000 2001 2002 2003 2004 2005* 2000-
2004*

OECD

Total primary demand 2.0 04 0.8 1.0 2.0 na. 0.9
Coal 37 =05 12 0.4 2.3 na. 0.8
Oil 0.1 04 -02 15 17 04 08
Gas 42 -16 27 19 0.7 0.1 0.9

Total final consumption 2.4 -0.5 0.6 1.8 2.0 na. 1.0
Oil 0.9 0.7 0.3 1.2 2.1 na. 1.1
Gas 6.1 -30 15 22 -04 na. 0.1
Electricity 3.7 04 1.3 25 21 na. 16

Non-OECD

Total primary demand 2.5 1.9 37 0.1 7.3 na 4.7
Coal 20 -02 64 128 139 na. 8.1
Oil 2.0 29 2.6 2.6 6.7 28 37
Gas 3.9 2.9 34 6.2 4.1 49 42

Total final consumption 2.1 24 28 44 67 na. 4.1
01l 3.6 2.8 3.0 29 8.1 na. 4.2
Gas 3.1 1.6 35 64 63 na. 4.4
Electricity 57 37 57 84 81 na. 64

World

Total primary demand 2.2 07 22 34 46 na 27
Coal 28 -03 3.9 7.1 8.9 na 48
01l 0.8 1.4 0.9 19 3.7 13 20
Gas 4.1 04 3.0 3.9 2.3 23 24

Total final consumption 2.3 0.9 1.7 3.1 4.3 na 25
Oil 1.8 1.4 13 1.8 4.3 na. 2.2
Gas 50 -14 22 37 21 na. 1.7
Electricity 4.4 16 28 46 44 na. 3.3

n.a.: not available.
* Preliminary estimates.
** Average annual growth rate.

Responsiveness of Energy Demand to Price Changes

Energy is always consumed for the services it can provide, rather than as an end
in itself. Demand for any kind of energy service is determined by a number of
factors. In most instances, the two most important factors are real incomes and

Chapter 11 - The Impact of Higher Energy Prices 283




Figure 11.8: Increase in World Primary Oil Demand by Region (year-on-year)
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Figure 11.9: Increase in Natural Gas Demand by Region (year-on-year)
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the overall price of that service, a key component of which is the cost of the fuel
used to provide it (Figure 11.10). How sensitive the demand for a given fuel is
to changes in its effective price to the consumer (including taxes) depends,
therefore, partly on the ease with which the consumer can forgo the service or
switch to a cheaper fuel, and the share of the price of the fuel in the total cost
of providing the energy service. The larger the share of fuel in the overall cost
of providing an energy service, the more sensitive the demand for that service
—and, therefore, the fuel itself — will be to fuel prices.

Figure 11.10: The Link between Fuel Price and Demand
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In economists’ parlance, the sensitivity of demand to changes in price is
known as the price elasticity of demand. Under normal conditions, demand
for an energy service and the fuel used to provide it will be higher as the price
of that fuel falls; in other words, the own-price elasticity of demand is negative.
Where it is possible to switch fuels, demand will also be affected by the prices
of other fuels. The sensitivity of fuel demand to changes in other fuel prices,
known as the cross-price elasticity of demand, is typically positive, as demand
for a given fuel will rise as the price of a competing fuel increases. Assessing the
sensitivity of demand to price changes in the short and long term is
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complicated by the role played by other factors, notably income, climate,
lifestyles, investment cycles, technology, price expectations and government
policies.

Energy price elasticities vary widely by fuel, sector and region. In all cases,
demand responds in a gradual fashion to a shift in price, as changes in
behaviour occur and new investment is made in energy-using equipment in
response to the new price environment. Thus, elasticities are generally much
higher in the long term than the short term: the impact of a permanent shift
in price is typically greater the longer the period examined.

Movements in price often have little immediate effect on demand, because
consumers may not expect the price change to persist or because it is difficult
or expensive for consumers to switch to other fuels or change their energy
equipment. This is especially true for transport fuels. Few practical
substitutes are yet available for oil-based fuels for cars and trucks, so demand
for these energy services tends to be relatively price-inelastic in the short
term. However, if fuel prices have risen and are expected to remain high in
the longer term, end users have a strong incentive to opt for more fuel-
efficient models when replacing an existing vehicle. Similarly, only electricity
can power electrical devices, so demand for electricity is highly price-inelastic
in the short term. End users may nonetheless change their behaviour so as to
use less of a particular energy service in response to higher prices. Different
fuels — gas, coal and oil products — can provide non-electricity stationary
services (such as fuel for heating boilers), so demand for these fuels in these
sectors is generally more sensitive to changes in price, especially where multi-
firing equipment is widespread. Power generators may also be able to switch
more quickly to cheaper fuels if they have dual-firing capability or spare
capacity.

Oil demand is relatively insensitive to movements in crude oil prices, especially
in the short term. As the last section demonstrated, this is in large part because
changes in crude oil prices lead to smaller percentage changes in local prices to
end users — particularly for road-transport fuels. The weighted average crude oil
price elasticity of total oil demand across all regions is —0.03 in the short term
and —0.15 in the long term, based on econometric analysis of historical
demand trends (Table 11.3). In other words, a permanent doubling of the
crude oil price would be expected to cut oil demand by about 3% in the same
year and 15% after more than ten years, were these elasticities to remain
constant and all other factors to remain equal.

Elasticities are even lower for transport fuels, because fuel accounts for a smaller
part of the total cost of using a vehicle. Fuel-price elasticities are generally
highest in countries with low taxes, as final prices respond more in percentage
terms to changes in crude oil prices (Figure 11.11). As a result, overall crude oil
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price elasticity is generally lowest for regions where the share of transport in
total oil use is relatively high because transport fuels are usually taxed more
than other oil products. This is the case for most European countries, as well
as India among developing Asian countries. Income elasticities of oil demand
are higher than price elasticities: the weighted average income elasticity
worldwide is 0.09 in the short term and 0.48 in the long term. In other words,
a sustained one-off 10% increase in income would ultimately drive up oil
demand by about 5%.%

Table 11.3: Crude Oil Price and Income Elasticities of Oil Demand

Per Capita by Region
Oil consumption Price Income
in 2005 (Mt) elasticity elasticity
Million Share of Short- Long-  Short-  Long-
tonnes transport term  term  term  term
OECD N. America 1143 63%  -0.02  -0.12 0.04 0.22
OECD Europe 737 53%  -0.03  -0.11 0.14 0.49
OECD Pacific 396 40%  -0.05  -0.25 0.08 0.39
Developing Asia 717 36%  -0.03 -0.21 0.09 0.73
Middle East 281 38%  -0.01 -0.07 0.07 0.67
Latin America 237 48%  -0.03 -0.28 0.09 0.94
Africa 134 53%  -0.01  -0.01 0.27 0.33
World* -0.03 -0.15 0.09 0.48
Top 20 countries™ -0.05  -016 024 0.59

*Weighted average.

Note: Short-term is the current year; long-term is when the full effects of price or income changes on demand
have been felt, typically within 10-15 years. Elasticities are derived from regression analysis based on annual data
from 1979 to 2005. The average IEA import price is used as a proxy for crude oil prices.

Source: TEA analysis.

8. These estimates are broadly in line with estimated income elasticities of demand from several other
studies based on time series data. Estimates vary among studies according to the time period and
countries analysed and the methodology used. In addition, there is some evidence of asymmetric
effects of changes in both price and income on oil demand: the percentage increase in demand that
results from a rise in income or drop in price is bigger than the fall in demand when income falls or
price rises (see, for example, Gately and Huntington, 2002). Other factors than price and income,
including the introduction of non-oil sources of energy, partly explain the divergence in estimated
price and income elasticities across regions. For example, the development of gas infrastructure and
nuclear power has allowed power generators and consumers to switch away from oil in some
countries, disguising the effects of price and income on demand.
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Figure 11.11: Crude Oil Price Elasticities of Road Transport Oil Demand
versus the Share of Tax in the Pump Price
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Note: Estimates are for the world’s 20 largest oil-consuming countries.
Source: TEA analysis.

The price elasticity of demand for road-transport fuel based on final prices
(including taxes) is significantly higher and more homogeneous, as the impact
of differences in tax and subsidy policies is stripped out. It is, nonetheless, still
somewhat lower than income elasticity, both in the short and in the long term.
We estimate that a permanent doubling of the final price would cut demand
by 15% in the short term and 44% in the long term in the world’s 20 largest
oil-consuming countries (weighted average price elasticities of —0.15 and
—0.44). These estimates are somewhat lower than those produced by other
studies in recent years. A study by Goodwin ez al. (2004), for example,
estimates elasticities at —0.25 in the short term and —0.6 in the long term, based
on a survey of 69 studies of demand in various countries published since 1990.
Their study found that the impact of a change in price on fuel demand resulted
mostly from a change in the number of vehicles on the road and the number
of kilometres driven per vehicle. The amount of fuel used per kilometre by each
individual vehicle is only marginally affected by a change in the pump price. A
parallel survey by Graham and Glaister (2004) yielded average fuel-price
elasticities of road-transport demand of —0.25 in the short term and —0.77 in
the long term. Median estimates were lower, at —0.21 and —0.55.
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The own-price elasticity of electricity demand is also very low. For the
WEO regions (see Annex C), long-term price elasticities range from —0.01 to
—0.14. Short-term elasticities are even lower on average. Economic activity is
the main driver of electricity demand in all regions. Average income elasticities
of demand across all end-use sectors, using per-capita GDP as a proxy for
income, range from 0.4 to 1.3. Elasticities are generally highest in non-OECD
regions: on average, their electricity demand rises faster than income. OECD
electricity demand is income-7nelastic. This difference reflects saturation effects
in the OECD and catching-up by the poorer developing countries. It also
reflects changes in the structure of economic activities. Heavy electricity-
intensive industry has contributed more of the increase in GDP in non-OECD
countries than in the OECD. The energy efficiency of electrical equipment and
appliances in non-OECD countries is also generally lower, boosting electricity
intensity.

The aggregate demand for non-electrical energy for final stationary uses
— which, together with electrical services and transport, makes up final energy
demand — is also price-inelastic. However, demand for different fuels is more
sensitive to changes in relative fuel prices, because of the possibility of substitution
in many end uses. For this reason, a rise in the price of oil products can lead to a
significant amount of switching to natural gas or coal if the prices of those fuels
do not increase. Similarly, the fuel mix in power generation can shift markedly in
response to changes in relative prices, even in the short term, as fuel-switching or
reserve capacity is generally far more extensive than in final sectors.

Explaining Recent Trends in Energy Demand

Trends in global energy demand since the end of the 1990s appear to be
broadly consistent with established relationships between demand on the one
hand and real GDP and prices on the other. The relatively rapid growth in
primary energy demand is almost entirely explained by exceptionally strong
world GDP growth, which peaked at more than 5.3% in 2004 — the highest
annual rate since the 1970s — and remained strong at an estimated 4.3% in
2005. In effect, economic expansion, which partly explains the strength of
energy prices, has overshadowed the adverse impact of higher prices on
demand and more than outweighed it. We estimate that, had prices not risen
since 2002, global primary energy demand would have grown on average by 4.1%
in the two years to 2004 — a mere 0.1 percentage point more than it actually
did — on the assumption that nothing else was different.

Global oil demand has been most affected by higher prices, mainly because oil
prices have risen more than those of other fuels in most regions. Primary oil
demand grew on average by only 1.2% per year between 1998 and 2004,
compared with 2.5% for energy use generally. Strong economic growth
nonetheless drove up oil demand by more than the loss of demand due to
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higher oil prices. Exceptional factors, including a surge in Chinese demand for
heavy fuel oil and distillate for power generation due to delays in
commissioning new coal-fired power stations, added to the strength of global
oil demand in 2004 (CBO, 20006). A slowdown in the world economy was the
main cause of the deceleration of oil demand in 2005, though much higher
prices probably also contributed.

Non-transport oil use, which is most sensitive to price changes, explains most
of the recent fluctuations in total oil demand. Between 1998 and 2004 — the
last year for which we have a detailed sectoral breakdown — non-transport
demand increased by 1.3%, little more than half the rate of increase in
transport oil use. Non-transport demand actually fell in absolute terms in
2002, largely owing to the lagged effect of the surge in prices in 1999 and
2000. According to preliminary estimates, the slowdown in total oil demand
in 2005 was also largely due to a levelling-off of non-transport demand —
especially in China (where oil use in power generation is thought to have fallen
sharply) and the rest of developing Asia. As the analysis of the previous section
has shown, transport demand is relatively price-inelastic. In fact, transport
demand has generally risen with real GDP in an almost constant linear fashion
since the late 1980s (Figure 11.12).

Figure 11.12: World Oil Demand and Real GDP
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The different effects of higher prices on oil demand by sector are more evident
when demand is expressed in per-capita terms, as the effect of changes in
population is stripped out (Figure 11.13). Total per-capita oil consumption fell
in 2001-2002 and levelled off in 2005, following sharp increases in oil prices
in the previous years. Most of the recent fluctuations in oil use per capita have
been explained by shifts in non-transport demand, which has been trending
downwards in a rather erratic manner since the 1980s and reached a low point
in 2002. The lagged impact of price increases since 2002 is clearly apparent. In
particular, the estimated plateauing of demand in 2005 was due to higher
prices. In contrast, per-capita oil use for transport has been rising with income
in an almost perfect linear relationship since the early 1990s, with fluctuations
in prices having only a very limited effect on demand trends. In only one year
since then has demand fallen relative to GDP: in 2001, and then only
marginally, largely because of the temporary adverse impact on personal travel
of the events of 11 September.

Figure 11.13: World Oil Demand and Real GDP Per Capita
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The share of transport — the demand for which is price-inelastic relative to
other services — in total primary oil consumption is increasing steadily in most
countries. For the world as a whole, it has risen from 35% in 1980 to 47% in
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2004. It is projected to increase further, to 52% in 2030 in the Reference
Scenario and 51% in the Alternative Policy Scenario (Figure 11.14). This
factor is expected to outweigh the effect of the growing share in global oil
demand of developing countries, where overall price elasticity is generally
higher. In this case, oil demand would continue to become less and less
responsive to movements in crude oil prices. This means that crude oil prices
can be expected to fluctuate more than in the past in response to short-term

shifts in demand and supply.

Figure 11.14: Share of Transport Sector in Primary
Oil Consumption in the Reference and Alternative Policy Scenarios
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Demand for non-oil forms of energy has generally been less affected by higher
price.” Demand for natural gas has been depressed by rising prices in some
regions, most clearly in North America, where higher bulk prices quickly feed
through into final prices and where there is still substantial fuel-switching

9. It is difficult to assess fully the impact of higher prices since 2003 on demand for other forms of
energy as comprehensive data are generally available only up to 2004.
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capability in power generation and heavy industry. In addition, some
productive activities have stopped or been shifted overseas, where gas prices
and overall production costs are lower. The US chemicals industry, which
relies heavily on natural gas feedstock, has contracted sharply in recent years.'
For example, more than a fifth of ammonia capacity has been shut and
production has fallen by more than a third since 2000. North American gas
demand rebounded in 2002 as prices fell back from the highs reached in 2001
and then slumped again over 2003-2005 as prices rose strongly. US gas
demand dropped by 2.3% in 2005, partly because of the damage to industry
and households caused by hurricanes. European gas demand rose moderately
in 2004 and 2005, even though some industrial consumers and power
generators have been able to switch to cheaper coal or heavy fuel oil. Demand
in non-OECD regions, including developing Asia, was particularly strong,
reflecting rapid economic growth. Final prices in many non-OECD
countries have increased much less than in the OECD, because of price
controls or because their gas markets are physically unconnected to
international markets.

The surge in coal demand in 2002-2004 was at least partly driven by higher oil
and gas prices, as coal became more competitive in power generation. The price
of coal delivered to power generators — the main market for coal — has risen
sharply in most major coal-consuming countries, but generally less in
percentage terms than heavy fuel oil, distillate and natural gas. The use of coal
in power generation is set to remain strong in the coming years as a growing
share of new power plants ordered in the last few years has been coal-fired,
partly because of relatively higher gas prices. Gas-fired plants had been the
favoured option at the beginning of the decade in many parts of the world,
though coal continued to account for the bulk of new capacity in China and
India.

Taking in aggregate natural gas, coal and oil demand used in stationary final
uses, there is little evidence of price having any significant impact on per-
capita demand since the 1980s. In fact, the reverse appears to be the case,
with shifts in per-capita demand altering prices. The impact of the first two
oil-price shocks on demand in per-capita terms is clearly apparent, but the
drop in prices in 1986 and 1998 did not induce a rise in demand (Figure
11.15). In contrast, a slump in per-capita demand in 1997-1998, in the wake
of the Asian financial crisis, certainly contributed to the fall in oil prices at
that time. Similarly, a recovery in demand in 2000 and again in 2003 helped

10. Testimony of the American Chemistry Council on the Impact of High Energy Costs on
Consumers and Public, presented to the US Congressional Energy and Mineral Resources
Subcommittee, 19 May 2005.
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to drive prices up. Demand appears to have become less sensitive to increases
in income than in the past. Partly, this reflects improvements in end-use
efficiency and a shift towards electricity in stationary energy uses in industry,
services and households.

Figure 11.15: World Stationary Final Fossil Fuel Demand and Real GDP
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Source: IEA analysis.

Electricity demand has continued to rise in almost constant proportion to
income in recent years (Figure 11.16). There was a temporary decoupling of
electricity demand from per-capita income at the beginning of the 1990s
following the break-up of the former Soviet Union, but the linear
relationship quickly re-established itself. Each thousand-dollar increase in per-
capita GDP (in 2005 dollars and PPP terms) has added 0.02 tonnes of oil
equivalent to per-capita electricity demand. The rate of increase in demand
relative to GDP in 2002 to 2004 was slightly above this average and closer to
the average of the period 1971-1990. Large changes in energy prices,
including recent increases, have had only a limited impact on electricity
prices, and no discernible effect on electricity use during the period
1971-2004.
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Figure 11.16: World Electricity Demand and Real GDP Per Capita
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Price Sensitivity Analysis

Real oil and gas prices are assumed to remain high in 2006 and 2007 and then
to fall back gradually over the next five years or so, before resuming a modestly
rising trajectory through to 2030. But several factors could combine to change
this price path. For example, lower investment in exploration and development
of oil and gas reserves could cause crude oil markets to tighten further, forcing
up prices (see Chapter 3). Alternatively, slower economic growth could depress
energy demand growth and, therefore, prices.

In view of the uncertainty surrounding near-term price prospects, we have
carried out a separate analysis using the World Energy Model (WEM)'! — the
primary tool used to produce the energy-demand projections contained in the
Outlook — to examine the effects of higher price assumptions on energy
demand by fuel and sector. In this exercise, the average IEA crude oil import
price is assumed to be $20 per barrel (in year-2005 dollars), or 39%, higher
than in the Reference Scenario in each year from 2007 through to the end of
the projection period. Natural gas and coal prices are also assumed to change,
with approximately 90% of the percentage change in the oil price reflected in
the gas price and 20% in the coal price in each region. This sensitivity analysis
takes into account the impact on GDP of changes in energy prices, based

11. The WEM incorporates estimates of own-price and cross-price elasticities of demand, derived
largely from detailed sector-by-sector and fuel-by-fuel econometric analysis of demand. These
estimates are constantly updated.
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on the results of our assessment of the macroeconomic impact (see the
next section). Real GDP in the OECD is assumed to be 0.4% lower in 2007
and 0.6% lower from 2010 through to the end of the projection period.
On balance, world GDP is 0.6% lower in 2007 and 0.8% lower from
2010 onward relative to the Reference Scenario.

In this High Energy Prices Case, global primary energy demand is reduced by
465 Mrtoe in 2015 and 561 Mtoe in 2030 — or 3.3% in both years — relative to
the Reference Scenario (Table 11.4). Higher demand for biomass and other
renewables partially offsets the reduction in demand for fossil fuels. The average
rate of global energy demand growth is 0.1 percentage points lower, at 1.5%. The
non-OECD regions account for most of the reduction in demand, because they
contribute most of 