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The Executive Director of the International Energy Agency (IEA) is not a climate
negotiator. It is for national and regional governments, not international secretariats,
to decide how far nations need to go in curbing greenhouse-gas emissions and what
commitments they are prepared to make to attain the goal. The answer to that will
emerge at the 15% Conference of the Parties (COP 15) to the United Nations Framework
Convention on Climate Change (UNFCCC) in December 2009 in Copenhagen.

But negotiators need hard, quantified information. And the IEA is well placed to provide
that. In detail, sector by sector and region by region, the World Energy Outlook 2009
(WEO-2009) lays out the commitments and measures in the energy sector that could
underpin a just international agreement on climate change.

My chief economist, Fatih Birol, has again directed the team responsible for this
analysis. Their work details the components of an ambitious, but realisable, package.
The full WEO-2009 is published only one month before the climax of the UNFCCC
negotiations, but the key results on the issue of climate change have been made
available in advance.

WEO-2009 has many other riches. As the world struggles to emerge from the financial
crisis, it quantifies the impact of the crisis on energy investment and shows what the
implications could be, once the global economy recovers. In one sense, the sudden halt
to new investment is an important opportunity: the new investment, when it comes,
can make the most of the best available technologies, guided by any evidence from
Copenhagen that the international community is serious about climate change. But in
another sense, it is a threat: under-investment, if prolonged, could constrain energy
supply, pushing up the price of energy and even stifling the economic recovery.

In the short term, far from being short of supply, we could be heading for a glut in
natural gas supply. The economic slowdown has slashed demand for gas, but investment
in the gas-supply infrastructure is long term in nature and, once committed, tends
to be carried through. Coupled with a boom in supplies in the United States from
unconventional sources, this situation has transformed the gas market. Gas demand is
set to rebound, as the global economy recovers and as governments act to drive power
generators away from use of the most polluting fossil fuels. But it could then stutter
again, as growth in demand for electricity slows down under pressure from action on
climate change, and even gas finds it has to give way to renewables and nuclear power
in power generation. On the supply side, gas resources are ample: this year’s study of
their extent and of patterns in gas production is comparable in depth to the study of
oil resources in WEO-2008.

Collective action to tackle climate change calls for the wholesale transformation of the
global energy system. We show here that limiting the global average temperature increase
to 2°Celsius, which a growing number of world leaders now accept as the ultimate goal,
would require fossil-energy consumption to peak by around 2020 and then decline.
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Consistent with past practice, we also offer in this year’s WEO an expanded survey of
energy production and use in a particular region of the world, this time Southeast Asia.
This region has growing influence in the global energy market.

Enthusiastic support and financial backing from IEA member countries, as well as from
others who rely on WEO, make it possible to provide analysis of the quality and scope
found here. | am confident that our supporters are getting good value for their money
and that our global readership will again derive significant benefit from the insights
offered from this volume.

Nobuo Tanaka
Executive Director

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

The past 12 months have seen enormous upheavals in energy markets around the
world, yet the challenges of transforming the global energy system remain urgent
and daunting. The global financial crisis and ensuing recession have had a dramatic
impact on the outlook for energy markets, particularly in the next few years. World
energy demand in aggregate has already plunged with the economic contraction;
how quickly it rebounds depends largely on how quickly the global economy recovers.
Countries have responded to the threat of economic melt-down as a result of the
financial crisis with prompt and co-ordinated fiscal and monetary stimuli on an
unprecedented scale. In many cases, stimulus packages have included measures to
promote clean energy with the aim of tackling an even bigger, and just as real, long-
term threat — that of disastrous climate change.

How we rise to that challenge will have far-reaching consequences for energy
markets. As the leading source of greenhouse-gas emissions, energy is at the heart
of the problem and so must be integral to the solution. The time to act has arrived:
the 15" Conference of the Parties (COP) to the United Nations Framework Convention
on Climate Change (UNFCCC) in Copenhagen (December 2009) presents a decisive
opportunity to negotiate a successor treaty to the Kyoto Protocol — one that puts the
world onto a truly sustainable energy path. The World Energy Outlook 2009 (WEO-2009)
quantifies the challenge and shows what is required to overcome it.

The scale and breadth of the energy challenge is enormous — far greater than many
people realise. But it can and must be met. The recession, by curbing the growth in
greenhouse-gas emissions, has made the task of transforming the energy sector easier by
giving us an unprecedented, yet relatively narrow, window of opportunity to take action
to concentrate investment on low-carbon technology. Energy-related carbon-dioxide
(CO,) emissions in 2009 will be well below what they would have been had the recession
not occurred. But this saving will count for nothing if a robust deal is not reached in
Copenhagen — and emissions resume their upward path.

Households and businesses are largely responsible for making the required
investments, but governments hold the key to changing the mix of energy
investment. The policy and regulatory frameworks established at national and
international levels will determine whether investment and consumption decisions are
steered towards low-carbon options. Accordingly, this Outlook presents the results
of two scenarios: a Reference Scenario, which provides a baseline picture of how
global energy markets would evolve if governments make no changes to their existing
policies and measures; and a 450 Scenario, which depicts a world in which collective
policy action is taken to limit the long-term concentration of greenhouse gases in the
atmosphere to 450 parts per million of CO,-equivalent (ppm CO,-eq), an objective that
is gaining widespread support around the world.
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The financial crisis brings a temporary reprieve from rising fossil-
energy use

Global energy use is set to fall in 2009 — for the first time since 1981 on any
significant scale — as a result of the financial and economic crisis; but, on current
policies, it would quickly resume its long-term upward trend once economic
recovery is underway. In our Reference Scenario, world primary energy demand
is projected to increase by 1.5% per year between 2007 and 2030, from just over
12 000 million tonnes of oil equivalent (Mtoe) to 16 800 Mtoe — an overall increase of
40%. Developing Asian countries are the main drivers of this growth, followed by the
Middle East. Projected demand growth is slower than in WEO-2008, reflecting mainly
the impact of the crisis in the early part of the projection period, as well as of new
government policies introduced during the past year. On average, demand declines
marginally in 2007-2010, as a result of a sharp drop in 2009 — preliminary data point
to a fall in that year of up to 2%. Demand growth rebounds thereafter, averaging 2.5%
per year in 2010-2015. The pace of demand growth slackens progressively after 2015,
as emerging economies mature and global population growth slows.

Fossil fuels remain the dominant sources of primary energy worldwide in the
Reference Scenario, accounting for more than three-quarters of the overall
increase in energy use between 2007 and 2030. In absolute terms, coal sees by far
the biggest increase in demand over the projection period, followed by gas and oil.
Yet oil remains the single largest fuel in the primary fuel mix in 2030, even though
its share drops, from 34% now to 30%. Oil demand (excluding biofuels) is projected
to grow by 1% per year on average over the projection period, from 85 million barrels
per day in 2008 to 105 mb/d in 2030. All the growth comes from non-OECD countries:
OECD demand actually falls. The transport sector accounts for 97% of the increase in
oil use. As conventional oil production in countries not belonging to the Organization
of the Petroleum Exporting Countries (OPEC) peaks around 2010, most of the increase
in output would need to come from OPEC countries, which hold the bulk of remaining
recoverable conventional oil resources.

The main driver of demand for coal and gas is the inexorable growth in energy needs
for power generation. World electricity demand is projected to grow at an annual rate
of 2.5% to 2030. Over 80% of the growth takes place in non-OECD countries. Globally,
additions to power-generation capacity total 4 800 gigawatts (GW) by 2030 — almost five
times the existing capacity of the United States. The largest additions (around 28% of the
total) occur in China. Coal remains the backbone fuel of the power sector, its share of
the global generation mix rising by three percentage points to 44% in 2030. Nuclear power
output grows in all major regions bar Europe, but its share in total generation falls.

The use of non-hydro modern renewable energy technologies (including wind,
solar, geothermal, tide and wave energy, and bio-energy) sees the fastest rate of
increase in the Reference Scenario. Most of the increase is in power generation: the
share of non-hydro renewables in total power output rises from 2.5% in 2007 to 8.6%
in 2030, with wind power seeing the biggest absolute increase. The consumption of
biofuels for transport also rises strongly. The share of hydropower, by contrast, drops
from 16% to 14%.
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Falling energy investment will have far-reaching consequences

Energy investment worldwide has plunged over the past year in the face of a
tougher financing environment, weakening final demand for energy and lower cash
flow. All these factors stem from the financial and economic crisis. Energy companies
are drilling fewer oil and gas wells, and cutting back spending on refineries, pipelines
and power stations. Many ongoing projects have been slowed and a number of planned
projects have been postponed or cancelled. Businesses and households are spending
less on new, more efficient energy-using appliances, equipment and vehicles, with
important knock-on effects for the efficiency of energy use in the long term.

In the oil and gas sector, most companies have announced cutbacks in capital
spending, as well as project delays and cancellations, mainly as a result of lower
cash flow. We estimate that global upstream oil and gas investment budgets for 2009
have been cut by around 19% compared with 2008 — a reduction of over $90 billion. Qil
sands projects in Canada account for the bulk of the suspended oil capacity. Power-
sector investment is also being severely affected by financing difficulties, as well as
by weak demand, which is reducing the immediate need for new capacity additions.
In late 2008 and early 2009, investment in renewables fell proportionately more than
that in other types of generating capacity; for 2009 as a whole, it could drop by close
to one-fifth. Without the stimulus provided by government fiscal packages, renewables
investment would have fallen by almost 30%.

Falling energy investment will have far-reaching and, depending on how
governments respond, potentially serious consequences for energy security,
climate change and energy poverty. Any prolonged downturn in investment threatens
to constrain capacity growth in the medium term, particularly for long lead-time
projects, eventually risking a shortfall in supply. This could lead to a renewed surge in
prices a few years down the line, when demand is likely to be recovering, and become
a constraint on global economic growth. These concerns are most acute for oil and
electricity supplies. Any such shortfalls could, in turn, undermine the sustainability
of the economic recovery. Weaker fossil-fuel prices are also undermining the
attractiveness of investments in clean energy technology (though recent government
moves to encourage such investment, as part of their economic stimulus packages,
are helping to counter this effect). Cutbacks in energy-infrastructure investments also
threaten to impede access by poor households to electricity and other forms of modern
energy.

The financial crisis has cast a shadow over whether all the energy investment
needed to meet growing energy needs can be mobilised. The capital required to
meet projected energy demand through to 2030 in the Reference Scenario is huge,
amounting in cumulative terms to $26 trillion (in year-2008 dollars) — equal to
$1.1 trillion (or 1.4% of global gross domestic product [GDP]) per year on average.
The power sector requires 53% of total investment. Over half of all energy investment
worldwide is needed in developing countries, where demand and production are
projected to increase fastest. With little prospect of a quick return to the days of cheap
and easy credit, financing energy investment will, in most cases, be more difficult and
costly in the medium term than it was before the crisis took hold.
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Current policies put us on an alarming fossil-energy path

Continuing on today’s energy path, without any change in government policy, would
mean rapidly increasing dependence on fossil fuels, with alarming consequences for
climate change and energy security. The Reference Scenario sees a continued rapid
rise in energy-related CO, emissions through to 2030, resulting from increased global
demand for fossil energy. Having already increased from 20.9 gigatonnes (Gt) in 1990
to 28.8 Gt in 2007, CO, emissions are projected to reach 34.5 Gt in 2020 and 40.2 Gt in
2030 — an average rate of growth of 1.5% per year over the full projection period. In
2020, global emissions are 1.9 Gt or 5% lower than in the Reference Scenario of WEO-
2008. The economic crisis and resulting lower fossil-energy demand growth account for
three-quarters of this improvement, while government stimulus spending to promote
low-carbon investments and other new energy and climate policies account for the
remainder. Preliminary data suggest that global energy-related emissions of CO, may
decline in 2009 — possibly by around 3% — although they are expected to resume an
upward trajectory from 2010.

Non-OECD countries account for all of the projected growth in energy-related CO,
emissions to 2030. Three-quarters of the 11-Gt increase comes from China (where
emissions rise by 6 Gt), India (2 Gt) and the Middle East (1 Gt). OECD emissions
are projected to fall slightly, due to a slowdown in energy demand (resulting from
the crisis in the near term and from big improvements in energy efficiency in the
longer term) and the increased reliance on nuclear power and renewables, in large
part due to the policies already adopted to mitigate climate change and enhance
energy security. By contrast, all major non-OECD countries see their emissions rise.
However, while non-OECD countries today account for 52% of the world’s annual
emissions of energy-related CO,, they are responsible for only 42% of the world’s
cumulative emissions since 1890.

These trends would lead to a rapid increase in the concentration of greenhouse
gases in the atmosphere. The rate of growth of fossil-energy consumption projected
in the Reference Scenario takes us inexorably towards a long-term concentration
of greenhouse gases in the atmosphere in excess of 1 000 ppm CO,-eq. The CO,
concentration implied by the Reference Scenario would result in the global average
temperature rising by up to 6°C. This would lead almost certainly to massive climatic
change and irreparable damage to the planet.

The Reference Scenario trends also heighten concerns about the security of
energy supplies. While the OECD imports less oil in 2030 than today in the Reference
Scenario, some non-OECD countries, notably China and India, see big increases in
their imports. Most gas-importing regions, including Europe and developing Asia, also
see their net imports rise. The Reference Scenario projections imply an increasingly
high level of spending on energy imports, representing a major economic burden for
importers. Oil prices are assumed to fall from the 2008 level of $97 per barrel to
around $60 per barrel in 2009 (roughly the level of mid-2009), but then rebound with
the economic recovery to reach $100 per barrel by 2020 and $115 per barrel by 2030
(in year-2008 dollars). As a result, OECD countries as a group are projected to spend
on average close to 2% of their GDP on oil and gas imports to 2030. The burden is even
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higher in most importing non-OECD countries. On a country basis, China overtakes the
United States soon after 2025 to become the world’s biggest spender on oil and gas
imports (in monetary terms) while India’s spending on oil and gas imports surpasses
that of Japan soon after 2020 to become the world’s third-largest importer. The
increasing concentration of the world’s remaining conventional oil and gas reserves in
a small group of countries, including Russia and resource-rich Middle East countries,
would increase their market power and ability to influence prices.

Expanding access to modern energy for the world’s poor remains a pressing matter.
We estimate that 1.5 billion people still lack access to electricity — well over one-fifth
of the world’s population. Some 85% of those people live in rural areas, mainly in
Sub-Saharan Africa and South Asia. In the Reference Scenario, the total number drops
by only around 200 million by 2030, though the number actually increases in Africa.
Expanding access to modern energy is a necessary condition for human development.
With appropriate policies, universal electricity access could be achieved with
additional annual investment worldwide of $35 billion (in year-2008 dollars) through to
2030, or just 6% of the power-sector investment projected in the Reference Scenario.
The accompanying increase in primary energy demand and CO, emissions would be very
modest.

Limiting temperature rise to 2°C requires a low-carbon energy
revolution

Although opinion is mixed on what might be considered a sustainable, long-term
level of annual CO, emissions for the energy sector, a consensus on the need to limit
the global temperature increase to 2°C is emerging. To limit to 50% the probability
of a global average temperature increase in excess of 2°C, the concentration of
greenhouse gases in the atmosphere would need to be stabilised at a level around
450 ppm CO,-eq. We show how this objective can be achieved in the 450 Scenario,
through radical and co-ordinated policy action across all regions. In this scenario,
global energy-related CO, emissions peak at 30.9 Gt just before 2020 and decline
thereafter to 26.4 Gt in 2030 — 2.4 Gt below the 2007 level and 13.8 Gt below that in
the Reference Scenario. These reductions result from a plausible combination of policy
instruments — notably carbon markets, sectoral agreements and national policies and
measures — tailored to the circumstances of specific sectors and groups of countries.
Only by taking advantage of mitigation potential in all sectors and regions can the
necessary emission reductions be achieved. OECD+ countries (a group that includes the
OECD and non-OECD EU countries) are assumed to take on national emission-reduction
commitments from 2013. All other countries are assumed to adopt domestic policies
and measures, and to generate and sell emissions credits. After 2020, commitments are
extended to Other Major Economies — a group comprising China, Russia, Brazil, South
Africa and the Middle East.

The reductions in energy-related CO, emissions required in the 450 Scenario
(relative to the Reference Scenario) by 2020 — just a decade away — are formidable,
but the financial crisis offers what may be a unique opportunity to take the
necessary steps as the political mood shifts. At 30.7 Gt, emissions in 2020 in the
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450 Scenario are 3.8 Gt lower than in the Reference Scenario. In non-OECD countries,
national policies currently under consideration, along with sectoral approaches in
transport and industry, yield 1.6 Gt of emission abatement. But this abatement will
not happen in the absence of an appropriate international framework. The challenge
for international negotiators is to find instruments that will give the right level of
additional incentive to ensure that the necessary measures are implemented. With
national policies, China alone accounts for 1 Gt of emissions reductions in the 450
Scenario, placing the country at the forefront of global efforts to combat climate
change. The remaining reductions in 2020 are delivered by OECD+ countries through an
emissions cap in the power and industry sectors, domestic policies, and by financing,
through the carbon market, additional abatement in non-OECD countries. In 2020,
the OECD+ carbon price reaches $50 per tonne of CO,. The financial and economic
crisis has temporarily slowed the lock-in of high-carbon energy technologies. With the
prospect of demand picking up over the next few years, it is crucial to put in place
an agreement providing clear economic signals to encourage the deployment of low-
carbon technologies.

With a new international climate policy agreement, a comprehensive and rapid
transformation in the way we produce, transport and use energy — a veritable low-
carbon revolution — could put the world onto this 450-ppm trajectory. Energy needs
to be used more efficiently and the carbon content of the energy we consume must
be reduced, by switching to low- or zero-carbon sources. In the 450 Scenario, primary
energy demand grows by 20% between 2007 and 2030. This corresponds to an average
annual growth rate of 0.8%, compared with 1.5% in the Reference Scenario. Increased
energy efficiency in buildings and industry reduces the demand for electricity and, to
a lesser extent, fossil fuels. The average emissions intensity of new cars is reduced by
more than half, cutting oil needs. The share of non-fossil fuels in the overall primary
energy mix increases from 19% in 2007 to 32% in 2030, when CO, emissions per unit of
GDP are less than half their 2007 level. Yet, with the exception of coal, demand for
all fuels is higher in 2030 than in 2007, and fossil fuels remain the dominant energy
sources in 2030.

Energy efficiency offers the biggest scope for cutting emissions

End-use efficiency is the largest contributor to CO, emissions abatement in 2030,
accounting for more than half of total savings in the 450 Scenario, compared with
the Reference Scenario. Energy-efficiency investments in buildings, industry and
transport usually have short pay-back periods and negative net abatement costs, as the
fuel-cost savings over the lifetime of the capital stock often outweigh the additional
capital cost of the efficiency measure, even when future savings are discounted.
Decarbonisation of the power sector also plays a central role in reducing emissions.
Power generation accounts for more than two-thirds of the savings in the 450 Scenario
(of which 40% results from lower electricity demand). There is a big shift in the mix of
fuels and technologies in power generation: coal-based generation is reduced by half,
compared with the Reference Scenario in 2030, while nuclear power and renewables
make much bigger contributions. The United States and China together contribute
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about half of the reduction in global power-sector emissions. Carbon capture and
storage (CCS) in the power sector and in industry represents 10% of total emissions
savings in 2030, relative to the Reference Scenario.

Measures in the transport sector to improve fuel economy, expand biofuels and
promote the uptake of new vehicle technologies — notably hybrid and electric
vehicles — lead to a big reduction in oil demand. By 2030, transport demand for oil
is cut by 12 mb/d, equal to more than 70% of all the oil savings in the 450 Scenario.
Road transport accounts for the vast majority of these transport-related oil savings.
A dramatic shift in car sales occurs; by 2030, conventional internal combustion engines
represent only about 40% of sales, down from more than 90% in the Reference Scenario,
as hybrids take up 30% of sales and plug-in hybrids and electric vehicles account for the
remainder. Efficiency improvements in new aircraft and the use of biofuels in aviation
save 1.6 mb/d of oil demand by 2030.

New financing mechanisms will be critical to achieving
low-carbon growth

The 450 Scenario entails $10.5 trillion more investment in energy infrastructure
and energy-related capital stock globally than in the Reference Scenario through
to the end of the projection period. Around 45% of incremental investment needs,
or $4.7 trillion, are in transport. Additional investment (which includes the purchase
of energy-related equipment by households in this analysis) amounts to $2.5 trillion in
buildings (including domestic and commercial equipment and appliances), $1.7 trillion
in power plants, $1.1 trillion in industry and $0.4 trillion in biofuels production (mostly
second-generation technologies, which become more widespread after 2020). More than
three-quarters of the total additional investment, which is geographically distributed
almost equally between OECD+ countries and the rest of the world, is needed in the
2020s. On an annual basis, global additional investment needs reach $430 billion (0.5% of
GDP) in 2020 and $1.2 trillion (1.1% of GDP) in 2030. Most of this would need to be made
by the private sector; households alone are responsible for around 40% of the additional
investments in the 450 Scenario, with most of their extra expenditure directed towards
low-carbon vehicle purchases. In the short term, the maintenance of government
stimulus efforts is crucial to this investment.

The cost of the additional investments needed to put the world onto a 450-ppm
path is at least partly offset by economic, health and energy-security benefits.
Energy bills in transport, buildings and industry are reduced by $8.6 trillion globally
over the period 2010-2030. Fuel-cost savings in the transport sector amount to
$6.2 trillion over the projection period. Qil and gas imports, and their associated bills,
in the OECD and developing Asia are much lower than in the Reference Scenario and are
lower than in 2008 in OECD countries. Cumulative OPEC oil-export revenues in 2008-
2030 are 16% less than in the Reference Scenario, but are still four times their level
in real terms of the previous 23 years. Other implications include a big reduction in
emissions of air pollutants, particularly in China and India, and in the cost of installing
pollution-control equipment.
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It is widely agreed that developed countries must provide more financial support
to developing countries in reducing their emissions; but the level of support,
the mechanisms for providing it and the relative burden across countries are
matters for negotiation. There is a wide range of potential funding outcomes. In
the 450 Scenario, $197 billion of additional investment is required in 2020 in non-
OECD countries; what part of this is contributed by OECD+ is entirely a matter for
negotiation. There are various channels through which funds can flow to developing
countries. The international carbon market will undoubtedly play an important role.
Depending on how the market is structured, primary trading of CO, emission reductions
between OECD+ and other regions ranges between 0.5 Gt and 1.7 Gt in 2020. A central
case sees a carbon price of around $30 per tonne of CO, and annual primary trading of
around $40 billion. The current Clean Development Mechanism would need extensive
reform to cope efficiently and robustly with a substantially increased level of activity.
International funding pools are another important channel that could provide a means
of increasing financial transfers to developing countries.

Natural gas will play a key role whatever the policy landscape

With the assumed resumption of global economic growth from 2010, demand
for natural gas worldwide is set to resume its long-term upwards trend, though
the pace of demand growth hinges critically on the strength of climate policy
action. Constraints on the rate at which low-carbon technologies can be deployed,
and the low carbon content of gas relative to coal and oil, mean that gas demand
will continue to expand, even in the 450 Scenario. In the Reference Scenario, global
gas demand rises from 3.0 trillion cubic metres (tcm) in 2007 to 4.3 tcm in 2030 —
an average rate of increase of 1.5% per year. The share of gas in the global primary
energy mix increases marginally, from 20.9% in 2007 to 21.2% in 2030. Over 80% of
the increase in gas use between 2007 and 2030 occurs in non-OECD countries, with
the biggest rise occurring in the Middle East. India and China see the most rapid rates
of increase. The power sector is expected to remain the largest driver of gas demand
in all regions.

The outlook to 2015 differs markedly from the longer-term picture. Although only
partial and preliminary data on gas demand are available for 2008 and early 2009, it
is likely that, worldwide, primary gas demand will fall in 2009 — perhaps by as much
as 3% — as a result of the economic contraction. On the assumption that the economy
begins to recover by 2010, global demand is projected to rebound. On average, it grows
by 2.5% per year between 2010 and 2015. Supply capacity is set to grow faster.

In the 450 Scenario, world primary gas demand grows by 17% between 2007 and
2030, but is 17% lower in 2030 compared with the Reference Scenario. Demand
continues to grow in most non-OECD regions through to 2030, but some regions
see a decline after 2020. Measures to encourage energy savings, by improving the
efficiency of gas use and encouraging low-carbon technologies, reduce gas demand.
This more than offsets the enhanced competitiveness of gas against coal and oil
in power generation and end-use applications that results from higher carbon
prices and regulatory instruments. Gas demand in OECD countries generally peaks by
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around the middle of the projection period in this scenario and then declines through
to 2030, as generators switch investment mainly to renewables and nuclear power
capacity. The United States sees higher gas use than in the Reference Scenario in the
last decade of the Outlook period, largely because gas becomes more competitive
against coal.

Gas resources are huge but exploiting them will be challenging

The world’s remaining resources of natural gas are easily large enough to cover
any conceivable rate of increase in demand through to 2030 and well beyond,
though the cost of developing new resources is set to rise over the long term.
Proven gas reserves at the end of 2008 totalled more than 180 tcm globally — equal to
about 60 years of production at current rates. Over half of these reserves are located
in just three countries: Russia, Iran and Qatar. Estimated remaining recoverable gas
resources are much larger. The long-term global recoverable gas resource base is
estimated at more than 850 tcm (including only those categories of resource with
currently demonstrated commercial production). Unconventional gas resources —
mainly coalbed methane, tight gas (from low-permeability reservoirs) and shale gas
— make up about 45% of this total. To date, only 66 tcm of gas has been produced
(or flared).

The non-OECD countries as a whole are projected to account for almost all of
the projected increase in global natural gas production between 2007 and 2030.
The Middle East sees the biggest increase in output (and in exports) in absolute
terms: that region holds the largest reserves and has the lowest production costs,
especially when the gas is produced in association with oil. Iran and Qatar account
for much of the growth in output. Africa, Central Asia (notably Turkmenistan), Latin
America and Russia also see significant growth in production. Inter-regional gas trade
is projected to grow substantially over the projection period, from 677 bcm in 2007
to around 1 070 bcm in 2030 in the Reference Scenario and just over 900 bcm in the
450 Scenario. OECD Europe and Asia-Pacific see their imports rise in volume terms in
both scenarios.

The rate of decline in production from existing gas fields is the prime factor
determining the amount of new capacity and investment needed to meet projected
demand. A detailed, field-by-field analysis of the historical gas-production trends of
nearly 600 fields (accounting for 55% of global production) indicates that close to half
of the world’s existing production capacity will need to be replaced by 2030 as a result
of depletion. This is the equivalent of twice current Russian production. By then, only
about one-third of total output comes from currently producing fields in the Reference
Scenario, despite continuing investment in them. Decline rates for gas fields once they
have passed their peak are lower for the largest fields and higher for offshore fields
than for onshore fields of similar size. The observed average post-peak decline rate of
the world’s largest gas fields, weighted by production, is 5.3%. Based on these figures
and estimates of the size and age distribution of gas fields worldwide, the global
production-weighted decline rate is 7.5% for all fields beyond their peak — a similar
rate to oilfields.
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Unconventional gas changes the game in North America
and elsewhere

The recent rapid development of unconventional gas resources in the United States
and Canada, particularly in the last three years, has transformed the gas-market
outlook, both in North America and in other parts of the world. New technology,
especially horizontal-well drilling combined with hydraulic fracturing, has increased
productivity per well from unconventional sources — notably shale gas — and cut
production costs. This supplement to supply, combined with weak demand following the
economic crisis and higher than usual storage levels, has led to a steep drop in US gas
prices from an average of almost $9 per million British thermal units (MBtu) in 2008 to
below $3/MBtu in early September 2009, cutting liquefied natural gas (LNG) import needs
and putting downward pressure on prices in other regions. The fall in North American
prices has inevitably reduced drilling activity, but production has held up remarkably
well, indicating that marginal production costs have fallen steeply. Our analysis shows
that new unconventional sources of supply have the potential to increase overall North
American production at a wellhead cost of between $3/MBtu and $5/MBtu (in year-2008
dollars and drilling and completion costs) for the coming several decades, though rising
material costs and rig rates are expected to exert upward pressure on unit costs over
time. The high decline rates of unconventional gas will also require constant drilling and
completion of new wells to maintain output.

The extent to which the boom in unconventional gas production in North America
can be replicated in other parts of the world endowed with such resources remains
highly uncertain. Outside North America, unconventional resources have not yet been
appraised in detail and gas production is still small. Some regions, including China,
India, Australia and Europe, are thought to hold large resources, but there are major
potential obstacles to their development in some cases. These include limitations on
physical access to resources, the requirement for large volumes of water for completing
wells, the environmental impact and the distance of resources from the existing pipeline
infrastructure. In addition, the geological characteristics of resources that have not
yet been appraised may present serious technical and economic challenges to their
development. In the Reference Scenario, unconventional gas output worldwide rises from
367 bcm in 2007 to 629 bcm in 2030, with much of the increase coming from the United
States and Canada. The share of unconventional gas in total US gas production rises from
over 50% in 2008 to nearly 60% in 2030. In Asia-Pacific (outside Australia) and Europe,
output is projected to take off in the second half of the projection period, though the
share of unconventional gas in total production in those regions remains small. Globally,
the share of unconventional gas rises from 12% in 2007 to 15% in 2030. This projection is
subject to considerable uncertainty, especially after 2020; there is potential for output
to increase much more.

A glut of gas is looming

The unexpected boom in North American unconventional gas production, together with
the current recession’s depressive impact on demand, is expected to contribute to an
acute glut of gas supply in the next few years. Our analysis of trends in gas demand and
capacity, based on a bottom-up assessment of ongoing investment and capacity additions
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from upstream, pipeline and LNG projects, points to a big increase in spare inter-regional
gas transportation capacity. We estimate that the under-utilisation of pipeline capacity
between the main regions and global LNG liquefaction capacity combined rises from
around 60 bcm in 2007 to close to 200 bcm in the period 2012-2015. The utilisation rate
of this capacity drops from 88% to less than three-quarters. The fall in capacity utilisation
is likely to be most marked for pipelines; the owners of new LNG capacity are likely to be
more willing to offer uncontracted supplies onto spot markets at whatever price is needed
to find buyers, backing out gas that would otherwise have been traded internationally
by pipeline (though the volume guarantees in long-term, take-or-pay contracts will limit
somewhat the extent to which buyers will be able to reduce their offtake of piped gas).

The looming gas glut could have far-reaching consequences for the structure of gas
markets and for the way gas is priced in Europe and Asia-Pacific. The much-reduced
need for imports into the United States (due to improved prospects for domestic
production and weaker-than-expected demand) could lead to less connectivity
between the major regional markets (North America, Europe and Asia-Pacific) in the
coming years. Relatively low North American gas prices are expected to discourage
imports of LNG. Assuming that oil prices rise in the coming years — and that there
is no major change in pricing arrangements — gas prices will tend to rise in Europe
and Asia-Pacific because of the predominance of oil-indexation in their long-term
supply contracts, diverging from those in North America. However, sliding spot prices
for LNG could increase the pressure on gas exporters and marketers in Europe and
Asia-Pacific to move away from, or to adjust, the formal linkage between gas and oil
prices in long-term contracts. If the major exporting countries bend to pressure from
importers to modify the pricing terms in their long-term contracts and make available
uncontracted supplies to the spot market, lower prices would result. This would help
to boost demand, especially in power generation (in which some short-term switching
capability exists and new gas-fired capacity could be brought on stream within three to
four years) and reduce the overhang in supply capacity in the medium term.

ASEAN countries will become a key energy market

The ten countries of the Association of Southeast Asian Nations (ASEAN) are set
to play an increasingly important role in global energy markets in the decades
ahead. Brunei Darussalam, Cambodia, Indonesia, Laos, Malaysia, Myanmar, Philippines,
Singapore, Thailand and Vietnam collectively make up one of the world’s most dynamic
and diverse regions, with an economy as large as Canada and Mexico combined, and
a population that exceeds that of the European Union. Their energy consumption is
already comparable to that of the Middle East and is set to continue to grow rapidly
from a comparatively low per-capita level, fuelled by rapid economic and population
growth, and by continuing urbanisation and industrialisation. In the Reference
Scenario, ASEAN primary energy demand expands by 76% between 2007 and 2030, an
average annual rate of growth of 2.5% — much faster than the average rate in the rest
of the world. Reflecting the current economic weakness, demand is projected to grow
modestly in the near term, before quickening. Even in the 450 Scenario, demand grows
at 2.1% per year. Coupled with the emergence of China and India on the global energy
scene, these trends point to a refocusing of global energy activity towards Asia.
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Many hurdles will need to be overcome if Southeast Asia is to secure access to the
energy required to meet its growing needs at affordable prices and in a sustainable
manner. The energy sector in most parts of the region is struggling to keep pace with
the rapid growth in demand experienced since the region’s recovery from the Asian
Financial Crisis of 1997/1998. With only about 1% of the world’s proven reserves of oil,
the region is heavily dependent on imports and is set to become even more so in the
future. It also faces possible natural gas-supply shortages in the decades ahead, despite
rapidly growing reliance on coal-fired power generation. While parts of Southeast Asia
have relatively abundant renewable sources of energy, various physical and economic
factors have left a significant share of it untapped. A total of $1.1 trillion needs to be
invested in energy infrastructure in the ASEAN region in 2008-2030 in the Reference
Scenario, more than half in the power sector. In the 450 Scenario, total investment
needs are $390 billion higher. Financing is a major challenge, exacerbated by the
recent global financial crisis, which has forced energy companies to cut back on
capital spending and delay or cancel projects. At the same time, access to modern
energy services still remains limited in some pockets of the region: it is estimated that
160 million people have no access to electricity today, though this number drops to
63 million by 2030 in the Reference Scenario.

Turning promises into results

The upcoming UN Climate Change Conference in Copenhagen will provide important
pointers to the kind of energy future that awaits us. Whatever the outcome,
implementation of the commitments that are made — then or later — will remain key.
The road from Copenhagen will undoubtedly be as bumpy as the road leading up to it.
It will need to be paved with more than good intentions. The IEA has already called on
all countries to take action on a large scale — a Clean Energy New Deal — to exploit
the opportunity the financial and economic crisis presents to effect the permanent
shift in investment to low-carbon technologies that will be required to curb the
growth of energy-related greenhouse-gas emissions. Recent initiatives by a number of
countries within the framework of economic stimulus packages are an important step
in this direction. But much more needs to be done to get anywhere near an emissions
path consistent with stabilisation of the concentration of greenhouse gases in the
atmosphere at 450 ppm and limiting the rise in global temperature to 2°C.

A critical ingredient in the success of efforts to prevent climate change will be the
speed with which governments act on their commitments. Saving the planet cannot
wait. For every year that passes, the window for action on emissions over a given
period becomes narrower — and the costs of transforming the energy sector increase.
We calculate that each year of delay before moving onto the emissions path consistent
with a 2°C temperature increase would add approximately $500 billion to the global
incremental investment cost of $10.5 trillion for the period 2010-2030. A delay of just
a few years would probably render that goal completely out of reach. If this were
the case, the additional adaptation costs would be many times this figure. Countries
attending the UN Climate Change Conference must not lose sight of this. The time has
come to make the hard choices needed to turn promises into action.
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INTRODUCTION

Scope and methodology

Past Outlooks have highlighted the unsustainability of current energy trends —
environmentally, economically and socially — and the urgent need for action to bring
about a wholesale global shift to low-carbon technologies. The issue is particularly
pertinent this year, as countries around the world negotiate a new global deal on action
to address climate change. Energy is at the heart of the problem — it accounts for 65% of
the world’s greenhouse-gas emissions — and so must be at the heart of the solution. The
wild gyrations of energy prices over the last couple of years have also drawn attention
to the importance of energy to economic activity everywhere and to our vulnerability to
imbalances in fuel supplies. The surge in prices through to mid-2008 probably helped tip
the world economy into the worst recession since the Second World War.

The results of the analysis presented here aim to provide policy makers, investors and
energy consumers alike with a rigorous, quantitative framework for assessing likely
future trends in energy markets and the cost-effectiveness of new policies to tackle
climate change, energy insecurity and other pressing energy-related policy challenges.
More specifically, this report is intended to inform the climate negotiations by providing
an analytical basis for the adoption and implementation of commitments and plans to
reduce greenhouse-gas emissions.

It would be almost an understatement to say that a lot has changed in the last
12 months. The first part of this year’s World Energy Outlook (WEO) accordingly
provides a comprehensive update of our long-term energy demand and supply
projections in the Reference Scenario, fuel by fuel, region by region and (in some
cases) country by country. This takes account of the dramatic economic downturn
that has hit every region of the world; new measures that governments have adopted
in response to and in pursuit of energy and environmental policies; and changes in
expectations about energy prices in the near term. As always, this update makes no
attempt to guess at future government policies, and takes no account of intentions
or targets that may have been expressed by governments or other parties but which
are not backed up by specific implementing measures. On this basis, it assesses the
implications of global trends for energy security, the environment, the economy and
energy poverty in the developing world, including a detailed review of the impact of
the financial and economic crisis on energy investment along each of the energy supply
chains. This analysis is set out in Part A.

Part B sets out the detailed results of a post-2012 scenario, which assumes governments
adopt commitments to limit the long-term concentration of greenhouse gases in the
atmosphere to 450 parts per million of carbon-dioxide-equivalent (ppm CO,-eq), an
objective that is gaining widespread support around the world." We have called this

1. For this reason, the results of the 550 Policy Scenario, first presented in WEO-2008, are not described
in detail in this report.
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the 450 Scenario. It takes a close look at the period through to 2020 that is so crucial
to the climate negotiation process and projects trends beyond that to 2030, based on
the trajectory of emissions required ultimately to reach the stabilisation goal. This
scenario builds on the “hybrid” climate policy framework introduced in WEO-2008.
Without attempting to prescribe an ideal outcome to the negotiations, the 450 Scenario
reflects a plausible set of policies that could emerge — a realistic combination of a cap-
and-trade system, sectoral agreements and national policies tailored to each country’s
circumstances. The possible national and international implications of a global climate
deal for the energy mix, greenhouse-gas emissions, investment and costs are described
sector by sector and region by region. The aim is not to predict the commitments that
countries may sign up to at the 15" Conference of the Parties (COP) of the United
Nations Framework Convention on Climate Change (UNFCCC) in Copenhagen (December
2009) or beyond, but rather to illustrate how emissions would evolve under a given
set of assumptions consistent with the overall stabilisation goal. Part B also includes
a comprehensive analysis of the energy-related costs and investments necessary to
achieve the higher level of energy efficiency and to deploy, on an adequate scale, the
new energy technologies that would be needed to realise the outcomes described in the
450 Scenario, and explores some financing options. The financial flows and requirements,
including carbon-trading flows, are quantified nationally and internationally.

Part C contains the results of an in-depth assessment of the prospects for global gas
markets, focusing on the critical factors that will drive gas demand, production and
trade in the medium to long term. It gives results for both the Reference and the
450 Scenarios. The analysis is intended to provide insights into the economics of gas
demand and supply at the country and regional level, the technical and economic
feasibility of continuing expansion of global gas production through to at least 2030,
and the prospects for changes in the way gas is traded and priced along the supply
chain. It complements and updates the study of oil and gas production prospects
in last year’s Outlook. The analysis of gas demand includes an assessment of the
competitiveness of gas against other fuels and of the drivers of gas demand by sector,
including the economics of fuel choice in power generation. On the supply side,
the review quantifies global gas resources and examines recent trends in reserves,
discoveries and exploration drilling, and the prospects for technological developments
in the upstream gas industry. This assessment includes a special focus on developments
in unconventional gas — particularly the sudden emergence of shale gas as an
abundant and potentially low-cost source of supply in North America — and provides a
quantitative analysis, on a field-by-field basis, of the production profiles of the world’s
biggest gas fields. Production and trade projections, as well as their implications for
investment, are presented, with special focus on the most significant energy markets.

The final section of the book, Part D, analyses in detail the prospects for energy markets
in Southeast Asia — one of the fastest-growing energy-consuming regions in the world.
Projections are given of regional energy demand and supply by fuel and sector, energy
investment and energy-related CO, emissions in the two scenarios. The implications
of these trends for global energy markets and the prospects for regional multilateral

54 World Energy Outlook 2009



© OECD/IEA, 2009

co-operation to address Southeast Asia’s environmental and energy-security challenges
are also assessed. The energy situation of four of the region’s nations are examined in
some depth.

As indicated above, the WEO-2009 continues past practice in using a scenario
approach to examine future energy trends: this year, the Reference Scenario and
the 450 Scenario. The projection period currently runs to 2030; 2007 is the last year
for which comprehensive historical data are available but, in many cases, preliminary
data are available for 2008 and have been incorporated. The projections are derived
from a large-scale mathematical model, the World Energy Model,? which has been
updated, drawing on the most recent historical data and revised assumptions. The
power-generation and gas-supply modules have been completely overhauled, and a
new water desalination/power module has been incorporated for the Middle East and
North Africa. We have also enhanced our transport and carbon-finance models.

As in previous years, the Reference Scenario describes what would happen if, among
other things, governments were to take no new initiatives bearing on the energy
sector, beyond those already adopted by mid-2009. Most recent policy action bearing
on the energy sector has been designed to contribute to emergence from the economic
recession, to improve energy security, or to combat climate change and simultaneously
address other environmental problems by improving energy efficiency and encouraging
switching to lower-carbon fuels. Examples of major new policies adopted over the
12 months to mid-2009 are shown in Table 1. Importantly, the Reference Scenario
does not include possible, potential or even likely future policy initiatives, thus it
cannot be considered a forecast of what is likely to happen. Rather, it is a baseline
picture of how global energy markets would evolve if the underlying trends in energy
demand and supply are not changed. This allows us to test quantitatively the possible
effects of new government policies, as in the 450 Scenario. We have also carried out
sensitivity analyses, using alternative assumptions about gross domestic product (GDP)
growth and energy prices, to reflect the enormous uncertainty surrounding both factors
(see Annex B).

The 450 Scenario describes the implications for energy markets of a co-ordinated
global effort to achieve a trajectory of greenhouse-gas emissions that would ensure the
stabilisation of the concentration of those gases in the atmosphere at 450 ppm CO,-eq.
According to the Intergovernmental Panel on Climate Change (IPCC), stabilisation at
that concentration creates a 50% chance of restricting to around 2°C the eventual
increase in global average temperature (IPCC, 2007). By comparison, the Reference
Scenario is consistent with an increase in temperature of up to 6°C. Because
greenhouse gases remain in the atmosphere for a long time, stabilisation at 450 ppm
would require annual emissions of greenhouse gases to peak within the next few
years, followed by reductions of 3% or more each year. According to the IPCC, even
a 2°C temperature increase would lead to a significant rise in sea level, species loss
and increased frequency of extreme weather events. The emission reductions from
energy use in the 450 Scenario are assumed to result from a structured international

2. Adetailed description of the World Energy Model can be found at www.worldenergyoutlook.org/model.asp.
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agreement on the adoption and implementation of a framework of effective policy
mechanisms, including a cap-and-trade system and sectoral agreements. The detailed
assumptions are described in Chapter 5.

Table 1 e Selected major new energy-related government policies taken into
account in the Reference Scenario

Country/region Policy Detail

United States New Corporate Average Fuel Economy  Sales-weighted fuel economy for light-duty vehicles
(CAFE) standards capped at 39 mpg in 2016, 35.5 mpg for cars.

China Golden Sun Programme Subsidises 50% of investment cost for on-grid

solar-power projects (over 500 MW) and 70% for
off-grid projects, 2009-2011.

Feed-in tariff for wind power plants Four categories of on-grid tariffs for new wind
projects, based on regions of varying wind

conditions.
Nuclear programme Planned expansion of nuclear capacity to 2020.
European Union 20-20-20 Package Cap on overall greenhouse-gas emissions of 20%

below 1990 levels by 2020. National renewable
energy targets for emission reductions and to
reduce energy imports. Include a minimum 10%
share for alternative fuels in gasoline and diesel
by 2020. Revised guidelines on state aid for
environmental protection to support development
and safe use of carbon capture and storage (CCS).

Japan Photovoltaic (PV) subsidy and feed-in  Subsidy: JPY 70 000/kW with a total budget of
tariff for households JPY 20 billion (April 2009 to January 2010). Feed-in
tariff: surplus electricity to be purchased by
electric utilities at twice retail price (JPY 48/kWh).

Principal assumptions

The projections in each scenario are underpinned by assumptions about a range of
factors that drive energy demand and supply. Chief among these are population
growth, macroeconomic trends, energy prices, technological developments and
government policies. These assumptions are described below. The population and
economic growth assumptions are the same for both the Reference and 450 Scenarios
(see Chapter 5 for a discussion of the economic effects in the latter scenario). The
principal difference between the scenarios is that new policies are assumed in the
450 Scenario (see above), along with some differences in technology. Prices are also
assumed to be affected by these changes.

Population

Demography affects the size and pattern of energy demand, directly and through its
impact on economic growth and development. The rates of population growth assumed
for each region in this WEO are based, as usual, on the most recent projections
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produced by the United Nations (UNPD, 2009). Global population is projected to grow
by 1% per year on average, from an estimated 6.6 billion in 2007 to 8.2 billion in 2030.
Population growth slows progressively over the projection period, as it did in the last
two decades or so, from 1.1% per year in 2007-2015 to 0.9% in 2015-2030 (Table 2).
Population expanded by 1.5% per year from 1980 to 2007.

Table 2 e Population growth by region (compound average annual growth

rates)
1980-1990 1990-2007 2007-2015 2015-2030 2007-2030
OECD 0.8% 0.8% 0.6% 0.3% 0.4%
North America 1.2% 1.2% 0.9% 0.7% 0.8%
United States 0.9% 1.1% 0.9% 0.7% 0.8%
Europe 0.5% 0.5% 0.4% 0.2% 0.3%
Pacific 0.8% 0.4% 0.1% -0.2% -0.1%
Japan 0.6% 0.2% -0.2% -0.5% -0.4%
Non-OECD 2.0% 1.5% 1.3% 1.0% 1.1%
E. Europe/Eurasia 0.8% -0.2% -0.1% -0.2% -0.1%
Russia n.a. -0.3% -0.4% -0.5% -0.4%
Asia 1.8% 1.4% 1.1% 0.8% 0.9%
China 1.5% 0.9% 0.6% 0.3% 0.4%
India 2.1% 1.7% 1.3% 0.9% 1.1%
Middle East 3.6% 2.3% 1.9% 1.5% 1.6%
Africa 2.9% 2.5% 2.3% 1.9% 2.0%
Latin America 2.0% 1.5% 1.1% 0.8% 0.9%
Brazil 2.1% 1.5% 0.8% 0.5% 0.6%
World 1.7% 1.4% 1.1% 0.9% 1.0%
European Union n.a. 0.3% 0.2% 0.0% 0.1%

Most of the increase in global population will occur in non-OECD countries, mainly in
Asia and Africa (Figure 1). Non-OECD population grows by 1.1% per year from 2007 to
2030, reaching 6.9 billion — equal to 84% of the world total. The only major non-OECD
country that experiences a decrease in population is Russia, where the population falls
from 142 million in 2007 to 129 million in 2030. Africa sees the fastest rate of growth.
In absolute terms, the biggest increase occurs in non-OECD Asia, though its share of
world population falls by one percentage point to 52% by 2030. China remains the
world’s most heavily populated country, with 1.46 billion people in 2030, while India’s
population, growing faster, almost reaches that of China by then. The population of
the OECD increases by only 0.4% per year on average in 2007-2030, its share of global
population falling further, from 18% in 2007 to less than 16% in 2030. Most of the
increase in the OECD occurs in North America; Europe’s population increases slightly,
while the Pacific’s actually falls marginally. The projected global population trends
depend on achieving a major increase in the proportion of AIDS patients who get anti-
retroviral therapy to treat the disease and on the success of efforts to control the
further spread of HIV.
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Figure 1 e Population by major region
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All of the increase in world population in aggregate will occur in urban areas. In
2009, for the first time in history, the world’s urban population overtook the rural
population. Continuing rapid urbanisation in non-OECD countries will tend to push up
demand for modern energy, the bulk of which is consumed in or close to towns and
cities.® The population will continue to age in all regions as fertility and mortality
rates decline. Worldwide, the proportion of people over 60 years old is projected to
rise from 10% in 2007 to about 15% by 2030. This will have far-reaching economic and
social consequences, which will inevitably affect both the level and pattern of energy
use. Older people, for example, tend to travel less for work and leisure. On the other
hand, the average size of households will tend to fall, which might push up per-capita
demand for residential space heating and cooling.

Economic growth

The energy projections in the Outlook are highly sensitive to underlying assumptions
about GDP growth — the principal driver of demand for energy services. The pattern
of economic development, notably the relative contributions of manufacturing
industry and services, also affects overall energy demand and the fuel mix. Since
the 1970s, primary energy demand has risen in a broadly linear fashion along with
GDP: between 1971 and 2007, each 1% increase in global GDP (expressed in real
purchasing power parity, or PPP, terms*) was accompanied by a 0.7% increase in
primary energy consumption (Figure 2). Demand for electricity and transport fuels
has been particularly closely aligned with GDP. However, the so-called income

3. IEA (2008) contains a detailed analysis of trends in energy use in cities.

4. PPPs compare the costs in different currencies of a fixed basket of traded and non-traded goods and
services, and yield a widely based measure of standard of living. This helps in analysing the main drivers of
energy demand or comparing energy intensities among countries.
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elasticity of primary energy demand — the increase in demand relative to GDP —
has changed over time. It fell sharply from 0.8 in the 1970s to 0.5 in the 1990s, but
then rebounded to 0.7 in 2000-2007, mainly because of a surge in energy-intensive
manufacturing in China.

Figure 2 e Primary energy demand and GDP, 1971-2007
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The projections in WEO-2009 are strongly affected by the global economic recession.
The economies of most OECD countries and many non-OECD countries have already
contracted sharply and economic growth rates have slowed abruptly everywhere else.
According to preliminary data, global GDP fell by an unprecedented 6.5% in the fourth
quarter of 2008 (on an annualised basis), with the advanced economies contracting
by around 8% and the emerging economies by 4%. GDP fell almost as fast in the first
quarter of 2009, with the US economy contracting by 6.4% and the Japanese economy
by 11.7%. Although the US economy may have suffered most from intensified financial
strains and the continued fall in the housing sector, western Europe and OECD Asia have
been hit hard by the collapse in global trade, as well as by rising financial problems of
their own and housing corrections in some national markets. There are signs that the
world economy is now beginning to pull out of recession, helped by unprecedented
macroeconomic and financial policy support. However, the exact path of recovery is
very uncertain, and could be sluggish and uneven.

The global economic crisis was triggered by the financial crisis, which began in mid-
2007 and took a dramatic turn for the worse in the second half of 2008. Financial
difficulties caused by plunging asset values curtailed sharply the ability and willingness
of banks to lend money; this impeded investment, undermining consumption and
paralysing economic activity. The deteriorating economic climate, in turn, aggravated
the financial crisis, sending the world’s financial and economic systems into a sharp
downward spiral. Inflation has been declining rapidly in response to economic
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contraction and the collapse of commaodity prices since mid-2008. The precise role of
other factors in causing the initial economic downturn is unclear, though it appears
that high oil prices may have played a significant role (Box 1).

Box 1 e To what extent are high oil prices to blame for the economic crisis?

Although it is generally considered that the financial crisis was the principal
immediate cause of the sudden, deep and synchronised global economic
downturn that took hold in 2008, other factors — including the run-up in oil prices
in the period 2003 to mid-2008 — arguably played an important, albeit secondary,
role. High oil prices certainly helped to render the economies of oil-importing
industrialised countries more vulnerable to the financial crisis, by damaging
their trade balances, reducing household and business income, putting upward
pressure on inflation and interest rates, and dampening economic growth. Such
concerns prompted the Kingdom of Saudi Arabia to convene the Jeddah Energy
Meeting on 22 June 2008 and the United Kingdom to host the follow-up London
Energy Meeting on 19 December 2008. Both meetings were aimed at enhancing
dialogue between oil producers and consumers during a time of extremely
volatile prices.

Action was clearly needed. The share of energy bills in, for example, US household
spending more than doubled to about 8% over the five years to 2008, reducing
spending on other goods and services, and increasing household indebtedness.
The rise in oil and other energy prices contributed significantly to the surge in
flows of capital from oil-rich countries to the advanced economies, notably the
United States, which helped temporarily to sustain consumption and imports.

Analysis carried out by the IEA in 2006 concluded that the rise in oil prices over
the previous four years had lowered world GDP growth by an average of 0.3
percentage points per year. It also drew attention to the fact that not all of
the effects of higher prices had fully worked their way through the economic
system and that any further price increases would pose a significant threat to
the world economy, by causing a worsening of current account imbalances and
by triggering abrupt exchange rate realignments, a rise in interest rates and a
slump in property and other asset prices. Nonetheless, the speed and depth of
the resulting economic and financial crisis took almost everyone by surprise. It
follows that if there were any sharp upward surge in oil prices in the months to
come, this would risk causing the nascent economic recovery to stall.

Sources: IEA (2006); IMF (2009a).

There is enormous uncertainty about near-term economic prospects worldwide as
the ramifications of the credit crunch and the full effects of the economic slump
unfold. The leading forecasting bodies — private and public — have revised downwards
repeatedly over the past year their projections for 2009 and beyond. In mid-July 2009,
the International Monetary Fund (IMF) updated its global GDP estimates and forecasts:
GDP is now estimated to have grown by 5.1% in 2007 and 3.1% in 2008, and is expected
to fall by 1.4% in 2009 (IMF, 2009b). The downturn is being led by the advanced

60 World Energy Outlook 2009



© OECD/IEA, 2009

economies, which are now forecast to contract in aggregate by 3.8% in 2009. This would
be the first annual contraction since the Second World War. The IMF still expects the
world economy to stage a modest recovery in 2010, conditional on continued success
in stabilising financial conditions, sizeable fiscal support, a gradual improvement in
credit conditions, a bottoming of the US housing market and the cushioning effect from
sharply lower oil and other major commaodity prices. Global GDP is projected to grow
by 2.5% in 2010, though the advanced economies are expected to see no growth.

The problems that have beset global financial and credit markets since mid-2007 were
both a cause and an effect of the broader slump in the real economy. Concerns about the
stability of the financial system first appeared in mid-2007, as large losses on mortgage-
backed securities caused by defaults in the United States came to light. The crisis
intensified with the collapse of the US securities firm, Bear Stearns, in March 2008, and
the investment bank, Lehman Brothers, in September, and the subsequent intervention
of the monetary authorities to bail out several institutions in the United States and
Europe. The crisis spread rapidly across the financial markets in the OECD and to
emerging markets, as falling asset values damaged the balance sheets of banks and other
financial institutions, forcing them to rein in lending and tighten the terms of new loans,
including raising interest rates sharply. Growing concerns about counterparty risk also
disrupted credit markets, especially the interbank and commercial paper markets. This
made it much harder — and more expensive — for businesses of all types to borrow money
whether on a short-term or long-term basis. The credit crunch both caused and fed on
the sharp downturn in economic growth, as the value of physical and financial assets
spiralled lower, liquidity and credit diminished and economic activity contracted.

Governments in the advanced economies, through their central banks, responded
forcefully to the financial crisis with extraordinary measures. These included large
injections of liquidity (more recently by introducing or printing “new” money, a tactic
known as quantitative easing), co-ordinated cuts in interest rates (to almost zero in
all OECD countries), the full or part nationalisation of major financial institutions and
direct interventions in commercial paper markets. These moves sought to shore up
the financial system and sustain lending to businesses and households. Governments
also launched programmes to provide economic stimuli to sustain demand and combat
recession, involving big increases in public spending (often to support sectors that
have been particularly badly hit by the economic slump and the credit crunch, notably
the car industry) and tax cuts. In mid-February 2009, US President Obama signed into
law a $787-billion package of measures to be introduced over ten years, including
about $50 billion of incentives to develop and deploy clean energy technologies (see
Chapter 4). Most European countries, Japan, Korea and Australia also introduced
or proposed strong measures to stimulate their economies, complementing the EU
Economic Recovery Plan announced in November 2008. China introduced, in late
2008, a sweeping stimulus package worth $585 billion over two years, which is already
beginning to bear fruit. China and other emerging economies could provide the motor
of economic recovery for the rest of the world.

This Outlook takes on board the latest GDP growth projections from the IMF (2009b)
and the OECD (2009). We assume that the rate of growth recovers to 4.1% by 2015
and then turns down progressively through to 2030. World GDP is assumed to grow
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by an average of 3.1% per year over the period 2007-2030, compared with 3.3% from
1990-2007 (Table 3). This average is distorted by the impact of the economic recession
in 2008 and 2009. GDP growth is assumed to average 3.3% per year in 2007-2015 and
3.0% per year in 2015-2030.

Table 3 e Real GDP growth by region (compound average annual growth rates)

1980-1990 1990-2007 2007-2015 2015-2030 2007-2030

OECD 3.0% 2.5% 1.4% 1.9% 1.8%
North America 3.1% 2.9% 1.8% 2.3% 2.1%
United States 3.3% 2.9% 1.8% 2.2% 2.0%
Europe 2.4% 2.3% 1.0% 1.8% 1.5%
Pacific 4.3% 2.3% 1.3% 1.3% 1.3%
Japan 3.9% 1.4% 0.7% 1.1% 1.0%
Non-OECD 2.1% 4.6% 5.7% 4.1% 4.6%
E. Europe/Eurasia -0.2% 0.5% 3.3% 3.3% 3.3%
Russia n.a. 0.3% 3.3% 3.4% 3.4%
Asia 6.6% 7.4% 7.2% 4.6% 5.5%
China 8.9% 10.0% 8.8% 4.4% 5.9%
India 5.8% 6.3% 7.0% 5.9% 6.3%
Middle East -1.3% 3.8% 4.5% 4.0% 4.2%
Africa 2.3% 3.7% 4.7% 3.14% 3.7%
Latin America 1.2% 3.4% 3.1% 2.5% 2.7%
Brazil 1.5% 2.9% 3.1% 2.5% 2.7%
World 2.7% 3.3% 3.3% 3.0% 3.1%
European Union n.a. 2.2% 1.1% 1.8% 1.5%

Note: Calculated based on GDP expressed in year-2008 dollars at purchasing power parity (PPP) terms.

India and China are expected to continue to grow faster than other regions, followed by
the Middle East. India grows fastest, at 6.3% per year on average, and overtakes China
as the fastest-growing major country before 2020, because its population grows quicker
and because India is at an earlier stage in the development process. The growth rates
of the economies of all the emerging economies are expected to slow as they mature.
Growth in the Middle East is buoyed by rising oil revenues. GDP growth is assumed to
slow gradually in all three OECD regions as their populations and labour forces stagnate,
and they face increased competition from the emerging economies. North America is
expected to remain the fastest-growing OECD region, partly due to its more rapidly
expanding and relatively young population, though the rate of GDP growth is assumed
to drop from an annual average of 2.9% in 1990-2007 to 2.1% per year over the Outlook
period (partly because of the effect of the current recession). Europe and the Pacific
see the lowest GDP growth. Based on our population and GDP growth assumptions,
per-capita incomes grow most rapidly in China and India, but remain well below OECD
levels when calculated using market exchange rates (Figure 3).5

5. Exchange rates in real terms are assumed to remain constant at 2008 levels (EUR 0.68 and JPY 103.39)
over the projection period.
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Figure 3 e Per-capita income by region

OECD North America | 1.3% 2007

OECD Europe 1.2% 2030
OECD Pacific | 1.3% % CAAGR
E. Europe/Eurasia | 3.5% 2007-2030
Middle East | 2.5%
China | 5.5%
Latin America | 1.8%
Other Asia | 2.4%
India e 5.2%
Africa [ 1.6%
0 10 E)OO 20 600 30 I000 40 IOOO 50 600 60 E)OO
Dollars (2008)

Notes: Calculated on the basis of GDP at market exchange rates. CAAGR is compound average annual growth
rate.

Energy prices

Energy prices are an exogenous determinant of energy demand and supply in the World
Energy Model. The assumed trajectories for international fossil-energy prices in the
Reference Scenario, summarised in Table 4, are based on a top-down assessment of
the prices that would be needed to encourage sufficient investment in supply to meet
projected demand over the Outlook period. In other words, they are derived iteratively
to ensure their consistency with the overall global balance of supply and demand.
These trajectories should not be seen as forecasts. Although the price paths follow
smooth trends, this should not be interpreted as a prediction of stable energy markets:
prices will, in reality, certainly deviate from these assumed trends, widely at times, in
response to short-term fluctuations in demand and supply, and to geopolitical events.

International prices are used to derive average end-user pre-tax prices for oil products,
gas and coal in each region and for each sector analysed in WEOQ-2009. Final electricity
prices are derived from changes in marginal power-generation costs and non-generation
costs of supply. Tax rates and subsidies are taken into account in calculating final
post-tax prices, which help to determine final energy demand. In all cases, the rates
of value-added taxes and excise duties on fuels are assumed to remain unchanged.
Current policies on pricing and other market reforms are also taken into account in
the Reference Scenario. In most non-OECD countries, at least one fuel or form of
energy continues to be subsidised, usually through price controls that hold the retail
or wholesale price below the level that would prevail in a truly competitive market.®
Most of these countries have policies to reform subsidies, though often the intended
timing is vague and the commitment is half-hearted. We assume that these subsidies

6. Energy-related consumption subsidies in 20 non-OECD countries (accounting for over 80% of total non-
OECD primary energy demand) amounted to about $310 billion in 2007 (IEA, 2008).

Introduction 63



© OECD/IEA, 2009

are gradually reduced, but at varying rates across regions. In the 450 Scenario, final
prices also take into account carbon prices under the cap-and-trade systems that are
assumed to be introduced in many parts of the world.

Table 4 e Fossil-fuel price assumptions in the Reference Scenario
(dollars per unit)

Unit 2000 2008 2015 2020 2025 2030
Real terms (2008 prices)

IEA crude oil imports barrel 34.30 97.19 86.67 100.00 107.50 115.00
Natural gas imports
United States MBtu 4.74 8.25 7.29 8.87 10.04 11.36
Europe MBtu 3.46 10.32 10.46 12.10 13.09 14.02
Japan LNG MBtu 5.79 12.64 11.91 13.75 14.83 15.87
OECD steam coal imports tonne 41.22 120.59 91.05 104.16 107.12 109.40
Nominal terms
IEA crude oil imports barrel 28.00 97.19 101.62 131.37 158.23 189.65
Natural gas imports
United States MBtu 3.87 8.25 8.55 11.66 14.78 18.73
Europe MBtu 2.82 10.32 12.27 15.89 19.27 23.11
Japan LNG MBtu 4.73 12.64 13.96 18.07 21.83 26.17
OECD steam coal imports tonne 33.65 120.59 106.77 136.84 157.67 180.42

Notes: Gas prices are expressed on a gross calorific-value basis. All prices are for bulk supplies exclusive
of tax. Nominal prices assume inflation of 2.3% per year from 2008. Detailed price assumptions for the
450 Scenario can be found in Chapter 5.

Oil prices

The average IEA crude oil import price, a proxy for international prices, is assumed
in the Reference Scenario to fall from the 2008 level of $97 per barrel to around $60
per barrel in 2009 (roughly the level of mid-2009) and then recover with the economic
recovery to reach $100 per barrel by 2020 and $115 per barrel by 2030 in year-2008
dollars (Figure 4).” In nominal terms, prices roughly triple between 2009 and 2030,
reaching almost $190 per barrel. The price assumptions are sharply lower in the near-
to-medium term compared with last year’s Outlook, reflecting the collapse in prices in
the second half of 2008.2 For the end of the projection period, prices are only slightly
lower than assumed last year, as the prospective marginal cost of oil supply and the

7. In 2008, the average IEA crude oil import price was $3 per barrel lower than first-month forward West
Texas Intermediate (WTI) and $0.20 higher than dated Brent.

8. The assumed oil prices are slightly below those assumed by the US Energy Information Administration
(EIA), but are significantly higher than those assumed by the Organization of the Petroleum Exporting
Countries (OPEC). For its most recent long-term energy projections, the EIA assumes an average world oil
price of around $130 per barrel in year-2007 prices for 2030 (DOE/EIA, 2009). In its most recent World Oil
Outlook, OPEC has retained its previous assumption of nominal prices in the range of $70 to $90 per barrel
over the next decade for the reference basket of crude oils (OPEC, 2009).
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outlook for demand in the long term have not changed radically (see Chapter 1). In the
450 Scenario, prices are assumed to follow the same trajectory as in the Reference
Scenario to 2015 and then remain flat to 2030, due to weaker demand. Prices are 10%
lower than in the Reference Scenario in 2020 and 22% lower in 2030 (Figure 4).

Figure 4 e Average IEA crude oil import price (annual data)
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Oil prices have ridden a veritable roller-coaster over the past year or so. From highs
near $150 per barrel in July 2008, crude prices plunged to around $35 per barrel in
February 2009 before recovering to $65 to $70 per barrel by mid-year. Explaining price
movements is never simple and the experience of 2008 has inevitably prompted a lively
debate about the causes of the dramatic market turnaround (IEA, 2009a). Oil market
fundamentals certainly played a central role in driving prices up and down: tight
distillate supply and highly price-inelastic demand combined to push up prices through
to mid-2008, while the sudden weakening of demand in belated response to higher
prices and, more importantly, the sudden deterioration in global economic conditions
pushed prices back down through the rest of the year.

The magnitude of the price swings can be explained by the very low price elasticities
of demand and supply, which mean that big and sudden changes in prices are necessary
to balance the market in the event of even relatively small changes in either supply
or demand. Expectations about future market tightness undoubtedly contributed to
stronger demand and prices, while subsequent fears about the impact of the financial
and economic crisis on oil demand in the medium term helped to drive prices lower.
The extent to which speculative financial flows into and out of futures markets
contributed to the swings in prices remains a topic of animated discussion, but it is
reasonable to conclude that those flows may well have played a part in amplifying the
impact of shifting fundamentals on prices, both upwards and downwards. Yet recent
analyses have been unable to prove a direct price-making role for non-commercial
operators on futures exchanges (IEA, 2009a).
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The assumption of a steady recovery in prices to at least 2015 is based on our expectation
of gradually tightening international oil markets in the medium term (on the assumption
of global economic recovery). Global oil demand is expected to recover as the economy
pulls out of recession, outpacing the growth in capacity, while recent large cutbacks in
upstream and downstream investment will have a big impact on supply in the next three
to five years as a result of the long lead times in bringing new projects on stream. In
addition, the Organization of Petroleum Exporting Countries (OPEC) is likely to seek to
push up prices in the near term by ensuring that production quotas rise more slowly than
demand. Although the underlying trend may be upwards, prices are likely to remain
highly volatile. In the longer term, we assume in the Reference Scenario that rising
marginal costs of supply, together with demand growth in non-OECD countries, will
continue to exert upward pressure on prices. By contrast, in the 450 Scenario, lower oil
demand means there is less need to produce oil from costly fields higher up the supply
curve in non-OPEC countries (see Chapter 5). As always, there are acute risks to these
assumptions on both sides: the timing and pace of economic recovery and, therefore,
the rebound in oil demand remain highly uncertain, as do the levels of investment in oil
production and refining capacity, and of dollar exchange rates.

Natural gas prices®

Natural gas prices have followed divergent paths in different parts of the world, largely
according to the degree of contractual linkage to oil prices and of government price
controls. In Europe and the Pacific, where most gas is traded under long-term contracts
with oil-price indexation, prices peaked in late-2008, reflecting the impact of high oil
prices in the second quarter of the year (most contracts adjust gas prices with a lag of
six to nine months). They have since fallen back with lower oil prices, reaching about
$7 per million British thermal units (MBtu) in Europe and $7.50/MBtu to $8.00/MBtu in
the Pacific in mid-2009. In North America, where gas-to-gas competition is the dominant
price-setting mechanism, prices peaked in the middle of 2008 and then started
falling briskly with plunging demand, caused by the recession and rising stocks, while
production held up much more (thanks to a boom in shale gas drilling). By mid-2009,
spot prices at Henry Hub (the leading North American benchmark) had fallen to little
more than $3/MBtu — the lowest level since 2002.

In the Reference Scenario, gas prices in Europe and the Pacific are assumed to fall back
in 2009 from their mid-2008 peaks in lagged response to the fall in oil prices. Prices then
begin to rise after 2015, in line with rising demand and oil prices (Figure 5). Although
the expected development of gas-to-gas competition in both regions is likely to weaken
the contractual links between oil and gas prices over the projection period, gas prices
are not assumed to fall relative to oil prices. Competition would exert some downward
pressure on the prices of gas relative to those of oil, but this effect is assumed to be
offset by rising marginal supply costs for gas as the distances over which gas has to be
transported by pipeline or as liquefied natural gas (LNG) increase. Growing LNG trade
is expected to contribute to some convergence in European and Pacific prices over the
projection period.

9. Adetailed discussion of the outlook for gas pricing can be found in Chapter 14.
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Figure 5 e Ratio of natural gas and coal prices to crude oil in the Reference
Scenario*
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* Calculated on an energy-equivalent basis using real-2008 dollars.

By contrast, in North America, gas prices are expected to follow a path much more
independent from oil prices. The abundance of relatively low-cost shale gas in the
United States is expected to continue to exert downward pressure on US gas prices
in the near term, making LNG imports generally uncompetitive and causing the North
American market largely to disconnect from Europe. Prices are nonetheless assumed to
rise moderately through to 2030 with higher prices of oil (which increases the market
value of gas against competing oil products and raises the price of gas in other regional
markets) and the rising marginal cost of unconventional gas supply as reserves are
depleted. The price reaches $7/MBtu by 2015 and just over $11/MBtu in 2030. Prices
would not rise so steeply if domestic supply costs turn out to be lower and/or LNG
imports become available at lower prices.

Natural gas prices in the 450 Scenario are lower than in the Reference Scenario in all
regions as a result of both lower oil prices (in Europe and the Pacific only) and weaker
gas demand (everywhere). In Europe and the Pacific, gas prices are 9% lower in 2020
and 21% lower in 2030 than in the Reference Scenario. In North America, where prices
are largely determined by the domestic supply and demand balance, prices fall much
less, by 8% in 2020 and 10% in 2030, mainly because gas demand in that region drops
less steeply than in other parts of the world.

Steam coal prices

International steam coal prices have tended broadly to follow oil and gas prices in
recent years, reflecting the dynamics of inter-fuel competition and the importance
of oil in the cost of transporting coal. The average price of steam coal imported by
OECD countries jumped from $74 per tonne in 2007 (in year-2008 dollars) to $121 per
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tonne in 2008." By mid-2009, the price had dropped back to around $90 per tonne.
The abrupt turnaround in coal demand in industry and power generation resulting from
the economic slowdown, together with plunging prices of gas (which has led some
generators to switch from coal) largely explains the drop in prices.

In the Reference Scenario, coal prices are assumed to bottom out at less than
$65 per tonne in real terms on average in 2009, before recovering gradually to over
$100 per tonne by 2020 and almost $110 per tonne by 2030. Rising oil and gas prices
make coal increasingly competitive. In reality, however, the possibility of a carbon
price being introduced or increasing where it already exists — though not assumed in
this scenario — will affect the use of coal, counterbalancing to some degree the impact
on coal demand of relatively lower prices.

In the 450 Scenario, coal prices are assumed to be markedly lower, especially towards the
end of the Outlook period, as a result of a widespread and large-scale shift away from coal
to cleaner fuels. In fact, coal prices are the most affected by the lower supply-demand
equilibrium in the 450 Scenario. Coal prices are assumed to drop to $80 per tonne in
2020 and $65 per tonne in 2030 — $45 per tonne below the Reference Scenario level.

CO, prices

At present, only the European Union has adopted a formal cap-and-trade system
that sets prices for CO, — the EU Emissions Trading System. Thus, in the Reference
Scenario, carbon pricing is limited to the power and industry sectors in EU countries.
The price of CO, under that system is projected to reach $43 per tonne in 2020 and
$54 per tonne in 2030. In the 450 Scenario, the cap-and-trade system is assumed
to be extended to the power and industry sectors in OECD+ (a group that includes
all the OECD countries plus non-OECD EU countries) as of 2013 and to Other Major
Economies (which includes China, Russia, Brazil, South Africa and the Middle East)
as of 2021. We assume that CO, is traded in two separate markets: the OECD+
and Other Major Economies. To contain emissions at the levels required in the
450 Scenario, we estimate that the CO, price reaches $50 per tonne in OECD+ in 2020;
it rises to $110 per tonne in OECD+ and $65 per tonne in the Other Major Economies
in 2030. The prices are set by the most expensive abatement option (for example,
carbon capture and storage in industry in the OECD+ in 2030). Full details of carbon
pricing and how it is modelled in the 450 Scenario can be found in Chapters 5 and 8.

Technology

The status and efficiency of different energy-sector technologies, both long-standing
technologies and novel technologies, will be a key factor in determining the world’s
energy demand, fuel use, CO, emissions and investment choices in the years to
come. Our projections are therefore very sensitive to assumptions about rates of
technological development, of improvements in energy and cost efficiencies, and of
commercialisation and accessibility.

10. In mid-2008, prices approached $200 per tonne for certain qualities of coal in some European markets
and $150 per tonne in the United States.
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In general, it is assumed in the Reference Scenario that the performance of currently
available technologies improves, particularly in terms of efficiency, over the projection
period. This reflects historic experience of technological learning over time, but is also
stimulated by higher energy prices. Our assumptions about the pace of technological
advance vary markedly by fuel, by sector and by technology, taking into account
the current status of technologies, the potential for further improvements, current
research and development (R&D) investment, policy support and other sector-specific
factors. Such factors include, notably, the rate of retirement and replacement of
capital stock. This varies markedly by technology, ranging from around one year for an
incandescent lightbulb to 40 to 50 years for a nuclear power station and over 100 years
in the case of some buildings and infrastructure. Typically, the lifetimes of energy
sector investment are relatively long, which limits capital turnover and the rate at
which average efficiency can improve. However, rising demand for energy counteracts
this effect to some degree, as the need for additional capacity increases the potential
for improving the mix and efficiency of technologies over the next 20 years.

A number of major new technologies that are approaching commercialisation are
assumed to be deployed at various points over the projection period. These include:

m Carbon capture and storage (CCS): CCS is a crucial, but relatively costly, form of
emissions abatement in the 450 Scenario. It is also assumed, at very small scale,
from 2020 in the power generation sector in the Reference Scenario — in countries
with sufficiently large incentives or subsidies in place. While the basic technology
already exists to capture CO, emissions, and to transport and permanently store
the gas in geological formations, it has yet to be deployed at significant scale in
an integrated way in the power sector. Nevertheless, 2009 has seen some very
important steps forward, with a number of demonstration projects now underway
or planned (see Chapter 7). Challenges to successful full-scale demonstration
and commercial deployment include: the financing of large-scale demonstration
projects and integration of CCS into greenhouse-gas policies; the higher cost and
efficiency penalty of CCS technology relative to coal-fired power plants without
CCS; the development and financing of adequate CO, transport infrastructure; and
the development of legal and regulatory frameworks to ensure safe and permanent
CO, storage (IEA, 2009b). Another important challenge is to make CCS available
and cost-effective in the industry sector, as well as in power generation.

m Concentrating solar power (CSP): Solar power is a long-established technology but
in the past it has been constrained by technical difficulties in producing power
on a sufficiently large scale, for a given area of land and at sufficiently low cost.
However, there has been significant technological progress in recent years and this
is set to continue over the projection period. In particular, solar power is likely
to become much more cost-effective in a world of higher energy prices, giving a
large boost to deployment in areas such as the United States, North Africa and
southern Europe.

m Electric and plug-in hybrids vehicles: Major progress has been made in recent
years in respect to electric vehicles and there are now a few vehicles available
in niche markets. Plug-in hybrids, which run on electric power with an additional
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conventional engine to allow for driving over longer distances than is possible with
current battery technology, are a potential intermediate step towards full electric
vehicles. Plug-in hybrids and electric cars have recently seen their first commercial
applications. However, challenges to the mass adoption of these technologies still
remain, particularly improvements in battery technology to provide sufficient
range and to reduce costs, and the build-up of adequate battery-manufacturing
capacities and recharging infrastructure. A number of countries have announced
subsidies and/or sales targets for electric vehicles, including the United Kingdom,
Spain, Ireland and China, which are taken into account in the Reference Scenario.
Meanwhile, overall fleet efficiency targets in many regions, including Japan, the
European Union and the United States, are likely to stimulate the adoption of more
efficient conventional cars and hybrid vehicles. In the Reference Scenario, in the
absence of stronger targets and more directed policy support, electric cars and
plug-in hybrids remain only niche markets. They feature much more prominently
in the 450 Scenario, which takes into account the impact of a global sectoral
agreement on the efficiency of passenger light-duty vehicles (PLDVs).

Advanced biofuels: Despite increasing research efforts, second-generation biofuels
are still a long way from commercialisation and are not deployed until 2020 in the
Reference Scenario. Even then, this is on a small scale and mainly in the United
States, in part driven by the US Renewable Fuel Standard, which mandates the
use of second-generation ligno-cellulosic biofuels. The 450 Scenario assumes a
rapid increase in the production of second-generation biofuels, accounting for
all the biofuels growth between 2020 and 2030. This will require concerted R&D
efforts to be stepped up immediately and bringing demonstration plants on line in
the next few years. The last year has seen something of a global shift in biofuels
policy, with greater caution with regard to the overall sustainability of some
first-generation biofuels. For example, Germany has scaled back its 2009 blending
target, which will mainly be met by first-generation biofuels, and is increasing its
R&D focus on second-generation biofuels.

While some technologies that can be considered novel at the time of writing are
expected to reach commercialisation and widespread deployment over the projection
period, no altogether new technologies (beyond those known about and to some
extent demonstrated today) are assumed to be deployed in either the Reference
Scenario or the 450 Scenario. This is because there is no way of knowing whether

or

when such breakthroughs may occur. Consequently, potential exists to “improve

upon” the scenarios presented here in the event of radical, unforeseen technological
breakthroughs.
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PART A
GLOBAL ENERGY
TRENDS TO 2030

Part A of this WEO presents a comprehensive update of the energy projections in the
Reference Scenario, which shows how the future might look on the basis of the policies
so far adopted by governments. These projections — which form the basis of all the
discussion in Part A — are not a forecast: there is no implication that policy making has
been brought to a sudden halt. But examination of future trends on the basis of today’s
policies is a necessary starting point for deciding in what way and by what measures
the future might be changed.

Chapter 1 sets out the results of this Reference Scenario. The numbers are down on the
projections in WEO-2008, reflecting mainly the impact of the financial and economic
crisis that has gripped the world since those projections were produced last year.

Chapter 2 draws out some implications for what are known as the “three Es” of
sound energy-policy making: environmental sensitivity, energy security and economic
development.

Chapter 3 takes a special look at the consequences of the financial and economic crisis.
Investment commitments have plunged. This could threaten the adequacy of supply
when the economy recovers. But it could also be an opportunity: when investment
resumes, it could be directed towards new technologies that are better adapted to the
priorities of tackling climate change.
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CHAPTER 1

GLOBAL ENERGY TRENDS IN THE
REFERENCE SCENARIO

Where do existing policies take us?

H | S H L | S H T S

The Reference Scenario is most definitely not a forecast of what will happen but
a baseline picture of how global energy markets would evolve if governments
make no changes to their existing policies and measures. It sees global primary
energy demand rising by 1.5% per year on average between 2007 and 2030 — an
overall increase of 40%. China and India are the main drivers of growth, followed
closely by the Middle East. Projected demand growth is slower than in last year’s
Outlook, reflecting the impact of the financial and economic crisis.

e QOil demand is projected to grow by 1% per year on average over the projection
period, from 85 million barrels per day in 2008 to 105 mb/d in 2030. All the
growth comes from non-OECD countries; OECD demand falls. The transport sector
accounts for 97% of the increase. As non-OPEC conventional oil production peaks
around 2010, most of the increase in output comes from OPEC countries, which
hold the bulk of remaining recoverable resources.

e World primary demand for natural gas expands on average by 1.5% per year in
2007-2030, reaching 4.3 trillion cubic metres. The biggest increases occur in the
Middle East, China and India, but North America, Russia and Europe remain the
leading consumers in 2030. New power stations absorb 45% of the increase. The
Middle East sees the biggest increase in production while output also increases
markedly in Russia, the Caspian and Africa.

e Demand for coal grows more strongly than demand for any other energy sources
except non-hydro modern renewables — at an average annual rate of 1.9% —
reaching almost 7 000 Mtce in 2030. Growth in production in all other regions is
dwarfed by China’s 61% share of incremental global production, as it strives to
satisfy a near-doubling of domestic demand.

e World electricity demand is projected to grow at an annual rate of 2.5% to 2030.
Over 80% of the growth takes place in non-OECD countries. Globally, additions to
power-generation capacity total 4 800 GW by 2030. The largest additions occur in
China. Coal remains the backbone fuel of the power sector worldwide, its share
of the generation mix rising by three percentage points to 44% in 2030. The share
of renewables rises from 18% in 2007 to 22% in 2030, with most of the growth
coming from non-hydro sources. Nuclear power grows in all major regions bar
Europe, but its share in total generation falls.

e Cumulative energy investment needs amount to $26 trillion (in year-2008 dollars)

in 2008-2030, equal to $1.1 trillion (or 1.4% of global GDP) per year on average.

The power sector requires 53% of total investment, followed by oil (23%), gas

(20%) and coal (3%). Over half of all investment worldwide is needed in non-OECD

countries, where demand and production are projected to increase fastest.
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\Xorld energy trends to 2030
Primary energy mix

Global primary energy demand' in the Reference Scenario is projected to increase by
1.5% per year between 2007 and 2030, reaching 16.8 billion tonnes of oil equivalent
(toe) — an overall increase of 40% (Table 1.1). This increase is, nonetheless, significantly
smaller than projected in last year’s Outlook, mainly because of the impact of the
financial and economic crisis on demand growth in the early years of the projection
period.? On average, demand actually declines by 0.2% per year in 2007-2010, as a
result of a pronounced drop in 2009: preliminary data point to a fall of up to 2%. This
would be the first fall in global energy use since 1981. Demand growth rebounds after
2010, averaging 2.5% per year in 2010-2015. The pace of demand growth slackens
progressively after 2015, averaging 1.5% per year in the period to 2030.

Fossil fuels remain the dominant sources of primary energy worldwide, accounting for
almost 77% of the overall increase in energy demand between 2007 and 2030. Their
share of world demand, nonetheless, falls marginally, from 81% to 80%. In volume
terms, coal sees by far the biggest increase in demand over the projection period,
followed by gas and oil (Figure 1.1). Yet oil is still the single largest fuel in the primary
fuel mix in 2030, even though its share drops, from 34% now to 30%. Coal remains the
second-largest fuel, its share increasing by two percentage points to 29%. Non-hydro
modern renewable energy technologies (including wind, solar, geothermal, tide and
wave energy) see the fastest rate of increase in demand, but their share of total energy
use still only nudges above 2% in 2030 — up from less than 1% today. The shares of all
the other primary energy sources remain almost constant over the Outlook period.

Table 1.1 e World primary energy demand by fuel in the Reference Scenario

(Mtoe)
1980 2000 2007 2015 2030 2007-2030*
Coal 1792 2292 3184 3828 4 887 1.9%
oil 3107 3655 4093 4234 5009 0.9%
Gas 1234 2085 2512 2801 3561 1.5%
Nuclear 186 676 709 810 956 1.3%
Hydro 148 225 265 317 402 1.8%
Biomass and waste** 749 1031 1176 1338 1604 1.4%
Other renewables 12 55 74 160 370 7.3%
Total 7228 10018 12013 13 488 16 790 1.5%

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

1. World total primary energy demand, which is equivalent to total primary energy supply, includes inter-
national marine and aviation 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 include traditional biomass
and waste, such as fuel wood, charcoal, dung and crop residues, some of which are not traded commercially.
For details of statistical conventions and conversion factors, please go to www.iea.org.

2. See the Introduction for details of the assumptions underlying the Reference Scenario. Relative to the
projections in WEO-2008, demand is revised down 4.5% in 2015 and 1.3% in 2030.
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Figure 1.1 e World primary energy demand by fuel in the Reference -
Scenario
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Box 1.1 e Interpreting the Reference Scenario results

As explained in the Introduction, the Reference Scenario describes a future in
which governments are assumed to make no changes to their existing policies
and measures insofar as they affect the energy sector. The projections in this
scenario are most definitely not a forecast of what will happen: we do not expect
governments to do nothing. On the contrary, it is becoming increasingly likely
that governments around the world will take rigorous action to address the
central energy challenges that we have identified in past Outlooks — climate
change, energy security and energy poverty — and put the global energy system
onto a more sustainable path. Climate change could become the main driver
of policy in the coming decades. A critical factor will be the outcome of the
climate negotiations in Copenhagen in December 2009 and how the commitments
adopted there are implemented. But we cannot know exactly what governments
will decide to do.

The virtue of the Reference Scenario is that it provides a baseline picture of how
global energy markets would evolve if the underlying trends in energy demand
and supply are not changed. It both illustrates the consequences of inaction and
allows us to test alternative assumptions about future government policies. This
is precisely the aim of the 450 Scenario, the results of which are set out in Part B.
There are, of course, an infinite number of permutations of different policies
that could be introduced, each leading to a different set of outcomes for energy
markets. We have chosen a scenario and a set of policies designed to stabilise
the global concentration of greenhouse gases in the atmosphere at 450 parts per
million of carbon dioxide equivalent (ppm CO,-eq), a level that climate experts
judge would give us a 50% chance of limiting global temperature increase to 2°C.
G8 leaders and the Major Economies Forum, both meeting in L’Aquila, Italy, in July
2009, recognised that the temperature increase ought not exceed this level.
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Regional trends

Just over 90% of the increase in world primary energy demand between 2007 and 2030
is projected to come from non-OECD countries (Table 1.2).3 As a result, their share of
world demand grows from 52% to 63%. Non-OECD countries collectively overtook the
OECD in 2005 as the biggest energy consumers. The increase in the share of the non-
OECD regions in world demand results from their more rapid economic and population
growth, and comes despite the increases in real prices to final consumers that result
from rising international prices and assumed reductions in subsidies. Industrialisation
and urbanisation boost demand for modern commercial fuels.

Table 1.2 e Primary energy demand by region in the Reference Scenario (Mtoe)

1980 2000 2007 2015 2030 2007-2030*
OECD 4050 5249 5496 5458 5811 0.2%
North America 2092 2682 2793 2778 2974 0.3%
United States 1802 2280 2337 2291 239% 0.1%
Europe 1493 1735 1826 1788 1894 0.2%
Pacific 464 832 877 892 943 0.3%
Japan 345 518 514 489 488 -0.2%
Non-OECD 3003 4507 6187 7679 10 529 2.3%
E. Europe/Eurasia 1242 1008 1114 1161 1354 0.9%
Russia n.a. 611 665 700 812 0.9%
Asia 1068 2164 3346 4468 6 456 2.9%
China 603 1105 1970 2783 3827 2.9%
India 207 457 595 764 1287 3.4%
ASEAN 149 389 513 612 903 2.5%
Middle East 128 378 546 702 1030 2.8%
Africa 274 499 630 716 873 1.4%
Latin America 292 457 551 633 816 1.7%
World** 7228 10018 12013 13488 16 790 1.5%
European Union n.a. 1684 1757 1711 1781 0.1%

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

China and India are the main drivers of non-OECD demand growth. China accounts for
39% of the global increase in primary energy use, its share of total demand jumping
from 16% in 2007 to 23% in 2030. India accounts for 15% of the global increase,
with its share of the total expanding from 5% to 8%. Outside of Asia, the Middle
East sees the fastest rate of increase in demand. China’s primary energy demand
almost doubles between 2007 and 2030 to 3.8 billion toe — a far bigger increase
than that of any other country or region (Figure 1.2). The bulk of the increase
is in the form of coal, which remains the leading fuel for power generation.

3. Most of the downward revision to primary demand in 2030 in this year’s Outlook comes from the OECD
(-369 Mtoe), with non-OECD demand dropping by only 75 Mtoe.
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How do the energy demand projections compare with WEO-2008?

The energy demand projections in the Reference Scenario in this year’s
Outlook differ markedly from those of WEO-2008. These revisions result from
the impact of the financial and economic crisis (which is expected to depress
demand in the period 2007-2010) the effect of new policies enacted between
mid-2008 and mid-2009 (which have been taken into account in the Reference
Scenario this year), and adjustments to the assumptions about energy prices
and in gross domestic product (GDP) growth rates in the longer term.

Overall, these changes lead to lower world primary energy demand: it is
revised down by 4.5% (632 million tonnes of oil equivalent [Mtoe]) in 2015
and 1.3% (224 Mtoe) in 2030 compared with last year’s projections. OECD
countries see the biggest revisions, with demand down 5.7% in 2015 and 4.2%
in 2030. Demand in non-OECD countries is only marginally lower, by 0.3 %
in 2030, mainly as a result of faster GDP growth over the whole projection
period. Among fuels, gas sees the biggest downwards revision in absolute terms
in 2030, with demand 120 billion cubic metres (bcm) lower than last year’s
projection. World oil demand is 6.4% (or 6 million barrels per day [mb/d])
lower in 2015 and 2% (or 2.1 mb/d) lower in 2030.

As compared with WEO-2008, final energy demand is lower in the first half of
the projection period, but is little different in 2030. This is mainly because faster
projected growth in electricity use offsets slower growth in all other final fuels.
Among sectors, demand in industry, residential, services, agriculture and non-
energy uses is, in each case, lower by 2030, but transport is revised upwards — by
5% — mainly because of faster growth in non-OECD countries than was projected
last year. Compared with the projections in WEO-2008, this year’s electricity
generation is lower in the short term (until 2011-2013) in most countries, as a
result of the economic and financial crisis, but higher globally in 2030. Coal-fired,
nuclear power and renewables-based generation increase most.

.
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The non-OECD countries contribute the bulk of the increase in global demand for all
primary energy sources except non-hydro renewables. China accounts for close to 65% of
the global increase in coal use over the projection period. Most of the rest of the growth
in coal demand comes from India and other non-OECD Asian countries; coal use falls in
the OECD overall, despite modest growth in North America. Non-OECD countries account
for all of the increase in oil demand in 2007-2030, with demand dropping significantly in
all three OECD regions, due to major efficiency gains in the transport sector (which offset
a further modest expansion of the car fleet) and continued switching away from oil in
non-transport sectors. After China, India and the Middle East see the strongest rise in oil
demand, the consequence of rapid economic growth and persistent (though declining)
subsidies on oil products. Non-OECD Asia overtakes North America to become the world’s
largest oil consumer. Natural gas demand increases most in the Middle East, which holds
the majority of the world’s proven reserves. OECD countries account for 43% of the global
increase in the use of renewables.
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Figure 1.2 e Incremental primary energy demand by fuel and region
in the Reference Scenario, 2007-2030
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* Includes biomass and waste, wind, geothermal, solar, and tide and wave.

Although non-OECD regions account for the overwhelming bulk of the increase in
energy demand to 2030, their per-capita consumption remains much lower than that
in the rest of the world. By 2030, it averages just 1.5 toe, compared with 4.4 toe in
the OECD. There are big differences across regions (Figure 1.3). Per-capita demand
in Eastern Europe/Eurasia and the Middle East approaches that of the OECD; but it
remains far lower in Africa, Latin America and Asia. In addition, much of the energy
consumed in 2030 in Africa is traditional biomass, which is typically used in inefficient
and polluting ways (though it is carbon-neutral). In sub-Saharan Africa, each person
uses on average 0.38 toe of primary energy in 2030 — down 17% on 2007 and still
only about one-quarter of the level in Latin America and a twelfth of that in OECD
countries. This trend results from sub-Saharan Africa’s rapid population growth and
switching from traditional to modern energy, which is used more efficiently.

Figure 1.3 e Per-capita primary energy demand by region in the Reference
Scenario
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Sectoral trends

The power and heat generation, and transport sectors account for nearly three-fourths of
the global increase in primary energy use in absolute terms over the projection period, in
line with past trends. Their combined share of global demand rises from 57% in 2007 to 62%
in 2030. Inputs to power stations and heat plants worldwide grow by 1.9% per year between
2007 and 2030, while energy use in transport rises at an annual rate of 1.6%. Demand for
mobility and electricity-related services will continue to grow broadly in line with GDP,
but at a slower rate than in the past, thanks to a policy- and price-driven acceleration in
efficiency gains.

Energy use in final sectors — transport, industry, households, services, agriculture and
non-energy uses — in aggregate is projected to grow by 1.4% per year through to 2030,
approximately the same rate as for primary energy demand. Industry demand grows most
rapidly, at 1.7% per annum. Industry demand climbs in most regions, with the fastest
growth occurring in the Middle East. Transport nonetheless remains the single largest
final sector, just ahead of industry (Figure 1.4). Demand in the residential sector grows
by only 1% per year on average, as efficiency gains largely offset the effects of rising
population, urbanisation and growing wealth.

Figure 1.4 e \World final energy consumption by fuel and sector
in the Reference Scenario
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Among final forms of energy, after other renewables, electricity consumption continues to
expand most rapidly over the projection period as a result of increased demand for household
appliances, and industrial and commercial electrical equipment, in line with rising prosperity.
Worldwide, electricity use grows by 2.5% per year on average, and its share in final energy
consumption rises from 17% in 2007 to 22% in 2030. The shares of all the other fuels either
remain flat or fall. The share of oil drops most, from 43% in 2007 to 40% in 2030, as demand
grows only very slowly in non-transport sectors (see below: Qil market outlook).

Energy production and trade

In aggregate, the world’s energy resources are adequate to meet the projected increase
in energy demand through to 2030 and well beyond. But geographic disparities in resource
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endowment and demand prospects imply a significant expansion in inter-regional trade.
The projected expansion of supply is contingent on adequate investment in production
and transportation infrastructure. There is little change in the geographical sources of
incremental fossil-energy supplies: more than 95% of the increase in production, in energy-
value terms, comes from non-OECD regions (where most low-cost resources are located),
compared to about 94% over the previous quarter of a century (Figure 1.5).

Figure 1.5 e World fossil-energy production by region in the Reference

Scenario
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Proven reserves of gas and coal far exceed the cumulative amounts of both fuels that
are projected to be consumed in the Reference Scenario over the Outlook period.
Coal reserves are particularly large. Reserve additions in the coming years could, in
principle, sustain continued demand growth for many years after 2030. The outlook for
oil is less rosy, though not immediately alarming: the share of the world’s ultimately
recoverable conventional oil resources left to be produced is projected to fall from
about two-thirds today to around one-half by 2030. Reserves of unconventional oil
(notably Canada’s oil sands) are large and, on the assumption that environmental
and logistical constraints can be overcome, are expected to play an increasing role in
meeting global oil demand. Other sources of oil supply include coal- and gas-to-liquids
plants. But the costs of supply will undoubtedly be higher than in the past, which is
one reason why we assume a progressive increase in international oil prices. Uranium
resources to fuel nuclear-power production are abundant, as are renewable energy
sources, though their availability varies across regions.

International trade in energy expands substantially over the projection period to
accommodate the growing mismatch between the location of demand and that of
production. Some net importing regions see an increase in their import needs, while
current exporters mostly increase their exports. Net flows to OECD countries as a whole
fall by 12%, from 1 650 Mtoe in 2007 to 1 450 Mtoe in 2030. Trade between countries within
the non-OECD grouping is also expected to grow: China and India, in particular, become
more dependent on imports of all three fossil fuels. Oil trade between WEO regions as
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a share of primary demand is projected to grow by three percentage points between
2007 and 2030, as production becomes increasingly concentrated in a small number of
resource-rich countries. Natural gas trade grows by 60% and coal trade by two-thirds,
mainly driven by rising Asian demand, which outpaces indigenous production. Growing
fossil-energy trade has important implications for energy security (see Chapter 2).

Oil market outlook

Oil demand in the Reference Scenario is projected to grow by 1% per year on average
over the full projection period, from 85.2 million barrels per day (mb/d) in 2007 (and
84.7 mb/d in 2008) to 88.4 mb/d in 2015 and 105.2 mb/d in 2030 (Table 1.3).* Demand
in 2030 is just over 1 mb/d lower than projected in WEO-2008. Demand is now expected

Table 1.3 e Primary oil demand* by region in the Reference Scenario (mb/d)

1980 2000 2008 2015 2030 2008-2030**

OECD 41.3 44,7 43.2 41.2 40.1 -0.3%
North America 20.8 22.9 22.8 22.2 21.8 -0.2%
United States 17.4 19.0 18.5 17.9 17.2 -0.3%
Europe 14.4 13.6 13.0 12.2 12.0 -0.4%
Pacific 6.1 8.2 7.4 6.8 6.2 -0.8%
Japan 4.8 5.3 4.5 3.8 3.1 -1.6%
Non-OECD 20.0 26.6 35.0 40.2 56.2 2.2%
E. Europe/Eurasia 9.0 4.2 4.6 4.7 5.3 0.6%
Russia n.a. 2.6 2.8 2.8 3.1 0.5%
Asia 4.4 1.2 15.8 19.6 30.7 3.0%
China 1.9 4.6 7.7 10.4 16.3 3.5%
India 0.7 2.3 3.0 3.8 6.9 3.9%
ASEAN 1.1 3.0 35 3.8 5.3 1.8%
Middle East 1.9 4.5 6.4 7.6 9.9 2.1%
Africa 1.2 2.2 2.9 2.9 3.7 1.1%
Latin America 3.4 4.5 5.3 5.4 6.6 1.0%
Brazil 1.3 1.9 2.0 2.1 2.8 1.4%
International bunkers*** 3.4 5.2 6.5 7.0 8.9 1.5%
World 64.8 76.5 84.7 88.4 105.2 1.0%
European Union n.a. 12.9 12.4 1.7 11.3 -0.4%

* Excludes biofuels demand, which is projected to rise from 0.8 mb/d in 2008 to 1.6 mb/d in 2015 and to
2.7 mb/d in 2030.

** Compound average annual growth rate.

**Includes international marine and aviation fuel. In previous WEOs, international aviation fuel was included
at the regional level.

4. Preliminary data on total oil demand only are available for 2008 by region (the sectoral breakdown
is available for 2007). Oil does not include biofuels derived from biomass. For this reason, and because
of methodological differences, the oil projections in this report are not directly comparable with those
published in the IEA’s Oil Market Report.
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to drop sharply in 2009, but then recover progressively from 2010 as the world economy
pulls out of recession.> The non-OECD regions — especially Asia and the Middle East —
account for all of the demand growth over the Outlook period; some 42% of the overall
increase comes from China alone (close to three-quarters to 2015).

The transport sector is the main driver of oil demand in every region where demand
grows (Figure 1.6). Transport accounts for 97% of the increase in world primary oil use
between 2007 and 2030. Although biofuels take an increasing share of the market for
road-transport fuels (see below: Biofuels outlook), oil-based fuels continue to dominate
transport energy demand, their share falling only slightly from 94% to 92% over the
projection period. Virtually all the growth in transport demand comes from non-OECD
regions; it barely increases in Europe and North America, and actually declines in the
Pacific region. Total non-transport oil demand falls in all three OECD regions, but
increases everywhere else — especially in non-OECD Asia and the Middle East.

Figure 1.6 ® Change in primary oil demand by region and sector in the
Reference Scenario, 2007-2030
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Continued increases in vehicle ownership in non-OECD regions push up the global fleet
of passenger light-duty vehicles (PLDVs) from an estimated 770 million in 2007 to
1.4 billion in 2030 (Figure 1.7). This increase is counter-balanced to some degree by
significant improvements in vehicle efficiencies throughout the world, as new, more
efficient cars are commercialised (boosted in the near term by the scrapping incentives
that form part of economic stimulus packages in several countries). Higher fuel prices
(in part due to the assumption of subsidy removal in some countries) and recently
introduced government measures contribute to this trend. In the United States,

5. The September 2009 edition of the IEA’s Oil Market Report projects a fall in demand of 2.2% in 2009 and
a rebound of 1.5% in 2010.
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Figure 1.7 e Passenger light-duty vehicle fleet and ownership rates in key
regions in the Reference Scenario

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr - 750

w

o

o
|

é PRPRA % ™ 2007*
E (3
E o250 ] Fes g 201
g M 2030
200 B I R @ - 500 £
* *® L Vehicle
S ownership
15071 B O B o | 37 S (right axis)
K]
100 - B R R -250 =
* *
- 125
-0
European United China India Japan Russia
Union States

* [EA estimate.

Corporate Average Fuel Economy (CAFE) standards were recently tightened markedly,
requiring the sales-weighted average of fuel economy for new cars, SUVs and light
trucks to rise from 27.5 miles per gallon (8.6 litres per 100 kilometres) today to
39 mpg (6.0 [/100km) by 2016. China has announced tax exemptions for vehicles with
engines smaller than 1.6 litres. The European Union has set an objective of reducing
the average CO, emissions of new vehicles to 120 grammes per kilometre® phased in
between 2012 and 2016, from around 160 g/km today, which will entail significant
efficiency gains. These measures are likely to bring about a sharp improvement in the
efficiency of energy consumption in road transport in the long run.”

Table 1.4 e Oil production and supply by region/country in the Reference
Scenario (mb/d)

1980 2000 2008 2015 2030  2008-2030*

Non-OPEC production 36.8 44,3 46.8 46.3 49.2 0.2%
Crude oil** 33.6 38.2 39.3 36.6 35.3 -0.5%
OECD 15.0 17.2 13.5 10.5 9.5 -1.6%
North America 1.8 10.2 9.1 7.7 7.9 -0.6%
Canada 1.2 1.4 1.3 1.0 0.8 -2.2%
Mexico 1.9 3.0 2.8 2.0 2.6 -0.4%
United States 8.7 5.8 5.0 4.7 4.5 -0.4%
Europe 2.4 6.2 3.9 2.4 1.5 -4.2%
Pacific 0.8 0.8 0.5 0.4 0.1 -6.1%

6. This target can be met by a combination of efficiency improvements and alternative measures such as
biofuels.

7. See Chapter 4 for a discussion of the CO, implications of these trends.
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Table 1.4 e Oil production and supply by region/country in the Reference
Scenario (mb/d) (continued)

1980 2000 2008 2015 2030 2008-2030*
E. Europe/Eurasia 11.5 7.7 12.0 12.4 14.9 1.0%
Russia 10.7 6.3 9.5 9.2 9.0 -0.3%
Asia 43 6.5 6.9 6.3 4.6 -1.8%
China 2.1 32 3.8 3.8 32 -0.8%
India 0.2 0.7 0.7 0.6 0.3 -3.3%
ASEAN 1.8 2.4 2.2 1.8 1.0 -3.7%
Latin America 1.2 3.0 3.3 4.3 3.9 0.7%
Brazil 0.2 1.2 1.8 3.1 34 2.9%
Africa 1.0 1.8 2.2 2.0 1.6 -1.4%
Middle East 0.5 2.0 1.5 1.1 0.8 -2.6%
Natural gas liquids 2.8 5.0 5.8 6.6 7.6 1.2%
Unconventional oil*** 0.4 1.1 1.7 3.2 6.3 6.2%
of which Canada 0.2 0.6 1.2 2.1 3.9 5.4%
OPEC 26.7 30.8 36.3 40.3 53.8 1.8%
Crude oil** 25.1 27.8 31.2 32.6 414 1.3%
Middle East 17.9 19.5 21.5 22.6 29.2 1.4%
Iran 1.5 3.7 3.9 3.3 4.0 0.1%
Iraq 2.6 2.6 2.4 3.0 6.7 4.8%
Kuwait 1.7 2.0 2.6 2.3 3.1 0.8%
Qatar 0.5 0.7 0.8 0.6 0.5 -2.0%
Saudi Arabia 9.8 8.3 9.2 10.9 12.0 1.2%
United Arab Emirates 1.8 2.2 2.6 2.5 3.0 0.7%
Non-Middle East 7.2 8.3 9.7 10.0 12.2 1.0%
Algeria 0.9 0.8 1.4 1.2 1.6 0.7%
Angola 0.2 0.7 1.8 2.1 2.5 1.4%
Libya 1.8 1.4 1.7 1.7 2.3 1.3%
Nigeria 2.1 2.0 1.9 2.3 2.3 0.8%
Venezuela 2.0 2.9 2.4 2.4 32 1.4%
Natural gas liquids 1.6 2.8 4.9 7.3 11.3 3.9%
Unconventional oil*** 0.0 0.2 0.1 0.3 1.1 10.7%
World production 63.5 75.0 83.1 86.6 103.0 1.0%
Processing gains 1.7 1.7 1.5 1.8 2.2 1.7%
World oil supply 65.2 76.8 84.6 88.4 105.2 1.0%
Crude oil 58.6 66.0 70.5 69.2 76.7 0.4%
Natural gas liquids 4.4 7.8 10.8 13.9 18.9 2.6%
Unconventional oil *** 0.4 1.2 1.8 3.5 7.4 6.6%
OPEC market share 42% 41% 44% 47% 52% n.a.

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

*** Extra heavy oil (excluding Venezuela), natural bitumen (oil sands), chemical additives, gas-to-liquids and
coal-to-liquids. Biofuels are not included.
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Alternative vehicles such as hybrid cars, plug-in hybrids and electric cars have received
widespread public attention recently. However, this public attention has not yet
led to significant policy support directed specifically towards the adoption of such
technologies aside from recently announced subsidies for hybrids, electric cars and
fuel cells in China, and a similar policy in the United Kingdom (both of which have
been incorporated into the Reference Scenario). In the absence of more direct policy
support, the combination of high costs and the slow rate of vehicle-stock turnover sees
the share of hybrids (excluding plug-ins) in the global fleet reach 5.3% by 2020 and 6.1%
by 2030, up from just 0.15% in 2007. Plug-in hybrids and electric cars remain marginal
in the Reference Scenario, accounting for only 0.3% of the global fleet in 2030.

Net of processing gains in refining, oil production rises from 83.1 mb/d in 2008 to
86.6 mb/d in 2015 and 103 mb/d in 2030 (Table 1.4). Most of the projected increase in
output comes from members of the Organization of the Petroleum Exporting Countries
(OPEC), which hold the bulk of remaining proven oil reserves and ultimately recoverable
resources. Their collective output of conventional crude oil, natural gas liquids (NGLs)
and unconventional oil (mainly gas-to-liquids) rises from 36.3 mb/d in 2008 to just
over 40 mb/d in 2015 and almost 54 mb/d in 2030. As a result, OPEC’s share of world
oil production jumps from 44% now to 52% in 2030 (Figure 1.8). In principle, OPEC’s
recoverable resources are big enough and development costs low enough for output to
grow faster than this, but investment is assumed to be constrained by several factors,
including conservative depletion policies.

Figure 1.8 e Oil production by source in the Reference Scenario
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Note: Excludes processing gains. Conventional oil includes crude oil, natural gas liquids (NGLs), extra heavy
oil from Venezuela and chemical additives.

Non-OPEC conventional production (crude oil and NGLs) is projected to peak around
2010 and then begin to decline slowly through to the end of the projection period. A
continued decline in the number and size of new discoveries is expected to drive up
marginal development costs. Production has already peaked in most non-OPEC countries
and is expected to peak in most of the others before 2030 — despite an assumed
steady increase in oil prices. Kazakhstan, Azerbaijan and Brazil are the only non-OPEC
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producing countries to see any significant increase in output. Non-OPEC conventional oil
production is expected to drop by 330 thousand barrels per day (kb/d) between 2008 and
2011; by contrast, after the first two oil-price shocks, production surged (Figure 1.9).

Figure 1.9 ® Non-OPEC oil production and the oil price in the three oil shocks
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Note: The change in production is the average over the three years beginning the year immediately after the
end of the period of oil-price increase. Production does not include unconventional oil or biofuels.

Box 1.2 e Impact of falling investment on oilfield decline rates

Initial soundings among industry participants suggest that upstream capital
spending cuts will affect new field developments more than ongoing development
of fields already in production (see Chapter 3). In recent years, more than half
of total development spending has gone to existing fields. Yet some cutbacks in
spending on existing fields have occurred. Chevron actually announced in late
January 2009 that it was focusing its spending cutbacks on programmes aimed
at mitigating decline at existing fields, which is expected to push up observed
decline rates from a typical level of 4-5% to 7% in 2009, though it expects to
reinstate that spending when market conditions improve. Some other companies
are thought to have followed suit.

For the industry as a whole, decline rates could rise significantly as a result of
capital spending cuts. Based on the analysis of decline rates set out in Chapter
10 of last year’s Outlook, were capital spending on developing existing fields to
be reduced by the same proportionate amount as total upstream spending in
2009 and 2010 (i.e. by 19% compared with 2008), the production-weighted post-
peak year-on-year decline rate of existing fields globally would rise by about
0.5 percentage points within two years or so — assuming that the investment
cutbacks are the same across all types of field and all regions (IEA, 2008). This
implies that an additional 350 kb/d of capacity would be lost each year. The
increase would be much greater for non-OPEC countries — roughly 0.6 percentage
points, compared with 0.3 for OPEC countries. Worldwide, decline rates are
currently lowest in the Middle East and highest in the OECD.
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This difference is explained partly by the more limited opportunities for boosting
production, compared with previous oil shocks, the surge in upstream costs over the
last few years, the steep decline rates in non-OPEC countries (IEA, 2008) and the recent
sharp drop in prices. But the decline in overall non-OPEC conventional production
is more than offset by rising unconventional output, which tempers the decline in
total output in the period to 2015 and then increases output overall in the second
half of the projection period. Progressively higher prices are expected to stimulate
renewed interest in Canadian oil sands and other unconventional sources. Although
global oil production is not expected to peak before 2030, conventional oil production
is projected to approach a plateau towards the end of the projection period.
Unconventional sources, mainly Canadian oil sands, extra-heavy oil, gas-to-liquids
and coal-to-liquids, take a growing share of world production. Global unconventional
output rises from 1.8 mb/d in 2008 to 7.4 mb/d in 2030.

Biofuels outlook

Global biofuels supply reached 0.7 mb/d® (34.1 Mtoe) in 2007, an impressive 37%
increase on 2006, yet still accounted for only 1.5% of total road-transport fuel.
According to preliminary data, supply reached 0.8 mb/d in 2008. Most of the increase
in the use of biofuels in 2007 and 2008 occurred in the OECD, mainly in North America
and Europe.

The recent surge in biofuels production is not expected to continue in the near term.
Concerns about the effects on food prices of diverting crops to biofuels, questions about
the magnitude of the greenhouse-gas emissions savings associated with switching to
biofuels and doubts about their environmental sustainability have seen many countries
rethinking biofuels blending targets. For example, Germany has just revised downwards
its blending target for 2009 from 6.25% to 5.25%. In addition, lower oil prices have cut
the profitability of biofuel production and placed enormous financial strain on many
bio-refineries. Investment in new plants has all but dried up (see Chapter 3) and many
existing plants are running at well below capacity.

Despite the recent downturn, world use of biofuels is projected to recover in the longer
term, reaching 1.6 mb/d in 2015 and 2.7 mb/d in 2030 in the Reference Scenario
(Figure 1.10). By 2030, the fuels meet 5% of total world road-transport energy demand,
up from about 2% today. Close to one-quarter of this increase comes from second-
generation technologies (see Introduction). Second-generation biofuels for aviation
also enter the market around 2020, but economic problems and problems of scaling up
facilities see production reaching only about 80 kb/d by 2030, equal to a mere 1% of
aviation energy demand.

8. Calculated from an energy-equivalent basis.
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Figure 1.10 e Biofuels demand by region in the Reference Scenario
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Gas market outlook?

Demand for natural gas grows on average by 1.5% per year in the Reference Scenario,
from 3 049 bcm in 2007 (and 3 149 bcm in 2008 according to preliminary data) to just
under 3 400 bcm in 2015 and 4 310 becm in 2030. The biggest increase in absolute terms
occurs in the Middle East, where the bulk of world’s gas reserves are to be found, and
non-OECD Asia (Figure 1.11). North America and Eastern Europe/Eurasia remain the
leading gas consumers in 2030, even though their demand rises less in percentage terms
than almost anywhere else. These regions account for more than one-third of world
consumption in 2030, compared with just under half today.

Figure 1.11 e Primary natural gas demand by region in the Reference
Scenario
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9. This section briefly summarises the Reference Scenario projections for natural gas. Detailed results for
the gas market in this scenario together with the 450 Scenario can be found in Part C (Chapters 10-14).
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New power stations, mostly using combined-cycle gas turbine technology, are
projected to account for 45% of the increase in gas demand over the projection period.
In many parts of the world, gas remains the preferred generating fuel for economic and
environmental reasons. Gas-fired generating plants are very efficient at converting
primary energy into electricity, and are cheap and fast to build, compared with coal-
based and nuclear power technologies. Gas is also favoured over coal and oil for its
lower emissions, especially of CO,. However, the choice of fuel and technology for new
power plants hinges on the price of gas relative to other fuels for generation: higher
gas prices are projected to temper investment in new gas-fired plants from the middle
of the next decade.

Worldwide, gas resources are more than sufficient to meet projected demand to 2030,
though there are doubts about whether sufficient investment can be mobilised in all
regions. Gas production rises in all major WEO regions except OECD Europe, where
output from the North Sea is expected to decline steadily over the projection period.
In line with demand, the Middle East sees the biggest increase in production in volume
terms over the projection period, its output more than doubling from an estimated
379 bcm in 2008 to close to 800 bcm in 2030. Output also increases markedly in Russia,
the Caspian region and Africa. Unconventional sources, including tight gas, coalbed
methane and shale gas, account for an increasing share of gas supply in North America
and grow in absolute terms in some other regions.

Coal market outlook

After enjoying a number of years of strong demand and high prices, the coal industry
had to adjust to a dramatic fall in demand during the second half of 2008 — a
consequence of the financial crisis (see Chapter 3). The unprecedented surge in prices
in 2004-2008, with average OECD steam coal import costs hitting a peak of $137 per
tonne in the fourth quarter of 2008, boosted investment in coal mining and transport
infrastructure. Now, with weakening demand and prices, coal producers face lower
proceeds, exacerbated by a weakened dollar in the case of exporters.

Coal accounts for 27% of world primary energy demand, making it the second most
important fuel after oil. Spurred mainly by demand in the power sector of non-OECD
countries, coal’s share in the global fuel mix reaches 29% at the end of the projection
period in the Reference Scenario. Coal demand grows more strongly than all other
energy sources except modern non-hydro renewables — at an average annual rate
of 1.9% — from a level of 4 548 million tonnes of coal equivalent (Mtce) in 2007 to
6 980 Mtce in 2030 (Table 1.5). The share of OECD in global coal use has declined
significantly, from 54% in 1980 to 36% in 2007, and is projected to decline further, to
23% by 2030, as the decrease in consumption in OECD Europe and Pacific exceeds the
modest growth in OECD North America.

Most of the projected increase in global coal demand occurs in non-OECD countries,
mainly in Asia, which accounts for 97% of incremental demand. China and India, which
in 1980 consumed one-fifth of world coal, now account for nearly half of global demand
and their share is set to rise to nearly two-thirds. Driven by strong economic expansion
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and urbanisation, as well as by the availability of coal resources, China’s coal demand
nearly doubles, while India’s demand more than doubles. By 2030, India overtakes
the United States as the world’s second-largest coal consumer behind China, leading
to a quadrupling of imports and a rise in import dependency (see below). With four-
fifths of total OECD coal demand now coming from the power sector, current policies
geared toward developing and investing in less carbon-intensive power-generation
technologies, together with the introduction of more efficient state-of-the-art coal
plants, lead OECD coal consumption to decline at an average annual rate of 0.2% over
the Outlook period.

Table 1.5 e Primary coal* demand by region in the Reference Scenario (Mtce)

1980 2000 2007 2015 2030 2007-2030**
OECD 1379 1563 1654 1588 1576 -0.2%
North America 571 832 848 843 888 0.2%
United States 537 777 792 784 830 0.2%
Europe 663 467 482 420 378 -1.0%
Pacific 145 264 325 325 310 -0.2%
Japan 85 137 164 155 139 -0.7%
Non-OECD 1181 1711 2895 3880 5 405 2.8%
E. Europe/Eurasia 517 292 301 306 373 0.9%
Russia n.a. 158 146 166 227 1.9%
Asia 572 1250 239 3351 4748 3.0%
China 446 899 1847 2633 3424 2.7%
India 75 235 346 436 837 3.9%
ASEAN 5 42 109 173 314 4.7%
Middle East 2 12 14 16 32 3.7%
Africa 74 129 151 158 182 0.8%
Latin America 16 29 32 49 70 3.4%
World 2560 3275 4548 5468 6981 1.9%
European Union n.a. 459 472 401 334 -1.5%

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

Globally, more than three-quarters of the increase in coal demand between 2007 and
2030 comes from the power generation sector and 12% from the industrial sector.
Due to fuel switching in the industrial sector in favour of electricity, the share of coal
use in industry declines by two percentage points from today’s share of 26%, despite
a 1.3% average annual rate of demand growth. Coal as an input into electricity and
heat production grows at 2.1% per annum and coal’s share in the world’s electricity
generation mix (fuel inputs) rises from 48% now to 49% in 2030.

Global hard coal resources are very significant. Latest figures from the German Federal
Institute for Geosciences and Natural Resources (BGR) suggest that total potential
resources are around 16 000 billion tonnes, in addition to economically recoverable
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reserves of 729 billion tonnes (BGR, 2009). As recently as 2006, BGR reported potential
resources of just 8 818 billion tonnes. The large upward revision is due mainly to the
incorporation of previously unaccounted resources in the United States following a
comprehensive study of Alaskan coal resources by the US Geological Survey. Brown
coal resources total over 4 000 billion tonnes and reserves 269 billion tonnes. The
overall reserve-to-production ratio approaches 1:150. Limits to the use of coal come
not from any lack of reserves, but from logistical factors and — above all — from the
environmental effects of its use.

In 2007 and on an energy basis, 86% of global coal was produced by seven countries:
China, the United States, Australia, India, Indonesia, Russia and South Africa. China
accounted for 41% of global production and the United States for another 18%. Over the
projection period, world production rises by 52% (or by 2 400 Mtce) an amount almost
equal to today’s combined production from China, India and Indonesia (Table 1.6).

Table 1.6 ® Coal production by region in the Reference Scenario (Mtce)

1980 2000 2007 2015 2030 2007-2030*
OECD 1384 1385 1456 1417 1545 0.3%
North America 672 835 868 862 918 0.2%
United States 640 778 811 801 857 0.2%
Europe 609 306 270 215 189 -1.5%
Pacific 103 244 318 340 438 1.4%
Oceania 76 240 316 339 438 1.4%
Non-OECD 1196 1792 3128 4051 5436 2.4%
E. Europe/Eurasia 519 306 361 375 477 1.2%
Russia n.a. 167 209 232 334 2.1%
Asia 568 1250 2484 3324 4546 2.7%
China 444 928 1875 2575 3336 2.5%
India 77 209 300 348 640 3.3%
Indonesia 0 66 230 282 397 2.4%
Middle East 1 1 2 2 3 2.8%
Africa 100 187 205 241 279 1.4%
South Africa 95 181 200 221 243 0.9%
Latin America 9 48 77 109 130 2.3%
Colombia 4 36 65 81 99 1.9%
World** 2579 3177 4584 5468 6981 1.8%
European Union n.a. 306 268 207 162 -2.2%

* Compound average annual growth rate. ** Includes stock changes.

Increases in production in all regions between 2007 and 2030 are dwarfed by China’s
61% share of incremental global production as it strives to satisfy a near-doubling of
domestic demand (Figure 1.12). By 2015, India is projected to overtake Australia as
the third-largest coal producer, while China and the United States remain the world’s
top two producers. In OECD Europe, hard coal production in Germany and Poland fell
sharply in 2008, a trend that is projected to continue over the Outlook period, although
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not as steeply. Overall, production in the European Union fell from 144 million tonnes
(Mt) in 2007 to 134 Mt in 2008. The growth in United Kingdom production in 2008,
following the reopening of the Hatfield colliery, reversed the general trend of falling
output seen since 1913. Elsewhere, hard coal production in many European countries is
not competitive. In contrast, European brown coal production provides a competitive
source of fuel for power generation in Germany (the world’s largest producer), Turkey,
Greece, Poland and the Czech Republic. Indonesia is projected to become the world’s
largest brown coal producer by around 2025, driven by a 5.9% average annual demand
growth for coal in its power generation sector (see Chapter 15).

Figure 1.12 e Incremental coal production by type and region in the
Reference Scenario, 2007-2030
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Steam coal, which today accounts for three-quarters of global coal production,
increases from 3 504 Mtce to 5 691 Mtce, raising its share to 82% in 2030. At the world
level, the shares of coking coal and brown coal and peat combined decline from 16%
and 8% respectively today to 12% and 6% by 2030. China accounts for nearly two-thirds
of the growth in steam and coking coal production, while 71% of the increase in brown
coal and peat production comes from Indonesia.

The rate of growth of international hard coal trade fell below 2% in 2008 from its
25-year average of 5.5%. China is expected to remain a dominant influence on the world
coal market as it swings from being a net coal exporter to a net importer. Acrimonious
negotiations between China and its main coking coal suppliers in 2009 resulted in prices
falling back from the high levels seen in 2008. Producers in the United States and
Canada are likely to compete increasingly with Australian producers, who accounted
in 2008 for more than half of global trade in coking coal of all qualities. The steam
coal market is more diverse, with no dominant supply country. Even in countries, such
as China and Indonesia, where steam coal production is dominated by big producers,
there are few barriers to new entrants. Moreover, coal companies in most countries are
mainly privately owned and resource nationalism is rarely an issue.
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Due to higher diesel, labour, steel, spare parts and other operational costs, the cost
of producing steam coal for the international market has shifted upwards by around
$10 per tonne across almost all regions, compared with the analysis published in
WEO-2008. Costs range from an average of $34 per tonne in Indonesia, the world’s
largest steam coal exporter, to $55 in Russia, the third-largest steam coal exporter
today (Figure 1.13). In Russia and China, more than half of the supply cost is due to the
long distances coal has to be transported by rail from mines to ports and consumers,
while in South Africa, Australia and Colombia more than 60% of the costs relate to
mining. By mid-2008, the cost of shipping coal by sea had risen remarkably. For
example, rates of over $50 per tonne were quoted from Richards Bay in South Africa
to the ports of Antwerp, Rotterdam and Amsterdam in northwest Europe. By the end
of the year, rates had collapsed by over 90% and then recovered to about one-third of
the peak by mid-2009. In the long run, shipping rates are assumed to reflect marginal
costs, despite the recent period of extreme price volatility.

Figure 1.13 e Coal supply cash-cost curve for internationally traded steam
coal for 2008 and average FOB prices for 2008 and first-half
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Source: |EA Clean Coal Centre citing data from Marston and IHS Global Insight.

Global inter-regional trade'™ in coal among WEO regions is projected to rise by more
than two-thirds, from 654 Mtce in 2007 to over 1 080 Mtce in 2030. Trade as a share
of total hard coal output rises from 15% to 17% (Table 1.7). While total coal trade is
projected to grow at an average annual rate of 2.2%, compared to 5.1% over the past
seven years, steam coal trade growth at 2.3% is stronger than the projected growth
in coking coal trade of 1.7%, due to the underlying trends in end use. In 2007, seven
countries (Australia, Indonesia, Russia, South Africa, Colombia, the United States and

10. All the trade figures cited in this section exclude brown coal and peat, but include coke. Inter-regional
trade is less than international trade.
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China) accounted for 91% of global net exports. Their share is projected to decline
to 87% by 2030, as China becomes a net importer and other exporters, including
Venezuela, Mongolia and other Africa, make a greater contribution. By 2030, Australia
and Indonesia remain the top two exporters with a combined share of global trade
of 57% compared to 60% in 2007. Russia, South Africa and Colombia each continue to
account for around 10% of global trade.

OECD Asia and Europe, other non-OECD Asian countries, India and the Middle East today
account for 91% of world net coal imports. A strong appetite for coal in the power
generation and industrial sectors, coupled with a decline in demand of around 1% per
year in the import-dependent regions of OECD Europe and Asia, means that India is
projected to overtake OECD Europe as the second-largest net importer by 2030. The
country’s dependence on coal imports rises from 14% at present to 24% by 2030. With
production declining faster than demand, largely due to the relative economics of
production, OECD Europe’s reliance on imports of hard coal rises from 60% at present
to 75% by 2030.

Table 1.7 e Net inter-regional hard coal* trade by region in the Reference
Scenario (Mtce)

1980 2000 2007 2015 2030

OECD -20 -119 -194 -171 -31
North America 80 45 23 20 30
United States 81 39 17 18 27
Europe - 67 - 150 -203 -205 -189
Pacific -33 - 14 -14 14 127
Asia -73 - 189 - 241 -242 -229
Oceania 40 175 228 256 357
Non-OECD 16 126 218 171 3
E. Europe/Eurasia 0 16 57 69 105
Russia n.a. 10 61 66 107
Asia -2 39 78 -27 -202
China 5 58 15 -58 -89
India 0 -20 -48 -87 - 197
Indonesia 0 51 176 200 262
Middle East -1 -10 -13 - 14 -29
Africa 26 60 53 83 97
South Africa 27 66 61 78 94
Latin America -8 21 42 60 61
Colombia 0 33 60 77 92
World 158 461 654 801 1085
European Union n.a. - 141 -193 -193 - 171

* Steam and coking coal (including coke).

Note: Trade between WEO regions only. Positive figures denote exports; negative figures imports. Inter-
regional trade between WEO regions differs from total international trade, which includes trade within
regions.
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In North America, the United States has fulfilled its traditional role of swing supplier
to the international coal market, with steam coal exports to Europe reaching 13 Mt
in 2008 compared with 2.2 Mt in 2005. Its increased exports of steam and coking coal
in 2008 were an important response to a period of unprecedented high prices and
production difficulties in Australia. Given the country’s significant coal reserves, rail
infrastructure and port capacity, the United States is expected to continue to play
this balancing role in the Atlantic market, with net exports reaching 27 Mtce by 2030.
Canada has the potential to increase coking coal exports as prices recover.

With declining indigenous hard coal production, the dependence of many European
countries on high-quality Russian coal has increased. Long rail transport distances mean
that this source will always tend to be relatively expensive. The recent fall in coal
prices has hurt Russian producers more than others, despite shipping increased volumes
into Europe and, through new loading capacity at Pacific ports, to the Far East. At the
prices assumed in this Outlook, Russian exports remain competitive and net exports
reach 107 Mtce in 2030. This outcome depends on additional rail and port investments,
and perhaps on making greater use of existing capacity in the Baltic countries.

Over the Outlook period, OECD Oceania (essentially Australia) remains the world’s
largest net exporter, with almost 190 Mtce of steam coal net exports and 170 Mtce of
coking coal net exports in 2030. Despite serious weather-related production problems
early in 2008, Australian hard coal production rose by 0.5% to 325 Mt, in addition to
the 72 Mt of brown coal production in Victoria. Recent investments in port and rail
expansion projects have brought an end to the bottlenecks seen in 2007 and 2008 that
led to long delays for vessels wishing to load coal. Given the country’s substantial coal
reserves of 77 billion tonnes (close to 8% of global reserves), there is considerable
potential to expand exports, with the necessary investments in infrastructure.

China, which in 2007 accounted for 41% of global coal demand, is projected to become
a net importer over the projection period. Since peaking at 101 Mtce in 2003, coal
exports from China have fallen to 61 Mtce, based on preliminary 2008 data. The
government closely controls exports through quotas and taxes to ensure that domestic
demand is met; however, exports to Korea and Japan remain economically attractive
and are projected to continue. As domestic coal demand grows, China’s net imports
reach 60 Mtce by 2015 and around 90 Mtce by 2030. Indonesia expands production to
meet both increasing domestic demand and export demand, including from Europe. Net
exports reach 262 Mtce in 2030, up from 176 Mtce in 2007 (see Chapter 15).

Coal exports from South Africa have stagnated in recent years, falling in 2008 to
59 Mtce. They are projected to rise in the long term, to 95 Mtce by 2030, on the
assumption that investment in rail infrastructure is forthcoming. Elsewhere in Africa,
projects in Mozambique and Botswana are moving ahead, and there is further interest in
developing prospects in Zimbabwe and Madagascar. The Moatize project in Mozambique
is expected to deliver 11 Mt of mainly coking coal each year from 2011. Overall, Africa
is projected to remain a significant net exporter, at 97 Mtce by 2030, with growing
exports to India.

Coal exports from Latin America grew in 2008, with Colombia overtaking South Africa
to become the world’s fourth-largest coal exporter. The low-cost structure in Colombia
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and its significant reserves, amounting to 67 years at current production levels, mean
exports are projected to reach 92 Mtce by the end of Outlook period. Despite short-
term labour relations problems, Drummond and El Cerrejon (a joint venture between
BHP, Anglo American and Xstrata) both plan to double their production to 40 Mt, while
Vale has acquired mining licences in Colombia. The situation in Venezuela is less
clear. Exports fell in 2008 by 2 Mt as a consequence of strikes. However, earlier calls
by President Chavez to limit annual coal production to 10 Mt have been forgotten as
the country moves to attract foreign direct investment in the coal sector; as a result,
exports are projected to triple compared to current levels, reaching 22 Mtce by 2030.

Power and renewables

Electricity demand

World electricity demand in the Reference Scenario is projected to grow at an
annual rate of 2.7% in the period 2007-2015, slowing to 2.4% per year on average
in the period 2015-2030 as economies mature and as electricity use becomes more
efficient (Table 1.8). Over 80% of the growth between 2007 and 2030 is in non-OECD
countries. In the OECD, electricity demand is projected to rise by 0.7% per year on
average between 2007 and 2015, which takes into account the impact of the current

Table 1.8 o Final electricity consumption by region in the Reference
Scenario (TWh)

1980 2000 2007 2015 2030 2007-2030*
OECD 4740 8253 9245 9792 11596 1.0%
North America 2386 4144 4530 4773 5679 1.0%
United States 2026 3500 3826 3986 4676 0.9%
Europe 1709 2696 3062 3222 3855 1.0%
Pacific 645 1413 1653 1797 2062 1.0%
Japan 513 944 1009 1057 1178 0.7%
Non-OECD 2059 4390 7183 10 589 17 334 3.9%
E. Europe/Eurasia 1101 1023 1189 1354 1805 1.8%
Russia n.a 609 701 813 1066 1.8%
Asia 477 2023 4108 6777 11696 4.7%
China 259 1081 2717 4723 7513 4.5%
India 90 369 544 892 1966 5.7%
ASEAN 55 321 497 701 1383 4.5%
Middle East 75 3N 575 790 1382 3.9%
Africa 158 346 505 662 1012 3.1%
Latin America 248 627 806 1006 1438 2.6%
Brazil 119 319 395 492 654 2.2%
World 6799 12 642 16 429 20 381 28930 2.5%
European Union n.a. 2520 2840 2973 3485 0.9%

* Compound average annual growth rate.
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financial and economic crisis, discussed in Chapter 3. Growth in the period 2015-2030
is somewhat higher, averaging 1.1% per year. Demand in non-OECD countries grows by
5% per year over 2007-2015, slowing to 3.3% per year in 2015-2030. In contrast to all
other final forms of energy, projected electricity demand in 2030 is slightly higher than
in last year’s Outlook.

Electricity demand grows the most rapidly in non-OECD Asia. China’s electricity
demand, which grew by over 14% per year between 2000 and 2007, continues to
increase but at a slower rate, primarily reflecting the shift in the economic structure
from heavy industry towards less energy-intensive lighter industry and services.
Nonetheless, demand increases by 75% between 2007 and 2015, and almost triples by
2030. The projected slowdown results primarily from a shift in the economic structure
from heavy industry to less energy-intensive lighter industry and services. India’s
growth in electricity demand, at 5.7% annually between 2007 and 2030, is the highest
in the world. Demand in ASEAN countries also grows rapidly, at 4.5% annually.

Despite the projected strong growth in electricity demand in non-OECD countries, per-
capita demand remains low, even in 2030, in several regions. Per-capita electricity
consumption is lowest in sub-Saharan Africa and although it is projected to increase
from 140 kWh per person per year now to 230 kWh by 2030, it will still be almost
40 times lower than the current OECD average. This is because a large number of
people living in sub-Saharan Africa are not expected to have access to electricity even
in 2030 (see Chapter 2).

Electricity supply

In the Reference Scenario, global electricity generation rises from 19 756 TWh in
2007 to 24 350 TWh by 2015 and to 34 290 TWh by 2030." The share of coal in total
electricity generation increases from 42% now to 44% in 2030 (Figure 1.14). Non-hydro

Figure 1.14 e \Xorld electricity generation by fuel in the Reference Scenario
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11. Electricity generation includes final consumption of electricity, network losses, own use of electricity at
power plants and “other energy sector”.
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renewable energy sources — biomass, wind, solar, geothermal, wave and tidal energy
— continue to increase their share of the market, accounting for almost 9% of the total
in 2030, up from 2.5% now. The share of gas-fired generation remains flat at about
21%. Qil use in power generation, already marginal in most countries, drops to 2% by
2030. Hydropower accounts for a slightly smaller share in 2030 than now. The share of
nuclear power, which has been falling since the mid-1990s, drops from 14% in 2007 to
11% in 2030.

Box 1.3 @ Changes in power-generation projections in this year's Outlook

Compared with WEO-2008, this year’s projections for electricity generation is
lower in the short term (until 2011-2013) in most countries, as a result of the
economic and financial crisis, but higher globally in 2030. The most important
other revisions are:

e Electricity demand in 2030 is lower in the OECD (-2%), Russia (-1%) and Latin
America (-4%). Long-term demand has been revised upward in Africa (+1% in
2030), Middle East (+2%) and non-OECD Asia (+10%), including China and India.
Consequently, global electricity demand in 2030 is 3% higher than WEO-2008.

e Coal-based generation is 5% higher globally in 2030, with OECD reduced by
8% and non-OECD Asia increased by 10%. Gas is higher by 5% globally, spread
among OECD, non-OECD Asia and the Middle East. Gas-fired generation is
higher in the United States, at the expense of coal, because of assumed lower
gas prices there.

e Nuclear capacity in 2030 is 42 gigawatts (GW) or 10% higher in 2030 compared
with WEO-2008, mainly because of a reassessment of China’s nuclear power
plan.

e Total non-hydro renewables generation in 2030 has been revised up by 2%.
Wind and solar power are higher by 3% and 14% respectively (mainly due
to new policies), but biomass prospects have been revised downward by
3%. The share of non-hydro renewables in total generation in the OECD is
higher, but globally the share is very slightly lower (8.6% in 2030 against
8.7% in WED-2008) because of the greater weight of non-OECD countries
(which make less use of renewables than the OECD) in world demand.

Coal-fired generation nearly doubles between 2007 and 2030, with coal remaining the
main fuel for power generation worldwide. The bulk of the increase comes from non-
OECD countries. A total of 217 GW of coal-fired capacity is now under construction in
the world; over 80% of it is in non-OECD countries (Figure 1.15). In the OECD, coal-
fired generation increases modestly, at 0.3% per annum between 2007 and 2030. It
falls significantly in the European Union because of policies to reduce greenhouse-gas
emissions. Coal-fired generation grows by 2.5 times in China and by 3.5 times in India
during this period.
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Figure 1.15 e Coal-fired power-generation capacity under construction
by country
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Note: Includes power plants considered as under construction in 2008.
Source: Platt’s World Electric Power Plants Database, December 2008 version.

The average gross efficiency of coal-fired generation (excluding combined heat
and power) is projected to increase from 35% in 2007 to 36% in 2015 and to 40% in
2030, as new power plants are based increasingly on more advanced technologies.
Supercritical technology is expected to become more widely used in the mid-term,
while ultra-supercritical technology and integrated gasification combined-cycle plants
are projected to become more widespread after 2020.

Natural gas-fired electricity generation is projected to increase from 4 126 TWh in 2007
to 6 910 TWh in 2030. The increase in gas-fired generation is more equally distributed
across regions than coal. The most substantial increase is in the Middle East, as a result
of strong growth in electricity demand and a gradual switch from oil to gas, in order
to free up oil for export. Gas-fired generation is expected to continue to grow in the
OECD, although much more slowly than over the past decade. Although high natural
gas prices are expected to constrain demand for new gas-fired generation, it still has
advantages that make it attractive to investors, notably lower capital costs and a
shorter construction time than most other generation technologies. It also has lower
CO, emissions per unit of electricity produced, compared with coal, helping generators
to comply with requirements to reduce these emissions.

Oil products have a marginal role in power generation. They were used to produce
only 6% of total electricity generation worldwide in 2007. This share has been declining
slowly for many years, due to government policies to diversify away from oil and, more
recently, to high oil prices. Electricity generation based on oil is projected to fall from
1117 TWh in 2007 to 665 TWh by 2030, less than 2% of the total.

Electricity generation from nuclear power plants rises from 2 719 TWh in 2007 to
3 670 TWh in 2030. Nuclear power generation capacity reached 371 GW in 2007 and is
projected to rise to 410 GW by 2015 and to 475 GW by 2030. Over the past few years,
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a large number of countries have expressed renewed interest in building nuclear power
plants, driven by concerns over energy security, surging fossil-fuel prices and rising
CO, emissions. Few governments, however, have taken concrete steps to promote the
construction of new reactors, other than in those countries that have had active nuclear
power construction programmes in place for a long time. The exception is China, where
the government has announced ambitious targets to develop nuclear power plants.
Consequently, most of the projected increase in nuclear power is in China, where
nuclear power expands from 8 GW in 2007 to 60 GW in 2030 and its share in electricity
output increases from 2% to 6% (Figure 1.16). Nuclear power also increases in other Asian
countries, notably in Japan, Korea and India. In the United States, installed nuclear
power capacity increases from 101 GW in 2007 to 115 GW in 2030, an increase initially
supported by financial incentives to power producers.” By contrast, nuclear power
capacity falls from 132 GW to 103 GW in the European Union, as a result of policies to
phase out nuclear power plants and widespread retirements of existing reactors, notably
after 2020. The share of nuclear power in total electricity in the European Union drops
sharply, from 28% in 2007 to 19% in 2030. However, there is growing interest in nuclear
power in many European countries, which could change these prospects.

Figure 1.16 ® Nuclear power-generation capacity by region in the Reference
Scenario
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Higher fossil-fuel prices, as well as increasing concerns over energy security and climate
change, are boosting the development of renewable energy for electricity production
in many parts of the world. World renewables-based electricity generation (including
hydropower) is projected to increase from 3 577 TWh in 2007 to 7 640 TWhin 2030. Its share
in total electricity generation rises from 18% in 2007 to 22% in 2030 (Figure 1.17). In the
OECD, the share of renewables reaches one-quarter of total electricity production by 2030,
up from 16% now. This increase is largely driven by incentives to encourage new renewable
technologies, particularly wind and solar power. Increased reliance on intermittent
renewables, such as wind power, would increase the need for firm back-up capacity.

12. Detailed projections of generating capacity by region for all fuels can be found in Annex A.
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Figure 1.17 e Share of renewables in electricity generation by region in the
Reference Scenario
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Hydropower increases from 3 078 TWh in 2007 to 4 680 TWh in 2030. Most new
hydropower capacity is added in non-OECD countries, where the remaining potential
is high. In the OECD, the best sites have already been exploited and environmental
regulations constrain new development. Some 160 GW of hydropower capacity is under
construction, about half of it in China. India is constructing 13 GW. Russia and Brazil each
have about 5 GW under construction. Interest and support for hydropower projects in
non-OECD countries are growing among international lenders and the private sector.

Wind power has been growing rapidly in the OECD and, increasingly, in non-OECD
countries, notably in China and India. Electricity generation from wind power is
projected to reach 4.5% of total electricity generation in 2030 worldwide, compared
with less than 1% in 2007. In the OECD, this share reaches 8% in 2030. Wind power is
projected to soon become the most significant source of renewables-based electricity
after hydropower, ahead of biomass.

Biomass for power increases from 259 TWh in 2007 to 840 TWh in 2030. Most of this
comes from combined heat and power plants. Other growing areas of biomass use in
power generation include co-firing in coal-based power plants and landfill gas.

Electricity generation from solar photovoltaics (PV) is currently tiny, but is growing
fast. It reaches almost 280 TWh in 2030, up from just 4 TWh in 2007." Installed PV
capacity rose to 13 GW in 2008, up from 8 GW in 2007, owing mostly to a dramatic
increase in Spain. PV capacity is projected to rise to 200 GW by 2030, with two-thirds
of it installed in OECD countries. Most PV systems are installed in buildings rather
than in central-grid power plants and this is likely to remain the case in the future.
Central-grid based generation from PV is expected to remain costly, despite falling
costs. The economics of PV in buildings are much more favourable, as PV competes
against grid electricity prices, which are expected to increase over time. In the past
few years, there has been a surge in projects using concentrating solar power (CSP)

13. This figure is likely to be understated because of a lack of good data (see IEA, 2009).
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technologies and this trend is set to continue, particularly in sunny areas, where CSP
better competes with conventional technologies. Electricity generation from CSP plants
is projected to increase from less than 1 TWh in 2007 to almost 124 TWh by 2030.

Geothermal power increases in a number of regions, but its expansion is constrained
by the distribution of resources and by the fact that resources are often located far
from demand centres. Most of the increase is along the countries of the Pacific Rim.
The United States accounts for one-quarter of the global increase in geothermal power
between 2007 and 2030.

Tide and wave energy is still in its infancy, producing just 0.6 TWh of electricity in 2007.
This rises to almost 13 TWh by 2030, a small fraction of its technical potential. Wave
power and ocean current technologies are at an early stage of commercialisation, but
there is strong interest on the part of several governments in developing them further.

New capacity and investment in infrastructure

World installed power-generation capacity in the Reference Scenario is projected to
rise from 4 509 GW in 2007 to 7 820 GW in 2030. Total gross capacity additions amount
to 4 800 GW over the period, with 30% of this installed by 2015. On average, capacity
additions amount to 190 GW per year in 2008-2015, rising to almost 220 GW per year
in 2016-2030. The largest capacity additions are in China, nearly 30% of the world total
(Figure 1.18).

Figure 1.18 ® Power-generation capacity additions by region, 2008-2030
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Cumulative power-sector investment over 2008-2030 amounts to $13.7 trillion in
year-2008 dollars. Just over half of this amount, around $7.2 trillion, is needed in
generating plants. The remainder is needed in networks, with transmission requiring
$2 trillion and distribution $4.5 trillion. The largest investment requirements,
exceeding $3 trillion, arise in China. Investment needs are also very large in the
United States and Europe (Table 1.9).

102 World Energy Outlook 2009 - GLOBAL ENERGY TRENDS TO 2030



© OECD/IEA, 2009

Table 1.9 e Projected capacity additions and investment in power
infrastructure by region in the Reference Scenario

Investment, 2008-2015 (52008 billion) Investment, 2016-2030 (52008 billion)
Capacity  Power Trans- Distri- Capacity  Power Trans- Distri-
additions  gene- mission  bution  additions  gene- mission  bution
(GW) ration (GW) ration
OECD 481 906 237 550 1158 2386 480 1135
North America 184 304 1M 240 514 1014 243 524
United States 148 261 93 200 420 880 201 434
Europe 220 477 1 214 492 1047 155 470
Pacific 77 126 55 9% 153 325 82 142
Japan 47 72 35 58 90 200 50 83
Non-OECD 1041 1106 429 925 2119 2798 859 1853
E. Europe/ 100 131 31 104 255 427 62 207
Eurasia
Russia 59 79 14 45 142 249 24 78
Asia 736 792 3 666 1415 1795 626 1292
China 530 542 218 449 795 981 304 627
India 117 145 61 126 338 459 182 375
ASEAN 56 61 28 58 187 219 88 181
Middle East 85 50 25 52 175 165 61 126
Africa 57 58 21 42 124 188 47 98
Latin America 64 74 29 61 150 22 63 130
World 1522 2012 666 1475 3277 5183 1339 2988
European Union 213 467 69 206 460 996 140 417

\X/ater desalination

Water desalination is used in several parts of the world where access to fresh water is
scarce. It is an energy-intensive process, using electricity or steam. It is used primarily
in the Middle East and North Africa, and these two regions hold around half of the
world’s total desalination capacity. Demand for desalinated water there is growing
rapidly. Our analysis shows that desalination capacity in these two regions alone is
expected to grow from 21 million cubic metres (mcm) of water per day in 2007 to nearly
110 mem per day by 2030 (of which 70% is in Saudi Arabia, the United Arab Emirates,
Kuwait, Algeria and Libya), contributing to the surge in energy use in the region.

One efficient way to reduce the energy needs of the thermal water desalination
process is to couple it with electricity generation to provide more efficient use of the
inputs (fossil fuel or renewable such as concentrated solar power). In combined water
and power plants, steam is used to drive a turbine to generate electricity and the
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resulting low-grade heat output may then be used for distillation. Approximately 5%
of the electricity is required for operating the desalination plant, with the remainder
available for export to the transmission network.

In 2009, the world’s largest combined desalination and power plant was officially opened
in Saudi Arabia, with the plant capable of producing 800 000 cubic metres (m?) of water
per day and a total generating capacity of 2 750 megawatts (MW). We estimate that by
2030 almost one-third of electricity production (Figure 1.19) and capacity additions in the
Middle East will come from combined water and power plants. In other words, 54% of the
additional generation between 2007 and 2030 will be met by these types of plants.

Figure 1.19 e Electricity generation from combined water and power plants
in North Africa and the Middle East
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Sources: GWI (2009); IEA analysis.

Membrane distillation though reverse osmosis (RO) is the other common desalination
technique typically employed, for which the principal energy input is electricity.
Historically, RO plants were smaller in scale and limited in output capacity. However,
new plants are now rivalling their thermal distillation counterparts, such as the
500 000 m?* per day RO plant under construction in Oran, Algeria. Through innovation
and technology advancement, the energy requirement per unit of water output for
RO has been steadily dropping and is now less than 4 kWh/m? for new plant. By 2030,
total electricity requirements for desalination in the Middle East and North Africa are
expected to have tripled compared with 2007, rising to 122 TWh.

Energy investment

The Reference Scenario projections in this Outlook call for cumulative investment
in energy-supply infrastructure of $25.6 trillion (in year-2008 dollars) for the period
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2008-2030 (Table 1.10).™ Projected investment will be needed to expand supply
capacity, and to replace existing and future supply facilities that will be closed during
the projection period as they become obsolete or resources are exhausted.

Energy investment requirements to 2030 are slightly lower than projected in WEO-2008.
In addition to the period being one year shorter, the reduction is due to the downward
revision in projected total primary energy demand, which has slightly reduced the need
to bring on additional supply capacity and the recent wave of cost deflation, resulting in a
modest reduction in assumed unit costs — particularly in the upstream oil and gas industry.
These factors have been offset to some extent by a slight rise in projected power-sector
investment, due to marginally higher electricity demand in 2030 and a shift in the
generating mix towards more capital-intensive options, such as nuclear, wind and solar.

Table 1.10 e Cumulative investment in energy-supply infrastructure by
region in the Reference Scenario, 2008-2030
($ billion in year-2008 dollars)

Coal 0il Gas Power Total

OECD 133 1262 2262 5695 9 460
North America 72 882 1389 2435 4857
Europe 24 293 611 2435 3391
Pacific 37 88 262 825 1212
Non-OECD 464 4444 2824 7969 15 748
E. Europe/Eurasia 43 1001 870 962 2878
Russia 25 521 592 487 1626
Asia 384 872 769 5494 7547
China 280 482 233 3119 4132
India 58 170 165 1347 1745
ASEAN 38 206 263 635 1146
Middle East 1 903 577 479 1960
Africa 22 1018 361 454 1855
Latin America 15 650 248 579 1508
Inter-regional transport 64 213 63 n.a. 346
World 661 5919 5149 13 664 25555

Note: Regional totals include a total of $163 billion investment in biofuels production facilities.

The power sector requires around $13.7 trillion of capital expenditure over the Outlook
period, accounting for more than half of total energy-supply investments (Figure 1.20).

14. The projections of investment in both scenarios presented in this WEO for the period 2008-2030
derive from the projections of energy supply for each fuel and each region. The methodology involves
estimating new-build capacity needs for production, transportation and (where appropriate) transforma-
tion, as well as unit capital costs for each component in the supply chain. Incremental capacity needs are
multiplied by unit costs to yield the amount of investment needed. Capital spending is attributed to the year
in which the plant in question becomes operational. It does not include spending that is usually classified
as operating costs.
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The share is closer to about 70% if investment in the oil, gas and coal supply chains to
meet the fuel needs for power generation is included. Almost half of the investment in
the electricity industry is needed for transmission and distribution networks, and the
rest for power plants.

Investment in the oil sector, mostly for upstream developments and mainly to replace
capacity that will become obsolete over the projection period, amounts to $5.9 trillion.
Of this, investment in oil refining amounts to almost $1.0 trillion. Investment in bio-
refineries is projected to total $163 billion, most of which occurs in the United States,
the European Union and China. Investment totals $5.1 trillion in the gas sector and
$660 billion in the coal industry.

As world primary energy production continues to shift toward non-OECD regions, 50%
of the total energy investment is required in developing countries, and another 11%
in Russia and other countries in Eastern Europe/Eurasia. China alone needs to invest
$4.1 trillion — 16% of the world total — while India needs to invest $1.7 trillion. The
Middle East requires about $2 trillion, of which half is for upstream oil and gas projects.
ASEAN countries need $1.1 trillion in investments in the energy sector to 2030. OECD
countries account for 37% of global investment, with OECD North America requiring a
higher level of investment in dollar terms than any other region or country.

Figure 1.20 e Cumulative investment in energy-supply infrastructure
in the Reference Scenario, 2008-2030 (in year-2008 dollars)
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Projected global energy investment of $25.6 trillion equates to 1.4% of global GDP on
average through to 2030." The share of energy investment in GDP varies across regions.
The share is highest (around 3% on average) in India, Africa, the Middle East and Russia.
In contrast, in the OECD it is only 0.8% of GDP (Figure 1.21).

15. Total cumulative investment divided by cumulative world GDP (in year-2008 dollars at market exchange
rates) between 2008 and 2030.
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Figure 1.21 e Share of energy investment in GDP by region in the Reference
Scenario, 2008-2030
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Note: GDP expressed in year-2008 dollars at market exchange rates.

The credit crunch and economic downturn have dramatically altered the landscape for
financing energy investment. Overall investment in energy supply, including oil and gas
wells, refineries, pipelines and power stations, is expected to be reduced substantially
over the next year or two, and the allocation of capital across the different energy
sectors to be markedly changed. Raising funds is expected to be more challenging until
a recovery takes hold, particularly in liberalised markets, where private capital flows
are very sensitive to macroeconomic conditions (see Chapter 3). Some countries have
allocated funding to the energy sector as part of their economic stimulus packages.
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CHAPTER 2

IMPLICATIONS OF CURRENT ENERGY

POLICIES

Why is the Reference Scenario
unsustainable?

H 1 S H | I 1 S H T S

e The Reference Scenario projections have profound implications for each of
the “three Es” of sound energy policy making: energy security, environmental
protection and economic development.

e In the absence of new initiatives to tackle climate change, rising global fossil-
fuel use continues to drive up energy-related CO, emissions, from 29 Gt in 2007
to 40 Gt in 2030 — an increase of 40%. Although the financial crisis has slowed
the growth in emissions, current trends put us on a path to a global average
temperature increase of up to 6°C. The projected rise in energy demand also has
implications for ambient air quality, with serious public health and environmental
effects, particularly in developing countries.

o While the OECD will be importing less oil in 2030 than today, some non-OECD
countries, notably China and India, will see big increases. Most gas-importing
regions also see their net imports rise. China overtakes the United States, soon
after 2025, to become the world’s biggest spender on oil and gas imports, while
India’s spending surpasses that of Japan soon after 2020 to become the world’s
third-largest importer.

e Cumulative OPEC revenues from oil and gas exports increase to $30 trillion
between 2008 and 2030, almost a five-fold increase on earnings over the past
23 years. Even in the event of a global commitment to curb greenhouse-gas
emissions, as assumed in the 450 Scenario, OPEC countries would be called
upon to produce 11.4 mb/d more oil in 2030 than they produce today. In both
scenarios, the market power of OPEC increases.

® In some respects, energy supplies become more flexible, diverse and robust
to interruptions in the years to come, for example as global LNG trade grows.
Growing dependence on international trade, in some cases dependent on
vulnerable transit routes, pulls in the other direction. Uncertainties about the
adequacy of supply-side investment are an important component of long-term
risk. The security of electricity supply is as much an issue for governments as the
security of oil and gas supply.

e 1.3 billion people lack access to electricity in 2030, compared with 1.5 billion
people today. Universal electricity access could be achieved with additional
power-sector investment of $35 billion per year in 2008-2030, or just 6% of
the annual average investment in the power sector in the Reference Scenario.
Furthermore, the resulting increase in primary energy demand and CO, emissions
would be modest.
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Introduction

The Reference Scenario provides a baseline vision of how global energy markets are
likely to evolve if no new government policies are introduced during the projection
period. This chapter draws out the implications of the results in this scenario for each
of the “three Es” of balanced energy policy making: environmental protection, energy
security and economic development.

The projected rate of growth in fossil-fuel consumption in the Reference Scenario would
drive up energy-related carbon-dioxide (CO,) emissions over the next two decades.
Although the economic downturn, along with a range of government policies, including
those intended to address climate change and enhance energy security, has slowed the
rate of growth in emissions, in most countries, emissions are still rising fast. Moreover,
the environmental consequences of the Reference Scenario go beyond climate change.
Increasing reliance on fossil fuels would also intensify problems of local air pollution,
particularly in countries that do not have advanced emissions-control systems in their
power plants, industry and vehicles. Noxious and toxic emissions contribute directly to
health problems, urban smog and acid rain.

Rising fossil-energy use also has energy security implications. The risks of disruptions
to oil and natural gas supplies increase, as much of the incremental production is set
to come from politically unstable parts of the world and to be shipped along vulnerable
maritime and pipeline routes. In addition, because of the concentration of resources in
a small group of countries, the market dominance of these countries increases.

The continuation of current trends in energy demand and supply would also have
significant implications for economic and human development. The Reference Scenario
projections, combined with our price assumptions, imply an increasing transfer
of wealth from consuming countries to producing countries to pay for oil and gas
imports. Energy poverty is already a major problem in the world’s least-developed
regions, holding back much-needed improvements in productivity, employment,
communication, health-care and education.’

Implications for the environment

Global trends in energy-related CO, emissions®

The Reference Scenario sees a continued rapid rise in energy-related CO, emissions
through to 2030, resulting from increased global demand for fossil energy. Having
already increased from 20.9 Gt in 1990 to 28.8 Gt in 2007, energy-related CO,
emissions are projected to reach 34.5 Gt in 2020 and 40.2 Gt in 2030 — an average

1. WEO-2010 will include detailed analysis of policy measures to improve rural electrification and to
promote the sustainable use of biomass.

2. See Part B for a detailed analysis of trends in energy-related CO, emissions in both the Reference and
450 Scenarios.
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rate of growth of 1.5% per year over the full projection period (Figure 2.1). Non-OECD
countries account for all of this emissions growth: OECD emissions are projected to
dip slightly over the period, due to a slowdown in energy demand (resulting mainly
from big improvements in energy efficiency) and the increased use of nuclear and
renewables, in large part due to the policies already adopted to mitigate climate
change and boost energy security.

Figure 2.1 e Energy-related CO, emissions by fuel and region in the
Reference Scenario
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The rate of increase in CO, emissions over the projection period in this year’s
Reference Scenario is less than that projected in WEO-2008 (Figure 2.2). For the
period to 2020, this is partly explained by the current global recession, which has
dramatically slowed the growth in energy demand and CO, emissions in the short term.

Figure 2.2 e \World energy-related CO, emissions in WEO-2009 and
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In 2009, global emissions of energy-related CO, are set to decline for the first time
since 1992. Even so, emissions in 2020 in this year’s Reference Scenario are 2 Gt below
those in WEO-2008, largely on account of the persistent effects of the recent set-back
to economic activity. But by 2030, despite lower assumptions for global gross domestic
product (GDP), emissions are only 0.3 Gt lower than last year’s Reference Scenario.
This is due to upward revisions of GDP for several non-OECD countries that are heavily
dependent on coal. In cumulative terms, between 2007 and 2030, world energy-related

CO, emissions are 35.1 Gt lower than in WEO-2008.

Consequences for global climate

While greenhouse-gas emissions in this year’s Reference Scenario are lower than
in WEO-2008, current policies are insufficient to prevent a rapid increase in the
concentration of greenhouse gases in the atmosphere, with very serious consequences
for climate change. As a general rule, higher greenhouse-gas emissions lead to higher
greenhouse-gas concentrations, leading to higher global temperatures and more severe
climatic consequences.’ However, the links between emissions of greenhouse gases and
climate change are complex and factors such as carbon sinks, solar heat reflection,
cloud cover, land-use change and aerosols might partially neutralise — or compound —
these effects (IPCC, 2007). Nonetheless, it is clear that the rapid growth of greenhouse-
gas emissions projected in the Reference Scenario would lead to a substantial long-term
increase in the concentration of greenhouse gases in the atmosphere, as well as a large
increase in global temperatures.

The atmosphere currently contains long-lived greenhouse gases at a concentration
of around 455 parts per million of carbon-dioxide equivalent (ppm CO,-eq), which
is roughly 60% above pre-industrial levels (see Chapter 4). This level far exceeds the
natural range over the last 650 000 years. Average global temperatures are currently
around 0.76°C higher than pre-industrial levels and are rising at an increasing rate. The
world is already experiencing the adverse effects of rising levels of greenhouse gases
in the atmosphere. For example, the Greenland ice sheet has been losing mass at a
rate of 179 billion tonnes per year since 2003 (Wouters et al., 2008), while global sea
levels are on course to rise by around one metre over the remainder of the century.
Developing countries and island states are particularly vulnerable to the impacts of
global warming.

3. 1 ppm of atmospheric CO, concentration today equates to around 7.7 Gt CO,. In the past 50 years,
around 58% of all the CO, emitted has stayed in the atmosphere — the rest has been removed over different
timescales by various processes, including absorption by oceans and the biosphere, or has been broken down
(Hansen, 2006). Consequently, at the present levels of atmospheric concentration, each additional 13.3 Gt
of CO,-eq gases released corresponds to an approximate increase in concentration of around 1 ppm. This
may change in the future as some of the removal processes reach saturation.

4. The concentrations of greenhouse gases other than CO, in the atmosphere can be measured in terms of the
equivalent CO, concentration that would result in the same level of radiative forcing. Today, their additional
warming effect is partly offset by the cooling effect of anthropogenic aerosols and tropospheric ozone — but this
is unlikely to remain the case in future (IPCC, 2007).
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We estimate that the trajectory of energy-related CO, emissions in the Reference
Scenario, when projected out to 2050 and beyond and taking into account emissions of
all greenhouse gases from all sources, would result in a concentration of greenhouse
gases in the atmosphere of around 1 000 ppm of CO,-eq over the long term.> Our
projected increase in energy-related CO, emissions to 2030 lies in the middle of
the range of emissions and concentration scenarios that have been assessed by the
Intergovernmental Panel on Climate Change (IPCC) in its Fourth Assessment Report,
assuming an absence of new climate policies (IPCC, 2007).¢

According to our analysis, the greenhouse-gas concentration implied by the Reference
Scenario would result in an eventual global mean temperature rise of up to 6°C. According
to the studies summarised by the IPCC, this could lead to hundreds of millions of people
being displaced from their homes, massive water and food shortages, widespread
mortality of ecosystems and species, and substantial human health risks. Even long
before this stage is reached, there is a risk that the world would reach significant tipping
points that could propel the climate into a vicious cycle of deterioration. For example,
melting ice caps could reduce the earth’s reflection of solar energy, leading to higher
temperatures. In turn, rising Arctic temperatures could precipitate the melting of
permafrost across northern regions, leading to a massive release of methane and further
temperature increases. Studies published since the IPCC report suggest that the risks
associated with global warming are even more severe than previously thought.

Although opinion is mixed on what might be considered a sustainable long-term level
of annual emissions for the energy sector (and total emissions depend on emissions in
other sectors), a consensus on the need to limit the global temperature increase to 2°C
is emerging. This increase is consistent with a greenhouse-gas concentration of around
450 ppm CO,-eq (as in the 450 Scenario). To achieve this would entail a complete and
rapid transformation of the energy sector, relative to the Reference Scenario. None
of the scenarios assessed by the IPCC with a concentration of greenhouse gases in
the 445 ppm to 490 ppm CO,-eq range (corresponding to a temperature increase of
around 2°C) had annual energy CO, emissions above 5 Gt over the long term — whereas
the Reference Scenario has emissions of 40.2 Gt in 2030.

Local and regional air pollution’

The negative environmental consequences of the Reference Scenario extend beyond
climate change. Rising energy consumption and increasing reliance on fossil fuels
have already led to a deterioration in ambient air quality in many parts of the world,
particularly in the least-developed countries. Emissions of sulphur dioxide (SO,),

5. These projected emissions are consistent with model outputs of concentrations from the Model for the
Assessment of Greenhouse-gas Induced Climate Change (MAGICC) (Version 5.3).

6. The atmospheric CO, concentration by around the end of the next century implied by the Reference
Scenario is in line with the range of 855 ppm to 1 130 ppm CO,-eq (660 ppm to 790 ppm CO,) in five scenarios
assessed by the IPCC.

7. This section discusses emissions of sulphur dioxide (SO,), nitrogen oxides (NO,) and particulate matter
with an aerodynamic diameter of less than 2.5 um (PM2.5).
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nitrogen oxides (NO,) and particulate matter (PM), in particular, are directly harmful to
human health and are also in part responsible for other environmental problems, such
as acid rain and urban haze.

In 2007, world emissions of SO, were about 90 million tonnes (Mt). OECD countries
contributed just over a quarter to this total (Table 2.1). The main sources are power
plants and industry. In the Reference Scenario, the implementation of current policies
on air-pollution control result in a 4% decline in world emissions of SO, between 2007 and
2030. This leads to a 48% decline in emissions in the OECD and a 11% increase in the rest
of the world.

Table 2.1 e Emissions of major air pollutants by region in the Reference
Scenario (Mt)

2007 2015 2030 2007-2030*
Sulphur dioxide (SO,)
OECD 23.7 14.3 12.2 -2.8%
Non-OECD 66.6 69.2 74.2 0.5%
E. Europe/Eurasia 1.3 9.9 10.2 -0.5%
Asia 4.5 48.2 52.6 0.9%
China 31.5 34.6 29.0 -0.4%
India 6.3 8.5 14.8 3.8%
ASEAN 2.6 2.3 3.0 0.5%
Middle East 4.6 4.1 4.0 -0.6%
Africa 4.7 3.7 3.7 -1.0%
Latin America 3.4 3.4 3.6 0.3%
World 90.3 83.6 86.4 -0.2%
Nitrogen oxides (NO,)
OECD 32.7 22.1 16.6 -2.9%
Non-OECD 49.1 53.6 67.1 1.4%
E. Europe/Eurasia 7.8 7.0 6.9 -0.6%
Asia 27.3 32.5 4.7 2.0%
China 16.9 21.3 243 1.6%
India 4.1 5.0 9.5 3.7%
ASEAN 4.5 4.3 5.9 1.2%
Middle East 4.0 4.2 5.6 1.4%
Africa 4.4 4.5 5.8 1.2%
Latin America 5.5 5.5 6.2 0.5%
World 81.8 75.7 83.7 0.1%
Particulate matter (PM2.5)
OECD 3.7 3.2 31 -0.8%
Non-OECD 35.4 36.9 36.8 0.2%
E. Europe/Eurasia 2.0 1.3 2.2 0.4%
Asia 23.4 24.0 23.1 -0.1%
China 13.1 13.2 10.9 -0.8%
India 5.1 5.4 6.3 0.9%
ASEAN 35 37 3.8 0.3%
Middle East 0.7 0.7 0.6 -0.2%
Africa 7.3 8.1 9.0 0.9%
Latin America 2.0 2.0 2.0 -0.2%
World 39.1 40.1 40.0 0.1%

* Compound average annual growth rate.
Note: The base year of these projections 2005; 2007 is estimated by IIASA.

Source: [IASA (2009).
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World emissions of NO, were 82 Mt in 2007, of which 40% originated from OECD
countries. Road transport was responsible for about one-third of NO, emissions. In the
Reference Scenario, NO, emissions increase by 2% by 2030, the combined effect of a
near-50% fall in emissions in the OECD and a 37% increase in the rest of the world. The
majority of non-OECD countries are currently implementing emission standards for
vehicles, which slows down the pace of increase of NO, emissions.

Some 90% of global emissions of fine particulate matter (PM2.5), which amounted to
35 Mt in 2007, come from non-OECD countries. The biggest sectoral contributors are
the residential and commercial sector, and industry. In 2030, emissions are 2% above
2007 levels. This relatively small increase in emissions is due to changes in fuel use
patterns by households (replacement of solid fuels with other energy forms) and better
controls on sources in power plants, industry and road transport.

Implications for energy security

Concerns about energy security — defined as access to adequate, affordable and
reliable supplies of energy — have evolved over time, with changes in the global energy
system, and new perceptions about the risks and potential costs of supply disruptions.
In the 1970s and 1980s, the focus was on oil and the risks associated with over-
dependence on oil imports. Today, worries about energy security extend to natural gas,
which is increasingly traded internationally, and to the reliability of electricity supply.
While the focus of energy security is generally on the near-term threat to supply, there
are also concerns about the adequacy of investment and of supply in the longer term.
Furthermore, energy security is increasingly being discussed as an aspect of climate
change and of national security.

The perceived risk of a serious disruption to energy supplies for any given country or
at any given time depends on a large array of different factors, some of which are
inherently difficult to measure. The most important indicators of energy security are
the extent of imports (especially from politically unstable regions), the distance from
production to consumption, the vulnerability of physical supply chains to disruption,
the degree of fuel substitutability, the diversity of the fuel mix and the degree of
concentration of market power.

Oil security
Rising trade and import dependence

Net inter-regional trade in oil is set to increase sharply through the Outlook period in
the Reference Scenario, from 38 million barrels per day (mb/d) in 2008 to over 51 mb/d
in 2030 — almost half of global oil production at that time (Table 2.2). Total non-OPEC
(Organization of the Petroleum Exporting Countries) output is set to remain broadly flat
over the projection period, while production in OPEC countries, especially in the Middle
East, increases, reflecting their much larger resource base and their generally lower
production costs. OPEC’s market share consequently rises from 44% in 2008 to 52% in
2030, above its historical peak in 1973. Increased international trade in oil will bring
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economic benefits to exporting countries and will underpin economic development
in importing countries, but it will also heighten concerns about OPEC pricing and
production policies, as OPEC market power increases.

In the Reference Scenario, net exports from the Middle East, already the biggest
exporting region, rise from 20.2 mb/d in 2008 to 29.3 mb/d in 2030. The region’s
exports represent more than 57% of global oil trade in 2030, up from 54% today. Net
exports from Africa and Eastern Europe/Eurasia also continue to expand steadily. Brazil
contributes most to the increase in net exports from Latin America in the early part of
the Outlook period and Venezuela thereafter.

Table 2.2 o Net inter-regional oil trade in the Reference Scenario (mb/d)

1980 2000 2008 2015 2030

Net importers
OECD -24.0 -22.9 -24.6 -24.4 -20.5
North America -6.6 -8.8 -9.5 9.1 -5.2
United States -7.1 -11.0 -11.6 -11.1 -10.0
Europe -11.8 -6.8 -8.3 -9.0 -9.8
Pacific -5.6 -7.3 -6.8 -6.3 -5.5
Japan -4.8 -5.3 -4.5 -3.8 -3.1
Non-OECD Asia 0.1 -4.3 -8.4 -13.0 -24.5
China 0.2 -1.4 -3.9 -7.0 -12.1
India -0.4 -1.5 -2.2 -3.0 -6.3

Net exporters
Middle East 17.8 19.0 20.2 23.0 29.3
Africa 5.0 5.7 7.9 8.4 9.2
Latin America 0.3 2.3 1.5 2.3 1.9
Brazil -1.1 -0.7 -0.1 1.2 0.7
E. Europe/Eurasia 3.0 4.1 8.3 8.8 1.5
Russia n.a. 3.9 7.2 6.9 6.6
Total trade 27.3 33.5 37.8 41.6 51.5
European Union (imports) n.a. -9.4 -10.1 -10.3 -10.3

Note: Trade between WEO regions only. Positive figures denote exports; negative figures imports.

Trends in import dependence vary across regions. In the OECD as a whole, net imports
as a share of total oil demand fall from 57% in 2008 to 51% in 2030, largely as a result of
a sharp drop in imports into North America. Canadian output from oil sands displaces
oil that would otherwise have been imported from outside the region, primarily from
the Middle East. The import dependence of the United States alone declines from 63%
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to 58%, mainly because of a decline in demand (Figure 2.3). The OECD Pacific’s oil-
import dependence remains high, at 88% in 2030, compared with 91% currently. The
European Union sees a sharp rise in net import dependence, from 81% to 91%, as North
Sea oilfields continue their rapid decline, having already passed their peak.

Figure 2.3 e Dependence on net imports of oil by major country/region in
the Reference Scenario
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Developing Asia becomes much more reliant on imports, both in absolute terms and as
a share of demand. In 2008, China passed a milestone with its oil imports exceeding
domestic production for the first time. By 2030, China’s net imports are projected to
reach 12 mb/d, comparable in volume to the current imports of the United States, and
accounting for 74% of China’s demand. The increase in dependence is also dramatic in
India, where imports are projected to rise from today’s level of around three-quarters
of the total oil consumed domestically to 92% by 2030.

Fuel substitutability

In the Reference Scenario, the transport sector is responsible for 97% of the growth in
oil demand to 2030. By that time, oil-based fuels account for 92% of all transport fuel
consumption, a modest fall from the level of 94% in 2007, resulting from the wider
deployment of biofuels and, to a lesser extent, the uptake of plug-in hybrids and
electric vehicles. The growing concentration of oil demand in the transport sector is
set to magnify the vulnerability of importing countries to price spikes. Opportunities
for substituting oil-based fuels in existing vehicles are limited and fuel demand tends
to change very little in the near term in response to price increases. For a given supply
reduction, the price adjustment needed to bring global demand back into equilibrium
is expected to increase. In other words, oil-price volatility will tend to rise with the
increased rigidity of oil demand.

Vulnerability to oil supply disruptions

The prevalence and seriousness of major oil-supply disruptions could grow as the world
becomes increasingly dependent on supply sourced from a small group of countries
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and transported along vulnerable supply routes. In the Reference Scenario, a growing
share of oil supplies is transported by pipeline or along maritime routes, some of which
have narrow sections that are susceptible to piracy, terrorist attacks or accidents
(Table 2.3). These choke points are typically in places that cannot easily be bypassed.

Table 2.3 o Key global oil transit choke points

Choke point
Straits of Hormuz

Main destination

Europe, Japan,
United States

Description

Most important oil-shipping route. Tankers divide
into two lanes just 3 km wide. Few alternative export
routes for Persian Gulf oil.

Malacca Strait Japan, China, Principal oil route in Asia. Only 2.7 km wide at
ASEAN narrowest. Rising demand in Asia will increase traffic.
Suez Canal Europe, Connects Red Sea with Mediterranean. Closure would
United States force tankers to transit around the southern tip of

Africa.

Bab el-Mandab passage

Europe, United States

Links Red Sea with the Gulf of Aden.

Sumed pipeline

Europe, United States

Links Red Sea with the Mediterranean.

Bosphorus/Turkish Straits Europe 30-km waterway linking the Black Sea with the
Mediterranean, less than 1 km wide at the narrowest
point.

Druzhba pipeline Europe Transits Russian crude oil to Europe.

Baltic Pipeline System Europe Carries Russian crude to Baltic Sea ports.

Worries about the threat of disruptions to energy supplies are based on the experience
of the last few decades. Since 1970, there have been 17 serious disruptions in the
supply of crude oil that have involved an initial loss of 0.5 mb/d or more. Thirteen of
these have involved countries in the Middle East. Oil supply disruptions can happen at
any point from where the crude oil is extracted from the ground to where it is sold as
refined product to end users — and the repercussions are sometimes global. The most
recent major disruptions both occurred in the Gulf of Mexico: firstly in the summer of
2005, when Hurricanes Katrina and Rita removed some 1.5 mb/d of oil supply from the
market; and then in August/September 2008, when Hurricanes Gustav and lke caused
comparable damage. Historically, there have been a number of interruptions stemming
from incidents at key choke points. The most serious remains the Suez Canal crisis in
1956/1957, which blocked the passage of approximately half the oil reliant on transit
through the canal. The estimated gross peak supply loss was around 2 mb/d.

Investment risks

High rates of investment in oil production, refining and transportation infrastructure
are essential to maintaining security of supply over the longer term. The oil sector, like
all other economic sectors, has been affected by the recent financial and economic
crisis (see Chapter 3). Planned global investment in oil and gas production in 2009
has been reduced by about one-fifth. Unless quickly reversed, such investment cut-
backs could have severely negative consequences for energy security by leading to a
shortage of capacity and another spike in prices when the economy is back on the road
to recovery.
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Box 2.1 e The future of the IEA oil emergency response mechanisms

The IEA’s emergency response mechanisms were created pursuant to the 1974
Agreement on an International Energy Program (IEP). The Agreement requires
IEA countries to hold strategic oil stocks and, in the event of a major oil supply
disruption, to release stocks, restrain demand, switch to other fuels or increase
domestic production. Experience has demonstrated that the most effective
of these measures is the holding of emergency stocks and releasing them in a
co-ordinated manner. IEA member countries currently hold 4.2 billion barrels of oil
stocks, of which 1.5 billion are held by public organisations. Based solely on those
public stocks, the IEA could replace a supply disruption of 4 mb/d - about the size
of the current production of Iran — for one year. This is a relatively comfortable
situation, especially as it is backed by other tools available under the IEP and
elsewhere. The spare oil production capacity that some key producers, most
notably Saudi Arabia, have historically maintained represents a valuable element
of preparedness for many forms of emergencies (e.g. accidental loss of supply)
and illustrates the importance attached by suppliers to the reputation of oil as
a fuel on which customers can rely. This spare capacity has enabled important
volumes of additional supplies to be made available in times of shortage, thereby
stabilising the market.

Experience has demonstrated that the IEA’s emergency response system works
and that its member countries are ready to use it. Most recently, when Hurricane
Katrina hit the Gulf of Mexico in 2005, the region’s oil production and refining
infrastructure was devastated and world energy markets were disrupted. The
IEA member countries decided in a matter of days to bring 60 million barrels of
additional oil to the market and acted promptly to implement their commitments.
The market quickly stabilised.

To maintain a similar level of emergency preparedness the IEA will continue to
adapt its polices and procedures to changing market conditions. Most important of
these changes is the falling share of IEA member countries in global oil consumption.
This is set to fall to just 36% by 2030 — from 68% when the Agency was established
in 1974. International oil markets are closely inter-connected and no country can
stand immune to an oil shock elsewhere. For example, despite a projected fall in
the United States in dependence on oil imports, increasing import dependency in
another major consuming region — notably Asia — means that a severe oil supply
shock there would have rapid knock-on effects for the United States.

In view of these changing dynamics, the IEA is increasing its engagement on energy
security issues with non-member countries. China, India, Thailand and other countries
in Southeast Asia are building emergency oil stocks and the IEA is actively seeking to
deepen its dialogue and exchanges with these countries, with the goal of improving
co-ordination among all market players during an emergency. [EA non-member
countries have started to participate in regular Emergency Response Exercises at IEA
headquarters in Paris. In addition, the IEA has held Emergency Response Exercises in
countries that are not IEA members. The first such exercise was held in Thailand in
May 2009 and similar exercises are planned elsewhere in the region.
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In the Reference Scenario, $6 trillion (in 2008 dollars) of investment is needed in the
oil sector through to 2030. The share of the Middle East in total upstream oil spending,
at around 15%, is small relative to the region’s contribution to the increase in global
supply, because exploration and development costs are low. Nonetheless, there is
considerable uncertainty about the pace at which investment in the region’s upstream
industry will occur, how quickly production capacity will expand and, given rising
domestic energy needs, how much of the expected increase in supply will be available
for export. Reductions in investment may reflect government decisions to limit budget
allocations to the industry or constraints on the industry’s ability or willingness to
invest in upstream projects.

Natural gas security

A number of market developments are currently affecting natural gas security,
including rising import dependence in some of the key consuming and emerging
markets, and the globalisation of the gas market. In the Reference Scenario, gas trade
between WEO regions is projected to increase by 58% over the projection period, from
677 billion cubic metres (bcm) in 2007 to around 1 070 bcm in 2030. The European
Union is expected to require the biggest increase in import volumes through the
Outlook period, due to declining indigenous production, particularly in the Netherlands
and the United Kingdom, coupled with a modest increase in demand. By 2030, imports
into the European Union meet 83% of its gas needs, compared with 59% at present
(Figure 2.4). Developing Asia also becomes much more reliant on imports of gas. Both
China and India have modest proven reserves of gas and limited potential for raising
production. In the absence of large new discoveries, they will become increasingly
reliant on imports. Imports as a share of total gas consumption reach 48% in 2030 in
China and 39% in India, in the Reference Scenario.

Figure 2.4 e Dependence on net imports of natural gas by country/region in
the Reference Scenario

I 2007
United States = 2030
India
China
European Union
Japan
OI% 2(I)% 4(IJ% 6(I)% 86% 10I0%

In the Reference Scenario, the bulk of the increase in natural gas exports comes from
Russia, Iran and Qatar, with lesser volumes provided by other Middle Eastern producers,
Africa and the Caspian/Central Asian region. As with oil, increasing reliance on natural
gas imports from a limited number of countries will increase the market dominance of
producers and increase vulnerability to supply disruptions at major choke points.
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Although gas supply disruptions caused by external events typically receive much
publicity, the vast majority of gas supply disruptions are domestic in nature. The
list of actual and potential causes of disruptions is long and includes weather-
related catastrophes (e.g. hurricanes), accidents (e.g. fires, explosions), contractual
disputes, transit disputes and political decisions. The risks associated with political
control of strategic pipeline routes were highlighted in early 2009 with the most
severe supply disruption in history, as Russia and Ukraine disputed the continuation
of their supply and transit contracts (Box 2.2). This followed numerous other high-
impact disruptions in recent years, in the United States (2005 and 2008), the United
Kingdom, Italy and Ukraine (2006), Turkey (2008), Australia (2000 and 2008) and
elsewhere.

Box 2.2 e The 2009 Russia-Ukraine gas dispute

Interruption of Russian gas flows through Ukraine in January 2009, at a time of
very high demand, triggered Europe’s worst-ever gas-supply crisis. A dispute
between Russia and Ukraine over the price of gas sold to Ukraine, payment of
outstanding debt and transit fees resulted in the interruption of some 110 million
cubic metres per day (mcm/d) of supply to Ukraine from 1 January, along with
smaller volumes of supply to countries further west. On 5 January, supplies were
further reduced and, on 7 January, all transit through the Ukrainian network
was halted, causing the loss of 300 mcm/d to 350 mecm/d of supply to the rest of
Europe. This came at a time of very high peak gas demand in Western and Central
Europe, with the coldest weather in two decades.

European gas companies responded by drawing down gas from commercial
storage, implementing demand-side measures and securing alternative supplies
via other pipeline routes from Russia, other producers and as liquefied natural
gas (LNG). Except for flows from the United Kingdom, cross-border flows within
Europe were severely reduced and deliveries were slow to arrive, so that
countries poorly equipped with storage and other emergency arrangements
(notably in Eastern Europe) were heavily affected. When flows were restored on
20 January, following new deals on gas sales and transit, some 5 bcm of transit
gas supplies had not been delivered over a two-week period, in addition to
around 2 bcm of Ukrainian supplies.

The new agreements on gas sales and transit should put the gas relationship
between Russia and Ukraine on a more solid commercial basis, but the risk of
a renewed interruption to supply has not disappeared in the short term. As
of September 2009, Ukraine has made its monthly payments for gas imports
promptly, but it will take time for Ukrainian domestic prices and industry to
adjust to the new European pricing mechanism for gas import. In the meantime,
state-owned Naftogaz remains heavily in debt. Pricing reform, greater efficiency
and broader energy-market restructuring in Ukraine will be vital to the medium-
term health of the gas relationship with Russia.

Chapter 2 - Implications of current energy policies 121



© OECD/IEA, 2009

A growing share of world trade is expected to take the form of liquefied natural
gas (LNG). On the one hand, the growing LNG market offers greater supply flexibility,
as cargoes can be diverted at short notice to offset a sudden loss of supply from
another source. Nonetheless, recent events have also demonstrated that long-term
LNG contracts do not guarantee security of supply. For the last several years, Japan
has struggled with the inability of Indonesia to produce the quantities of LNG stipulated
under long-term contracts, due to declining output and rising domestic demand.

Gas-importing countries have some concerns that the Gas Exporting Countries Forum
(GECF) — which was established in 2001 and has a Secretariat based in Qatar — could
one day evolve into a cartel intent on influencing world prices in the same manner as
OPEC, which itself had existed for over a decade before exerting its collective influence
during the first oil shock in 1973.8 The global economic crisis, which has sent spot prices
plummeting and is expected to result in the first global contraction in natural gas
demand in more than half a century, may well add impetus to such a development.
But several market factors also stand in the way, including the prevalence of long-term
contracts, the regionalised nature of gas markets, the scope to substitute other fuels
for gas and the growing number of competing suppliers, such as those responsible for
the recent surge in gas production from non-conventional sources in the United States.
Nonetheless, the possibility of eventual formal co-ordination of investment, production
and pricing policies by gas importers will be a risk taken into account by the purchasers
of gas (see Chapter 10).

Electricity security

The reliability of electricity supply is a growing concern in both OECD and non-
OECD countries. Most power systems in most OECD countries were conceived and
constructed some 40 to 50 years ago. Many generation units are well in excess of
25 years old, especially nuclear and coal-fired plants. The demands on electricity-
supply infrastructure are growing, with increasingly distributed and variable sources
of generation, including wind and solar power. Furthermore, electricity demand still
does not respond quickly to price changes when supply conditions change. Yet, in
certain regions there appears to be a lack of timely, diverse electricity-generation
investment, or investment in expanded and enhanced transmission interconnections.
Public opposition to siting of new generation and transmission infrastructure sometimes
causes delays and increases risks and costs for investors, and may totally prevent new
investment. Regulatory complexity and uncertainty, especially as markets integrate
over larger geographic areas, is a further inhibition. Greater reliance on natural gas for
power generation in many markets has contributed to supply diversification, but gas-
supply interruptions have been demonstrated to be a real threat.

8. See Chapter 14 Spotlight: Is the Gas Exporting Countries Forum the new “Gas-OPEC”?
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Selected economic implications
Spending on imports

The Reference Scenario projections imply a persistently high level of spending on
oil and gas imports by almost all importing countries (Figure 2.5). As a share of GDP
at market exchange rates, spending on oil and gas imports spiked in 2008, in line
with the run-up in prices. For the OECD as a whole, the level reached 2.3%, which
approached the peaks seen during the second oil shock in 1979. For many emerging
economies, a new record level of spending was reached, as they have typically
become more dependent on energy imports over the last several decades due to
a sharp increase in demand and/or shrinking domestic production. Two examples
illustrate the case: in 2008 spending on oil and gas imports reached 6.9% of GDP in
India and 3.0% in China.

Figure 2.5 e Expenditure on net imports of oil and gas as a share of GDP at
market exchange rates in the Reference Scenario
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Note: Calculated as the value of net imports at prevailing average international prices. The split between
crude/refined products and LNG/piped gas is not taken into account.

Based on current trends, spending on oil and gas imports in the OECD, as a share of
GDP, is set to stabilise at around 1.8% over much of the Outlook period. Japan and
Korea are expected to be slightly worse off, due to their near-total dependence
on imports. In most cases, in developing countries the share of imports in GDP is
significantly higher than in the OECD, as they tend to be more dependent on imports
and consume more energy to generate one unit of economic output. In India, for
example, although spending on oil and gas imports as a share of GDP has fallen back
from the peak in 2008, it is projected to rise progressively through the Outlook
period, reaching 6.4% in 2030.
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These projections are based on the price assumptions that underpin the Reference
Scenario. However, market tightness or significant geopolitical tensions could lead to
price spikes or even sustained higher prices over the Outlook period, increasing the
financial burden on countries dependent on oil and gas imports. Recent experience
suggests that any such development could have important implications for the global
economy: it is generally considered that the run-up in oil prices in the period 2003 to
mid-2008 played a significant, albeit secondary, role in the current global economic
downturn. On the other hand, short-lived bouts of over-supply could alleviate the
burden on importing countries.

In the Reference Scenario, in real-dollar terms, annual expenditure on oil and gas
imports continues to increase in most importing countries, even compared to the
record levels experienced in 2008 (Figure 2.6). For example, the spending on oil and
gas imports in the European Union is expected to reach $671 billion (in year-2008
dollars) in 2030, up from $463 billion in 2008 (and $336 billion in 2007). On a country
basis, China overtakes the United States soon after 2025 to become the world’s
biggest spender on oil and gas imports, in monetary terms, while India’s spending on
oil and gas imports surpasses that of Japan soon after 2020 to become the world’s
third-largest importer.

Figure 2.6 ® Annual expenditure on net imports of oil and gas in the
Reference Scenario
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Note: Calculated as the value of net imports at prevailing average international prices. The split between
crude/refined products and LNG/piped gas is not taken into account.

Reducing imports of oil and gas would lower the economic burden on oil importers,
as well as bringing environmental and energy-security benefits. Such a reduction
can be achieved through efforts to stimulate indigenous production of hydrocarbons
and alternative sources of energy, such as biofuels, other renewable energy
technologies and nuclear power, as well as through measures to improve energy
efficiency. More importantly still, subsidies on oil and gas consumption can be
removed (Box 2.3). Most countries are considering stronger policies and measures
to reduce oil-import intensity for economic, security and/or climate change reasons
(see Chapter 4).
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Box 2.3 e The implications of phasing out energy subsidies

Large subsidies to the consumption of fossil fuels still exist in many non-OECD
countries. As inferred from the gap between domestic and international fossil-
fuel prices, they are currently highest in percentage terms in the Middle East,
Russia, other non-EU Eastern European countries and India. In many cases, price
controls prevent the full cost of higher imported energy from being passed
through to end users, thereby dampening the responsiveness of consumption to
increases in prices. Subsidies can also place a heavy direct burden on government
finances and thereby weaken the potential for economic growth. In addition, by
encouraging higher consumption and waste, subsidies exacerbate the harmful
effects of energy use on the environment, while also impeding the development
of more environmentally benign energy technologies. Although usually meant to
help the poor, subsidies often benefit better-off households.

Energy subsidies take many different forms, some of which are not transparent.
Some subsidies aim at making fossil fuels more affordable, while others
aim to support domestic production. Closing the gap between domestic and
international fossil-fuel prices is an important, albeit politically difficult, step
towards improving all three central objectives of energy policy. Subsidy removal
also frees up budgetary resources that can be used to target social objectives
more directly.

The WEO-2008 found that subsidies on fossil fuel in 20 non-OECD countries
(accounting for over 80% of total non-OECD primary energy demand) amounted
to about $310 billion in 2007 (IEA, 2008).° A further study by the OECD in
collaboration with the IEA, using IEA estimates of the gap between actual prices
and the estimated true market prices of a range of fuels, found that if energy
subsidies were phased out gradually between 2013 and 2020, total primary
energy demand at the global level would be cut by slightly more than 5% by
2030, compared to a baseline in which subsidy levels remain unchanged. It was
found that removing subsidies would also raise per-capita GDP in most countries
concerned.

Export revenues

In the Reference Scenario, OPEC countries and Russia continue to earn substantial
revenues from oil and gas exports, even after taking into account that more of their
production is needed to satisfy rising domestic demand. On an undiscounted basis,
cumulative OPEC country revenues from oil and gas exports between 2008 and 2030
amount to almost $30 trillion — a near five-fold increase on earnings over the past
23 years (Figure 2.7). Russia’s cumulative earnings to 2030 amount to $7 trillion, some
3.5 times larger than over the previous 23 years.

9. WEO-2010 will include an in-depth analysis of the impact subsidy removal would have on global energy
trends, economic efficiency, CO, emissions and local pollution.
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Figure 2.7 e Cumulative oil and gas export revenues in the Reference
Scenario for selected key exporters
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Note: Calculated as the value of net exports at prevailing average international prices. The split between
crude/refined products and LNG/piped gas is not taken into account.

Existing and planned efforts in OPEC countries to implement structural economic
reforms aimed at accelerating economic diversification are set to reduce gradually
reliance on hydrocarbon export revenues. Nonetheless, revenues from oil and gas
exports are still projected to represent 36% of the combined GDP of the OPEC countries
in 2030, down from 44% in 2008 (Figure 2.8). On a per-capita basis, in real-dollar
terms, in 2030 OPEC countries are set to earn around $3 600 from exports of oil and gas
compared to just under $2 800 in 2008.

Figure 2.8 e Oil and gas export revenues as a share of GDP at market
exchange rates for selected producers in the Reference Scenario
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Note: Calculated as the value of net exports at prevailing average international prices. The split between
crude/refined products and LNG/piped gas is not taken into account.
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Do energy producers need greater security of demand?

With the economic weakness of 2008/2009 prompting the sharpest decline in oil
demand in a quarter of a century, and with the prospect that an agreement may
be brokered at the UN Climate Change Conference (COP 15) that could kick-start
a transition to a low-carbon economy, it is important and timely to consider the
other side of the energy security coin — security of demand. After all, in the same
way that energy-importing countries seek security of supply, energy-exporting
countries seek security of energy demand as they invest billions of dollars in
production infrastructure.

The fall in global oil demand in 2009, which could exceed 2%, will almost certainly
be the steepest since the early-1980s. It is understandable that resource holders
may hesitate to commit new capital to increase upstream production capacity
or to maintain spare capacity when they are unsure how long it will take before
they see a return on their investment. Yet, even taking into account the current
uncertainty, there is still widespread agreement that sustained investment
will be needed to meet rising demand in the medium and longer term. In the
Reference Scenario of this Outlook, global oil demand is projected to reach
105 mb/d in 2030, while in OPEC’s World Oil Outlook 2009 (OPEC, 2009), released
in July 2009, it is slightly higher at 106 mb/d.

Naturally, these projections would not hold true if the UN Framework Convention
on Climate Change (UNFCCC) process leads to a successful climate deal, as they
are predicated on the assumption that there will be no major shift in government
polices. But even in the 450 Scenario of this Outlook — in which the concentration
of greenhouse gases is stabilised at 450 ppm CO,-eq — oil demand in 2030 is
projected to be slightly higher in 2030 than today, at 88.5 mb/d. Given that OPEC
countries possess the world’s largest and least-cost reserves, even in this scenario
they would be called upon to produce 11.4 mb/d more oil in 2030 than they do
today. In fact, the growth in OPEC production in this scenario over 2008-2030 is
faster than the increase in output over the period 1980-2008 (see Chapter 5).

Our analysis suggests that investment by low-cost producers in new supplies
will pay off, even if highly ambitious efficiency measures and alternative fuel
and vehicle technology programmes are put in place in consuming countries. It
therefore bodes well for economic prospects in the major producing countries,
particularly when coupled with the ongoing efforts in countries such as the
United Arab Emirates and Saudi Arabia to diversify their economies.

©0000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000000

.
©00000000000000000000000000000000000000000000000000000000000000000000000000000000000

Russia’s economy has become heavily dependent on earnings from oil and natural gas
exports. For a brief period in mid-2008, earnings approached $1 billion per day but

by July 2009 they had halved, in line with the decline in energy prices and the fall
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in demand for exports. In the Reference Scenario, Russia’s earnings from oil and gas
exports, predominately to European customers, amount to 12% of the country’s GDP in
2030, down from 19% in 2008. Russian earnings on a per-capita basis increase steadily
through the Outlook period, from around $2 300 in 2008 to $3 100 in 2030.

Oil and gas export revenues continue to make up an important part of the national
budgets of producing countries. This is true even if stringent steps are taken by
the international community to cut greenhouse-gas emissions (see Spotlight). This
underscores the persistence of genuine interdependence between producers and
consumers. But attempts by producers to actively manage the market to protect their
revenue base can damage trust. Fears that producers may constrain investment in
order to safeguard against possible future over-supply or exploit their growing market
domination (by actively limiting short-term production in order to manipulate prices)
can drive importers to adopt more stringent measures to reduce dependence on oil
and gas.

Implications for energy poverty'°®
Current status of electricity access by region

Based on a detailed country-by-country database updated for this Outlook, we estimate
that in 2008 the number of people without access to electricity was 1.5 billion — or
22% of the world’s population. Some 85% of those people live in rural areas. Expanding
access to modern energy is a necessary condition for each of the economic, social and
environmental dimensions of human development. The UN Millennium Project has
emphasised the close links between energy use and the eight Millennium Development
Goals (UN, 2009). Modern energy services help to reduce poverty, improve educational
opportunities for children and promote gender equality.

Since the issue of energy poverty was first analysed in the World Energy Outlook 2002,
the number of people without access to electricity has decreased by an estimated
188 million, despite the growth in world population of more than 500 million. Increased
urbanisation and the successful implementation of electrification programmes have
contributed to the improvement in these figures, but it is also partly due to revisions
as data quality has improved.

South Asia currently accounts for 42% of the total number of people in the world
without access to electricity, even though the percentage of the population with access
to electricity in South Asia increased by around 8% over the last three years (Figure 2.9).
Bangladesh, India and Pakistan in total have 570 million people without electricity, 92%
of whom live in rural areas. The Indian government has declared reducing poverty and
enhancing social and economic development a key priority, and has introduced a new

10. See www.worldenergyoutlook.org for the definitions and methodology utilised in the energy poverty
analysis as well as disaggregated results.
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remote village electrification programme. In Pakistan, nearly 133 000 villages have
been electrified by the Water Resources and Power Development Authority and its rural
electrification programme.

In Sub-Saharan Africa only 29% of the population has access to electricity today.
Despite slightly increasing electrification rates, the total number of people in the
region without access to electricity has grown by 78 million since 2001 — mainly due to
rapid population growth, which has outpaced electrification.

The overall number of people without access to electricity in East Asia and China has
fallen to 195 million, from 241 million in 2001. Myanmar has the lowest electrification
rate in the region, at 13%, followed by East Timor (22%) and Cambodia (24%). China has
achieved impressive results in electrification, providing electricity access to more than
1.3 billion people. The National Development and Reform Commission has introduced
national renewable energy programmes, including the Riding the Wind Plan and the
Brightness Project to provide electricity to people in remote areas through renewable
technologies such as wind and solar (Zhang et al., 2009).

Although the average electrification rate in Latin America was 93% in 2008, some
countries in the region with large populations have much lower rates, including Peru,
Nicaragua and Bolivia. While almost the entire urban population in Latin America has
access to electricity, the rate in rural areas is just 70%.

Prospects for electricity access

In the Reference Scenario, 1.3 billion people, or 16% of the world’s population, still
lack access to electricity in 2030, despite more widespread prosperity and more
advanced technology (Figure 2.10). Though the Reference Scenario takes into account
the effects of the current economic crisis, there is a risk that its consequences for the
ongoing electrification process in developing countries could be understated: financing
programmes to connect new customers, whether carried out by public-private
partnerships or by local electric utilities, could be particularly severely affected.

On the Reference Scenario figures, the electrification rate at the global level reaches
84% in 2030, from 78% in 2008. This represents a reduction in the number of people
without access to electricity of 176 million compared to today, despite the substantial
projected rise in global population.

Most of the people without access to electricity in 2030 are in Sub-Saharan Africa
(698 million) and South Asia (489 million). Four out of five of them live in rural areas
(Table 2.4). In Sub-Saharan Africa, despite a projected increase in the electrification
rate from 29% in 2008 to 47% in 2030, the number of people without access to
electricity increases by 111 million by 2030. These projections are highly dependent
on assumptions about incomes and electricity pricing; higher electrification
rates could be achieved in 2030 if new policies to alleviate energy poverty were
introduced.
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Table 2.4 e Electricity access in the Reference Scenario

2008 Projections

Population Electrification Population Electrification

without access rate without access rate

(millions) (%) (millions) (%)
Overall Urban  Rural 2015 2030 2015 2030
Africa 589 40 67 23 627 700 45 54
North Africa 2 99 100 98 2 2 99 99
Sub-Saharan Africa 587 29 57 12 625 698 36 47
Non-OECD Asia 809 77 94 67 765 561 80 87
China 8 99 100 99 5 0 100 100
India 405 65 93 53 385 294 69 79
Other 39 63 85 48 374 267 68 81
Latin America 34 93 99 70 18 13 96 98
Middle East 21 89 98 1 1" 5 95 98
Sub-total 1453 72 90 58 1420 1279 75 81
E. Europe/Eurasia 3 100 100 100 2 2 100 100

and OECD

Sub-total 3 100 100 100 2 2 100 100
World 1456 78 93 63 1422 1281 80 84

Box 2.4 e The Universal Electricity Access Case

Achieving universal access to electricity by 2030 would result in higher global
energy demand than projected in the Reference Scenario. It would also have
implications for energy investment and for emissions of energy-related CO,
emissions. The Universal Electricity Access Case (UEAC) seeks to quantify these
increments. It is based on the assumption that new policies are introduced that
result in a progressive increase in electrification rates to 100% of the world’s
population by 2030.

It is assumed that each person gaining access is at first going to use
electricity only as a substitute for the traditional fuels used to cover
basic needs (e.g. candles, liquefied petroleum gas [LPG], kerosene). Basic
electricity consumption in rural areas is assumed to be 50 kWh per person
per year, while the minimum urban consumption is set at 100 kWh per
person per year. It is assumed that the consumption levels of the newly
connected areas increase over time to reach the regional (rural and urban
specific) average after 10 years, reflecting the income-generating effects of
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Box 2.4 e The Universal Electricity Access Case (continued)

modern energy services. It is also assumed that the electricity is generated
using the fuel mix set out in the Reference Scenario for the country or region in
question.

Relative to the Reference Scenario, global electricity generation in the UEAC
is less than 3% higher in 2030, an increase of 890 TWh. Around 70% of the
additional supply is projected to be based on grid extensions, which remain
the cheapest option in all countries, while development of mini-grids accounts
for 27% and isolated off-grid generation for 4% (Figure 2.11). Almost 90%
of the incremental supply is required in just two regions, Sub-Saharan Africa
(448 TWh) and South Asia (316 TWh).

Additional power-sector investment worldwide of $35 billion per year on average
is required in the UEAC in 2008-2030. This increase is equivalent to just 6% of the
annual average global investment in the power sector in the Reference Scenario,
or around one-quarter of the annual investment required in China’s power sector
in the Outlook period. Almost 85% of the incremental investment to meet the
UEAC is needed in Sub-Saharan Africa and South Asia.

The task of achieving universal access to electricity is, clearly, formidable but
it would contribute substantially to the alleviation of poverty. The required
investment is most unlikely to be driven by the private sector, as in those
countries in which electricity access is the lowest there is often no market
and there are no guarantees. Urban circumstances are more favourable to
prospective private finance, but there are still formidable obstacles. Providing
full access means providing electricity to those who are so poor that they have no
means to pay. For these people, the only solution is for the service to be provided
by governments or the international community as an investment in future social
and income benefits.

Compared to the Reference Scenario, in the UEAC there is an increase in global
energy-related CO, emissions of just 1.3% by 2030 — less than the current
emissions of the United Kingdom. This increase is disproportionately modest
compared with the number of people affected, as initial consumption levels
are less than 1% of the global per-capita average. Similarly, providing universal
electricity access is unlikely to lead to a deterioration in other forms of energy
security, as global oil and gas balances remain essentially unchanged. If the
generation fuel mix to supply the additional demand were that of the 450
Scenario (see Introduction and Part B), the increase in energy-related global CO,
emissions would be a mere 0.9% by 2030.
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Figure 2.11 e Incremental electricity generation and investment in the
Universal Electricity Access Case, 2008-2030

Additional generation Additional investment
890 TWh $803 billion (2008)

Grid connected* Grid connected*

69% 62%
Urban grid  [YANETE( Mini-grid
27% 27%
Transmission

Isolated

off-grid Isolated
Rural arid 2, off-grid
il 4 Generation 1%

* Covers generation, transmission and distribution for both urban and rural grids.

Reliance on traditional biomass

Cooking a meal, a daily and routine task, can be a difficult chore and a danger to
human health in some parts of the world. Today 2.5 billion people, or 37% of the
world’s population rely on biomass' as their primary fuel for cooking. Over half of
those people live either in India or Sub-Saharan Africa.

Reliance on biomass often results in regular exposure to harmful emissions of carbon
monoxide, hydrocarbons and particulate matter. The World Health Organization (WHO)
estimates that 1.5 million premature deaths occur each year due to indoor air pollution
from the use of solid fuels: it is estimated that indoor air pollution causes about 36%
of lower respiratory infections and 22% of chronic respiratory disease (WHO, 2006).
Women and children suffer most from indoor air pollution, because traditionally they
are responsible for household chores. Also in regions reliant on biomass, women and
children are typically responsible for fuel collection, an exhausting task that can result
in long-term physical damage.

As incomes increase, fuel switching occurs from biomass to modern forms of energy,
such as LPG or kerosene, and then gas and electricity. Nonetheless, higher income does
not guarantee access to modern fuels. Limited availability and reliability of supply of
alternative fuels can prevent or limit the transition.

In the Reference Scenario, the number of people depending on biomass for cooking is
expected to rise to around 2.7 billion in 2020, before stabilising close to that level for
the remainder of the Outlook period. However, these global trends mask significant
changes at the country/regional level. The number of people depending on biomass
increases steadily in Sub-Saharan Africa, from 608 million today to 765 million in
2030, by which time 30% of the people using biomass worldwide live in the region. In
developing Asia, the number of people using biomass increases from 678 million today
to 731 million in 2030. In contrast, in China the number of people reliant on biomass has
already peaked and continues to decline through to 2030. In India the number of people
depending on biomass declines after 2020 as the country (like China) experiences a
gradual transition towards modern fuels.

11. Biomass includes animal dung, roots, agriculture residues and fuel wood.
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CHAPTER 3

IMPACT OF THE FINANCIAL CRISIS
ON ENERGY INVESTMENT

A threat or an opportunity?
H 1 S H L 1 S H B S

e Energy investment worldwide has plunged in the face of a tougher financing
environment, weakening final demand for energy and falling cash flows — the
result, primarily, of the global financial and economic crisis. Energy companies
are drilling fewer oil and gas wells, and cutting back spending on refineries,
pipelines and power stations. Many ongoing projects have been slowed and a
number of planned projects postponed or cancelled. Businesses and households
are spending less on energy-using appliances, equipment and vehicles.

@ In the oil and gas sector, most companies have announced cutbacks in capital
spending, as well as project delays and cancellations, mainly as a result of
lower prices and cash flow, and demand uncertainties. We estimate that global
upstream oil and gas investment budgets for 2009 have been cut by around 19%
compared with 2008 — a reduction of over $90 billion. Since October 2008, over
20 planned large-scale upstream oil and gas projects, involving around 2 mb/d
of oil production capacity, have been deferred indefinitely or cancelled and a
further 29 projects, involving 3.8 mb/d of oil capacity, have been delayed by
at least 18 months. Oil sands projects in Canada account for the bulk of the
postponed oil capacity.

® Power-sector investment is expected to be severely affected by financing
difficulties, as well as by weak demand. Global electricity consumption is
projected to drop by 1.6% in 2009 — the first annual contraction since the end of
the Second World War. Weakening demand is reducing the immediate need for
new capacity. If a recovery takes longer than expected and fossil-energy prices
remain low relative to recent peaks, investment may (depending on government
policies) shift to coal- and gas-fired plants at the expense of more capital-
intensive options such as nuclear and renewables.

e In late 2008 and early 2009, investment in renewables-based generation fell
proportionately more than that in other types of generating capacity. For 2009
as a whole, it could drop by close to one-fifth. Without the stimulus provided by
government fiscal packages, it would have fallen by almost 30%. In most regions,
investment in bio-refineries all but dried up in early 2009, due to lower ethanol
prices and scarce finance.

e Falling energy investment will have far-reaching and, depending on how
governments respond, potentially serious effects on energy security, climate
change and energy poverty. Cutbacks in investment in energy infrastructure
will affect capacity only with a lag; sustained lower investment could lead to a
shortage of capacity and another spike in energy prices in several years’ time.
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How the crisis has affected energy investment
so far!

The financial and economic crisis has had far-reaching and widespread consequences
for energy markets, the repercussions of which will be felt for several years to come.
Economic contraction has led to a downturn in global demand for energy. Investment in
energy infrastructure has also been hit hard, which will have lasting effects on supply
capacity. Energy investment has been affected in three main ways by the crisis:

m Tighter credit: Energy companies have been finding it much harder than in the
past to obtain credit for both ongoing operations and to raise fresh capital for
new projects, because of paralysed credit markets. In addition, plunging share
prices have driven up gearing ratios and obliged companies to cut absolute levels
of debt. In some cases, the cost of capital has risen in absolute terms, despite very
substantial across-the-board cuts in central bank lending rates — especially for the
riskiest projects — making marginal investments uneconomic.

m Lower profitability: The slump in the prices of oil and other forms of energy during
the second half of 2008 and early 2009 (resulting from weak demand) together with
expectations of lower prices compared with a year ago, have made new investments
in production facilities generally less profitable, as costs (while starting to fall back)
generally remain high. The price collapse (and, in Europe, a big drop in carbon
prices) has also shifted the relative economics of power-generating plants, to the
detriment of low-carbon renewables-based generation and nuclear power.

m Less immediate need for capacity: Falling demand for energy, caused by the
economic slowdown, has reduced the appetite and urgency for suppliers to invest
now in new capacity. Spare capacity or reserve margins, in many cases, have grown
over the past year and are expected to increase further in the next year or two.

The combined effect, so far, has been a scaling back of all types of energy investment
along the supply chain in most countries, especially in those projects considered to be
most risky and funded off the balance sheet. A number of energy companies have cut
capital spending programmes for 2009 and beyond, and are seeking greater flexibility in
planning and completing projects. Most projects that were already under development
in mid-2008 are proceeding and are not expected to be halted, unless sponsors or
financiers are directly hit or project economics sour considerably in the months ahead
(for instance, if oil prices fall back again). But many ongoing projects are being slowed,
and many planned or proposed projects have already been postponed or cancelled —
for lack of finance and/or because of downward revisions in expected profitability.

The impact of the crisis on investment varies considerably across fuels and countries,
reflecting differences in risk, market and ownership structures, the level of leverage,
the state of local credit markets, changes in relative fuel prices and costs, project lead
times, the economic outlook and prospects for energy demand in the near to medium
term. In some cases, notably in the power sector, the main reason for cutbacks in
investment has been difficulty in securing finance, both for new projects and current

1. An early version of this chapter was presented to G8 Energy Ministers at their meeting in Rome in
May 2009.
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operations; in the oil and gas sector, the drop in prices and the expectation of lower
costs in the near future have been the main drivers of cutbacks in capital spending
(see below).

Box 3.1 e How has the crisis affected energy demand so far?

Comprehensive data on energy demand trends in the second half of 2008 and 2009
will not be available for many months. But partial data on consumption of specific
fuels for some countries point to plunging energy demand in the face of economic
contraction. The September 2009 edition of the IEA’s monthly Oil Market Report
estimates that global oil demand dipped by 3.4% in the first quarter of 2009 (year-
on-year) and by 2.6% in the second quarter, based on preliminary data. The fall in
demand is sharpest in the OECD. On current trends, world demand is expected to
drop by 2.2% in 2009 as a whole, following a drop of 0.2% in 2008 (the sharp drop in
demand in the second half of the year more than offset growth in the first half).

Partial data for other fuels and certain regions also point to much weaker demand,
particularly in the industrial sector. In the United States, for example, total primary
energy use in the first five months of 2009 was 6% lower than a year earlier, with
consumption of oil down almost 8%, and use of natural gas and electricity both
falling by over 4%. Industrial energy use in total was 13% lower. Demand for gas
and electricity in Europe has also fallen heavily since mid-2008, despite the coldest
winter for 20 years. Preliminary data point to a year-on-year fall of 9% in gas use in
the first half of 2009, with big declines recorded in Turkey (18%), Italy (14%), Spain
(13%) and the United Kingdom (11%). Electricity demand fell by an estimated 5%. In
the Pacific, falling demand in industry and in the power sector translated into big
falls in overall gas demand (10% in Korea and 8% in Japan).

Sources: IEA databases; US Energy Information Administration (www.eia.doe.gov); industry sources.

Investment in energy-related capital stock (equipment, buildings, vehicles and
appliances), which affects the efficiency and pattern of energy use, is similarly
affected by financing difficulties and lower prices, making energy savings less attractive
financially. The economic crisis has affected consumer behaviour in three main ways:

m Consumers (businesses and households) are spending less on new durable goods,
delaying the deployment of a more efficient generation of equipment, vehicles,
buildings and appliances.

m They are less willing and able to pay the premium for more efficient goods, as their
disposable income decreases and energy prices slump.

m They are making less use of new goods, once purchased.

The economic crisis has also encouraged businesses to rein in capital spending across
the board as a defensive measure, while households have cut their spending on
new appliances and cars in the face of worries about future income. Furthermore,
equipment manufacturers — including carmakers — are expected to reduce investment
in research, development and commercialisation of more energy-efficient models,
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unless they are able to secure financial support from governments. Governments
in many countries have recognised the negative impact of the crisis on consumer
spending on more efficient (and more expensive) technologies, and have put in place
measures to try to counterbalance this effect, often as part of their economic stimulus
programmes (see Introduction).

The crisis is affecting energy-supply industries and individual firms in different ways,
mainly according to how dependent they are on external finance, the sensitivity
of demand and final price to economic trends, capital intensity, and the degree of
government ownership and regulation. Power-sector investment has been particularly
severely affected by financing difficulties, as well as by the prospect of stagnant
demand. The drop in investment in renewables-based power projects has generally
been disproportionately larger as a result of the improved competitiveness of fossil-
fuel generation technologies, though countervailing action by government has offset
part of this effect. Qil and gas investment is already being trimmed back, largely
because of lower prices. Coal investment programmes have also been cut sharply, as a
result of falling coal prices and pressure on mining companies to cut debt. One likely
consequence of the crisis may be consolidation across the energy sector, as small- and
medium-sized firms that are struggling to meet their ongoing financial needs are taken
over by or merge with competitors with stronger balance sheets. Falling share prices
are likely to encourage this trend.

The medium-term ramifications of the crisis for energy investment are very uncertain,
not least because of doubts about the recovery profile and, linked to that, how quickly
lending to energy producers and consumers will revive. There are signs that the strong
medicine administered by governments to the financial system is beginning to work,
with a drop in interbank rates and an easing of credit conditions in some markets. The
world economy may now be bottoming out. But the global financial system remains
fragile amid fears of further losses as asset values continue to fall. There is little
prospect of a quick return to the days of cheap and easy credit. In general, financing
energy investment will certainly be more difficult and costly in the medium term than
before the crisis took hold. Even assuming a gradual easing of credit conditions, the
expected rebound in energy demand and prices, which would create new opportunities
for profitable investment on both the supply and demand sides, will hinge to a large
degree on economic recovery: demand in the short term for most types of energy is
highly and immediately sensitive to changes in economic activity and incomes (and
much less sensitive to price movements). Energy companies will seek reassurance that
any upturn in energy demand and price, when it comes, is durable before committing
to a significant increase in capital spending.

Impact on oil and gas investment
Global trends and near-term outlook

Investment has been scaled back across the oil and gas sector, largely as a result of
the precipitous drop in prices since July 2008 (in large part due to weak demand) and,
to a lesser extent, because of financing difficulties. The collapse in prices, which
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has so far outpaced that in costs, has starved companies of cash flow that could
be used to finance capital spending. It has also led many companies to revise down
their assumptions about future price levels and, therefore, projected cash flows,
undermining the assessed profitability of new projects. Some national companies’
investment programmes are being cut because dwindling revenues are needed to cover
spending in other sectors. The majority of these companies have announced cuts in
investment budgets (compared with 2008 spending and that originally planned for
2009), and many have postponed planned and proposed projects. Upstream investment
has so far been hit hardest.

Total oil and gas investment across the industry is expected to drop significantly in
2009, both year-on-year and compared with planned capital spending a year ago. The
pattern of spending cuts is by no means even. In general, the smaller the company,
the bigger the cutback. We have surveyed the capital spending plans of 50 leading oil
and gas companies. The results point to a drop of 16% in investment compared with
2008, from $524 billion to $442 billion (Table 3.1). In aggregate, the super-majors
(ExxonMobil, Shell, BP, Chevron and Total) plan to cut spending by only about 7%. A few
companies, notably Mexico’s Pemex and China’s CNOOC, have announced increases in
spending. But most other companies are cutting spending, in some cases drastically.
The top 25 companies have cut budgets by 15% and the next 25 by almost 17%. Spending
cuts are even bigger when compared to the level of spending planned in mid-2008 for
2009, according to the results of a survey published in last year’s Outlook (IEA, 2008a).
On this basis, the real reductions in planned spending by the 50 leading companies
are 16%. Smaller operators than those covered by our survey are more affected by the
credit crunch because they tend to have higher debt-to-equity ratios and smaller cash
reserves. As a result, the magnitude of the overall reduction in oil and gas investment
worldwide is certainly even bigger than the reductions made by the leading companies.
In general, spending is expected to fall most heavily in the upstream.

As in the power sector, almost all projects already under construction are expected
to be completed, though work is being slowed in many cases to limit the need to raise
fresh capital and to take advantage of an expected fall in costs. Construction and
operating costs in both the upstream and downstream sectors have soared in recent
years, but they are now starting to fall back (see Chapter 12). Planned projects —
especially those in the early stages of design — are most heavily affected by spending
cuts: most projects not yet under construction have already been pushed back, in some
cases indefinitely, or cancelled outright.

Impact of the credit crunch on oil and gas financing

The squeeze on lending has affected oil and gas companies’ capital spending to varying
degrees. Relative to other energy sectors, the oil industry is characterised by a high
level of self financing (out of cash flow) and low debt-equity ratios. International oil
companies, which currently account for around half of global oil and gas investment,
have generally been the least affected among energy companies by the difficulties
faced in raising capital. They typically finance the bulk of their capital needs from
internal cash flows and have less need to borrow either short or long term. Their
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balance sheets are generally sound, so they still have little trouble in raising additional
funds from financial markets. Nonetheless, in early 2009, most of the largest oil
companies were unable to cover their capital spending programmes out of cash flow
and have been forced to borrow, as a result of the sharp drop in prices in the second
half of 2008 (though the rebound in prices in the second quarter of 2009 has improved
their cash flow). The cost of borrowing has also risen with the credit crunch, though
rates have been falling recently.

Table 3.1 e Total investment plans of 50 leading oil and gas companies

Company 2008 2009 Change Change 2009 vs.
(S billion) (§ billion) 2009/2008 plan of mid-2008
(%) (%)
PetroChina 34.0 34.1 0.4% -5.9%
Shell 32.0 31.0 -3.1% -8.1%
Petrobras 291 28.0 -3.7% -6.6%
Gazprom 25.6 14.6 -42.8% -47.3%
ExxonMobil 23.9 24.9 4.3% -1.4%
Chevron 22.8 19.7 -13.5% -20.9%
BP 22.0 19.0 -13.6% -16.7%
Eni 21.4 17.6 -17.7% -11.9%
Total 20.5 18.0 -12.3% -17.4%
ConocoPhillips 19.9 12.5 -37.4% -22.2%
Pemex 18.0 20.4 13% 1%
StatoilHydro 16.9 13.5 -20.1% -6.9%
Sinopec 15.8 16.4 4.2% -22.3%
Lukoil 1.1 6.5 -41.5% -38.1%
Devon Energy Corp 9.4 4.5 -52.0% -30.8%
Repsol YPF 9.3 8.4 9.6% -4.0%
Rosneft 8.7 7.0 -19.5% -25.5%
Marathon 7.4 5.5 -25.1% -14.7%
EnCana 7.4 5.6 -24.1% -20.4%
Occidental 6.8 3.6 -47.1% -20.0%
Canadian Natural Resources 6.4 3.1 -51.6% -44.6%
Apache 5.9 3.4 -43.5% -39.0%
Anadarko 5.3 4.2 -20.8% -12.4%
Talisman 5.2 3.2 -39.9% -24.9%
CNOOC 5.1 5.7 11.8% -3.4%
Sub-total top 25 390.0 330.6 -15.2% -15.7%
Next 25 133.5 111.1 -16.8% -18.2%
Total 50 companies 523.6 441.7 -15.6% -16.3%

Sources: Company reports and announcements; IEA analysis.

Wholly state-owned national companies, which account for a growing share of global
crude oil production, are largely immune from tighter lending standards because of
credit guarantees and favourable borrowing terms from their state owners. National
companies that are part privately owned, including Brazil’s Petrobras, the Chinese
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national companies and Russia’s Gazprom, have been hit by plunging share prices,
which have constrained their ability to raise private capital. Nevertheless, most of the
cutbacks in capital spending by national companies are the result of a weaker outlook
for demand, prices and revenues rather than of financing difficulties. Moreover, Russian
companies have been protected from the full impact of the crisis by the devaluation
of the rouble.

Smaller private firms, especially independent exploration and production companies,
have been affected much more by the credit crunch, as they rely more on commercial
debt and borrowing to cover their investment programmes. Independent companies in
the United States and elsewhere — especially the least credit-worthy — have endured
a sharp rise in borrowing costs. Most have cut capital spending to keep it within cash
flow, borrowing from banks or issuing commercial paper only as a last resort. Some
companies have disposed of non-core assets to raise funds for upstream developments.
Others in severe financial difficulties have been forced to refinance debt and sell off
core assets to stave off bankruptcy. In March 2009, Hallwood Energy, an independent
shale gas producer, became the largest US upstream company to go bankrupt since
the crisis broke. But there are signs that fresh financing has become easier in recent
months.

Private downstream oil and gas companies are generally more highly leveraged than
the international companies, with an average equity-to-debt ratio of around 30:70, and
have, therefore, faced more difficulties and higher costs in refinancing debt and raising
fresh capital for their long-term investment programmes. The longer it takes for credit
markets to return to normal, the more likely it is that their investment programmes
will be reined in.

One area that has been hit hard is project finance, which is commonly used for large-
scale and high-risk oil refining and mid-stream activities, such as liquefied natural gas
(LNG) chains and oil and gas pipeline projects. Project finance on a non-recourse or
limited-recourse basis, which keeps debt off a participating company’s balance sheet,
has become much more costly and much harder to secure, as a result of diminishing
liquidity and increased risk aversion among lenders.

Upstream investment

In late 2008 and early 2009, a number of delays to and cancellations of high-cost oil and
gas projects, and cutbacks in capital spending budgets, were announced. Many of the
project delays are the direct result of the financial crisis and lower oil prices, though
attributing all the delays to the crisis would be misleading: some of the delays would
no doubt have occurred regardless of the crisis as a result of “normal” project slippage,
which has been running at up to one year on average over the past couple of years.
Between October 2008 and September 2009, over 20 planned large-scale upstream oil
and gas projects, involving around 2 million barrels per day (mb/d) of peak oil capacity
and around 9 billion cubic metres (bcm) per year of peak gas capacity, were deferred
indefinitely or cancelled (Table 3.2). The total value of these delayed investments,
mainly involving oil, is over $170 billion. Oil sands projects, which are among the most
expensive of all upstream developments on a per barrel basis, account for the bulk of
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the postponed oil capacity (See Spotlight). In addition, 29 projects, involving 3.8 mb/d
of peak oil capacity and close to 25 bcm/year of peak gas capacity (involving more than
$70 billion of investment), were delayed by at least 18 months. The largest of these
projects is the 900 thousand barrels per day (kb/d) Manifa oilfield in Saudi Arabia,
which was originally due to be brought on stream by 2012. Saudi Aramco is now looking
to extend the duration of the project by up to 18 months in order to reap the benefit
of falling costs industry-wide.

Many other projects have been delayed for a year or more, in many cases at least in
part due to efforts to negotiate lower costs with contractors or because the project
developer is short of cash to cover development costs. The Organization of the
Petroleum Exporting Countries (OPEC) announced in February 2009 that the collapse of
oil prices had led its members to delay completion of 35 out of a total of 150 upstream
projects, resulting in the planned addition of 5 mb/d of gross capacity being delayed
from 2012 to some time after 2013. OPEC has provided no details of which projects
have been affected.? Upstream oil projects have been affected much more than gas
projects so far. As yet, only four major gas projects — Manifa in Saudi Arabia (oil and
gas), Karachaganak Phase 3 in Kazakhstan, Shah Deniz in Azerbaijan and the smaller
Reindeer field in Australia — have been suspended or delayed for 18 months or more.

Global upstream budgets are set to fall this year for the first time this decade. Excluding
acquisitions, we estimate that budgeted spending on exploration and production in
aggregate worldwide for 2009 currently totals around $388 billion, down by more
than $90 billion, or 19%, on 2008 (Figure 3.1). This includes spending by national
and international companies. The budget cuts are sharpest among the independent
exploration and production companies, especially in North America (in some cases, due
to postponements of high-cost oil sands projects). US independents with a strong focus
on natural gas production are among the companies expected to cut budgets the most,
on average by more than half. Russian companies are also cutting spending sharply.
Trends vary considerably by the type of company: the super-majors plan to keep
upstream spending broadly flat, while the national companies have reduced spending
by 7% and other international companies by around 33% (Figure 3.2).

The drop in upstream spending is most pronounced in the regions with the highest
development costs, and where the industry is dominated by small players and small
developments. For these reasons, investment in non-OPEC countries is expected to drop
the most. The spending slump in 2009 is expected to be strongest in North America, Russia
and the North Sea. Drilling activity in the United States and Canada has already fallen
precipitously: rig counts — a measure of drilling activity — plunged to a three-year low in
mid-2009 to a level less than half that of a year earlier. In response to a fall-off in drilling,
the Alberta government announced in March 2009 a new royalty and drilling incentives
programme, aimed at lowering charges and improving the economics of new upstream
projects. Russian investment is particularly vulnerable to lower prices because of high
development costs and an unattractive fiscal regime, despite attempts to improve it.
In the North Sea, another high-cost region, drilling has already fallen sharply.

2. Earlier IEA analysis of medium-term supply prospects had already discounted some of this new capacity on the basis
of over-ambitious target dates and offsetting decline at other fields.
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Figure 3.1 e Worldwide upstream capital expenditures
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The Middle East and North Africa have been less prone to spending cuts, notwithstanding
the decision by the Saudi government to delay work temporarily on the Manifa and Karan
fields. Saudi Aramco may scale back its investment programme for the five-year period
to 2014, if it can negotiate lower project costs. Elsewhere, the picture is mixed. West
Africa is characterised by large-scale projects with long lead times, so spending there
is likely to hold up better in the near term. But investment may fall in the longer term,
unless prices rebound sharply. Significant cuts in spending are likely in Venezuela, where
central government revenue needs will constrain the amount of revenue that the national
companies will be allowed to retain to cover capital spending. Petroleos de Venezuela SA
(PDVSA) is already struggling to find cash to pay suppliers and partners, and may delay
plans to help Nicaragua build a refinery, while similar promises to Ecuador and Cuba may
well suffer the same fate. The Ecuadorian state oil company, Petroecuador, has almost
halved its 2009 upstream capital spending budget to under $1 billion.

Figure 3.2 e \Worldwide upstream capital expenditures by type of company
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Canadian oil sands: is the boom over or taking a breather?

Canada’s once booming oil sands industry has been hit extremely hard by the
oil price slump and the global credit crisis, mainly because such projects are very
capital-intensive and much of their output is destined for the United States, where
demand is waning. Canada ranks second only to Saudi Arabia in terms of proven oil
reserves, with 178 billion barrels that can be recovered using current technology.
The vast bulk is in the form of oil sands — a thick, viscous mixture of sand, water,
clay and bitumen, concentrated in three major deposits in northern Alberta. Oil
sands projects require much greater capital expenditure than conventional oil to
extract the oil-rich bitumen and then refine it into oil. Nonetheless, because of high
oil prices and a lack of opportunities to increase production in those parts of the
world that are open to foreign investment, oil companies flocked to Alberta over
the past decade; output from the oil sands rose from 600 kb/d in 2000 to 1.2 mb/d
in 2008. This rapid growth led to shortages in skilled labour and rapid cost inflation,
prompting concerns that the pace of development was not sustainable.

The outlook has changed dramatically since mid-2008. Projects involving around
1.7 mb/d of peak capacity and worth around $150 billion of investment have been
suspended or cancelled (Table 3.2).2 The new economic challenges come on top of
fresh worries about the environmental impact of the oil sands industry. In addition
to needing huge amounts of water and natural gas, oil sands generate about 20%
higher CO, emissions than conventional oil on a “well-to-wheel” basis. In today’s
uncertain regulatory framework, this is creating worries for investors — a carbon
price of $50 per tonne of CO, could increase the cost of producing oil sands by up
to $5 per barrel.

Providing that current challenges can be overcome, Canadian oil sands have the
potential to make a significantly greater contribution to global energy security
for decades ahead by increasing the diversity of supply. As Canadian oil sands
represent one of the few growth areas among non-OPEC countries, many countries
— particularly the United States and China — will be looking for a bigger share of oil
sands output in order to reduce their dependence on Persian Gulf oil. For example,
PetroChina agreed to buy a 60% stake in two planned oil sands projects from
Canadian firm Athabasca Oil Sands in September 2009. However, as an industry
whose profitability currently relies on oil prices of around $75 to $80 per barrel,*
the outlook for oil sands in the medium term is much less certain. While existing
projects will continue to produce, as current crude prices are more than adequate
to cover operating costs, new investment will hinge on an improvement in overall
project economics — either through a rise in the oil price or a significant reduction
in production costs. On the assumption of rising oil prices, we project Canadian oil
sands production to reach 2.1 mb/d in 2015 and 3.9 mb/d in 2030 (see Chapter 1).
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3. Not all planned oil sands projects have been postponed. The first 110-kb/d phase of the 300-kb/d Kearl project, a joint
venture of ExxonMobil and Imperial, received the green light in May 2009.

4. Falling costs will probably lower this hurdle price in the medium term. Reductions of 15% to 20% in capital costs for
some planned oil sands projects, including Kearl have been reported.

Chapter 3 - Impact of the financial crisis on energy investment 147



© OECD/IEA, 2009

Investment in deepwater developments has been generally less affected than onshore
drilling, largely because deepwater projects tend to be much larger in scale and
to be undertaken by the largest international and national companies, which rely to
only a limited degree on corporate borrowing. These projects are mostly based on
hurdle prices of $40 to $50 per barrel, yielding an internal rate of return of 8% to 9%.
Most companies are unlikely to cancel such projects, even if prices were to remain
below that range for several months, on the assumption that they would eventually
rebound (as they did in the second quarter of 2009). Despite the fall in prices since
mid-2008, Petrobras is pressing ahead with ambitious plans to develop its pre-salt
deepwater finds in the Santos Basin, with pilot production beginning in 2009. Initial
soundings among industry participants suggest that upstream capital spending cuts
will affect new field developments more than ongoing development of fields already
in production, which will push up decline rates (see oil security sub-section in
Chapter 2).

Although little hard data is yet at hand, it is likely that the upstream industry will
reduce spending on exploration more sharply than on field developments in 2009
— largely because the bulk of spending on development projects is associated with
completing projects that had already been launched before the slump in prices. In
the United Kingdom, for example, exploration drilling fell by 78% in the first quarter
of 2009 — almost twice as fast as the overall drop in drilling. Exploration spending
has historically been affected more than development spending by swings in oil
prices and cash flow, typically with a lag of about one year (Figure 3.3). Upstream
companies can usually cut spending on exploration more quickly, especially onshore,
where drilling is faster and rigs are hired for shorter periods. Moreover, the impact
of reduced spending on exploration will be felt only several years later, whereas
delaying the completion of a current development project can undermine cash flow
within a short period.

Figure 3.3 e Exploration and development capital spending and average
nominal IEA crude oil import price (year-on-year change)
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Downstream investment

A number of downstream oil projects have also been delayed as a result of the
financial crisis and the weaker outlook for oil-product demand. Since September 2008,
five refining projects have been postponed indefinitely and another three cancelled.
The combined capacity of these projects is almost 1.5 mb/d (Table 3.3). They include
four grassroots refineries, including the planned 615 kb/d Al Zour refinery in Kuwait.
In addition, a number of other refinery projects — with a combined capacity of
almost 550 kb/d — have been delayed by 18 months or more. In total, refiners are
expected to reduce capital spending in 2009 by 10 to 20%, as the prospective returns
are balanced against continued problems for some refiners in accessing debt markets
and the overall level of profitability achievable under the current conditions.

Table 3.3 ® Major oil refinery projects deferred by at least 18 months,
suspended or cancelled (October 2008 to September 2009)

Project/location Country Type Operator Original start New Peak
date of first completion capacity
production date addition

(estimated)  (kb/d)

Toledo Us HOE* BP/Husky 1Q2011 Suspended 15

Wilhelmshaven Germany HOE ConocoPhilllips 3Q2012 Suspended 50

Yeosu South Korea HOE GS-Caltex 4Q2011 Suspended 55

Al Zour Kuwait New refinery ~ KPC 4Q2012 Suspended 615

Al Shaheen Qatar New refinery ~ QPC 3Q2013 Suspended 250

St Johns Canada New refinery  BP/Irving Qil 2014 Cancelled 300

Porto Marghera Italy HOE ENI 2Q2011 Cancelled 50

Ras Laffan Qatar New refinery  Qatar Petroleum 1Q2011 Cancelled 140

Total suspension/cancellations 1475

Detroit us HOE Marathon 1Q2011 4Q2012 15

Port Arthur us Refinery Motiva 1Q2011 3Q2012 325

expansion

Thessaloniki Greece Refinery Hellenic Petroleum  1Q2009 1Q2011 10

expansion

Sines Portugal HOE Galp Energia 1Q2011 1Q2013 45

CartegenaMurcia  Spain Refinery Repsol YPF 2Q2011 1Q2013 110

expansion

Incheon South Korea HOE SK Energy 3Q2011 2016 40

Total postponed (>18 months) 545

Total 2020

* Heavy oil expansion.
Source: |EA databases.
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Investment in LNG supply is set to fall back significantly once the current wave of
construction has passed. Only a handful of new projects have received the green light
in the last four years. In view of the impact of economic recession on demand and
financing problems, there are formidable barriers to new projects being sanctioned
in 2009 and even 2010. Investment in transmission pipelines and local distribution
networks is likely to be much less affected. Large-scale, cross-border and inter-
regional pipeline projects were already facing difficulties in obtaining approvals and
financing even before the crisis took hold for a number of reasons, including local
resistance to routing, geopolitical factors, and regulatory and market risks. The crisis
has undoubtedly added to these hurdles. Certainly, few major projects have been given
the green light in recent months. In Europe, for example, final investment decisions
have yet to be taken on several major projects that have been under discussion for
some time, including the Nabucco pipeline from the Caspian region through Turkey
and southeast Europe, and South Stream from Russia to southern Europe. Nord Stream
from Russia to Germany continues to be delayed by planning and environmental issues,
though the proponents are confident that these can be resolved to allow the laying of
pipe to begin in early 2010 (see Chapter 13). In most regions, plunging gas demand has
removed any urgency in pressing ahead with pipeline projects. The planned Skanled
project, a pipeline running from western Norway to Denmark and eastern Sweden, was
suspended in April 2009. Nonetheless, the European Union has set aside EUR 1.4 billion
for gas-pipeline projects as part of its economic stimulus package.

Implications for capacity — are we heading for a mid-term
supply crunch?

The consequences of investment cutbacks for the adequacy of oil and gas supply
capacity in the medium term are very uncertain. Lower investment and project
postponements or cancellations will inevitably reduce the gross and net additions
to capacity in crude oil and natural gas production, refining and processing, and
transportation. But the long lead times of many projects mean that recently announced
delays will only affect capacity additions fully after several years.

The risk of a tightening of capacity in the medium term appears greatest for oil, though
spare capacity is set to rise in the near term. Both OPEC and non-OPEC capacity is
also now expected to grow more slowly than previously thought, in part because of
project postponements and delays prompted by the financial and economic crisis. In
aggregate, gross capacity of around 1 mb/d has been deferred beyond 2009 and 2010,
though much of this will enter production later on. This leaves a rather anaemic profile
for world capacity growth through 2014, after a short-term surge in 2010. In the latest
IEA Medium-Term Oil Market Report, released in June 2009, total capacity is now
projected to grow by 4.2 mb/d between 2008 and 2014 (IEA, 2009), compared with
5.5 mb/d in the mid-2008 edition (IEA, 2008b). Nonetheless, the downward shift in
supply has been much smaller than that in demand: According to the September 2009
edition of the IEA monthly Oil Market Report demand is projected to drop to 84.4 mb/d
— 1.9 mb/d less than in 2008 and 3.3 mb/d less than projected in the 2008 Medium-
Term Oil Market Report, before the recession hit (IEA, 2008b). As a result, spare crude
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oil production capacity has risen sharply, to around 5.5 mb/d (excluding Iraq, Nigeria
and Venezuela) in September 2009 and could rise further to 6 mb/d in 2010. Around
2.7 mb/d of new refining capacity is expected to be added globally during 2009, almost
three-quarters of it in Asia, outstripping global demand.

The outlook for spare crude oil production and refining capacity in the longer term
hinges on how quickly demand rebounds once the global economy is back on the road
to recovery, how much further investment is scaled back in the coming months and how
quickly investment rebounds in the coming years. The faster the rebound in demand,
the more likely it is that capacity will be squeezed in the medium term: the latest GDP
projections from the International Monetary Fund (IMF) imply that oil demand could
indeed recover rapidly (IMF, 2009). Even if investment recovers strongly and quickly
with economic recovery and higher oil prices, gross oil-production capacity additions
would taper off after 2011, as the impact of extending project completions takes
effect and because relatively few major projects have been sanctioned in the last two
to three years. On the other hand, were the global economy and — thus oil demand —
to recover more slowly, spare capacity could remain at current levels until around the
middle of the next decade (IEA, 2009).

The near-term outlook for LNG supply has eased considerably in the past year as
a result, with the slowdown in demand growth and more than 15 new liquefaction
trains due to come on stream within the next few years (see Chapter 12). The final
investment decisions for most of these projects were taken several years ago. There
are around a dozen projects lined up that are facing a final investment decision before
the end of 2010. The earliest any of these would come on stream would be 2014 or
2015. It is far from certain that any of them will proceed, in view of the prospect of
lower prices, persistently high construction costs, scarce finance and reluctance on
the part of some buyers to sign long-term purchase contracts (given the uncertainty
about the outlook for demand in the medium term). As a result, global liquefaction
capacity is set to plateau by 2013. The next few years are expected to see a significant
fall in the utilisation rates of LNG liquefaction plants and inter-regional pipelines (see
Chapter 12), which could put pressure on exporters to cut prices. But, given the long
lead times in building new plants, LNG markets could tighten once again beyond the
middle of next decade, depending on how quickly economic activity and gas demand
revives in the main consuming markets. Faster demand growth than projected in the
Reference Scenario could eat up most of the spare capacity and drive prices up.

Impact on biofuels investment

Investment in conventional biofuels production has fallen heavily over the past year
or so. The biofuels industry is particularly susceptible to lower oil prices because of
the high cost of production and limits on the amount of fuel that can be absorbed
by gasoline and diesel blending pools. A wave of construction of new bio-refineries
across the world is dissipating and many plants that were brought into operation in
recent years have recently been standing idle because of a worsening of economics:
biofuel prices, in many cases, have been too low to cover the cost of the feedstock and
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operating the plant. The higher cost of credit and restricted access to new finance, in
addition to regulatory uncertainties related to the environmental sustainability of first-
generation biofuels technology, is also deterring new investment.

Worldwide, asset financing of bio-refineries — now almost the sole source of physical
biofuels investment — fell almost 50% in the last quarter of 2008, compared with the
last quarter of 2007. Financing dropped 74% in the first quarter of 2009 (year-on-year)
and by 43% in the second quarter, though it more than doubled in the second quarter
compared the first (Figure 3.4). Though never a large share of total investment, public
investment and venture capital funding (part of which normally goes to physical assets),
have also collapsed. Lower investment, together with lower utilisation rates of existing
plants, will reduce incremental biofuels supply: in the five years to 2008, biofuels met
13% of the increase in world demand for oil products and 15% of the increase in demand
for liquid transport fuels.

Figure 3.4 e Global asset financing of bio-refineries
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Source: New Energy Finance databases.

New investment in bio-refineries has fallen sharply in the United States with the axing
of a number of proposed corn-based ethanol projects due to financing problems, lower
ethanol prices or a combination of the two. A growing number of biofuels producers
have encountered severe financial difficulties. At the end of 2008, the country’s
second-largest ethanol producer, Verasun, filed for Chapter 11 bankruptcy protection,
along with Greater Ohio Ethanol and Gateway Ethanol. Since the start of the year,
Renew Energy, Northeast Biofuels and — most recently — Aventine Renewable Energy
have also filed, while a number of other companies have been struggling to avoid the
same fate. It is worth noting, however, that some of these assets will be bought and
operated by other, more financially robust owners. Reportedly, about one-fifth of US
ethanol production capacity was idle in early 2009 because of low crush spreads — the
gap in price between the corn feedstock and ethanol. However, market conditions have
improved somewhat in recent months, with improved crush spreads as a result of lower
corn prices, which has helped to push up utilisation rates and bolster the finances of
ethanol refiners.
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Many ethanol producers in Brazil have been also struggling, because the sector is highly
leveraged. High sugar prices, in part due to poor growing conditions, have added to
the industry’s woes. New projects that have already secured funding will continue, but
many of those that have not are likely to be cancelled. Of 135 projects that were under
development at the start of 2008, 29% have been postponed or abandoned and another
23% have stalled (Figure 3.5). Only 85 plants are now expected to be commissioned by
2016. The Brazilian government is considering a bail-out plan for ethanol producers.

Figure 3.5 e Status of ethanol plants in Brazil
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Source: New Energy Finance databases.

The European Union is also seeing a slowdown in biofuel capacity additions, due to
both lower diesel prices (most of the biofuels produced are methyl esters blended into
diesel) and financing problems. Uncertainty about forthcoming policy on sustainability
criteria for EU member states, to meet the target for renewable energy sources (mainly
biofuels) to provide at least 10% of transport energy use by 2020, have also undermined
interest in new plants.

The slowdown in global investment will inevitably lead to a levelling off of biofuel
production capacity in the near to medium term. At present, ethanol and biodiesel
capacity in total stands at 2.2 mb/d — up from 1.8 mb/d in mid-2008 — though more
than 0.2 mb/d is currently idle or mothballed (Table 3.4). A further 400 kb/d of
capacity is under construction and an additional 500 kb/d is planned. It is likely that,
unless crush spreads improve significantly in the coming months, many of the planned
plants will be cancelled.

Although investment in conventional biofuels plants has dropped significantly,
funding to second-generation biofuels — notably ligno-celluslosic ethanol — is likely
to grow, with large amounts of stimulus package funds being directed to research and
development of these technologies. A number of companies are pursuing investments
in demonstration plants. For example, BP and Verenium recently committed $45 million
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to a joint venture to develop a ligno-cellulosic ethanol plant. In the United States, part
of the $16.8 billion allocated to the Department of Energy’s Office of Energy Efficiency
& Renewable Energy is expected to be devoted to advanced biofuels.

Table 3.4 e Status of biofuel-production capacity worldwide (kb/d)

Mid-2008 September 2009  New listings Baseline
difference
In operation 1784 2174 36 355
Idle 5 158 9 145
Shut 0 55 9 46
Under construction 820 395 51 -476
Project 864 485 28 -407
Cancelled 23 98 0 74
Unknown 0 137 0 137

Source: |EA databases and analysis.

Impact on coal investment

Overview

Coal-sector investment is expected to turn out to be significantly lower in 2009 than
in 2008, falling by perhaps half. Nonetheless, the drop in spending is from the very
high levels reached in 2007 and 2008, which were exceptionally profitable years: coal
companies increased their investments sharply then, in part to absorb some of their
free cash flows, and paid out large dividends to shareholders. Expected reductions in
capital spending in 2009 are most marked among high-cost producers, especially those
supplying the export market, such as coal mining companies in the United States and
Russia. In contrast, Indonesian coal producers continue to enjoy high margins, with
little apparent disruption to planned expansions.

The large multinational mining companies are taking steps to address a sharp drop in
cash flow. High debt-to-equity ratios following earlier acquisitions and their exposure
to the steep downturn in demand for commodities, such as iron ore and other
minerals, mean that many new projects have been cancelled or delayed. For other
mining companies, the picture is mixed. Those with single customers, such as Sasol in
South Africa (which produces mainly for its Secunda chemical plant) and RWE (which
produces mainly for its lignite power plants in Germany) have not made any significant
changes to capital investment plans at their coal business units. Low-cost suppliers,
such as those in Indonesia, anticipate continued strong demand and aim to continue
raising production through new investment. State-owned companies, such as those in
China and Coal India, can be expected to direct their investments toward government
objectives to promote economic growth (as outlined in China’s economic stimulus
package and in India’s 11th Five-Year Plan).

The industry euphoria that flowed from rising coal prices during 2007 and 2008 came
to an abrupt end with the steep fall in prices after July 2008. By the end of 2008,
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international prices had fallen over 70% from their peak and returned to 2006 levels.
For some companies, remaining solvent became the priority. This was particularly
the case with the Anglo-Australian company, Rio Tinto, which had taken on massive
borrowings to fund its expansion. In early 2009, it entered into an agreement whereby
state-owned Chinalco, China’s largest aluminium conglomerate, would double its
equity stake in Rio Tinto to 18%, but the deal subsequently collapsed. In a related
move, BHP Billiton abandoned its ambitious attempt to take over Rio Tinto in a deal
that would have been worth around $150 billion. Both companies were able to raise
significant amounts of capital in mid-2009 through bond and rights issues, with the
proceeds being used to cover short-term debt. All mining companies have moved to
bolster their cash flows by divesting non-core assets (Anglo American, for example,
has sold its stake in China Shenhua Energy), issuing bonds and reducing or eliminating
non-essential expenses.

Impact on major coal producers

Investment by 25 leading coal companies around the world, which account for
around 35% of total global coal production (hard coal and brown coal) and over 60%
of global coal trade, rose 20% in 2008 (Table 3.5). Privately owned companies (such
as Drummond, whose shares are not publicly traded or listed) have limited reporting
requirements and publish very little information about their business activities. In these
instances and others where companies are state-owned (Coal India, Datong Coal Mining
Group and Shanxi Coking Coal Group), capital investments are less reliably reported.

Table 3.5 ® Production, exports and investment of 25 leading coal

companies
Company Corporate base Productionin Exportsin Investment ($ million)
2008 (Mt) 2008 (Mt) 2007 2008

BHP Billiton UK-Australia 116.1 76.7 873 938
Xstrata UK-Switzerland 85.5 74.8 807 1204
Anglo American UK-South Africa 99.5 50.4 1052 933
Rio Tinto UK-Australia 160.5 31.8 452 653
Peabody Energy United States 231.8 22.6 439 266
Arch Coal United States 126.6 6.4 488 497
Consol Energy United States 59.0 3.3 681 446
Massey Energy United States 37.3 7.3 271 737
Drummond United States 35.0 35.0 n.a. n.a.
Teck Cominco Canada 23.0 16.9 532 880
SUEK Russia 96.2 28.2 357 449
Kuzbassrazrezugol Russia 46.0 23.0 n.a. n.a.
RWE Power Germany 103.8 0.9 263 331
Kompania Weglowa Poland 44.6 6.6 234 3N
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Table 3.5 ® Production, exports and investment of 25 leading coal
companies (continued)

Company Corporate base Production in Exportsin  Investment ($ million)
2008 (Mt) 2008 (Mt) 2007 2008
Sasol South Africa 40.4 2.5 131 12
Coal India India 403.5 1.4 863 863
Shenhua Group China 232.7 21.2 2080 2090
China National Coal Group China 100.4 16.0 761 1142
Datong Coal Mining Group China 122.0 5.0 n.a. n.a.
Shanxi Coking Coal Group China 80.3 3.2 n.a. n.a.
Banpu Thailand 18.5 16.3 92 120
Mitsubishi Development Japan 33.1 33.1 n.a. n.a.
PT Bumi Resources Indonesia 52.8 41.0 210 567
PT Adaro Indonesia Indonesia 38.5 27.0 A 151
PT Kideco Jaya Agung Indonesia 21.7 15.0 n.a. n.a.
Total 2408.8 565.6 10 657 12759

Sources: Company reports; IEA analysis.

Uniquely among the companies listed above, Shenhua has published its revised capital
spending plan for 2009, cutting coal-mining investment by 35%. Other companies
have given new guidance on capital expenditure during 2009, without issuing precise
numbers on coal-mining investment plans. Xstrata has announced that it will slash
spending by 45% across all its activities, which include coal mining; Anglo American
expects a year-on-year fall in capital expenditure of 50% in 2009 and has abandoned
its earlier plan to raise coking coal production by 10%. In the United States, following
a third revision statement, Arch Coal’s 2009 production target is now 17% lower than
2008 production. In contrast, PT Bumi Resources intends to raise production by 10% in
2009. More broadly, a survey of media reports during the first half of 2009 indicates
that the number of new export coal-mine and mine-expansion projects announced has
declined by 40%, compared with the same period in 2008. The aggregate production
capacity of these projects is 18% lower, suggesting that investment in 2009 is going to
a smaller number of larger projects.

Implications for capacity

The recent scaling back of investment in coal mining will undoubtedly slow the growth
in production capacity, but probably not to the extent that coal will be in short supply
in the near future. When demand and prices recover, most of the mining projects that
have recently been postponed will be revived. In most case, projects can be producing
within two to five years of an investment decision. There is likely to be an acceleration

156 World Energy Outlook 2009 - GLOBAL ENERGY TRENDS TO 2030



© OECD/IEA, 2009

of the trend, seen now over many decades, of a shift in production to those regions
with large, easily accessible resources, such as Indonesia, Australia and west of the
Mississippi River in the United States.

Impact on power-sector investment
Electricity demand

As in the oil and gas sectors, the first, most immediate effect of the financial and
economic crisis on the power sector has been a lowering of electricity demand,
particularly in industrial applications, in almost all countries. This is despite a sharp
fall in wholesale electricity prices — linked to the drop in fossil fuel prices — and cold
winter temperatures in the Northern Hemisphere, which would normally support
growth in consumption. In the OECD, electricity demand in the fourth quarter of 2008
fell by 2.6% compared to the corresponding quarter of 2007, according to preliminary
data (Table 3.6). The drop-off accelerated in the first quarter of 2009, with electricity
consumption falling by 4.7% compared to the first quarter of 2008. OECD electricity
demand fell by an estimated 2.7% in the second quarter. Non-OECD regions have also
seen weaker demand: electricity demand in China fell by a staggering 7.1% in the
fourth quarter of 2008, by 4% in the first quarter of 2009 and by an estimated 0.6%
in the second quarter. Electricity consumption has also fallen heavily in Russia; the
second quarter of 2009 registered a year-on-year fall of 6.4%.

Table 3.6 e Electricity demand growth rates for selected countries

Quarterly growth rates (year-on-year)* Annual growth rates
Q1-08 Q2-08 Q3-08 Q4-08 Q1-09 Q2-09 2007* 2008*  2009**
Canada 0.1 -0.5 -1.1 -1.9 -3.5 -5.5 1.0 -0.9 n.a.
France 5.1 6.3 1.4 -1.4 2.6 -4.7 0.4 2.7 n.a.
Germany 2.0 4.8 2.6 -1.8 2.1 -6.5 -0.5 1.8 n.a.
Italy 1.2 -0.8 2.4 5.4 -8.0 -3.4 0.4 0.7 n.a.
Japan 8.5 1.0 -1.1 -4.6 -12.5 -1.3 2.9 0.9 n.a.
Korea 8.8 4.3 5.9 2.5 -0.4 5.7 5.8 5.4 n.a.
United Kingdom 1.8 1.1 0.5 -3.0 2.4 -2.0 0.9 0.0 n.a.
United States 2.1 0.4 3.2 2.2 5.2 -1.6 2.4 -0.8 n.a.
Russia 6.6 4.3 5.1 0.5 3.7 -6.4 4.0 4.0 n.a.
China 13.1 10.4 6.2 -7.1 -4.0 -0.6 14.8 5.2 n.a.
India 8.8 4.8 8.8 4.0 1.7 8.4 7.0 6.5 n.a.
OECD 3.3 1.5 -0.9 -2.6 -4.7 -2.7 2.0 0.3 n.a.
World n.a. n.a. n.a. na. n.a. n.a. 6.8 2.6 -1.6

*Actual data.
**|EA estimate.
Source: |EA databases and analysis.
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Based on the IMF’s latest GDP growth forecast for 2009 (IMF, 2009), we estimate that
global electricity demand could drop by as much as 1.6% in 2009. This would represent
the first contraction in global electricity demand since the end of the Second World
War; even during the first and second oil shocks, and the US recession in the early
1980s, global electricity demand continued on its upward trend (Figure 3.6). Our
analysis suggests demand will fall the most in Russia, where the economy has been hit
by the slump in oil and gas export earnings, followed by the OECD.

Figure 3.6 e Historical world electricity consumption
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Power-sector investment trends and outlook

The economic crisis has changed the outlook for power-sector investment, both
in terms of the amount of new capacity that is expected to come on line and the
generation fuel mix. Low or negative rates of electricity demand growth are reducing
the immediate need for new capacity. In addition, the crisis, by helping to drive down
fossil-fuel prices, has led to much lower power prices, which, all other things being
equal, typically favour less capital-intensive generation options (such as natural gas
and coal) over costlier option (such as nuclear and renewables). At the same time,
commercial borrowing has become more difficult, and venture capital and private-
equity investment has fallen sharply. The extent to which these factors influence the
evolution of the electricity generation mix will depend largely on the duration of the
economic downturn. If a recovery takes longer than expected and fossil-fuel prices
remain at depressed levels relative to recent peaks, we would expect to see a shift to
coal- and gas-fired plants in the longer term.

While construction work is continuing on most new power projects already underway,
market commentators have suggested that new power plant orders worldwide could
fall by as much as 50% in 2009, although large equipment manufacturers have quoted
figures closer to 30%. Many power companies across Europe have been slashing their
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investment programmes. For example, Spanish utilities have announced cuts totalling
€30 billion, or about 44% of planned spending, while E.On, a German utility, announced
in February 2009 a downward revision of their investment plan for 2009-2011 from
€36 billion to €30 billion, with most of the cut expected to be in fossil fuel-fired power
generation. Enel, an Italian company, announced cuts in investment in excess of 20%.
In contrast, several other large European utilities, including GDF Suez, RWE and EnBW,
have each stated their intent to keep previous investment plans intact. Reduced costs
for raw materials and intense competition in the power sector in the face of dwindling
orders have contributed to a drop in unit investment and equipment costs by 20% to 30%
from the record highs reached in 2008, which should lead to lower investment needs
in the coming years.

Although there have been a number of postponements to new coal-fired power plants,
these have been linked in significant part to climate and environmental policy, rather
than problems stemming from the financial crisis. For example, in the United States,
plans for 8.6 GW of new coal capacity were cancelled during the first quarter of
2009, primarily as a result of regulatory uncertainty over climate change legislation.
Similarly, in the Netherlands, plans to build three new coal plants have been shelved
for approximately 18 months while an interpretation of EU rules on emissions of oxides
of nitrogen and sulphur dioxide is handed down. Nonetheless, as it can take between
four to six years to build new coal-fired capacity (which is longer than other generating
options with the exception of nuclear), investment in new coal plants will be affected
by the rising cost of debt.

In contrast, natural gas plants, which have much shorter lead times, could benefit
in this respect although their proponents face the heightened uncertainty over the
near-term outlook for electricity demand. However, several gas projects are facing
difficulty, including the $2.2 billion Al Dur power and water project in Bahrain — a joint
venture between the Gulf Investment Corp and France’s GDF Suez — which has been
delayed by several months as the project proponents seek to negotiate new terms with
lenders.

As yet, there have been very few delays or abandonments to transmission and
distribution (T&D) projects that were already underway or announced, including key
cross-country power grid interconnections. In fact, a number of countries, including
France and the United States, have boosted investment in T&D as part of their
economic stimulus plans. However, over time, a reduction or contraction in demand
for electricity will reduce the need for network investment. In addition, there remains
the possibility that projects to upgrade existing distribution lines will be delayed as
price formulas used by transmission system operators are revised to take into account
recent changes in credit rates.

Given the combination of comparatively stronger rates of electricity demand growth
in the coming years and limited financial resources, the power sector in developing
countries is likely to be disproportionately affected by the financial crisis. This will
hinder efforts to tackle energy poverty (see Chapter 2). Indeed, a number of key
projects have already been postponed or abandoned. For example, the 750 MW Kufue
Gorge Lower hydropower station that was expected to end Zambia’s power shortages
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has been delayed by one year as several of the international firms interested in
providing capital withdrew. Similarly, in Tanzania, a 200 MW coal-fired power plant
costing $400 million, which was due to start operation by 2011, has been postponed,
while a $300 million 300 MW natural gas-fired plant is struggling to secure financing.

Nuclear power investment

The financial and economic crisis could lead to delays and possibly cancellations of
new nuclear power plants, and hinder efforts to revive new construction programmes,
reducing the capacity that is likely to be commissioned in the period 2015-2020.
Some 54 reactors are currently under construction, with a total capacity of almost
49 GW; 40 of these units are in non-OECD countries. Projects that were already well-
advanced are, for the most part, proceeding. One exception is in South Africa, where
the national utility, Eskom, has been forced to delay plans to build a second nuclear
plant, extending the date of commissioning by two years to 2018, partly because a
downgrading of its credit rating has increased the company’s cost of borrowing.

Recent years have seen increased interest in building new nuclear plants in both
nuclear and non-nuclear countries. Nuclear technology is the only large-scale, base-
load, electricity-generation technology with a near-zero carbon footprint, apart from
hydropower (potential for which is often limited). The economics of nuclear relative
to fossil-fuelled generation, particularly coal, improves with carbon pricing. The cost
of nuclear power is highly sensitive to its capital costs (both the absolute levels of
capital expenditure and the cost of capital) because of high capital intensity (typically
the cost of a new 1600 MW plant is likely to exceed $5 billion) and long lead times.
However, nuclear power is significantly less sensitive to fuel cost than coal- and gas-
fired generation. Third-generation nuclear reactors are being built in China, Finland
and France. Such technology promises lower costs, improved safety, more efficient
fuel use and less radioactive waste. A number of other countries, including the United
States, China, Italy, the United Kingdom, Hungary, the Czech Republic and Poland,
have recently announced plans to construct new nuclear reactors. For example, in the
United States there are two dozen proposals for new reactors, but licensing approval
for any of them is not expected before 2011. In the case of Italy, which invoked a
complete phase-out of nuclear energy in a 1987 referendum, the government hopes
to begin construction of its first new reactor by 2013. However, the recession and
financial crisis may hold back moves to launch some of these programmes.

A nuclear renaissance is possible but cannot occur overnight. Nuclear projects face
significant hurdles, including extended construction periods and related risks, long
licensing processes and manpower shortages, plus long-standing issues related to waste
disposal, proliferation and local opposition. The financing of new nuclear power plants,
especially in liberalised markets, has always been difficult and the financial crisis seems
almost certain to have made it even more so. The huge capital requirements, combined
with risks of cost overruns and regulatory uncertainties, make investors and lenders
very cautious, even when demand growth is robust. Certain financing models that might
have underwritten new nuclear plant development are likely to be unavailable for some
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time, depending on the speed of economic recovery. These include project financing,
which typically involves syndication and securitisation, and industry consortia funding
(such as occurred in Finland). Only a few electricity utilities are big enough to finance
nuclear plants from their balance sheets and that number has diminished in the current
crisis. Governments wishing to encourage investment in nuclear may need to remove
or mitigate some risks investors are facing, especially for first-of-a-kind nuclear plants
and in countries where there is no existing nuclear programme or where there has been
no new construction for many years. The United States provides the clearest example
of state support, with federal loan guarantees, risk insurance for licensing delays and
production tax credits under the 2005 Energy Act. By contrast, the United Kingdom
has stated its intention not to support nuclear projects financially, though it is taking
action aimed at reducing regulatory and planning risks for investors.

Renewables-based power-generation investment

Investment in new-build renewable energy assets in the power sector grew
tremendously in recent years, recording year-on-year growth of 85% in 2007. Activity
in the renewables sector continued to grow rapidly until the third quarter of 2008, but
then fell away dramatically as the financial crisis dried up sources of project finance
and lower fossil-fuel prices reduced the economic incentive to invest in renewables.
The latest preliminary data, covering the first half of 2009, indicate that renewables
investment hit bottom in the first quarter, with spending down 47%. It recovered in the
second quarter, to 21% below the level of one year previous.

Based on current investment trends in the sector, the IMF’s most recent global GDP
forecasts and assuming fossil-fuel prices remain close to current levels for the reminder
of the year, we project worldwide investment in renewables-based power-generation
technologies in 2009 as a whole to drop to under $70 billion, allowing for the effects
of the clean energy components of stimulus packages. This represents a fall of 18% on
2008, taking spending back to 2007 levels (Figure 3.7). The stimulus packages make an
important difference: without them, investment would have fallen by an estimated
29%. The slump in investment in renewables represents a major setback in the fight
against climate change.

New investment flows from private equity and venture capital — which play an
important role in funding early-stage clean energy technology companies — fell to
just over $1 billion in the first quarter of 2009. This was the lowest capital inflow on
a quarterly basis since the last quarter of 2006 and represented a 67% drop from the
record level reached in the third quarter of 2008 (Figure 3.8). In the first quarter of
2009, only one-third of venture capital invested in US clean technology companies
went to alternative energy firms. Preliminary data for the second quarter of 2009 show
an even more dramatic drop. New investment flows from private equity and venture
capital fell to only $680 million, a further 39% drop from first quarter of 2009 and 69%
less than the level of investment in second quarter of 2008.
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Figure 3.7 e Global investment in new renewables-based power-generation
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Figure 3.8 ® Venture capital and private equity new investment in clean
energy companies, 2001-2009
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Globally, new orders for wind turbines dropped precipitously through 2008, from
a peak of almost 15 GW in the second quarter to just 2 GW by the fourth quarter,
though orders rebounded to about 4 GW in the first quarter of 2009 (Figure 3.9) and
are thought to have risen further in the second quarter. The downturn was particularly
severe in the United States and China, whereas spending in the European Union held
up comparatively well in comparison. As is the case with most types of renewables,
the extent of the impact is linked to the effectiveness and the coherence of policies
and support mechanisms individual countries and regions have in place. In the United
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States, a slump in funding from so-called “tax equity investors” had a significant impact
on wind-power investment. These investors, typically financial services or insurance
companies with large tax liabilities, had been buying into renewables projects to
secure federal and state tax credits. With several important investors, including
Lehman Brothers, now gone and others facing large losses (which reduce the value of
the tax credits), interest in investing in renewables projects — especially mid-sized
wind farms — has dropped sharply. For example, it is thought that only around half of
the large investors that were active in financing wind-power projects in 2008 remained
active in early 2009. As the economic outlook improves and federal government
stimulus programmes begin to take effect, new sources of finance, including private
equity, are likely to emerge.

Figure 3.9 e Global orders for wind turbines
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Many wind energy projects rely relatively heavily on debt financing, which either
has become much harder to find or more expensive, due to higher risk premiums.
More risky and high-investment projects, such as offshore wind and large wind farms,
are being hit the most. Centrica, a British energy company, has put three planned
offshore wind farms on hold, partly because of rising financing costs and lower carbon
prices under the EU Emissions Trading System — the result of a projected slowdown
in electricity demand. But other projects are proceeding, albeit at a sharply slower
pace than planned, in several cases, due to financing problems. For example, the
Trianel Group, a German energy trading firm, has halved the size of its planned Borkum-
West Il offshore wind farm to 200 MW, due to problems securing project finance. Some
major wind-farm developers — notably in the United States — have delayed placing
orders in the hope of prices falling further and to profit from any fiscal stimuli or loan
guarantees that may be introduced. Even so, with cash now at a premium, investors are
reportedly demanding much higher returns on renewables projects.

Investment in solar energy held up relatively well through much of 2008, but then
suffered a sharp downturn in late 2008. Preliminary data suggests that the decline
deepened in the first quarter of 2009, but that investment rebounded in the second
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quarter. The bulk of the downturn was attributed to caps that have been placed on the
very attractive feed-in tariff available to solar photovoltaic in Spain, which will limit
the growth in capacity to a maximum of 500 MW in 2009, from over 2.5 GW in 2008. As
with wind, the largest projects have been hit hardest.

\X’hat role for government?

Governments are concerned about the impact of the financial and economic crisis on
energy investment because of its potential consequences for energy security and climate
change, as well as the longer-term effects on economic and human development. Any
prolonged downturn in investment threatens to hold back capacity growth in the
medium term, particularly for long lead-time projects, risking a shortfall in supply
and a renewed surge in prices a few years down the line, when demand is likely to be
recovering. That could, in turn, undermine the sustainability of the economic recovery.
Weaker fossil-fuel prices are also reducing the attractiveness of investments in clean
energy technology. And cutbacks in energy-infrastructure investments threaten to
impede access by poor households to electricity and other forms of modern energy.
These concerns justify government action to support investment. For such action to be
cost effective, it needs to be based on a clear understanding of the reasons for falling
spending, and be consistent with overall energy and economic policy goals.

Lower investment is a normal response to weaker market prospects. There is always
a risk of under-investment in supply capacity because the market does not accurately
predict the timing and speed of the economic upturn at the end of a recession.
But that does not by itself provide grounds for government intervention. After all,
there is equally a risk of over-investment because of over-optimism about economic
prospects (which explains why most sectors are facing excessive spare capacity at
present). However, there is strong evidence that the credit crunch is exacerbating
investment cutbacks. Financing difficulties are, in some cases, impeding investment
in economically viable projects that would, in the absence of the credit crunch, have
gone ahead. This is a market failure that calls for government intervention, as part of
a broader package of measures to stimulate lending by banks. Specific action may also
be needed at the sectoral level to address funding bottlenecks to important projects.

Climate change provides an added reason for action to support energy investment of
the right sort. While greenhouse-gas emissions are likely to be considerably lower in the
near term than would have been the case had the crisis not occurred, there is growing
concern that lower investment in low-carbon energy technologies — resulting from
financing difficulties and lower fossil-energy prices — may well lead to higher emissions
in the longer term (see Chapter 4). Many governments have introduced new climate
change measures as part of a broader package of increased public spending and other
measures to stimulate the economy. But others have already indicated that priority will
be given to dealing with the economic downturn and stabilising the financial system,
even if this means that action to combat climate change will be stalled for the time
being on the grounds of costs.
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PART B
POST-2012
CLIMATE POLICY
FRAMEWORK

The climate change analysis in this year’s Outlook, set out in this Part B, details the
consequences of the energy projections for greenhouse-gas emissions and how those
emissions might be curtailed.

Chapter 4 discusses the importance of the energy sector in the context of climate
change. It describes the consequences of the Reference Scenario — the emissions
trends and their implications on the basis of policies already enacted (including those
recently announced).

The remaining chapters in Part B describe an alternative world, with an energy sector
that is substantially cleaner, more efficient and more secure — in which annual
energy-related CO, emissions peak just before 2020 at 30.9 Gt and decline thereafter
to 26.4 Gt in 2030. This alternative scenario, the 450 Scenario, puts us on track
for ultimate stabilisation of the atmospheric concentration of greenhouse gases at
450 parts per million (ppm) of CO,-equivalent. This should be a sufficient change to
avoid too drastic a rise in the global temperature.

Chapter 5 describes a plausible set of actions to achieve the 450 Scenario, detailing
how the resulting energy mix and CO, emissions differ from the Reference Scenario.

Chapter 6 takes a closer look at the sectoral trends in the 450 Scenario.

Chapter 7 sets out the investment requirements of that scenario, and the additional
costs and benefits entailed.

Chapter 8 addresses the challenge of financing the investments and identifies where the
funding might come from, the extent to which OECD countries might support non-OECD
countries, and the financial mechanisms that could serve to support this effort.

Finally, Chapter 9 brings together the whole analysis, describing the contribution
that each of ten regions or countries might make in order to achieve the necessary
transformation.

Of course, the adoption of the 450 ppm objective is just one of the possible outcomes
of the negotiations at the 15" Conference of the Parties (COP) to the United Nations
Framework Convention on Climate Change (UNFCCC, December 2009, Copenhagen).
The 450 Scenario is just one possible configuration of the implications for the energy
sector; but it is clearly indicative of the level of action that would be needed globally
to put the world on a more sustainable footing.
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CHAPTER 4

CLIMATE CHANGE
AND THE ENERGY OUTLOOK

An opportunity at Copenhagen?

H 1 S H | . | S H L S

e Energy-related CO, emissions in the Reference Scenario rise from 28.8 Gt in 2007
to 34.5 Gt in 2020 and 40.2 Gt in 2030. In 2020, global emissions are 1.9 Gt or 5%
lower than in the Reference Scenario of WEO-2008. The impact of the economic
crisis and lower growth accounts for three-quarters of this improvement, while
government stimulus spending to promote low-carbon investments and other new
climate policies account for the remainder.

® In the Reference Scenario, OECD emissions in 2030 are 3% lower than in 2007.
By contrast, all major non-OECD countries see their emissions rise. Of the 11 Gt
growth in global emissions, China accounts for 6 Gt, India for 2 Gt and the Middle
East for 1 Gt. However, while non-OECD countries today account for 52% of the
world’s annual emissions of energy-related CO,, they are responsible for only 42%
of the world’s cumulative emissions since 1890.

® Allsectors see growth in energy-related CO, emissions over the Outlook period in the
Reference Scenario, with aviation and power generation being the fastest-growing
sectors. The power sector accounts for over half the increase in emissions between
2007 and 2030, with a 60% increase from coal-fired generation.

® Despite the short-term improvement in CO, emissions trends compared to
WEO-2008, the Reference Scenario still leaves the world on course for a
concentration of greenhouse gases in the atmosphere of around 1 000 parts per
million, implying a global temperature rise of around 6°C. If the world wishes to
limit to 25% the probability that a temperature rise in excess of 2°C will occur,
CO, emissions over the period 2000-2049 must not exceed 1 trillion tonnes.
Between 2000 and 2009, the world emitted 313 billion tonnes of CO,.

e |[f all the most ambitious 2020 emissions aspirations of OECD countries were met
(including Japan’s new 25% target, a 30% cut for the European Union and a 25%
reduction in Australia), their total reduction, compared with 2007, would be
2.7 Gt. If policies were put in place in OECD and non-OECD countries to maintain
through to 2030 the global emissions level that would be reached in 2020, and
sharp cuts were achieved after 2030, global abatement would be broadly in line
with the 550 Policy Scenario modelled in WEO-2008.

e Copenhagen provides an opportunity to take prompt action. Each year of
delay before moving to a more sustainable emissions path would add around
$500 billion to the global investment cost of delivering the required energy
revolution (some $10.5 trillion for the period 2010-2030 in the 450 Scenario).
A delay of just a few years would render a 450 Scenario completely out of
reach.
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Introduction

The world is entering a new era in addressing the challenge of climate change. In
December 2009, heads of state, ministers and negotiators from nearly all of the world’s
countries will gather in Copenhagen at the 15™ Conference of the Parties (COP) of the
United Nations Framework Convention of Climate Change (UNFCCC). Their objective there
is to put in place a comprehensive programme of robust, collective actions to reduce
greenhouse-gas emissions — a challenge that will dominate the energy sector for the
foreseeable future.

Continuing on today’s path, without new policies, would mean rapidly increasing
dependence on fossil fuels and continuing wasteful use of energy, taking us towards
a concentration of greenhouse gases in the atmosphere in excess of 1 000 parts
per million (ppm) of CO,-equivalent (CO,-eq)." This, the outcome of the Reference
Scenario, would almost certainly lead to massive climatic change and irreparable
damage to the planet.

Many countries have called for the world to move urgently onto a completely different
trajectory. Some have suggested stabilisation of the greenhouse-gas concentration at
450 ppm. To meet this target would require a number of challenging conditions to be met:

= All countries would need to participate, while respecting the principle of common
but differentiated responsibilities. Only by taking advantage of mitigation potential
in all regions could a change of the required magnitude be achieved.

m To make the transformation feasible and equitable, sustainable transfers of finance
and technology to non-OECD countries need to occur. These countries account for
over half the world’s emissions and much of the abatement must happen there.

m Strong action must be taken now. Delay of just a few years would drastically reduce
the likelihood of stabilisation at 450 ppm ever being achieved.

The energy sector, which accounts for 84% of global CO, emissions and 64% of
the world’s greenhouse-gas emissions, must be at the heart of this transformation.
It is not simply a case of reducing emissions at the margins: meeting a 450 Scenario
(or a 550 Scenario) requires a fundamental change in our approach to producing and
consuming energy. Whether it is re-orientating our power generation mix away from
fossil fuels and towards nuclear and renewables, maximising the efficiency of our
vehicles, appliances, homes and industries, or developing revolutionary technologies
for the future, almost all potential sources of lower emissions will need to be tapped.

This year’s financial crisis and global recession has bought the world a little time to
change track to this very different energy future. In 2009, for the first time since the
early-1980s, global emissions of energy-related CO, are set to decline significantly.
Meanwhile, many countries have taken the opportunity to put in place green energy
packages as part of their action to rejuvenate their economies.

In the months leading up to the UN Climate Change Conference (COP 15), many
countries have introduced unilateral emissions targets and policies that lead to a

1. Carbon dioxide equivalent (CO,-eq) is a measure used to compare and combine the emissions from
various greenhouse gases, and is calculated according to global-warming potential of each gas.

168 World Energy Outlook 2009 - POST-2012 CLIMATE POLICY FRAMEWORK



© OECD/IEA, 2009

lower-emissions future. While these steps often fall short of what would be required to
achieve a 450 Scenario, they show some momentum going into the Conference. Many
countries have already pledged to go further as part of a strong global deal.

Greenhouse-gas emissions in the Reference Scenario

Trends across all sectors

Global greenhouse-gas emissions have risen rapidly over the last few decades, and they
continue to increase to 2030 and beyond in the Reference Scenario, which quantifies
the impact of existing trends and policies. The Reference Scenario incorporates
all relevant policies (related to climate, energy security and economic recovery)
enacted as of September 2009; but it does not include the impact of policies under
consideration, potential future policies (which differ from current policies) or “targets”
that are not backed up by commensurate policy measures. An additional important
assumption in the Reference Scenario is that energy subsidies on fossil fuels will be
gradually reduced globally, such that end-use prices reflect more closely the real cost
of production, transformation and transportation of fossil fuels.

The analysis and presentation of trends in this Outlook focus primarily on the energy
sector, particularly in terms of emissions of energy-related CO,. In addition, our climate
policy analysis — including the trajectories of the Reference Scenario and the 450
Scenario — take full account of trends and mitigation potential in non-CO, greenhouse
gases, including methane (CH,), nitrous oxide (N,0) and F-gases (see footnote to Figure
4.1), as well as emissions outside the energy sector.?

Total emissions of greenhouse gases, across all sectors, were 42.4 gigatonnes
(Gt) of CO,-eq in 2005 (Figure 4.1). In the Reference Scenario, they reach 50.7 Gt
in 2020 and 56.5 Gt in 2030 (Figure 4.2). Within this total, energy-related CO, is
the major component. CO, and other greenhouse gases have their source in both
energy-related and non energy-related activities. Emissions of greenhouse gases
other than energy-related CO, are projected to increase by around 6% between 2005
and 2020, and to stabilise between 2020 and 2030. Within this category, methane
emissions increase the most by volume — from 6.4 Gt CO,-eq in 2005 to 7.2 Gt in
2020 and 7.6 Gt in 2030. Most of this increase comes from to wastewater, coal
mining and the increased pipeline leakage associated with higher global gas demand,
although there has recently been a reduction in gas leakages in OECD countries
and several producing countries are taking measures to reduce flaring and venting.
Nitrous oxide emissions grow by around 10% between 2005 and 2030, while F-gases
more than double. CO, emissions from land use, around 3.8 Gt in 2005, fall by around
one-third in the Reference Scenario, to 3.2 Gt in 2020 and 2.6 Gt in 2030, due to a
deceleration in the rate of land-use change — in part a result of international policy
action. Between 2030 and 2050, total greenhouse-gas emissions continue to rise in the
Reference Scenario (despite a slight reduction in N,O and in land-use CO,), reaching
68.4 Gt in 2050.

2. This work has been carried out in conjunction with the OECD Environment Directorate. Drawing on
the results of ENV-Linkages (Burniaux and Chateau, 2008), we have ensured that our scenarios are fully
consistent in terms of these trends and abatement across all gases and all sectors.
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Figure 4.1 e World anthropogenic greenhouse-gas emissions by source, 2005
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Figure 4.2 e World anthropogenic greenhouse-gas emissions by source
in the Reference Scenario
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Global trends in energy-related CO, emissions

Energy-related CO, continues to dominate global greenhouse-gas emissions over the
projection period. The Reference Scenario sees a continued rapid rise in energy-
related CO, emissions by 2030, resulting from the growth in global demand for fossil
energy. Having already increased from 20.9 Gt in 1990 to 28.8 Gt in 2007, emissions
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are projected to rise further to 34.5 Gt in 2020 and 40.2 Gt in 2030, an average rate
of growth of 1.5% per year over the projection period (see Chapter 2). This is much
faster than the growth rate of other greenhouse gases, which increase on average by
0.3% per year.

Energy-related CO, emissions in this year’s Reference Scenario are below those in World
Energy Outlook 2008 (WEQ-2008). In 2020, emissions are 1.9 Gt lower, while 2030
emissions are 0.3 Gt lower. In cumulative terms, between 2007 and 2030, emissions are
35.1 Gt below the WEO-2008 Reference Scenario. The primary reason for this, accounting
for 75% of the reduction, is the lower level of economic activity, resulting from the global
recession. A sharp downturn in economic demand has led to a contraction in energy
demand and CO, emissions. Provided the right investment choices are made in a timely
manner, the global recession provides an opportunity to move onto a lower emissions
trajectory (see Spotlight).

Is the financial crisis an unexpected opportunity to step up
the climate change effort?

In the near term, slower economic growth will curb the growth in emissions. Our
preliminary estimates point to a sharp decline in 2008 in the rate of growth of CO,
emissions and an absolute fall in emissions — more pronounced than any in the last
40 years — in 2009. As emitted greenhouse gases largely stay in the atmosphere,
the environmental benefit of this downward blip in emissions will be long-lasting.
The reduction in emissions growth in the immediate future is opportune, as the
upward trajectory would otherwise continue to 2012, the date at which any
agreement reached at the UN Climate Change Conference (COP 15) would be
likely to take effect. The recession is delaying some investment decisions that
may otherwise have locked-in carbon-intensive technologies for many years. But
investments in low-carbon technologies are also being deferred.

In this situation, well-focused government policy at the national level is

particularly important, to free up finance for investment and provide incentives

to sustain investment despite weaker fossil-fuel prices. Strong financial
¢ incentives and tough regulatory interventions may be needed. Table 5.3 in
. Chapter 5 sets out some examples of new sustainable energy policies matched
to today’s circumstances.

Governments have announced nearly $250 billion of stimulus funding for green
energy projects. But further efforts will be needed to ensure that, when
economies rebound, the historical link between CO, emissions and economic
output (Figure 4.3) can finally be broken. A recent IEA paper analysing the
response to the financial crisis indicates that existing government commitments
would need to be increased four-fold to meet a 450 Scenario (IEA, 2009). An
energy and environmental revolution is needed, and action to address the
financial and economic crisis, coupled with positive steps at the UN Climate
Change Conference (COP 15), can support that objective. :
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Figure 4.3 e Historical link between energy-related CO, emissions and economic
output, and the pathway to achieving a 450 Scenario
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Source: |EA databases and analysis.

In addition to the impact of the financial crisis on economic growth, a significant factor
in the prolonged lower emissions in the Reference Scenario of this Outlook compared
to WEO-2008 is the implementation in 2008-2009 of new policies to promote low-
carbon energy and improve energy efficiency, in OECD and non-OECD countries alike
(Table 4.1). These policies will result in lower emissions than would otherwise have
been the case. The relevant policies include the ratification of the EU 20-20-20 Package
at the end of 2008, strengthened Corporate Average Fuel Economy (CAFE) standards
in the United States and various national economic stimulus packages, many of which
have a substantial low-carbon component. Combined, these policies deliver cumulative
CO, emissions savings of around 9 Gt between today and 2030, relative to the policies in
the WEO-2008 Reference Scenario. They account for around one-quarter of the overall
emissions reduction in this year’s Reference Scenario.

The financial crisis has provided an occasion for countries to take further actions
prior to the UN Climate Change Conference (COP 15). In heeding calls to launch a
“Clean Energy New Deal”, countries have recognised that government spending can
simultaneously rejuvenate the economy, create new jobs® and put in place a more
sustainable energy system. Some $242 billion of additional low-carbon funding has
been committed by G20 governments alone as part of their national stimulus packages
(Figure 4.4). Much of this helps to stimulate additional investment by the private
sector: for example, our analysis suggests that for every $1 of public money spent
on supporting renewables, $3.6 of private investment will result. These packages go
some way towards offsetting the shortfall in low-carbon investments resulting from
the sharp, temporary downturn in global energy demand and global energy prices

3. Macroeconomic studies, most of which have been carried out in the United States and the European Union,
show that these energy-efficiency measures lead to an overall net increase in jobs (UNEP et al., 2008).
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(which would make low-carbon investments less cost-effective). However, some 45%
of the low-carbon funds have been allocated to rail projects, leaving sectors such as
renewables less adequately supported.

Table 4.1 ® Examples of new policies incorporated in the Reference Scenario

Country/region Policy Detail
United States Strengthened CAFE Sales-weighted fuel economy for LDVs capped at
standards* 39 mpg in 2016, 35.5 mpg for cars
China Nuclear programme Planned expansion of nuclear capacity over the period
t0 2020
European Union 20-20-20 Package EU ETS capped at 21% below 1990 levels and inclusion

of aviation emissions; renewables and energy
efficiency commitments

G20 Financial stimulus packages Low-carbon energy components amount to $242
billion, covering power generation and efficiency
Canada National vehicle scrappage CAD 92 million package over four years to promote
programme new, cleaner vehicles
Japan Reintroduction of subsidies JPY 70 000 per kW offered to households that install
for solar power solar panels

* CAFE standards for fuel economy are in the process of being harmonised with greenhouse-gas emissions
standards relating to clean air, set by the US Environmental Protection Agency.

Note: Includes policies enacted by mid-2009.

Figure 4.4 o Green energy components of the G20 stimulus packages,
2009-2018
Total stimulus: $2.6 trillion*
Total green energy component: $242 billion

Renewables
$20 billion

Other low-carbon
power $28 billion

Rail
$108 billion

Vehicle efficiency
$21 billion

Buildings $67 billion
* Year-2009 dollars.

Note: Components are based on definitions comparable to those used in the WEO categorisation of
investments required to realise the 450 Scenario and values are based on IEA analysis of publicly available
documents. Only additional commitments to stimulate investment, newly announced in 2009, have been
included. Science spending is not included. In some cases, values as presented are lower than those headlined
in official announcements or analyses that assume a broader definition of “low-carbon” or “green”.
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National emissions targets

In the months leading up to the UN Climate Change Conference (COP 15), a number of
countries, particularly in the OECD, have moved to set their own national emissions
targets and start to put in place policies for meeting them (Table 4.2). Where targets
have been decided and commensurate policies are in place to deliver them, they
are assumed to be met in the Reference Scenario. Among the most advanced and
ambitious commitments is the European Union’s 20-20-20 Package, which aims to
reduce EU emissions by 20% by 2020, relative to 1990 levels (although this reduction
is likely to include some use of "banked” credits and international offsets, so the
domestic reduction may be less — see Box 4.2). This target has been backed up
by a range of policies, including a 21% cap on the EU Emissions Trading System
(EU ETS), caps for non-EU ETS sectors, incentives for renewables, targets for vehicle
manufacturers and substantial financial resources for green energy programmes,
including carbon capture and storage (CCS) demonstration.

A number of countries are considering new national emissions targets, or have announced
targets but not yet (as at September 2009) put in place the policies needed to ensure that
they are met. These targets are not assumed to be fully met in the Reference Scenario,
although they indicate potential for lower emissions in the future. In September 2009,
the new Japan administration announced a new target to reduce greenhouse-gas
emissions by 25% by 2020, relative to 1990 levels. Many commensurate policies have
already been implemented and, while Japan’s emissions in the Reference Scenario are
only 1.8% below 1990 levels, they are 13.8% below 2005 levels. However, achieving the
25% target will require substantial additional domestic measures (likely to entail a higher
abatement cost than those faced by some other developed countries*) and possibly some
credits from supporting mitigation activities abroad. In the United States, the world’s
largest economy and second-largest emitter, the Waxman-Markey bill (the American
Clean Energy and Security Act of 2009) was approved by the US House of Representatives
but has not been enacted at the time of writing. This bill*> aims to reduce US emissions by
17% by 2020 compared with 2005 levels, albeit with a generous provision for offsets. On
30 September 2009, a separate Boxer-Kerry bill, proposing a 20% cut in US emissions, was
put forward. Canada has set an objective of reducing its emissions by 20% by 2020 from
2006 levels, but it has yet to introduce the policies to ensure this happens. Korea is also
planning to set a mid-term emissions target.

While most OECD countries have set or are considering their own domestic emissions
targets for 2020 and beyond, a number of non-OECD countries are similarly engaged,
including relatively low emitters, such as Liechtenstein and Monaco. This year, Russia
announced an intended reduction in emissions relative to 1990 of 10% to 15% by 2020;
this, in fact, represents a substantial increase in emissions relative to today’s level
and, in light of the global recession, is comfortably met in the Reference Scenario,
along with the proposed targets in Belarus and Ukraine. Over 75 other countries have
set themselves targets in terms of energy efficiency or power generation through
renewables. China’s energy plans are a prominent example.

4. According to WEO analysis. A study by the Japanese government indicates that Japan could face a
domestic marginal abatement cost as high as $150 per tonne of CO, (Akimoto, 2009).

5. As placed on the US Senate Legislative Calendar on 7 July 2009.
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Table 4.2 o National greenhouse-gas emissions goals in OECD countries

Country / region 2020 target 2020 target relative Long-term ambition
to 1990 emissions*

2020 targets with commensurate policy enacted, met in Reference Scenario**

Australia -5% of 2000 -3% n.a.
European Union*** -20% of 1990 -20% -60% to -80% by 2050
Norway -30% reference year not specified -100% by 2050

Targets not yet enacted or not fully supported by additional policy, partially met in Reference Scenario**

Canada -20% of 2006 +24% n.a.

Iceland -15% of 1990 -15% -50% to -75% by 2050
Japan -25% of 1990 -25% -60% by 2050
Mexico n.a. n.a. -50% by 2050
New Zealand -10% to -20% of 1990 -10% to -20% -50% by 2050
Switzerland -20% of 1990 -20% n.a.

United States™** -17% of 2005 -4% n.a.

* On the basis of national greenhouse-gas inventory data for all gases and from all sources, including
emissions from land use and deforestation.

**In most cases, the targets may be met through a combination of domestic emissions reductions and use
of offsets, such that actual emissions in any country may be above the target level. In some cases, land-use
and deforestation emissions are excluded from national targets, such that actual targets relative to 1990
may vary from those stated.

** The European Union has announced that it will adopt a target of up to 30% in the context of a global
agreement; this is not enacted or fully met in the Reference Scenario.

**** The recently announced Boxer-Kerry bill proposes a 20% reduction compared to 2005.

Sources: UNFCCC (2009); IEA databases and analysis.

Although policies are not yet fully in place to realise these targets, if all the 2020
emissions goals in Table 4.2 were met, the reduction in energy-related CO, emissions
in those countries, compared to the Reference Scenario, would be 1.50 Gt in 2020°
(although part of this would be met through offsets). If OECD countries were to meet
the more stringent targets under consideration (the European Union’s 30% target,
which it would pursue in the event of an ambitious global deal, a 25% reduction in
Australia and a 10% reduction in New Zealand), the total reduction in 2020, relative to
the Reference Scenario, would be 1.98 Gt.” Global abatement on this scale would put
the world in line with the 2020 emissions level in the 550 Policy Scenario, modelled in
WEO-2008 (Figure 4.5).% However, even if these targets were met, being on track for
550 ppm would also require emissions in the years leading up to 2020 to be in line with
the 550 Policy Scenario, while further, more substantial measures would be needed
after 2020 to remain on course.

6. Emissions of non-energy CO, and other greenhouse gases would be expected to decline by more in
percentage terms given the relative costs of abatement.

7. This corresponds to a reduction in OECD+ emissions of 2.73 Gt compared to 2007 levels (if all reductions
were achieved domestically). See Annex C for definitions.

8. Emissions in 2020 would be 0.2 Gt below the level in the 550 Policy Scenario.
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Figure 4.5 e Emissions of energy-related CO, in 2020 in the Reference Scenario
and reductions if OECD countries meet their emissions targets
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if emissions targets are met

Notes: Reduction targets are as follows: United States (17% relative to 2005), Japan (25% relative to 1990),
European Union (30% relative to 1990), Australia (25% relative to 2005), New Zealand (10% relative to
1990) and Canada (20% relative to 2006). The inclusion of non-OECD countries would not change the chart
significantly as all large non-OECD countries with targets meet these targets, through policies already in
place, in the Reference Scenario.

Emissions reductions assume that the targeted percentage emissions reduction is achieved in respect of
energy CO,. In reality, targets encompass multiple gases and sectors — and may also contain provisions for
banking credits — such that the energy CO, reduction in 2020 could differ from that indicated.

While the targets announced to date fall short of what would be needed to achieve
a 450 ppm outcome and are, in any case, not yet fully backed up by policy actions,
it is important to emphasise that they have essentially been adopted unilaterally.
The policy developments in 2009 and the lower demand due to the global recession
together provide strong momentum going into the UN Climate Change Conference
(COP 15).

Per-capita trends

Despite a dip due to the financial crisis, global per-capita emissions of energy-related
C0, in the Reference Scenario show a steady increase over the remainder of the Outlook
period, from 4.4 tonnes in 2007 to 4.8 tonnes in 2030 (Figure 4.6).° Per-capita emissions
in OECD countries currently outstrip those in non-OECD countries by a factor of four,
but this gap is closing rapidly. Of the world’s largest countries, the United States is the
biggest per-capita emitter (18.7 tonnes in 2007), although the level falls to 14.9 tonnes
by 2030.

While attention often falls on the world’s largest emitters in absolute terms, it is
important not to overlook countries that are the highest emitters per capita, many of
which are relatively wealthy and can more easily afford to make emissions reductions.

9. The world’s population increases by 25% over the same period, to 8.2 billion in 2030.
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The world’s four largest per-capita emitters are in the Middle East, in large part due to
the oil industry (Table 4.3). Qatar emits over ten times the global average per person.
The United Arab Emirates, with a population of fewer than 5 million, has over three
times the annual emissions of New Zealand, a similarly sized OECD country. In contrast,
some countries with much lower per-capita emissions and incomes — such as Romania
and Latvia — have signed up to emissions caps under the Kyoto Protocol and as part of

the EU ETS.

Table 4.3 o World’s 40 biggest emitters of energy CO, per capita, 2007

Rank Country $ GDP co, Rank  Country $ GDP co,
per capita per capita (t) per capita per capita (t)
1 Qatar 96 858 58.0 21 Singapore 51437 9.8
2 United Arab Emirates 39 455 29.9 22 Belgium 36 285 9.7
3 Bahrain 33751 28.2 23 Japan 34303 9.6
4 Kuwait 48 452 25.1 24 Germany 34930 9.6
5 Luxembourg 82 821 221 25 Cyprus 27 830 9.3
6 Trinidad and Tobago 19 617 21.9 26 Israel 26916 9.2
7 United States 46 701 19.0 27 Turkmenistan 5522 9.1
8 Australia 36 870 18.7 28 Denmark 37 805 9.1
9 Canada 39341 17.4 29 Greece 29 609 8.7
10 Brunei Darussalam 51376 15.0 30 United Kingdom 36 439 8.6
" Saudi Arabia 23439 14.8 31 New Zealand 27 575 8.5
12 Oman 241230 13.8 32 Austria 38 831 8.0
13 Estonia 21038 13.4 33 Poland 16 680 7.9
14 Kazakhstan 11113 12.3 34 Slovenia 28 388 7.9
15  Finland 35765 12.1 35 Norway 53 434 7.7
16 Czech Republic 24 606 1.8 36 Spain 30773 7.7
17 Russia 15116 1.1 37 lceland 40 584 7.5
18 Netherlands 40 426 10.9 38 Italy 30911 7.3
19 lreland 44175 10.1 39 South Africa 10 046 7.3
20  Korea 27 100 9.9 40 Ukraine 7113 6.8
Selected other countries

41 Serbia 10 230 6.7 67  Mexico 14 454 4.1
49  France 33273 5.7 70 Turkey 12 254 3.6
53 Portugal 22239 5.2 96  Brazil 9 841 1.8
56 Sweden 37 457 4.9 108 India 2728 1.2
59  China 5500 4.6 117 Pakistan 2555 0.9
World average 10 156 4.4 143 Ethiopia 804 0.1
64  Lithuania 18 294 4.3

Note: White shading denotes OECD+, violet Other Major Economies and green Other Countries (see Chapter 5

for definitions).
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While per-capita emissions in OECD countries are falling, they are increasing in many
non-OECD countries. China already emits marginally more per capita than the global
average and is set to overtake the European Union soon after 2020 in the Reference
Scenario. Russia and the Middle East are among the regions showing the fastest growth,
both in terms of their absolute and their per-capita emissions.

Figure 4.6 ® Per-capita energy-related CO, emissions in the Reference

Scenario
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Between 2007 and 2030, the Reference Scenario sees a substantial reduction in global
energy CO, emissions per unit of GDP. The average rate of improvement, when GDP
is calculated on a purchasing power parity (PPP) basis, is 1.6% per year over the
period. While non-OECD countries emit less per capita, their emissions per unit of
GDP are significantly higher than non-OECD countries: in 2007, non-OECD emissions
of energy-related CO, were 65% higher per unit of GDP. There is generally an inverse
relationship between per-capita incomes and emissions intensity, but countries’
economic structure, geography and energy choices are also important factors in their
emissions intensity (Figure 4.7). The Middle East has historically gone against this
trend and is the only region with higher emissions per unit of GDP today than in 1990.
China is currently one of the world’s leading emitters per unit of GDP, at just below
double the global average. This can partly be explained by the fact that it produces
a large proportion of the world’s manufactured goods (Box 4.1), but it is also the
region that sees the fastest improvement in emissions intensity (3% per year) over
the projection period.
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Figure 4.7 e Energy-related CO, intensity and GDP per-capita, 2007
0.9
0.8 L 4
0.7 4
0.6
0.5+
0.4
0.3
0.2
0.1+

0

China
. Russia
Middle East

. India * World United States .

European Union @ ’Japan

CO, per unit of GDP (kg per $2008, PPP)

0 10 000 20000 30 000 40000 50 000
GDP per capita (52008, PPP)

Note: In calculating CO, intensity it is also relevant to consider GDP on the basis of market exchange rates.
In general, using market exchange rates increases the variation in CO, intensity across countries.

Box 4.1 e Embedded energy

In the WEO, CO, emissions are attributed to the country or region in which
the fossil fuel from which the emissions arise is consumed, in accordance with
inventory-reporting guidelines of the UNFCCC (for the same reason, emissions
from international aviation and shipping are reported only at the global level).
Yet the consumption benefits from goods and services produced are often realised
in a country other than that in which the emissions arise. This is an important
issue for many emerging economies, which tend to be more export orientated and
whose exports tend to consist of more energy-intensive manufactured goods.

A reliable consumption-based accounting system would be extremely difficult, if
not impossible, to design, while the current system, based on emissions within
national borders, has the important advantage of simplicity. WEO-2008 provides
some indicative values for the magnitude of embedded energy flows: our
estimate of the share of emissions embedded in exports in 2006 ranges from 15%
for North America to 48% for the Middle East. The share of total energy use and
carbon emissions embedded in international trade would fall over the projection
period if emerging economies, such as China, become more orientated towards
their domestic markets.

Cumulative emissions since 1890

In considering countries’ emissions today and in the future, particularly in the
context of equitably sharing the burden of future climate change interventions, an
important perspective can be provided by looking at regions’ historical contributions
to global emissions. While non-OECD countries today account for 55% of the world’s
annual emissions of energy-related CO,, over the period since 1890 as a whole, their
responsibility was lower: 42% of the world’s cumulative emissions. The United States
alone accounts for 28% of the world’s historical emissions on this basis (Figure 4.8).
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Figure 4.8 e Share of global annual and cumulative energy-related CO,
emissions since 1890 in the Reference Scenario
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Sources: IEA databases and analysis; Marland et al. (2006).

However, the rapid growth in emissions in non-OECD countries, both in recent
years and in the projections in the Reference Scenario, sees them accounting for an
increasing share of cumulative emissions of energy-related CO,. By 2030, non-OECD
countries account for just over half the world’s cumulative emissions since 1890. The
share of historical emissions accounted for by China, now the world’s highest-emitting
economy, is growing particularly rapidly (Figure 4.9), closing the gap on the European
Union and the United States over the Outlook period. However, in terms of cumulative
emissions per capita, the gap between the United States and China continues to widen.
India’s share of cumulative emissions is also growing fast; by the end of the Outlook
period, its cumulative emissions since 1890 overtake those of Japan.

Figure 4.9 e Cumulative energy-related CO, emissions since 1890 in the
Reference Scenario
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Sources: IEA databases and analysis; Marland et al. (2006).
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Trends in energy-related CO, emissions in key regions

Across the OECD, emissions fall in all major regions between 2007 and 2030 in the
Reference Scenario. In contrast, there is sharp growth in many non-OECD regions,
particularly in India, where emissions in 2030 are 2.5 times the level in 2007, and in
China, the world’s biggest emitter, which sees an increase in absolute terms of 5.5 Gt
over the projection period (Figure 4.10).

Figure 4.10 o Energy-related CO, emissions by region in the Reference Scenario
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In the United States, energy-related CO, emissions dip from a peak of 5.7 Gt in 2007
to 5.4 Gt in 2010, a result of lower energy demand resulting from the financial crisis.
They subsequently remain broadly flat for the remainder of the projection period,
amounting to 5.5 Gt in 2020 and 2030. CO, emissions from power generation are
marginally higher in 2030 than in 2007, but the Reference Scenario does not take full
account of the implications of the Waxman-Markey or Boxer-Kerry bills, neither of
which had been enacted at the time of writing. Nevertheless, 2009 has seen a marked
— and important — change of emphasis in the United States, with new policies aimed
specifically at tackling climate change. The American Recovery and Reinvestment
Act of 2009 contains $787 billion of economic stimulus money, much of which will be
directed to low-carbon energy projects. Measures include the long-term extension of
the renewable energy production tax credit, as well as tax credits for efficient vehicles
and efficiency measures in buildings. CO, emissions from road transport fall by 7.8%
between 2007 and 2020, in large part due to strengthened CAFE standards to ensure
improved vehicle efficiency and the adoption by a number of states of California’s
more stringent efficiency standards.

European Union

In the European Union, energy-related CO, emissions fall in the Reference Scenario,
from 3.9 Gt in 2007 to 3.5 Gt in 2030. Emissions are held in check by ambitious new
policies, agreed in December 2008 (the 20-20-20 Package), which put in place measures

Chapter 4 - Climate change and the energy outlook 181



© OECD/IEA, 2009

to keep greenhouse-gas emissions in 2020 to 20% below 1990 levels. These measures
include a 20% target for the share of renewables in the energy mix and a cap for the EU
ETS equivalent to a reduction of emissions in power generation, industry and aviation
of 21% relative to 2005 levels (Box 4.2).

Box 4.2 e Analysis of the EU ETS in the Reference Scenario

It is interesting to note how the European Union would meet its Emissions
Trading System (EU ETS) cap of 21% below 2005 levels under the Reference
Scenario (Figure 4.11). Although emissions in 2020 would meet the cap,
domestic EU emissions in those sectors covered by the cap are actually only 13%
below 2005 levels. The remainder of the target is met through uptake of Clean
Development Mechanism (CDM) credits and use of the EU ETS banking provision.
Given the global recession, the cap in Phase Il of EU ETS (2008-2012) now looks
relatively loose, so countries will be able to bank surplus allowances, enabling
them to have higher emissions in Phase Ill than the cap would suggest.

Our analysis is limited to energy-related CO, emissions and we have considered
the cap relative to 2005 data as published in this Outlook. This implies an
annual cap of 1.87 Gt between 2008 and 2011, rising to 2.01 Gt in 2012, when
aviation is included, and tapering down to 1.69 Gt by 2020. Between 2009 and
2013, domestic emissions in the Reference Scenario are significantly below the
cap. Combined with CDM credits, this generates a cumulative surplus of credits
amounting to 0.5 Gt by 2013. Banking allows these to be used in Phase lll of the
EU ETS, from 2013 onwards, such that in 2020 domestic emissions could be similar
to today’s level. This analysis does not take account of the fact that additional
abatement may occur in the period to 2020 in anticipation of emissions caps in
the period beyond 2020.

Figure 4.11 e How the European Union complies with its EU ETS cap
in the Reference Scenario
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Japan

In Japan, energy-related CO, emissions, 1.23 Gt in 2007, fall by over 15% between
2007 and 2020 in the Reference Scenario. This is driven by policies that include
a substantial increase in nuclear power, the reintroduction of subsidies for
photovoltaic power, programmes to make transport more efficient and spending to
promote efficiency in buildings. In 2009, Japan announced a major stimulus package,
with almost $30 billion of new funds devoted to low-carbon investments.

Having seen power generation from coal rise seven-fold over the last 30 years,
Japan is now looking to other technologies to deliver a cleaner future. Coal-fired
power generation falls by 3% between 2007 and 2020, while non-hydro renewables
generation more than doubles over the same period. Emissions in the transport
sector, growing fast in many parts of the world, are declining in Japan. They fall by
23% between 2007 and 2020 in the Reference Scenario.

China

China has put in place a national climate plan, which targets a cut in energy
consumption per unit of GDP of 20% between 2005 and 2010, and a 10% cut in
emissions from pollutants such as sulphur dioxide (SO,). Over the same period, it
aims to increase the proportion of renewable energies in primary energy resources
to 10% (which it achieves in the Reference Scenario).” In response to the global
recession, China has put in place one of the largest national stimulus packages in
the world. Of a total stimulus of over $600 billion, much of which is new money,
around 10% is directed towards low-carbon projects (rail projects make up most of
the low-carbon spending).

Nevertheless, as the world’s most populous country, and given its rapid economic
development, China has seen its emissions grow very quickly over recent decades
and they now exceed the global average in per-capita terms. Between 2000 and
2007 alone, China’s total emissions of energy-related CO, doubled, to 6.1 Gt in 2007.
China’s emissions continue to grow rapidly in the Reference Scenario, to 9.6 Gt in
2020 and 11.6 Gt in 2030 — an increase of over 90% during the projection period. By
2030, China accounts for 29% of the world’s emissions — more than North America,
Japan and the European Union combined (Figure 4.12). But China’s fast emissions
growth is in large part due to its rapidly growing economy, with Chinese GDP in 2020
assumed to be around 2.5 times its 2007 level. China’s energy CO, emissions per unit
of GDP decline by 37% between 2007 and 2020 in the Reference Scenario.

Emissions from power generation alone in China increase by more than 3 Gt over
the projection period. With rapidly expanding car ownership, China’s road-transport
emissions increase more than four-fold between 2007 and 2030. Given the way in which
China’s trends dominate the global Reference Scenario, its actions, appropriately
supported, will be central to efforts to reduce global emissions.

10. On 22 September 2009, China announced plans to extend this renewables target to 15% by 2015, which
would go beyond Reference Scenario levels.
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Figure 4.12 o China’s energy-related CO, emissions in the Reference
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Emissions of energy-related CO, in India grow at an even faster rate than in China, albeit
from a much lower base, both in absolute and per-capita terms. India’s emissions in 2007
were 1.3 Gt, and they rise to 2.2 Gt in 2020 and 3.4 Gt in 2030 in the Reference Scenario
— taking them to around the level of the European Union in 2030. Emissions from industry
grow by 180% over the period to 2030, with iron and steel accounting for 40% of this
increase. India is one of the countries leading the uptake of wind power and it sees a six-
fold increase between 2007 and 2030. This growth is in part due to a government-imposed
renewable portfolio standard, which starts at 5% in 2010 and increases to 15% by 2020.
Although India has not announced a low-carbon financial stimulus package, the National
Plan on Climate Change (launched in 2008) focuses on promoting solar energy and other
renewables, as well as other climate initiatives. With per-capita income only one-quarter
of the world average, India will be looking to other countries to help support its clean
energy revolution, as well as its wider development objectives.

Russia

Russia saw its emissions fall by around 35% in the early 1990s, although they have been
growing steadily since 1998 and amounted to 1.6 Gt in 2007. After the financial crisis,
this steady growth is expected to resume, but more slowly than in other countries as
we expect the financial crisis to affect domestic energy demand over the full period
to 2020. Emissions in Russia reach 1.7 Gt in 2020 and 1.9 Gt in 2030 in the Reference
Scenario. This is slightly lower than in the WEO-2008 Reference Scenario, due to the
impact of the recession.

Sectoral trends in energy-related CO, emissions

Growth in energy-related CO, emissions between today and 2030 is common to all
major sectors (Table 4.4). International aviation and power generation are the
fastest-growing sectors, with power generation accounting for over half the increase in
CO, emissions over the projection period.
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Table 4.4 o Energy-related CO, emissions by sector in the Reference
Scenario (M)

1990 2007 2020 2030
Power generation 7411 11 896 14953 17 824
Other energy sector 1016 1437 1755 1993
Industry 3937 4781 5571 6152
Iron and steel 938 1470 1702 1796
Non-metallic minerals 505 818 822 810
Other industry 2493 2493 3047 3546
Transport 4574 6623 7733 9332
Road 3291 4835 5646 6920
Aviation 538 742 884 1067
International shipping 358 613 685 780
Other transport 387 433 518 564
Residential 1891 1877 2031 2198
Services 1066 878 972 1096
Agriculture 405 433 423 437
Non-energy use 581 900 1087 1195
Total 20 941 28 826 34526 40 226

Power generation

In the power-generation sector, CO, emissions increase by 26% between 2007 and
2020, while in 2030 they reach 50% above today’s level. These higher emissions are
driven by the rapid growth in demand for electricity and the consequent increased
use of fossil fuels, particularly coal (see Chapter 1). Emissions from coal-fired
plants are projected to grow by 60% between 2007 and 2030, by which time they
comprise over three-quarters of power-sector emissions (Figure 4.13).

Figure 4.13 e World energy-related CO, emissions from the power sector and
CO, intensity of power plants in the Reference Scenario
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Note: CO, intensity is calculated across all power plants including nuclear, hydropower and other renewables,
but excluding combined heat and power.
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In the OECD, CO, emissions from power generation dip around 8% below 2007 levels by
2011 — a consequence of the global financial crisis — before recovering to around 5 Gt
in 2015 and stabilising over the remainder of the projection period. OECD emissions in
2030 are slightly below 2007 levels, which means that non-OECD countries account for
the entire global emissions growth in this sector in the Reference Scenario. Non-OECD
countries make up over two-thirds of total power-sector emissions in 2030.

Globally, power generation becomes more efficient in the Reference Scenario, with
the CO, intensity of power generation falling slightly, from 539 grammes of CO, per
kWh in 2007 to 478 gCO,/kWh in 2030 (Figure 4.13)." While this has a downward
effect on emissions, it is far from sufficient to offset the increase in electricity
demand. In the OECD, energy intensity improves from 456 gCO,/kWh in 2007 to
362 gCO,/kWh in 2030. In non-OECD countries, power generation is around 50%
more carbon-intensive than in OECD countries, falling from 636 gCO,/kWh to
551 gCO,/kWh over the projection period. China’s power sector, which relies heavily
on coal, is highly emissions-intensive, but improves from 807 gCO,/kWh in 2007 to
668 gCO,/kWh in 2030. Given their greater carbon intensity, and the high absolute
level of their power-sector emissions, non-OECD countries (and particularly China)
offer substantial potential for CO, abatement relative to the Reference Scenario, in
the context of a global climate change deal.

In the Reference Scenario, fossil fuels continue to account for around two-thirds
of world power-generation output, a share that changes little over the projection
period. However, given that overall energy use increases rapidly, this also implies
a significant expansion in low-carbon power generation (Figure 4.14). Between
2007 and 2020, power generation from renewables and other low-carbon sources
(large hydro, nuclear and biomass) increases by 44%.

Figure 4.14 e \orld low-carbon electricity generation in the Reference

Scenario
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Note: Generation with carbon capture and storage (CCS) is not included in this chart as it totals less than
100 TWh in 2030 in the Reference Scenario.

11. Power generation intensity is calculated on the basis of electricity-only power plants; combined heat
and power and heat plants are excluded from these calculations.
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Non-hydro renewables-based power generation is expanding most rapidly, with output
in the Reference Scenario increasing five-fold between 2007 and 2020, and continuing
to grow fast throughout the projection period. Wind power is the dominant component
of this, with the largest increases in the United States and China, where capacity has
been doubling every year for the last three years. Solar power is the fastest-growing
source of power in the Reference Scenario.

Since the publication of last year’s Outlook, there have been some important
developments in nuclear power: global installed capacity in 2020 in the Reference
Scenario is now 427 GW, an increase of 56 GW relative to 2007 capacity and 21 GW
higher than the equivalent value in the WEO-2008 Reference Scenario (Table 4.5).
China is an important source of growth in nuclear power, with a five-fold increase in
capacity between 2007 and 2020. Recent announcements suggest that China could aim
for as much as 70 GW of nuclear capacity by 2020; if plans for this are put in place, it
will be reflected in the Reference Scenario of future Outlooks.

Table 4.5 e Installed nuclear capacity by region in the Reference Scenario

(GW)
Installed nuclear capacity Change Change in 2020
2007 2020 2007-2020 SR
OECD 308 307 -1 -0
OECD North America 15 123 +9 +3
OECD Pacific 64 80 +17 -2
OECD Europe 130 103 -27 -1
Non-OECD 63 121 +58 +21
China 8 40 +31 +14
India 4 1 +7 +0
E. Europe/Eurasia 41 53 +12 +5
Other non-OECD 10 17 +7 +1
World 37 427 +56 +21

Transport

Transport-related CO, emissions increase by 41% from 2007 to 9.3 Gt in 2030. The bulk
of the emissions growth is from road transport, which, over the Outlook period, remains
responsible for around three-quarters of all transport-related CO, emissions. The
increase in CO, emissions is largely a result of increasing demand for individual mobility
in developing countries, where increases in vehicle ownership are expected to increase
substantially the global fleet of passenger light-duty vehicles (PLDVs) (see Chapter 1).

The Reference Scenario of this year’s Outlook nevertheless assumes significant
improvements in vehicle efficiencies across world regions (Figure 4.15). Together with
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higher fuel prices and subsidy reform, policies implemented in the last year will help
in this respect. CAFE standards, currently being harmonised with clean-air standards,
encourage the sales-weighted average fuel economy of LDVs in the United States to
rise to 39 miles per gallon (mpg) by 2016. China has announced tax exemptions for
vehicles with engines smaller than 1.6 litres. The European Union has set an objective
of reducing the average CO, emissions of new sales to 120 grammes per kilometre
(g/km), phased in between 2012 and 2015. These measures are likely to drive a sharp
improvement in the efficiency of energy consumption in LDV transport in the long run.
However, the efficiency gains only partly offset the global increase in vehicle stocks,
leading to the overall increase in transport CO, emissions.

Figure 4.15 o Average CO, intensity of new LDVs by region in the Reference

Scenario
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Note: Based on on-road performance (the average efficiency in use), which is typically around 20% lower than
test-cycle efficiency, to which targets usually relate.

Alternative, low-carbon vehicles, such as hybrid cars, plug-in hybrids and electric cars,
have received widespread public attention recently. However, this has so far led to
only limited policy support: examples include subsidies for hybrids, electric cars and
fuel cell vehicles in China, the United States and some European countries, all of which
are taken into account in the Reference Scenario. In the absence of more direct policy
support, the combination of high costs and the slow rate of vehicle stock turnover sees
the share of hybrids in the global fleet reach about 5% by 2020 and almost 8% by 2030,
up from just 0.15% in 2007. Plug-in hybrids and electric cars remain marginal in the
Reference Scenario, accounting for only 0.2% of the global fleet in 2030.

Aviation emissions increase by 44% over the projection period, growing from 742 million
tonnes (Mt) in 2007 to 884 Mt in 2020 and 1067 Mt in 2030. International aviation is
the largest and fastest-growing component of this, increasing from 405 Mt in 2007 to
494 Mt in 2020 and 600 Mt in 2030. Fleet turnover and the penetration of more efficient
aircraft over the projection period, together with further improvements in air-traffic
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management and the roll-out of performance-based navigation systems (including
NextGen in the United States and Single European Sky), result in a 38% improvement in
average fleet efficiency, which reaches 2.8 litres per 100 revenue passenger kilometres'?
in 2030. However, this is offset by strong growth in demand for air transport, which
increases at 4% per year through to 2030. The global fleet of large planes (with a
capacity of over 100 seats) is set to double from almost 20 000 today to almost 40 000
in 2030. Emissions from marine transport, both domestic and international, are set to
rise quickly, from a combined 737 Mt today to 954 Mt in 2030.

Industry

The industrial sector, comprising manufacturing such as iron and steel, chemicals,
non-metallic minerals and paper, as well as related products and processes,
accounts for 17% of today’s world energy-related CO, emissions. In 2007, CO,
emissions from fossil fuel combustion in industry totalled 4.8 Gt, an increase of 21%
since 1990. In the Reference Scenario, these emissions reach 5.6 Gt in 2020 and
6.2 Gt in 2030 (Figure 4.16), with this growth driven entirely by non-OECD
countries. In China, emissions rise by 480 Mt between 2007 and 2020 (comprising
over 60% of the global increase), while India’s annual emissions almost double over
the same period. Almost half the emissions growth between 2007 and 2020 is due to
the expansion of the iron and steel, and cement industries, involving increased use
of coal. In the OECD, CO, emissions from industry decline by 10% between 2007 and
2020, mainly due to efficiency improvements. The average energy intensity of steel
production in the OECD falls from 0.20 tonnes of oil equivalent (toe) per tonne of
steel in 2007 to 0.18 toe in 2020, while steel production outside the OECD is almost
twice as energy-intensive.

Figure 4.16 o Industry energy-related CO, emissions by sub-sector in the
Reference Scenario
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12. Defined as the number of passengers multiplied by the number of kilometres flown on the respective
flights (a common measure of air transport activity).
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Residential, services and agriculture

In the residential sector, which accounts for around 7% of today’s global energy-related
CO, emissions, emissions increase from 1.9 Gt in 2007 to 2.2 Gt in 2030, with all the
growth accounted for by the non-OECD group. In the services sector, OECD emissions in
2030 are very close to their 2007 level, while globally emissions increase from 0.9 Gt to
1.1 Gt over the projection period. In agriculture, world CO, emissions from energy use
are expected to remain close to the current level of 0.4 Gt. In all these sectors, global
CO, intensity falls only slightly in the Reference Scenario.

The implications of the Reference Scenario
for climate change

While greenhouse-gas emissions projected in this year’s Reference Scenario are lower
than in the WEO-2008 Reference Scenario, this is only partially good news. Emissions
remain several times greater than what could be considered a sustainable level in the
long term™ and currently enacted policies are insufficient to prevent a rapid increase
in the concentration of greenhouse gases in the atmosphere, with very severe climate-
change consequences.

Greenhouse-gas concentration

The rapid growth of global greenhouse-gas emissions, as projected in the Reference
Scenario, would lead to a substantial long-term increase in the concentration
of greenhouse gases in the atmosphere, and a consequent large increase in
global temperatures. Our Reference Scenario projections for energy-related CO,
emissions to 2030 lie within the range modelled in other scenarios assessed by the
Intergovernmental Panel on Climate Change (IPCC) that assume an absence of new
climate policies (IPCC, 2007a, 2007b). While our Reference Scenario analysis of
the energy sector is detailed up to 2030, we have also made global projections for
energy CO, and other greenhouse gases, from all sources, up to 2050 (Figure 4.2).
We have further extrapolated these trends to 2100, based on long-term economic
growth forecasts and energy elasticities. In conjunction with the OECD Environment
Directorate, this has allowed us to project the long-term concentration of greenhouse
gases in the atmosphere that is consistent with the Reference Scenario trend. Taking
into account emissions of all greenhouse gases from all sources, the Reference Scenario
corresponds to a long-term concentration of around 1 000 ppm CO,-eq (Figure 4.17).™

13. Although opinion is mixed on what might be considered a sustainable long-term level of annual emissions
for the energy sector, and this depends on emissions levels in other sectors, none of the scenarios assessed
in the Fourth Assessment Report of the IPCC in the 445 to 490 ppm CO,-eq range had annual energy CO,
emissions above 5 Gt in the long term — well below 2007’s level of almost 29 Gt.

14. These projected emissions are consistent with model outputs of concentrations from MAGICC (Version 5.3).
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In our long-term projections, atmospheric CO, concentrations by around the end of the
next century are in line with the 855 to 1130 ppm CO,-eq (660 to 790 ppm CO,) from
five independent scenarios (IPCC, 2007a, 2007b) (Figure 4.18).

Figure 4.17 e Long-term concentration of atmospheric greenhouse gases
resulting from the Reference Scenario
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Sources: IEA analysis using the MAGICC (version 5.3) and ENV-Linkages models.

Figure 4.18 ® Comparison of the Reference Scenario emissions trajectory
with relevant studies assessed by the IPCC
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Climatic consequences

The consequences of the world following the 1 000 ppm trajectory implied by following
the Reference Scenario to 2030 and beyond, would, based on central estimates, result
in a global mean temperature rise of around 6°C. At this level, studies indicate that the
environmental impacts would be severe (Box 4.3).
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Box 4.3 e Environmental impacts of a 6°C temperature rise

As discussed in Chapter 17 of WEO-2008, the expected impacts of global
temperature rise of around 6°C, as implied by the Reference Scenario, are:

e Sea level rise of up to 3.7 metres, with 50% loss of coastal wetlands, the loss of
several islands and millions of people experiencing flooding each year.

® Increased malnutrition, cardio-respiratory and infectious diseases, and
increased mortality from heatwaves, droughts and floods.

e Damage to ecosystems, with extinction of over 40% of the world’s species and
widespread coral mortality.

e Water droughts in mid-to-low latitudes and disappearance of glaciers.
e Food shortages and decreased productivity of all cereal crops.

e High risk of dangerous feedbacks and an irreversible vicious cycle of
environmental destruction.

Since the publication of WEO-2008, substantial new knowledge has emerged
that advances our knowledge of the causes and impacts of climate change. The
latest evidence suggests that the situation is even more grave than previously
understood. A study by Smith et al. (2009) shows that deleterious climate
change impacts now appear at significantly lower levels of global average
temperature rise and that, even for a temperature rise of 2°C, there are very
high risks of extreme weather events and destruction of many ecosystems. Even
at 2°C, there is now considered to be a moderate likelihood of a major tipping
point having been reached. The impacts of climate change can already be seen
to be increasing. For example, current surveys (such as Church et al., 2009)
suggest that ocean warming is about 50% greater than had previously been
reported by the IPCC. The recent research merely increases the importance of
taking urgent action to reduce greenhouse-gas emissions.

The cost of delayed action

A global carbon budget to last a generation?

Given that emissions have broadly the same impact on the concentration of
atmospheric greenhouse gases wherever and whenever they occur, it is informative
to consider a given climate change goal in terms of the global “budget” of emissions
that society has available over a period of time — and cannot surpass — if it is to meet
that goal. Meinshausen et al. (2009) have shown that if the world wishes to limit to
25% the probability that a temperature rise in excess of 2°C will occur, it can allocate
itself a budget of only 1 trillion tonnes (Tt) of CO, emissions over the entire period
between 2000 and 2049. Of course, the same principle applies for different objectives:
for example, Meinshausen states that a budget of 1.44 Tt CO, (which, taking account
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of CO, emissions from land use and industrial processes is broadly consistent with the
WEO-2009 450 Scenario) would give roughly a 50% chance of keeping the temperature
rise below 2°C. The 550 Policy Scenario in WEO-2008 has cumulative CO, emissions of
1.55 Tt between 2000 and 2049, while the cumulative CO, emissions associated with
this year’s Reference Scenario are 2.1 Tt — more than twice the 1 Tt budget that
Meinshausen has suggested (Table 4.6).

Table 4.6 ® Cumulative CO, “budgets” for 2000-2049 corresponding
with probabilities of keeping the global temperature increase
below 2° Celsius

Probability of keeping €O, budget (all sectors) Corresponding
global temperature increase 2000-2049 WEO Scenario
below 2°C

Likely (75%) 1 trillion tonnes

Moderate (50%) 1.4 trillion tonnes 450 Scenario
Unlikely (25%) 1.6 trillion tonnes 550 Policy Scenario
Extremely unlikely (<5%) 2.1 trillion tonnes Reference Scenario

Sources: Meinshausen et al. (2009); IEA analysis.

We are currently eating into these CO, budgets at a disproportionate rate (Figure 4.19).
Between 2000 and 2009, the world emitted a total of 313 Gt of CO, — or some 31% of
the budget of 1 Tt for the period to 2050. The Reference Scenario sees cumulative
emissions since 2000 pass the 1 Tt level as early as 2028 and by 2049 they exceed
2 Tt. Even in the 450 Scenario, cumulative emissions to 2030 are substantially above
the level that would distribute an emissions budget of 1.44 Tt (corresponding to a
50% probability of exceeding 2°C) evenly over time — an indication of the effort the
scenario implies for getting back on track.

Figure 4.19 e Cumulative CO, emissions by scenario compared to various
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Meinshausen’s CO, budget concept highlights one fundamental fact: the range of
achievable stabilisation levels for the concentration of greenhouse gases in the
atmosphere is diminishing rapidly. Emissions in the first decade of this century have
probably already rendered a 75% probability of limiting temperature rise to 2°C out of
reach, though a 450 Scenario is still achievable with urgent action and a strong deal
at the UN Climate Change Conference (COP 15). Delay carries the cost of needing to
achieve even tighter annual emissions levels in the future.

We have estimated the energy-sector cost of delaying action on climate change. If the
world decides to pursue a 450 ppm trajectory, every year of delay relative to the 450
Scenario means subsequently catching up on abatement, at a time when the world is
already achieving substantial abatement and the costs of further mitigation efforts are
likely to be substantial. An indicative guide, based on our results, is that for every year of
delay before moving to a 450 ppm trajectory, an extra $500 billion is added to the global
bill of $10.5 trillion (Chapter 7) for mitigating climate change. This figure applies only to
delays of one to three years; if further delay means that a 450 ppm trajectory becomes
unattainable, the additional adaptation costs would be several times this figure. This result
is highly sensitive to assumptions about marginal abatement costs at different points in
time, although it is broadly consistent with the results in the limited literature available.™

Energy sector lock-in

The costs of delay are in large part due to the inertia of the energy sector, resulting
from the long life of costly capital assets. In the power sector, a coal-fired plant or
nuclear reactor has a typical lifetime of 40 to 60 years: the plants that are built today
determine the CO, emissions for a generation. Since they also involve such substantial
up-front investments, scrapping these plants before the end of their lifetime is usually
economically costly. Consequently, these investments — and their associated emissions
(whether high or low) — are effectively “locked-in”. For example, in the Reference
Scenario, three-quarters of the projected output of electricity worldwide in 2020 (and
more than half in 2030) comes from power stations that are already operating today
(see Chapter 6). As a result, even if all power plants built from now onwards were
carbon-free, CO, emissions from the power sector in 2020 would be lower by only 25%,
or 4 Gt, relative to the Reference Scenario. A similar barrier exists in the industrial
sector. In the steel sector, where a capital plant typically has a lifetime in excess of
25 years, around 60% of all the plants in the world will be less than ten years old in
2010, leaving little scope for replacing them with more efficient ones over the following
decade. The picture is similar in the cement industry (where plants last 25 to 35 years),
while infrastructure and buildings also have very long lifetimes.

The issue of lock-in in the energy sector highlights the importance of ensuring that capital
expenditure, whether to expand or to replace capacity, takes the form of low-carbon
investments, so that it is these that become locked into the system. For every year that
passes, the window for action on emissions over a given period becomes narrower — and
the costs of transforming the energy sector to deliver a 450 Scenario increase.

15. Relevant papers include Vliet et al. (2009), Keppo and Rao (2007), and Richels et al. (2007).
16. OECD countries would account for just one-third of this reduction.
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CHAPTER 5

ENERGY AND CO, IMPLICATIONS

OF THE 450 SCENARIO

Is there a plausible route to an alternative
energy future?

H 1 S H | 1 S H L S

® The 450 Scenario analyses how global energy markets could evolve if countries
take co-ordinated action to restrict the global temperature increase to
2°C. OECD+ countries are assumed to take on national emissions-reduction
commitments for 2020. All other countries are assumed to adopt domestic
policies and measures, and to generate and sell emissions credits. After 2020,
commitments are extended to Other Major Economies, including China, Russia
and the Middle East.

® In this scenario, global energy-related CO, emissions peak just before 2020 at
30.9 Gt and decline thereafter to 26.4 Gt in 2030. OECD+ emissions decline
steadily, from 13.1 Gt in 2007 to 7.7 Gt in 2030. Emissions in Other Major
Economies peak at 12.6 Gt in 2020 and then decline to 11.1 Gt in 2030, still 14%
above 2007 levels. Emissions in Other Countries increase steadily. We estimate
that national policies and measures, and sectoral agreements in transport and
industry, could generate 2.1 Gt of the 3.8 Gt reduction needed, relative to the
Reference Scenario, to meet the 2020 emission target.

@ National policies under consideration in China would bring about some 1 Gt of
reductions by 2020, placing that country at the forefront of global efforts to combat
climate change. Key measures include the target for nuclear and renewables in
power generation (which cut emissions by 400 Mt), rebalancing the Chinese economy
towards services (210 Mt) and standards for buildings efficiency (140 Mt).

e The remaining 1.8 Gt of reductions in 2020 are achieved through a combination of
domestic reductions in the power and industry sectors in OECD+ countries (at a
CO, price of $50 per tonne) and through carbon-market mechanisms in non-OECD
countries (at a CO, price of $30 per tonne).

® In this 450 Scenario, primary energy demand grows by 20% between 2007 and 2030.
Except for coal, demand for all fuels is higher in 2030 than in 2007. Fossil fuels
comprise 68% of global primary demand in 2030, down from over 80% in 2007. In
contrast, the share of zero-carbon fuels increases from 19% to 32% in 2030.

e Demand for oil grows on average by 0.2% per year, reaching 89 mb/d in 2030.
Oil imports to the United States, the European Union and Japan are significantly
lower than in 2007; imports into China and India continue to grow, but much
less quickly than in the Reference Scenario. OPEC production reaches 48 mb/d
in 2030, an increase of 11 mb/d over 2008 levels. Cumulative OPEC oil revenues
amount to $23 trillion over the Outlook period, 16% less than in the Reference
Scenario but a four-fold increase compared to the period 1985-2007.
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Methodology and assumptions

Overview

The 450 Scenario, discussed in this chapter and the rest of Part B, describes
the potential implications for the energy sector of one possible outcome to
the negotiations at the 15" Conference of the Parties (COP) of the United
Nations Framework Convention on Climate Change (UNFCCC) (December 2009,
Copenhagen). Building on the analysis in World Energy Outlook 2008 (WEO-2008),
it analyses the implications of the measures in the energy sector that might be
taken in order to fulfil a co-ordinated global commitment ultimately to stabilise the
concentration of greenhouse-gas emissions in the atmosphere at 450 parts per million
(ppm) of CO,-equivalent (CO,-eq). It describes, by region, the profile for energy CO,
emissions between today and 2030 (with reference to the trajectory required after
2030), the corresponding fuel mix, the energy investments involved, their costs and
benefits, and how that investment might be financed. There are several new features
to this analysis. For both the Reference Scenario and the 450 Scenario, detailed
country-by-country projections are provided, zooming in on 2020 — an important
focal point for UNFCCC negotiations. In addition, we have carried out a more detailed
analysis of investment costs and have, for the first time, quantified the financing
options for these investments (Box 5.1).

Greenhouse-gas emissions trajectory

As in last year’s Outlook, the 450 Scenario corresponds to the long-term stabilisation
of the atmospheric concentration of greenhouse gases at 450 ppm CO,-eq. This is
a trajectory that is achievable with very strong co-ordinated action in the energy
sector and other emitting sectors. Stabilisation at 450 ppm CO,-eq corresponds to
around a 50% chance of restricting the increase in the global average temperature
to 2°C (see Figure 4.19 in Chapter 4)." According to the Fourth Assessment Report
of the Intergovernmental Panel on Climate Change (IPCC), to be consistent with the
450 to 490 ppm CO,-eq range of scenarios, CO, emissions would need to fall to 50%
to 85% below 2000 levels by 2050 (IPCC, 2007a). Even with stabilisation at 450 ppm
CO,-eq, the IPCC projects that this level of change in the average global temperature
would lead to a significant rise in sea level, species loss and increased frequency of
extreme weather events.

1. Stabilisation levels of between 445 and 490 ppm CO,-eq (between 350 and 400 ppm CO,) correspond
to temperature rises of between 2.0° and 2.4°C. At 550 ppm CO,-eq, there would be a 24% probability of
exceeding a 4°C temperature rise. The wide range reflects the uncertainty associated with different emis-
sion pathways and the sensitivity of climate to those emissions (IPCC, 2007a).
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Box 5.1 e Key new features of WEO-2009 climate change analysis

The 450 Scenario in this year’s Outlook builds on the climate policy scenarios
modelled in WEO-2008, but is fully updated to reflect the latest trends and
incorporate a number of improved analyses, in order to provide important
energy-sector insights for the UNFCCC 2009 negotiations:

e The 450 Scenario takes full account of the updated trends and new policies
in the Reference Scenario, including the impact of the financial crisis
and recently adopted policies to address climate change. These policies
influence the additional policies and measures, as well as the costs that
would be necessary to achieve a 450 ppm CO,-eq trajectory.

® This year’s Outlook provides substantially more detail at the country level
than previous editions, particularly for the period to 2020, in order to provide
additional information for decision makers and investors (see Chapter 9).

e A comprehensive analysis of investment costs is being undertaken,
assessing, on a region-by-region basis, the costs of low-carbon energy-sector
investments for different technologies and sectors (see Chapter 7).

e The World Energy Model’s carbon-flow sub-model has been rebuilt in
order to take on board more refined data on national costs and the latest
analysis of potential barriers and restrictions to international trading of
emissions allowances. This enables a clear distinction to be drawn between
abatement actions that are undertaken domestically and the potential flows
of allowances and credits.

e This Outlook dedicates a chapter to the key issue of how to finance a post-
2012 agreement (see Chapter 8). Since finance will often need to come from
outside the country in which the abatement takes place, our analysis sets
out potential levels of funding support from OECD countries to non-OECD
countries by sub-sector and in relation to our climate policy framework. It
also considers how international financing mechanisms might evolve in the
450 Scenario.

e The OECD’s ENV-Linkages model has been used to provide the macroeconomic
context and implications of the 450 Scenario, and for the projections of
greenhouse-gas emissions other than energy-related CO,. ENV-Linkages
projects economic and environmental developments, including emissions of
all major greenhouse gases, for 12 world regions and calculates the economic
consequences of emission-reduction scenarios (Burniaux and Chateau,
2008).

In developing the 450 Scenario, we have assumed that the international community
adopts the objective of stabilising the long-term concentration of greenhouse gases
at 450 ppm CO,-eq, less than half the level reached in the Reference Scenario
(Figure 5.1). Using the OECD ENV-Linkages model, we have estimated the greenhouse-
gas emissions trajectory to 2050 compatible with this long-term concentration target
(OECD, 2009). The Model for the Assessment of Greenhouse-gas Induced Climate
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Other possible stabilisation targets — where does the current
debate stand?

While 450 ppm CO,-eq is arguably the most discussed stabilisation level, since
. itoffers around a 50% probability of keeping the global temperature increase :
: below 2°C — a temperature regarded by many (including the IPCC and G20) as :
likely to avoid the worst effects of climate change — the negotiations leading
up to the UN Climate Change Conference (COP 15) are seeing discussion of
other possible targets, such as 550 ppm CO,-eq and 350 ppm CO,-eq.

The implementation of the most stringent versions of the current national
pledges announced by a number of countries would bring global energy-
related CO, emissions in 2020 to 32.6 gigatonnes (Gt) (see Figure 4.5 in
Chapter 4).2 If policies were put in place in OECD and non-OECD countries
to stabilise global emissions at this level until 2030 (a substantial departure
from the 40 Gt emitted in the Reference Scenario), the world could be on
track for a 550 ppm stabilisation trajectory (Chapter 4). A detailed analysis
of the implications for the energy sector of delivering stabilisation at
: 550 ppm was conducted in WEO-2008 in the 550 Policy Scenario. This :
: scenario would be a major improvement on the Reference Scenario, in terms :
: of its environmental consequences, but would still yield a temperature rise :
of around 3°C (compared with 1 000 ppm and up to 6°C in the Reference
: Scenario). This level of temperature increase would entail significant :
: adaptation costs, as the global community came to terms with the rise in sea :
: levels consequent upon the melting ice caps and a considerable increase in :
arid land in many parts of the world.

While some countries advocate a 550 ppm target, others, particularly those
most vulnerable to climate change, are proposing to move to a much lower
stabilisation level, such as 350 ppm (Hansen et al., 2008). For the purposes
of this Outlook, given that the concentration of all long-lived greenhouse
gases in the atmosphere (taking account of all anthropogenic forcing agents,
including aerosols) was already around 455 ppm in 2005 (IPCC, 2007b) and
greenhouse-gas emissions continue to mount, it would not be meaningful to
analyse a scenario for stabilisation at substantially below 450 ppm as a basis
for considering the evolution of the energy sector to 2030. Achieving such an
¢ outcome would be a long-term scientific challenge requiring breakthroughs :
:  intechnology to remove greenhouse gases from the atmosphere; changes in :
: the energy sector alone over the next two decades would not be sufficient. :
Nevertheless, by following a trajectory now that is consistent with
450 ppm, the energy sector can help position the world for a yet more
stringent target, should such technological breakthroughs occur.

2. Includes the following reductions: United States (17% relative to 2005); Japan (25% relative to 1990);
European Union (30% relative to 1990); Australia (25% relative to 2005); New Zealand (10% relative
to 1990); Canada (20% relative to 2006); Russia (15% relative to 1990); Belarus (10% relative to 1990)
and Ukraine (20% relative to 1990).
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Change (MAGICC) was used to confirm this result.> We focused on the energy-
related CO, emissions trajectory to 2030, in order to understand the milestones
for the energy sector — particularly for 2020 and 2030 — on the path to attaining
such a target.* The 450 trajectory is (as in WEO-2008) an overshoot trajectory,
i.e. the concentration of greenhouse gases peaks at 510 ppm in 2035, remains
flat for around ten years and then finally declines to 450 ppm — the long-term
concentration target. The overshoot happens despite the downward revision of
emissions in this year’s Reference Scenario, due to the financial crisis. As less
capital stock is locked-in over the next few years because of the lower economic
activity, energy-related CO, emissions in the 450 Scenario peak at a lower level than
in WEO-2008 and cumulative energy-related CO, emissions between 2007 and 2030
are 3% lower. However, those revisions have little effect on the long-term path to
stabilisation, because, although greenhouse-gas emissions reach an earlier peak in 2020,
CO, remains in the atmosphere for about 100 years.

Figure 5.1 e Greenhouse-gas concentration trajectories by scenario
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Source: |EA analysis using the MAGICC (version 5.3) and ENV-Linkages models.

In the 450 Scenario, global greenhouse-gas emissions peak in 2020 at 44 Gt of CO,-eq
and decline to 21 Gt in 2050, around half 2005 levels. Emissions from land use, land-
use change and forestry (LULUCF), exogenous to ENV-Linkages, are assumed to decline
from 3.8 Gt in 2005 to 3.2 Gt in 2020 and 1.4 Gt in 2050, the same trajectory as in
the Reference Scenario. This assumption reflects the large uncertainty surrounding
estimates of these emissions, their reduction potential and the costs of action in this
sector. Combined emissions from methane (CH,), nitrous oxide (N,0), F-gases and
CO, from industrial processes peak soon after 2010 at 11.7 Gt and decline to 5.1 Gt in
2050. Steps to reduce methane leakage, lower levels of gas flaring, improve process
efficiencies and better agricultural management are the key measures that are assumed

3. http://www.cgd.ucar.edu/cas/wigley/magicc/

4. The emissions profile for the energy sector — especially to 2020 — takes into account the existing capital
stock, the likely growth of the capital stock from now to 2012, and a realistic path for technology development
and deployment for the energy sector.
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to bring about those savings. Because of the lower abatement cost of these measures,
relative to those aimed at reducing energy-related CO, emissions, abatement from
these gases accounts for more than 40% of global greenhouse-gas abatement by 2020,
compared with the Reference Scenario. In 2050, these gases account for just 20% of
total abatement, as their abatement potential is almost fully utilised.

Figure 5.2 e World greenhouse-gas emissions by type in the 450 Scenario

g M F-gases*
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&
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2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
F-gases include hydrofluorocarbons (HFCs), perfluorocarbons (PFCs) and sulphur hexafluoride (SF,) from
several sectors, mainly industry.
Source: |EA analysis using the MAGICC (version 5.3) and ENV-Linkages models.

Energy-related CO, emissions peak just before 2020 at 30.9 Gt and decline steadily
thereafter, reaching 26.4 Gt in 2030 and 15 Gt in 2050.° The pace of the decline
in energy-related CO, emissions is about 1.5% per year in the period 2020-2030.
Reductions are faster in the period 2030-2050 (around 3% per year). This trend is in
line with the BLUE MAP Scenario presented in the IEA’s Energy Technology Perspectives
2008, which leads to global energy-related CO, emissions of 14 Gt in 2050 (IEA, 2008).
Our analysis focuses on the policy framework needed to achieve these emission levels
between today and 2030, and analyses the implications for energy prices, investment
and technology deployment. In 2020, emissions are more than 6% higher than today’s
levels, while in 2030 they are 8% lower. Compared with the Reference Scenario, these
figures represent a reduction of almost 4 Gt in 2020 and about 14 Gt in 2030.

Table 5.1 e World greenhouse-gas emissions trajectories in the 450 Scenario

(Gt CO,€eq)
1990 2005 2020 2030 2050
All gases n.a. 42.4 43.7 37.1 21.0
Energy-related CO, 20.9 27.0 30.7 26.4 14.5

5. This trajectory is similar to the one analysed in WEO-2008. However, lower CO, emissions in the Reference
Scenario through to 2020, due to the financial crisis, allow emissions to peak at a lower level than in last
year’s Outlook.
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Policy framework

Emission reductions in the energy sector on the scale and at the pace described in the
450 Scenario would require an international agreement on a structured framework
of effective international policy mechanisms and their implementation. Such an
agreement could take many forms but, for modelling purposes, the 450 Scenario
assumes that different groups of countries adopt binding economy-wide emissions
targets in successive steps, reflecting their different stages of economic development
and their respective responsibility for past emissions.

Three regional groups are considered:

m OECD+: OECD countries and those countries that are members of the European Union
but not of the OECD.

m Other Major Economies (OME): The largest emitting countries outside OECD+
(based on their total emissions of energy-related CO, in 2007), with gross domestic
product (GDP) per capita that is expected to exceed $13 000 in 2020. The countries
belonging to this group are China, Russia, Brazil, South Africa and the countries of
the Middle East.

m Other Countries (OC): This group comprises all other countries, including India,
Indonesia, the African countries (excluding South Africa), the countries of Latin America
(excluding Brazil), and the countries of Other Asia and Eastern Europe/Eurasia.®

We assume that in 2013 only OECD+ countries adopt economy-wide emission-reduction

targets to be met in 2020. In that year, Other Major Economies also adopt economy-

wide targets to be met in 2030. Other Countries are not assumed to adopt economy-

wide targets before 2030.

We assume a plausible combination of policy instruments, notably:

m carbon markets,

m sectoral approaches, and

m national policies and measures.

These measures and their applications are tailored to the circumstances of specific

sectors and groups of countries (Figure 5.3). They are discussed in detail in WEO-2008.

Our assumptions about the measures adopted by the respective groups of countries may

be summarised as follows (sectoral details are provided in Chapter 6):

m Carbon market: OECD+ countries introduce in 2013 a cap-and-trade scheme covering
the power-generation and industry sectors. The emission cap is a binding collective
cap for all the OECD+ countries, thereby linking emission reductions in each country
through a single market. From 2021 onwards, Other Major Economies institute a cap-
and-trade regime, also for power generation and industry. The binding emission cap,
like that for the OECD+, is a collective cap for these countries. The two carbon-trading
schemes are not assumed to be linked. Other Major Economies (through 2020) and
Other Countries (through 2030) have the opportunity to generate and trade emissions
credits through carbon-market mechanisms.”

6. See Annex C for the regional definitions.

7. Note that this is specific to this WEO’s 450 Scenario. In the 550 Policy Scenario modelled in WEO-2008
(IEA, 2008), Other Major Economies do not face any binding commitments in the period to 2030.
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Figure 5.3 e Policy framework in the 450 Scenario
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m Sectoral agreements: We assume that international agreements with particular
sectoral commitments are adopted in the iron and steel and cement industries, and
cover all countries with effect from 2013.2 Iron and steel and cement are also part of
the cap-and-trade scheme in OECD+ countries and are, therefore, subject to a carbon
price that incentivises the uptake of more efficient technologies. The highest efficiency
levels, i.e. "best available technology”, are used to set sectoral targets (see Box 6.4

8. The power sector is not covered by a formal sectoral approach in the scenarios, though countries may, in
reality, decide to pursue other forms of collaboration in this sector in order to facilitate technology transfer
(IEA, 2009).
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in Chapter 6). In the transport sector, international agreements that set international
standards are assumed to apply to passenger light-duty vehicles (PLDVs), aviation and
shipping (see Box 6.2 in Chapter 6), with common effect from 2013.

m National policies and measures: These measures are assumed to be adopted at the
national level in pursuit of national policy and not in discharge of any international
commitment. In the buildings sector, all countries adopt national policies and
measures such as buildings standards, labelling of appliances, and minimum energy-
performance standards. Other Countries and Other Major Economies are assumed to
undertake national policies and measures, in line with their development objectives,
across all sectors not covered by international sectoral agreements. From 2020, the
cap-and-trade scheme in Other Major Economies subsumes domestic policies and
measures in the power and industry sectors.

Other Major Economies and Other Countries could be given financial and technological
incentives to achieve quantified emissions reduction or sectoral standards. One
way this could be achieved is through a crediting mechanism applying to specified
sectors, enabling these countries to receive funds from OECD+ countries in return
for undertaking abatement activities — an enhanced version of the existing Clean
Development Mechanism (see Chapter 8).

Macroeconomic impact

Putting the world onto a 450 ppm trajectory requires a deep and rapid transformation
of the way we produce and consume energy, and a similar transformation of industrial
processes and agricultural and forestry practices. Innovation would be required across
all sectors. Meanwhile, a new equilibrium between supply and demand would change
the relative prices of a number of goods. Taking all these factors into consideration,
together with the financial transfers across countries attributable to CO, permit
allocation, we estimate that global GDP would be reduced in 2020 by between 0.1% to
0.2%, and in 2030 by between 0.9% and 1.6% compared with the Reference Scenario.® As
the global economy is assumed to double between 2007 and 2030, a 1.6% fall in GDP in
2030 is equivalent to losing a few months of growth over 23 years. Energy demand would
be lower than in the Reference Scenario because of this change in economic activity,
thereby decreasing the cost of climate change mitigation. By contrast, including in the
model the impact of an accompanying rise in global temperature on energy use, such
as increased use of air conditioning or lower water availability for hydropower, would
have the opposite effect of increasing the cost of mitigation. The net effect of these
opposing forces is difficult to quantify, and for modelling purposes GDP is assumed not
change in the 450 Scenario vis-a-vis the Reference Scenario. !

The particular policies and measures adopted within the 450 Scenario have
considerable impact on energy demand, notably for fossil fuels. We assume that fossil-

9. The estimated changes to GDP have been calculated by using the ENV-Linkages model under the assumption
of a single global carbon price. The impact on GDP grows over time and could become substantial in the
period to 2050. The OECD estimates that stabilisation at 550 ppm would lead to a GDP loss of 4% in 2050
(OECD, 2009).

10. Moreover, there is convincing evidence that over the longer term, the cost of inaction would far
out-weigh the cost of mitigation action (Stern, 2007).
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fuel prices would change broadly in line with the Reference Scenario until 2015. After
that, demand for oil, gas and coal starts to diverge from the figures in the Reference
Scenario, due to the introduction of additional policies to improve energy efficiency
and increase the shares of nuclear and renewable energies, with consequent divergent
effect on prices. Lower oil demand means there is less need to produce oil from costly
fields higher up the supply curve in non-OPEC countries. As a result, the oil price is
assumed to reach $90 per barrel in 2020 — a fall of 10% compared with the Reference
Scenario — and remains at this level through to 2030 (Table 5.2).

Table 5.2 o Fossil-fuel price assumptions in the 450 Scenario
(year-2008 dollars per unit)

% difference
from Reference

_ Scenario

Price Unit 2008 2015 2020 2025 2030 2020 2030
Crude oil [EA import price  barrel 97.19  86.67 90.00 90.00  90.00 -10 -22
Natural gas imports

United States MBtu 825 7.9 8.15 9.11  10.18 -8 -10

Europe MBtu 10.32  10.46 11.04 11.04  11.04 9 -21

Japan MBtu 12.64 1191 1246 12,46  12.46 -9 -21
Steam coal OECD imports tonne 12059 85.55 80.09 72.46  64.83 -23 -41

Widespread use of oil-price indexation in long-term gas-supply contracts is assumed
to continue in European and Asia-Pacific markets," resulting in gas prices that are 9%
lower in 2020 and 21% lower in 2030 than in the Reference Scenario. In North America,
the gas price is primarily determined by the domestic supply and demand balance. As
gas demand in North America declines less steeply than in other parts of the world,
the US gas price is assumed to fall by 8% in 2020 and 10% in 2030 compared to the
Reference Scenario.

Coal import prices are affected the most in the 450 Scenario. The massive shift away
from coal to cleaner fuels drives down prices relative to the Reference Scenario,
especially towards the end of the Outlook period when coal demand falls most heavily.
Coal prices decline from $121 per tonne in 2008 to $80 in 2020 and $65 in 2030 (around
2006 levels).

Implications for energy-related CO, emissions

In order to be on the 450 ppm concentration path in the 450 Scenario, energy-related
CO, emissions need to be 30.7 Gt in 2020 and 26.4 Gt in 2030. Compared with the
Reference Scenario, 3.85 Gt of CO, savings are required globally in 2020 (Figure 5.4).
Abatement in OECD+ countries arising from sectoral approaches in the transport

11. See discussion in Chapter 14.
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sector and national policies and measures is 500 million tonnes (Mt) (Table 5.3).
National policies and sectoral approaches in non-OECD countries deliver 1 570 Mt.
The sectoral agreement in aviation delivers 28 Mt. A further 1 750 Mt of abatement
is realised through the emissions caps in OECD+ countries. Those reductions are
achieved in OECD+ countries through a combination of domestic reductions in the
power and industry sectors, and through credits obtained as a result of financing
additional emission reductions in non-OECD countries. For reasons of efficiency and
equity, we have imposed the constraint that two-thirds of the additional reductions
required to meet the 450 Scenario are achieved through domestic abatement in OECD+
countries. Therefore, the power and industry sectors in OECD+ limit their combined
domestic emissions to 5.2 Gt in 2020 — 21%, or 1.4 Gt, lower than in 2005 and 18%, or
1.2 Gt, lower than in the Reference Scenario. Some 600 Mt is achieved in non-OECD
countries as a result of OECD financial support and credited to the OECD. After 2020,
a similar framework is adopted, extending the cap-and-trade system to Other Major
Economies.

Figure 5.4 o Abatement by policy type in the 450 Scenario relative to the
Reference Scenario, 2020

Emissions
Il Abatement

Reference Scenario

OME and OC domestic policies and measures - Abatement due to

OME and OC sectoral agreements — IR ;::p())—ggg;trade

OECD+ domestic policies and measures - [l

OECD+ sectoral agreements - [N

« 450 Scenario

30 31 32 33 34 35
Gt

Under this framework, domestic emission reductions in OECD+ countries account
for 43% of total world reductions achieved in 2020, compared to the level in the
Reference Scenario. Reductions in China account for 31%, those in the rest of the
Other Major Economies for 10% and those in Other Countries for 16%. However,
the financial burden is expected to differ from this (see Chapter 8). In the OECD+
countries, emission reductions from the power and industry sector account for
more than two-thirds of the savings, as the CO, price drives a transformation to
lower-carbon technologies (Box 5.2). Sectoral agreements on passenger vehicle
emissions standards are also very important in delivering savings. Standards a little
more stringent than that for new cars currently proposed by the European Union,
95 grammes of CO, per kilometre (gCO,/km), deliver more than 110 Mt of savings by
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2020 in this region. In the case of the United States, achieving standards 20% more
ambitious than the current fuel economy standards and renewables fuel standards
would bring about 130 Mt of savings.

In non-OECD countries, measures currently under discussion in China account for some
1 Gt of abatement. Implementing the target now under consideration by the Chinese
government to increase the share of zero-carbon generating capacity to 16% by 2020
would, alone, save close to 400 Mt in 2020. Rebalancing the Chinese economy towards
services — another key measure included in the 11t Five-Year plan, (which is likely to
be further extended because of its benefits in terms of employment, local pollution and
the sustainability of Chinese economic growth) could bring about an additional 200 Mt
of savings. The magnitude of these savings highlights China’s key role in achieving
efficient and effective global emission reductions by 2020.

The case of China highlights the utmost importance of national policies and measures,
also known as nationally appropriate mitigation actions (NAMAs), in delivering emission
reductions. Fortunately, it is in the direct interest of most non-OECD countries that
these reductions take place: Chapter 7 demonstrates some important co-benefits arising
from the implementation of climate change mitigation policies, including reduced fuel
bills for consumers and the lower cost of pollution control and health expenditures
that result from local pollution. The challenge for international negotiators is to find
the instruments that will give the right level of additional incentive to achieve the
implementation of those reductions.

Figure 5.5 e Energy-related CO, emission reductions by region and sector in
the 450 Scenario compared with the Reference Scenario, 2020
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As a result of this framework, global emissions peak just before 2020 at 30.9 Gt and
decline thereafter to reach 26.4 Gt in 2030, 26% above 1990 levels but 8.5% below
2007. Emissions from OECD+ decrease steadily from 13.1 Gt in 2007 to 7.7 Gt in 2030,
40% or 5.0 Gt lower than in the Reference Scenario. After dipping in 2009, as a result of
the effects of the financial crisis, emissions in Other Major Economies rebound, peaking
at 12.6 Gt in 2020 and declining to 11.1 Gt in 2030, still 14% higher than 2007 levels.
Emissions in Other Countries increase steadily, from 5 Gt in 2007 to 6.4 Gt in 2030, but
are 30% below the Reference Scenario by then.
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Figure 5.6 ® Energy-related CO, emissions by region in the 450 Scenario
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Box 5.2 e Carbon markets and carbon prices in the 450 Scenario

From 2013 onwards, the power and industry sectors in OECD+ are assumed to take
part in an emission-trading scheme that results in combined domestic emissions
across both sectors of 5.2 Gt in 2020 and 2.7 Gt in 2030. We assume that this
market operates as a unique market with one price and a single cap. To contain
emissions at those levels, we estimate that CO, price in this market reaches
$50 per tonne in 2020 and $110 in 2030. The price is set by the most expensive
abatement option, for example, carbon capture and storage (CCS) in industry in
2030.

The establishment of such a market would not be easy, and it is not likely that one
single OECD+ CO, market would in reality emerge as early as 2013. For example,
discussions have taken place about linking the EU Emissions Trading System
(EU ETS) with schemes elsewhere, which have revealed a number of difficult
practical issues, ranging from legal issues to the problem of keeping the market
reasonably stable (Jaffe and Stavins, 2008). From an economic standpoint, linking
regional or national markets to create a larger carbon market would improve the
efficiency of emissions trading, as a larger market is more liquid and competitive.
More importantly, a larger market provides a deeper pool and greater variety of
abatement measures, tending to minimise overall abatement costs.

In the event that domestic emissions in OECD+ countries exceed the imposed
emission limits (a matter for negotiation at the UN Climate Change Conference
(COP 15) — see Chapter 8), emissions trading system participants in OECD+
countries would be able, within certain defined limits, to buy a quantity of credits
from non-OECD regions to achieve compliance. If, in 2020, OECD+ countries were
to purchase additional credits amounting to 600 Mt, the credit price of CO, in the
450 Scenario would be around $30 per tonne (see Chapter 8). The price in this
market is lower than the allowance price in the trading scheme within OECD+, as
we assume that access to this market for credits would be limited.
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From 2021 onwards, the power and industry sectors in Other Major Economies
are assumed to be part of an emission-trading scheme that caps their combined
emissions at 6.7 Gt in 2030. As linking markets is very complex and in recognition
of the structural differences between the Other Major Economies and OECD+,
we assume that those two markets run in parallel at first, though with a
view to bringing them together at a later date, for example when prices in
the two markets converge. In 2030, the resulting CO, price in the market is
$65 per tonne. While convergence of prices is expected in the longer term,
we assume Other Major Economies would face gradually the introduction of
a CO, price."™

By comparison, it is interesting to note that under the assumption of a global
carbon market with a unique price, reaching the 450 trajectory would lead to
global CO, price of $8 per tonne in 2020 and around $70 in 2030 (according to the
results of a modelling exercise using the OECD ENV-Linkages model).

In the 450 Scenario, all countries achieve substantial levels of abatement relative
to the Reference Scenario (Table 5.4). The United States realises the highest rate
of abatement, both in 2020 and 2030; this reflects partly the fact that the Waxman-
Markey bill on climate change is not taken into account in the Reference Scenario (as
at the time of writing it had not been enacted). US emissions in 2020 are 3% below 1990
levels. While Russia achieves the largest cut in emissions relative to 1990, this is largely
a result of the sharp drop in emissions that occurred during the 1990s rather than a
large reduction, relative to the Reference Scenario, due to the measures taken in the
450 Scenario. China reduces its emissions by 12% in 2020, relative to the Reference
Scenario, but its share of global emissions still increases from 21% in 2007 to 28% in
2020. After 2020, China’s share of global emissions stabilises, on the assumption that
it adopts an economy-wide emissions cap. India’s share of global emissions in the
450 Scenario increases from 4.6% in 2007 to 6.2% in 2020 and 8.3% in 2030.

Per-capita CO, emissions in OECD+ countries decline steeply over the Outlook period.
On average they halve between 2007 and 2030, to 5.7 tonnes of energy-related CO,
per person. Per-capita emissions in Other Major Economies peak in 2020 and decline
thereafter to close to the level of OECD+ countries by 2030. Large differences between
countries still persist by 2030 in the 450 Scenario, but they are less marked than today.
For example, China in 2030 emits slightly more than the European Union on a per-capita
basis, but still much less than the United States, the Middle East or Russia (Figure 5.7).
In 2030, India’s per-capita emissions are still less than half the world average, but they
have increased in comparison to their 2007 level of 1.2 tonnes per person (one-quarter
of the world average).

12. Enlarging the OECD+ market as of 2021 would lower prices, creating instability and sending the wrong
long-term signals to investors. In addition, markets in Other Major Economies would face, from the start,
relatively high prices and a sudden high cost for investors.
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Table 5.4 e Domestic CO, emissions by region in the 450 Scenario (Vit)

% difference % difference from

in 2020 Reference Scenario
1990 2007 2020 2030 from 1990 2020 2030
OECD+ 11381 13124 10878 7691 -4 -13 -39
United States 4845 5742 4717 3171 -3 -14 -43
European Union 4042 3886 3109 2270 -23 -13 -35
Japan 1064 1232 961 636 -10 -8 -35
Other Major Economies 5460 9713 12585 11066 131 -1 -35
Russia 2180 1574 1592 1335 -27 -8 -31
China 2244 6071 8405 7062 275 -12 -39
Other Countries 3489 4970 6062 6 445 74 -9 -29
India 589 1327 1911 2194 224 -12 -35
World 20941 28825 30676 26386 46 -1 -34

Note: World includes international aviation and shipping.

Global carbon intensity per unit of GDP falls on average by 3.4% per year through the
Outlook period in the 450 Scenario, double the rate in the Reference Scenario. As a
historical comparison, intensity fell by 1.4% per year over the period 1990-2007. In 2030,
the global economy emits 55% less CO, per unit of GDP in the 450 Scenario than in 2007.
The carbon intensity of the US economy in 2030 is just one-third of today’s level, while in
India it is 40% of the current rate. The improvement in carbon intensity in the 450 Scenario
is more pronounced in OECD+ and Other Major Economies than in Other Countries.

Figure 5.7 e Per-capita energy-related CO, emissions in selected countries in

the 450 Scenario
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Contribution of different abatement measures to the
450 Scenario

End-use efficiency is the largest contributor to CO, emissions abatement in 2030
compared with the Reference Scenario, accounting for more than half of total savings
(Figure 5.8). Energy-efficiency measures in buildings, industry and transport usually
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have short pay-back periods and negative net abatement costs, as the fuel-cost savings
over the lifetime of the capital stock often outweigh the additional capital cost of the
efficiency measure, even when future savings are discounted (see Chapter 7). Early
retirement of old, inefficient coal plants and their replacement by more efficient coal-
fired power plants, mainly in China, accounts for an additional 5% of the global emissions
reduction. The increased use of biofuels in the transport sector accounts for 3% of CO,
savings, while increased deployment of renewables in power generation and heat
production accounts for 20%. Finally, additional nuclear power and CCS in power and
industry each represent 10% of the savings in 2030, relative to the Reference Scenario.

Figure 5.8 ® World energy-related CO, emission savings by policy measure
in the 450 Scenario
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Implications for energy demand

In the 450 Scenario, the implementation of more aggressive policies and measures curbs
significantly the growth in primary and final energy demand. World primary energy
demand reaches nearly 14 400 million tonnes of oil equivalent (Mtoe) in 2030 — a
reduction of about 14% relative to the Reference Scenario (Table 5.5). Demand still
grows, by 20%, between 2007 and 2030, but at an average annual rate of 0.8%, compared
with 1.5% in the Reference Scenario. The energy savings are less marked in the period
to 2020, but far from negligible: in 2020, the difference between the two scenarios is
about 6%, or 850 Mtoe — a volume close to the current total consumption of OECD Pacific
(Japan, Korea, Australia and New Zealand). Demand for all fuels, with the exception of
coal, is higher than today’s levels. Throughout the projection period, fossil fuels continue
to account for the lion’s share of primary demand, though by 2030 their share will have
declined by more than 13 percentage points compared to 2007. In contrast, the share of
zero-carbon fuels in global primary demand increases from 19% in 2007 to 32% by 2030.

Demand for oil grows in the 450 Scenario, on average by just 0.2% per year, reaching
4 250 Mtoe (or 88.5 mb/d) in 2030. In 2030, the share of oil in total primary energy
demand is 30%, five percentage points less than in 2007. By 2020, the sectoral
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agreement on carbon intensity in new PLDVs is responsible for two-thirds of global oil
savings. After 2020, the development of second-generation biofuels achieves additional
savings in oil consumption in road transport and, to a lesser extent, in aviation, backed
by the more widespread use of electric vehicles and plug-in hybrids. The road-transport
and aviation sectors combined account for about 70% of the reductions of oil demand
in 2030, while the share of oil in the transport sector declines from 94% in 2007 to 84%
in 2030.

The biggest savings in oil consumption, relative to the Reference Scenario, occur in
the United States, China, the European Union and the Middle East, which together
contribute over half of the global oil savings by 2030. By 2030, consumption in China
(665 Mtoe) exceeds that in the United States (625 Mtoe). US demand and demand in all
OECD+ countries declines steadily through 2030, while oil demand in China continues
to grow steadily, averaging 2.7% per year over the projection period. Demand in
other developing regions continues to grow, but at a more moderate pace than in the
Reference Scenario.

Table 5.5 e World primary energy demand by fuel in the 450 Scenario (Mtoeg)

% difference from
Reference Scenario

1990 2007 2020 2030 2020 2030 2007-2030*

Coal 222 3184 3507 2614 -15 -47 -0.9%
0il 3219 4093 4121 4250 -7 -15 0.2%
Gas 1671 2512 2868 2941 -6 -17 0.7%
Nuclear 526 709 1003 1426 18 49 3.1%
Hydro 184 265 362 487 5 21 2.7%
Biomass and waste 904 1176 1461 1952 2 22 2.2%
Other renewables 36 74 277 720 24 95 10.4%
Total 8761 12013 13 600 14 389 -6 -14 0.8%

* Compound average annual growth rate.

Primary natural gas consumption is projected to climb to 3 560 billion cubic metres
(bcm) in 2030, at an average annual growth rate of 0.7%. In 2030, gas demand is
750 bem, 17% lower than in the Reference Scenario. Gas demand expands at a rate of
1% a year until 2020, and reaches a plateau thereafter. Through to 2030, gas demand
growth in OECD+ countries is tempered by the introduction of a carbon price in industry
and power generation. After 2020, the introduction of emissions caps in Other Major
Economies slows down gas demand growth. Demand in OECD+ countries in 2030 remains
more or less at its 2007 levels of around 1 554 bcm. These trends mask an increase in
gas demand in the US market in the period 2021-2025, as the power sector shifts from
coal to gas (see Chapter 6). Demand in non-OECD countries grows at a rate of 1.3%
per year over the projection period, an increase in 2030 of 510 bcm compared with
current levels. China and India together account for 220 bcm of gas demand growth in
the 450 Scenario.
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The share of gas in the global primary energy mix remains at around 21% throughout
the Outlook period — similar to its share in the Reference Scenario. The power sector
accounts for most of the savings in demand in 2030, mainly due to the combined effect of
reduced electricity demand and a more significant role for nuclear power and renewables.
Industrial and buildings demand is also lower, compared to the Reference Scenario, as
more efficient processes are introduced and stricter building codes applied.

Figure 5.9 e World primary energy demand by fuel in the 450 Scenario
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Coal demand is the most affected in volume terms in the 450 Scenario. Global coal
demand reaches a plateau in 2015, at 5 190 Mtce. From 2020, it declines progressively,
returning to 2003 levels by 2030. By then, global coal demand is reduced by
3 250 million tonnes of coal equivalent (Mtce), reaching a level almost 50% lower than
in the Reference Scenario. This reduction is equivalent to the coal demand in 2007 of
China, the United States, India and Russia combined. China accounts for almost half of
the global savings in coal demand, relative to the Reference Scenario. The rebalancing
of the economy towards less energy-intensive activities, the introduction of more
efficient coal plants and the diversification of the power sector away from coal are the
main reasons. The US coal market is also significantly affected; by 2030, coal demand
in the United States is 58% lower than in 2007.

In response to carbon-price signals and policies to promote diversification of energy
supplies, demand for nuclear power and renewables in 2030 in the 450 Scenario is
1252 Mtoe, or 38%, higher than in the Reference Scenario. Non-fossil-fuel consumption
more than doubles, compared with 2007 levels. China, the European Union and the
United States account for nearly two-thirds of the increase in nuclear power in 2030,
compared with the Reference Scenario. The level of capacity addition in China and
India — a 12-fold increase versus today’s installed capacity — would be particularly
challenging to deliver. Hydropower in 2030 has grown by 84%, relative to 2007 levels,
an increase of 21%, compared with the Reference Scenario. Non-OECD countries
account for by far the greater part of the increase, as most economically viable hydro
sites in OECD+ countries have already been exploited. India, with a four-fold increase in
capacity compared with 2007 levels, accounts for one-fifth of the hydropower capacity
additions in non-OECD countries.
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Biomass consumption also increases in the 450 Scenario and in 2030 is 350 Mtoe
higher than in the Reference Scenario. In non-OECD countries, the transition towards
modern fuels for cooking and heating drives down demand for traditional biomass, but
this reduction is almost completely offset by the increase in modern biomass use in
residential sector in OECD+ countries. The use of biomass in combined heat and power
production and in electricity-only power plants increases by 67% by 2030, to 172 Mtoe
above the level in the Reference Scenario.

Major increases in global biofuels production are seen in the 450 Scenario, with
consumption in 2030 reaching 278 Mtoe, more than double that in the Reference
Scenario. Biofuels are introduced in the transport sector to help meet the CO,
intensity standards set by international sectoral agreements. The deployment of
second-generation biofuels occurs around 2015 — five years earlier than in the
Reference Scenario. The 450 Scenario includes small amounts of second-generation
biofuels by 2020, as well as constant supply of sustainably grown first-generation
biofuels, with total biofuels use reaching 123 Mtoe in 2020. The last decade of the
projection period sees a rapid increase in the production of second-generation
biofuels, accounting for all the incremental biofuels increase after 2020. Regions
that currently have strong policy support for biofuels take the largest share of the
eight-fold increase over the Outlook period, led by the United States (where one-
third of the increase occurs) and followed by the European Union, Brazil and China.
To highlight the scale of the challenge, the 166 Mtoe of as yet commercially unproven
second-generation biofuels required in 2030 in the 450 Scenario is greater than
India’s current oil consumption. To achieve this would require concerted research
and development efforts to be stepped up immediately, with demonstration plants
coming on-line in the next few years.

Figure 5.10 e Biofuels demand by type and scenario
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Wind, geothermal, and solar power output grow very rapidly in the 450 Scenario,
the latter by as much as 25% per year. Electricity generation from wind grows
by 13% per year over the Outlook period, such that wind power accounts for 26%

214 World Energy Outlook 2009 - POST-2012 CLIMATE POLICY FRAMEWORK



© OECD/IEA, 2009

of all the growth in power generation between 2007 and 2030 in the 450 Scenario.
The share of renewables in electricity generation jumps from 18% in 2007 to 37%
in 2030.

Figure 5.11 e \Xorld electricity generation from non-hydro renewables by
type in the 450 Scenario
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At the final consumption level, electricity demand reaches 25 400 TWh in 2030 — an
increase of 55% compared to 2007. Relative to the Reference Scenario, demand is
3 500 TWh, or 12%, lower in 2030. Savings in Chinese electricity consumption alone
account for more than 40% of the global savings but, even in the 450 Scenario, electricity
demand in China more than doubles compared with 2007 levels. The electricity savings
are the net result of two opposing trends: energy-efficiency measures in buildings,
industry and other sectors reduce electricity demand by some 5 200 TWh, while the
increased electrification of passenger transport increases electricity demand by around
900 TWh.

Figure 5.12 e Incremental world electricity demand by sector and scenario,
2007-2030
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Implications for energy supply
oil

Lower global oil demand in the 450 Scenario results in a lower oil price than in the
Reference Scenario. This, coupled with the introduction of CO, emissions targets in
OECD+ countries, renders production in higher-cost fields uneconomic, particularly
in the OECD+ region. In contrast, the economics of OPEC production are little
affected by the change in oil prices. OPEC production reaches 43 mb/d in 2020 and
48 mb/d in 2030 in the 450 Scenario, an increase of 11 mb/d over 2008 levels. The
required growth in production, even in this scenario, is higher than the increase in
OPEC production over the period 1980-2008. OPEC’s share of the global oil market
rises from 44% today to 55% in 2030, similar to its market share in the Reference
Scenario.

Crude oil production outside OPEC is projected to decline, from 47 mb/d in 2008 to
41 mb/d in 2020 and 39 mb/d in 2030. Unconventional oil production grows, from
1.8 mb/d today to 4.2 mb/d in 2030, but is 44% lower than in the Reference Scenario,
with Canadian oil sands production particularly heavily affected. Nevertheless,
the share of unconventional oil in global supply still doubles over the Outlook
period. Overall production in OECD+ countries is expected to decline steadily, from
18.8 mb/d in 2008 to 14.4 mb/d in 2030. Production in Russian fields also declines,
due to higher operational costs. Production in Africa and Latin America does not
change significantly compared with the Reference Scenario.

Lower oil demand growth in the 450 Scenario has significant consequences for longer-
term global oil-supply prospects. Cumulative production, up to the end of 2008, of
conventional oil production (crude and natural gas liquids) stood at 1.1 trillion barrels. In
the Reference Scenario, cumulative production by 2030 is projected to rise to over
1.8 trillion barrels. The produced share of currently estimated ultimately recoverable
resources would, therefore, rise from around one-third today to around one-half by
2030. However, much slower growth of oil production in the 450 Scenario means that
the ratio of production to ultimately recoverable resources in 2030 remains lower,
deferring the peak in global conventional oil production.

Even in the 450 Scenario, India and China — where most of the incremental oil
demand is projected to arise — become more dependent on oil imports by the end of
the projection period (Figure 5.13). The volume of inter-regional trade accordingly
continues to expand, but by considerably less than in the Reference Scenario.
Indeed, the differences between the two scenarios are significant. For example,
in the 450 Scenario oil imports into the United States are less than 8 mb/d in 2030,
2 mb/d less than in the Reference Scenario and two-thirds their current level. Similar
trends are seen in the European Union and Japan, bringing significant benefits in
terms of security of supply and savings in oil-import bills (see Chapter 7). China and
India also import less compared with the Reference Scenario, but their imports still
rise significantly compared with 2008. China’s imports reach 11 mb/d in 2030, while
India’s reach 5.4 mb/d.
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Figure 5.13 e Net oil imports in selected regions by scenario
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Exports by OPEC producers increase in the 450 Scenario from 28 mb/d in 2008 to
37 mb/d in 2030. Export availability increases by even more than production, as
domestic demand in these countries is mitigated by measures to curb fossil-fuel use,
freeing up more oil for export. This has a direct consequence on revenues, which
amounts to $23 trillion over the Outlook period — a four-fold increase compared with
period 1985-2007. This is $4 trillion less than in the Reference Scenario (Figure 5.14),
but this can be seen as merely a postponement of revenue, as more reserves are left
under the ground to generate revenue for future generations.

Figure 5.14 e Cumulative OPEC oil-export revenues by scenario
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Natural gas

The slower increase in gas production in the 450 Scenario compared with the Reference
Scenario, which results from the lower demand and prices, affects all exporting
regions, but disproportionately the regions with higher price elasticities, namely
those located farthest from demand centres. Production in the Middle East and Russia
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declines the most, both in volume and percentage terms. Production in Russia peaks at
around 2020 at 650 bcm and declines to 580 bcm in 2030 — 10% lower than in 2007 and
24% below the Reference Scenario. In the Middle East, gas production expands steadily,
from 357 bcm in 2007 to 645 bcm in 2030, although this is still 21% below the Reference
Scenario. Gas production in North Africa, mainly derived from associated gas, declines
by only 14% compared with the Reference Scenario, as a result of proximity to the
European market. Although global output still increases in the 450 Scenario, with most
of the growth coming from the Middle East, Africa, the Caspian and Latin America, this
growth is significantly lower. Meanwhile, gas production in OECD countries declines
marginally from 1 124 bcm in 2007 to 1 040 bcm in 2030 — 141 bcm lower than in the
Reference Scenario (see Chapters 12 and 13).

Inter-regional gas trade grows more slowly in the 450 Scenario than in the Reference
Scenario. While the European Union and China still import more than today in 2030,
Japanese imports of liquefied natural gas (LNG) drop below 2007 levels in that year
(Table 5.6). In the United States, the increase in gas demand around 2025, compared
with the Reference Scenario, is mainly met via LNG imports. Global demand for LNG
is lower than in the Reference Scenario and LNG prices are some 20% lower in 2030.
These lower LNG prices mean that, in India, where natural gas demand grows at a pace
similar to that in the Reference Scenario, LNG imports become more competitive than
domestic supply.

Table 5.6 ® Net natural gas imports in key importing regions by scenario

(bcm)
Reference 450 Reference 450
Scenario Scenario Scenario Scenario
2007 2020 2020 2030 2030
United States 114 50 78 43 61
European Union 312 425 391 516 428
Japan 97 99 88 106 94
China 4 49 40 17 91
India 10 28 24 52 63

Coal

The fact that coal demand is sharply lower in the 450 Scenario than in the Reference
Scenario has a significant impact on coal prices. In the 450 Scenario, they are 46%
lower in 2030 than at their peak in 2008. Global coal production follows demand by
expanding to 2015, levelling off until 2020 and then falling back to 2003 levels by
2030 (Figure 5.15). China remains the world’s largest coal producer, with an output of
1964 Mtce in 2030, but its loss of production in 2030 relative to the Reference Scenario
is equivalent to the country’s entire consumption in 2004. The United States remains
the second-largest coal producer over the projection period, but again with production
significantly lower than in the Reference Scenario. Production in exporting regions is
lower, mainly due to lower demand in export markets and the adverse effects of lower
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international coal prices on high-cost producers, such as Russia. Overall, non-OECD
countries account for almost three-quarters of the reduction in production in 2030
relative to the Reference Scenario.

Figure 5.15 e Change in coal production by scenario and region
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Global inter-regional trade in hard coal grows in the 450 Scenario at 0.4% per year
between today and 2020, reaching almost 700 Mtce in 2020. Trade grows slightly more
slowly than demand, as most coal continues to be consumed within the region in which
it is produced. In 2020, trade is 16% lower than in the Reference Scenario, while by 2030,
net trade is around 2002 levels at 506 Mtce, which is 53% below the Reference Scenario.
In contrast with its situation in the Reference Scenario, China returns to self-sufficiency
over the Outlook period, a major positive consequence of the 450 Scenario. India’s net
imports double by 2020 compared to 2007, although the level of imports is almost 60%
down compared to the Reference Scenario. Australia remains the world’s biggest net
exporter of hard coal, exporting 216 Mtce in 2030, followed by Indonesia, which exports
103 Mtce (similar to their 2005 level). Other major net exporters, such as Colombia,
South Africa and Russia, also see their net exports decline below today’s levels.
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CHAPTER 6

THE 450 SCENARIO

AT THE SECTORAL LEVEL

What is needed in power, transport,
industry and buildings?

H 1 S H | 1 S H L S

® Lower demand in the short term, due to the financial crisis, temporarily defers
the urgent need for capital-stock additions in power generation and industry,
opening a window of opportunity for replacing capacity with low-carbon designs.
In the 450 Scenario, this opportunity is exploited with the introduction in 2013 of
a carbon price in the power and industry sectors in OECD+ countries and industrial
sectoral agreements in non-OECD countries.

@ In this scenario, the power sector accounts for 70% (or 9 Gt) of the global emission
reductions in 2030 relative to the Reference Scenario. Almost 40% of these
reductions are due to lower electricity demand. Energy-efficiency measures
and higher electricity prices (due to the introduction of a carbon price) curb
electricity demand growth in industry and buildings. Around 20% of the savings
are offset by increased demand due to the electrification of cars.

® In 2030, around 60% of global electricity production comes from renewables (37%),
nuclear (18%) and CCS (5%). This represents a step-change from the Reference
Scenario where fossil fuels still account for about two-thirds of generation. Coal
is hit the most. In 2030, installed coal capacity reaches 1 350 GW, about 50% that
of the Reference Scenario. The United States and China combined account for
more than half of the reduction, due to their sheer size and large reliance on coal
generation.

® Measures in the transport sector produce 12 mb/d of savings in global oil demand
by 2030. They account for almost three-quarters of all the oil savings in the 450
Scenario, but only 12% of total CO, emissions savings. Road transport accounts
for the vast majority of emissions savings, as a dramatic shift in car sales occurs
— by 2030 conventional internal combustion engines represent some 40% of
sales, down from more than 90% in the Reference Scenario, as hybrids take up
30% of sales and plug-in hybrids and electric vehicles account for the remainder.
Efficiency improvements in new aircraft and in aviation biofuels save 1.6 mb/d
by 2030, but cost more than savings in other transport modes.

® Global industrial energy-related direct CO, emissions are 27% (or 1.7 Gt) lower
in 2030 than in the Reference Scenario. The iron and steel and cement sectors
deliver more than half of those savings. China, with the largest installed industrial
capacity worldwide, accounts for 0.8 Gt of reductions.
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Overview

Even in the 450 Scenario, global energy-related CO, emissions continue to grow until
shortly before 2020, reaching 30.7 gigatonnes (Gt) in 2020. This represents a saving of
3.8 Gt relative to the Reference Scenario, but an increase of 1.9 Gt over 2007 levels.
The economy-wide emissions cap that OECD+ countries are assumed to introduce
produces domestic savings of 2.2 Gt by 2020, compared with 2007 levels. However,
those savings are more than offset by the increase in emissions in all other countries.
All sectors register an increase in emissions compared with 2007 levels (Figure 6.1).

In 2030, emissions drop to 26.4 Gt, 13.8 Gt less than in the Reference Scenario and
2.4 Gt lower than 2007 levels. The assumed extension of the cap-and-trade to Other
Major Economies cuts emissions in the power and industry sectors to below 2007 levels.
Emissions in those sectors continue to grow in Other Countries, but only by a very
moderate amount. By 2030, the transport sector is the only one that still sees a major
increase in emissions, compared with 2007, as the growth in car ownership and freight
transport in countries outside the OECD more than offsets the introduction of stringent
efficiency standards.

Figure 6.1 ® Change in energy-related CO, emissions by sector and region
in the 450 Scenario relative to 2007 levels
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Power generation

Delivering a low-carbon future requires a major transformation of the electricity
sector. Providing clear signals through policies such as a carbon price is an important
driver but this alone is not sufficient to secure significant gains from low-carbon
technologies. Major breakthroughs in technology development and deployment are also
required, and need to be encouraged by government incentives.

The Reference Scenario already includes widespread deployment of renewable power
sources as they gain competiveness with respect to fossil-based power plants. This
reflects in part the action that numerous countries have taken to include clean energy
measures in their economic stimulus packages, including additional support for the use of
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renewable energy in power generation. Carbon dioxide capture and storage (CCS) plants
also receive public support in the Reference Scenario, but sizeable additional efforts are
needed to reach the level of low-carbon electricity generation in 2030 required in the
450 Scenario. Lower demand in the short term, due to the financial crisis, temporarily
defers the need for fossil-fuel based capacity additions that would otherwise have
locked-in emissions from these plant types for decades. This opens a window of
opportunity to build new and replace capacity with advanced, low-carbon plant designs.

Box 6.1 e The policy framework for the power generation sector in the
450 Scenario

Following the introduction of economy-wide emission targets in OECD+ countries,
the 450 Scenario assumes the implementation of a cap-and-trade system for the
power and industry sectors from 2013. Our analysis shows that to meet the domestic
emissions cap of 5.2 Gt in 2020, CO, prices would reach $50 per tonne, increasing
to $110 per tonne in 2030 (see Box 5.2 Chapter 5). Other Major Economies are
assumed to adopt similar binding commitments in 2020 and to introduce as of 2021
a cap-and-trade system for the power and industry sectors, as carbon pricing is
essential to displace the use of inefficient fossil-fuel based generating capacity
during the last decade of the projection period. In these countries the CO, price
reaches $65 per tonne in 2030. Other Countries introduce national policies and
measures aimed at increasing energy security and reducing local pollution. Credits
for emission reductions in those countries can be sold on the international carbon
market (see Chapter 8). In addition, this scenario also includes strong government
intervention in support of renewables, nuclear and CCS technologies.

Carbon intensity and CO, reductions in the power sector

Even though the Reference Scenario already sees significant increases in low-carbon
power generation, particularly from nuclear, wind and biomass, the 450 Scenario
necessitates even wider deployment of these technologies. In comparison with the
Reference Scenario, renewables and nuclear together contribute an additional 1.1 Gt of
savings by 2020, while, due to energy-efficiency measures, the reduction in electricity
demand provides an equivalent saving (40% of the total) (Figure 6.2).

After 2020, the implementation of stringent climate policies in the power sector in
OECD+ and Other Major Economies rapidly increases the rate of decarbonisation.
Globally, additional savings in the power sector reach 9.3 Gt of CO, by the end of the
projection period and account for about 70% of world CO, savings with respect to the
Reference Scenario. Savings from demand reduction are 3.5 times higher in 2030 than
in 2020. The next largest contribution to emission reductions comes from fuel switching
to renewable sources, saving 2.6 Gt of CO, in 2030 compared with the Reference
Scenario. Nuclear energy saves an additional 1.4 Gt of CO, and CCS plants a further
1.1 Gt. At the world level, the use of existing spare or new additional gas capacity and
the switch to more efficient non-CCS fitted coal plant provides modest savings, of the
order of 0.7 Gt of CO, by 2030.
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Figure 6.2 ® Change in world energy-related CO, emissions from the power
generation sector in the 450 Scenario compared with the
Reference Scenario
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Historically, the carbon intensity of power generation (defined as CO, emission content
per unit of generation) tended to fall only gradually with improvements in technology and
efficiency, and the uptake of lower or zero-carbon technologies. In 1971, carbon intensity
was above 600 grammes of CO, per kWh (gCO,/kWh); it fell to around 510 gCO,/kWh in
the 1990s and then remained fairly stable (IEA, 2008c). The reduction in carbon intensity
before the 1990s was in large part due to significant expansion of nuclear capacity
worldwide.

Electricity plants (excluding combined heat and power) currently account for more than
90% of total installed capacity worldwide. The carbon intensity of this category of plant
improves fastest in OECD+ countries — by almost 70% relative to the Reference Scenario
— to reach an average 116 gC0O,/kWh in 2030 (Figure 6.3). As a basis for comparison,
a high pressure, high temperature ultra-supercritical coal plant typically emits around
700 gCO,/kWh. This decarbonising trend accelerates after 2020, as the CO, price
increases sufficiently to displace the majority of coal plants not fitted with CCS.

Figure 6.3 e CO, intensity of electricity power plants*
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In 2007, the carbon intensity of power generation in Other Major Economies was 47%
higher than in OECD+ countries, but this improves at an average of 2.8% per year, to
reach 350 gCO,/kWh by 2030, approximately equal to the OECD level of the Reference
Scenario in 2030. The rate of improvement in Other Countries is slightly higher, as rapid
demand growth provides the opportunity to build many new low-carbon generation
plants. As over one-quarter of total generation in Other Countries today is hydro-based,
its carbon intensity is currently moderate, i.e. close to the world average. Even so, this
intensity is cut in half by 2030. As a result, world average carbon intensity decreases
56% compared with today’s level, reaching 237 gCO,/kWh in 2030.

Regional trends

The options available to decarbonise the power sector vary markedly across
countries. This is reflected in the distinct mix of technologies that different countries
are assumed to employ to achieve the emission reductions in the 450 Scenario
(Figure 6.4). This section outlines, for selected countries, the savings in CO, emissions
in the power sector achieved in the 450 Scenario, relative to the emissions that
would be generated if the growing electricity demand of this scenario were to be
supplied using the electricity generation mix of 2007. This clearly illustrates the
transformation needed in the current technology mix of the power sector in the 450
Scenario.

In the United States, about 16% of the savings (under this definition) in 2030 arise
from more efficient use of coal plants, while a significant switch away from the
most inefficient coal plants in favour of gas plants accounts for about 18% in 2025
(Figure 6.4a). Increased deployment of nuclear results in further savings of almost
300 million tonnes (Mt) of CO, in 2030, or 15% of the total. The biggest savings,
however, come from renewable sources and CCS technology, which account
respectively for 36% and 30% of the total savings by 2030. Wind alone accounts for
350 Mt of savings.

Compared with other regions, the European Union sees much stronger growth in wind
generation, which displaces nearly 500 Mt of CO, in 2030 (Figure 6.4b). The deployment
of CCS, nuclear, biomass and other renewables, each account for about 150 Mt of CO,.

Japan’s pathway to achieve the emissions reduction goal relies largely on nuclear and, to
a much lesser extent, on wind energy and other renewables (Figure 6.4c). Nuclear alone
contributes about half of the country’s total CO, savings in 2030, or almost 200 Mt of
C0,. The second-biggest contributor to the savings is wind, with 13% of the reductions.

If China were to meet the level of electricity demand projected in the 450 Scenario
in 2030 using the electricity generation structure it had in 2007, it would emit
almost 3 Gt of CO, more than envisaged in the 450 Scenario (Figure 6.4d). Almost
half of these savings come from renewable sources. The significant shift away from
inefficient coal plants to more advanced and efficient designs saves up to 650 Mt
of CO, by 2030. On top of this, CCS contributes an additional reduction of 230 Mt
of CO,. The large-scale deployment of nuclear power in China eliminates a further
660 Mt of CO, by 2030.
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Figure 6.4 o CO, emission savings by type in the power generation sector
in the 450 Scenario relative to the 2007 fuel mix* for selected

countries
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* The total CO, emissions that would be generated in supplying the 450 Scenario electricity demand using the
electricity generation mix of 2007.
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Figure 6.4 o CO, emission savings by type in the power generation sector
in the 450 Scenario relative to the 2007 fuel mix* for selected
countries (continued)
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The assumed implementation of domestic policies and measures in India, along with
support from foreign investments, results in more efficient use of coal resources for
power generation (Figure 6.4e). This achieves one-third of the total 1.4 Gt reduction in
CO, emissions in 2030. Hydropower contributes a further 30% and most of the remainder
comes from increased use of nuclear and wind.

The Russian power sector experiences a more modest transformation (Figure 6.4f). It
draws upon increased hydro, nuclear and other renewables in equal shares. Wind alone
accounts for 13% of total savings in Russia and CCS-fitted plants for 21%.

Evolution of the generation mix

In the 450 Scenario, global electricity demand increases from 19 756 TWh in 2007 to
26 000 TWh in 2020 and nearly 30 000 TWh in 2030, with 85% of the increase arising in
Other Major Economies and Other Countries. Compared with the Reference Scenario,
electricity demand decreases by 5% in 2020 and 13% in 2030, as a result of energy-
efficiency measures that are put in place in most parts of the world. In 2020, OECD+
countries contribute more than one-third of this reduction, Other Major Economies
almost one-half and Other Countries the remainder. In 2030, these shares change
respectively to about one-quarter, one-half and one-quarter.

Lower electricity demand and additional production from newly deployed low-carbon
technologies throughout the projection period radically change the fuel mix for power
generation in the 450 Scenario compared with the Reference Scenario. The introduction
of a carbon price changes both the merit order of existing plants (making the operation
of old, inefficient plants uneconomic) and the cost-ranking of new plants (Figure 6.5).

Figure 6.5 ® Average long-run marginal cost (LRMC) of selected power-
generation technologies in OECD+, with and without a CO,
price
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Nuclear °
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Note: The CO, price used is $50 per tonne in 2020 and $110 per tonne in 2030, consistent with the price under
cap-and-trade in OECD+. USC refers to ultra-supercritical steam conditions.
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By 2030, global electricity production from low-carbon sources reaches around 60%
of the global total (Table 6.1). This represents a step-change from the Reference
Scenario, in which the ratios are one-third from low-emitting sources and two-thirds
from fossil fuels. In OECD+ countries, higher CO, prices lead to about three-quarters
of the total generation coming from nuclear, renewables and CCS plants.

In the 450 Scenario, electricity production from non-hydro renewable sources
increases the fastest, with wind increasing at an average annual growth rate of 12.8%
throughout the projection period, solar photovoltaics at 23.5%, concentrating solar
power at over 30%, biomass at 7.8% and geothermal at 7%. Electricity production
from hydro plants increases more, in absolute terms, than production from all other
renewable sources. By 2030, 19% of the global electricity demand comes from hydro,
9% from wind, 5% from biomass and 4% from other renewable sources. Production from
nuclear plants increases at an annual average growth rate of 3%, meeting 18% of global
electricity demand, while CCS plants, which are deployed mainly after 2020, satisfy
5.4% of global demand for power in 2030.

Regional trends

In the United States, lower electricity demand reduces generation from coal
marginally by 2015, while generation from gas falls more, as the gradual increase of
the CO, price is still insufficient to make it economically convenient to move away
from coal (Figure 6.6a). After 2015, as the CO, price continues to increase, fewer
coal plants are added and the least efficient coal plants are mothballed or retired.
A substantial amount of coal-fired generation is replaced by gas-fired generation from
existing plants, as well as by increased renewables and nuclear generation. By 2025,
with CO, prices going beyond $50 per tonne, about 30 GW of nuclear plant additions
have been built, replacing substantial numbers of coal plants (which are mothballed
or retired) and efficient gas plants see a steady increase in their utilisation rate. Non-
hydro renewable sources are widely deployed throughout the whole projection period,
increasing generation from this source almost five-fold over the 2010 levels. These
renewable plants, together with larger numbers of CCS plants (around 95 GW), lead
to the sharp drop in CO, intensity in the power sector after 2025. By 2030, electricity
generation from renewable sources accounts for 26% of the total, nuclear for 25%, gas
without CCS for 24%, CCS plants for 15% (almost 90% of which is coal-based) and coal
without CCS only 10%.

In the European Union, where the CO, price already in place gradually converges
to the level for OECD+ countries as a whole by 2020, the adoption of lower carbon-
emitting technologies is accelerated relative to other countries and regions
(Figure 6.6b). Renewable sources account for most of the increase in electricity
demand and contribute to displacing generation from coal-fired plants, which are
mothballed or retired. Wind alone accounts for 20% of electricity generation by
2030. Nuclear also contributes to the shift towards low-emitting technologies, with
an increase of more than 50% with respect to the Reference Scenario by 2030, and
corresponding to an increase of around 20% over 2007 levels. Generation from gas-
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fired plants increases until 2025, as it replaces generation from coal-fired plants,
before dropping back in 2030 to the levels seen in the early 2010s. Generation from
CCS plants accounts for 6% of the total generation in 2030.

In Japan, relative to the Reference Scenario the fuel generation mix remains essentially
unchanged until 2015, with small quantities of coal and gas generation displaced by
nuclear and renewable sources (Figure 6.6c). Afterwards, and until shortly after 2020,
wider deployment of nuclear and renewable plants reduces the use of gas in existing
plants and the construction of new gas plants. There is a similar, but marginal, effect
on coal units. Electricity generation from nuclear and renewables plants meets
most of the increase in demand during the last decade of the projection period and
accounts for about two-thirds of the total generation in 2030. This is essentially due to
the increasing CO, price that brings about the swift reduction of electricity generation
from coal plants to about 20% of the 2007 level, with gas generation increasing almost
back to the levels of the Reference Scenario by 2030.

Following China’s 11t Five-Year National Social and Economic Development Programme
and in the 12 Programme (to 2015) currently under discussion, there are two main
drivers for the change in the fuel mix by 2020: a drop of 7% in electricity demand
compared with the Reference Scenario and adoption of the target of ensuring that 16%
of installed capacity is made up of wind, nuclear and solar (Figure 6.6d). Meeting this
target, together with a growing share of hydro, brings the share of renewables and
nuclear in 2020 from 21% in the Reference Scenario to 30% in the 450 Scenario, with the
coal share dropping from 76% to 68%, respectively. The assumed introduction of a cap-
and-trade system for CO, emissions in Other Major Economies after 2020 leads to a 20%
reduction of electricity demand in China, relative to the Reference Scenario, by 2030.
Coupling this lower demand with a further push towards low-carbon technologies, the
share of the nuclear and renewable sources continues to increase steadily, reaching
47% of the total electricity production by 2030. At the end of the projection period,
total generation from coal without CCS drops to 46% from today’s 81%.

Electricity production from coal-fired plants in India is reduced by around 12% by
2020, compared with the Reference Scenario (Figure 6.6e). Half of the reduction
results from lower electricity demand and the other half from a shift towards higher
production from renewable sources, mainly hydro and wind power, which increase
by 24% and 40%, respectively, relative to the Reference Scenario. By 2030, further
demand-side efficiency improvements, more deployment of renewable sources and
increased nuclear generation reduce coal-fired power generation to about half the
level of the Reference Scenario. However, coal-fired capacity increases by three-
quarters with respect to 2007. In 2030, the share of total electricity generation from
hydro expands to 22%, wind to 6% and nuclear to 11%, to substitute for reduced growth
in electricity production from coal-fired plants.

By 2020, coal-fired electricity generation in Russia decreases by about one-sixth with
respect to the Reference Scenario (Figure 6.6f). This results from a 50% fall in the build of
new capacity, due to energy-efficiency gains on the demand side, and slightly increased
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Figure 6.6 o Electricity generation by type for selected countries
in the Reference and 450 Scenarios

a) United States
£ 2500 e Coal Reference Scenario
N R —— ammmnns rammmanmt = Coal 450 Scenario
2.000 1 Gas Reference Scenario
Gas 450 Scenario
1500 - .
Nuclear Reference Scenario
1000 Nuclear 450 Scenario
-=== Renewables Reference Scenario
500 - —— Renewables 450 Scenario
0 T T T 1
2010 2015 2020 2025 2030
b) European Union
£ ==== Coal Reference Scenario
&

= (oal 450 Scenario
Gas Reference Scenario
Gas 450 Scenario

Nuclear Reference Scenario

Nuclear 450 Scenario
-=== Renewables Reference Scenario

—— Renewables 450 Scenario

0 T T T 1
2010 2015 2020 2025 2030
c) Japan
g 600 -=== Coal Reference Scenario
—— (oal 450 Scenario
500
Gas Reference Scenario
400 Gas 450 Scenario
Nuclear Reference Scenario
300 J e e sy
Nuclear 450 Scenario
-=== Renewables Reference Scenario
—— Renewables 450 Scenario
0 T T T 1
2010 2015 2020 2025 2030
232 World Energy Outlook 2009 - POST-2012 CLIMATE POLICY FRAMEWORK



© OECD/IEA, 2009

Figure 6.6 o Electricity generation by type for selected countries
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generation from existing plants, principally nuclear and hydro. Following the assumed
introduction of a cap-and-trade system for CO, emissions in Other Major Economies after
2020, the push to roll-out low-emitting technologies becomes more pronounced. Hydro,
wind and biomass resources are then deployed at a much faster rate than in previous
years, bringing the share of power generated from renewable sources to 33% by 2030, up
15 percentage points compared with 2007. Nuclear is also further developed, reaching 22%
of the mix in 2030, up from the current 16%, while CCS amounts to a further 6%. These
low-emitting capacity additions result in generation from coal and gas plants without
CCS decreasing by 2030 to less than 40% of total generation, compared with 64% in the
Reference Scenario and 65% today.

Capacity additions

At the global level, total capacity additions in the 450 Scenario are very similar to the
Reference Scenario, even though the electricity demand is 13% lower. This is mainly
due to the mothballing and retirement of fossil-fuel plants and the large-scale shift to
renewables, with their typically lower overall utilisation rates. Globally, renewable
and nuclear additions are less than 50% of total additions through to 2020, yet in the
following decade this rises to nearly 75% (Table 6.2). Much of this additional capacity is
wind and solar power, in which the availability of generation is much lower than in the
equivalent thermal capacity. Consequently, more capacity is needed.

Table 6.2 e Capacity additions by fuel and region in the 450 Scenario (GW)

2008-2020 2021-2030

World OECD+  OME oc World OECD+  OME oc

Coal 640 114 353 172 315 119 145 51
of which CCS 15 13 2 0 167 112 48 7
0il 39 7 20 13 13 3 8 1
Gas 517 178 193 146 347 134 123 90
of which CCS 4 3 1 0 46 34 10 1
Nuclear 134 51 68 16 244 17 80 47
Hydro 376 82 168 126 456 68 151 238
Biomass 84 53 19 12 153 48 60 46
Wind onshore 399 237 129 33 535 281 151 103
Wind offshore 64 36 23 4 131 87 31 13
Solar photovoltaics 108 86 13 10 286 147 73 66
Concentrating solar power 20 8 6 6 88 40 27 21
Geothermal 9 5 1 3 23 8 3 12
Tidal and wave 1 1 0 0 8 8 0 0
Total 2391 858 992 541 2601 1060 853 688

Over the projection period, wind (onshore and offshore) accounts for 23% of total capacity
additions, higher than coal (19%) and gas (17%). Solar photovoltaics and concentrating
solar power also play an important role, with capacity additions almost doubling in the
450 Scenario compared to the Reference Scenario. Similarly, nuclear sees rapid growth,
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subject to means being found to finance the up-front investment required, overcoming
constraints on the ability to ramp-up production of major specialised components, and
increasing the production capacity of the uranium mining industry.

In OECD+, coal capacity additions are similar in both the period to 2020 and the subsequent
decade, although in the latter period more than 90% of these additions incorporate CCS,
compared with just over 10% in the previous period. Coal capacity additions between 2020
and 2030 in Other Major Economies and Other Countries drop to around one-third of those
made during the previous decade. CCS is incorporated in around one-quarter of new coal
installations completed during the last decade of the projection period.

Mothballed and decommissioned plants

In the electricity industry, the operational lifetime of assets is typically long, often over
50 years. Owners count on this period to recover their investment and an adequate
return on it. But if operational costs increase faster than expected (for example, as a
result of increasing fuel costs or emission charges), older, less-efficient thermal plants
become uncompetitive and have to be mothballed or decommissioned sooner.

By 2030, our analysis shows that an additional 585 GW of coal plants are mothballed or
retired in the 450 Scenario, over and above the 450 GW retired in the Reference Scenario
(Figure 6.7). This equates to almost three-quarters of the entire installed coal plant
capacity today. In addition to the plants currently under construction, plants built since
2000 remain in operation through to the end of the Outlook period. Older plants are
mothballed or retired as they become progressively uneconomic to operate, mainly due
to rising CO, prices. The majority of the plants built before 2000 that remain in operation
in 2030 are in Other Countries, where only plants older than 45 years are retired.

Figure 6.7 e World installed coal capacity and retirements/mothballing
in the 450 Scenario
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Both the 450 and Reference Scenarios show an increase in overall coal plant efficiency
as a result of technology improvements and the retirement of old and less-efficient
plants (Figure 6.8). This is more evident in the 450 Scenario, as older plants are
mothballed or decommissioned earlier and there is a greater uptake of newer, more
efficient plants.

There is a marked shift away from subcritical plants in all regions, but nowhere
more so than in OECD+ where subcritical plants that make up 50% of the coal-fired
generation in 2020, drop to less than 5% in 2030, bringing the average efficiency of coal
plants steadily higher. The subcritical plants are displaced by lower carbon-emitting
technologies (such as nuclear or renewables) or by plants using more efficient coal
technologies, such as high pressure and high temperature ultra-supercritical plants or
integrated gasification combined cycle (IGCC) plants. By 2030, over 50% of coal-fired
generation in OECD+ comes from plants fitted with CCS facilities.

Figure 6.8 ® Regional coal-fired electricity generation by plant type and
scenario
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The retirement of old, inefficient thermal plants achieves a decrease in thermal inputs
per unit of generation. In the short term, stemming from the demand effect of the
financial crisis, there is a temporary increase in overall efficiency of thermal plants
as many older less efficient plants are shut down. However, as demand recovers and
these plants return to operation, we see the efficiencies of thermal plants drop back to
similar levels or slightly higher than before the crisis.

Transport

The transport sector provides a very clear example of the complementarity between
climate change policy and energy-security policy. Increasing efficiency and diversifying
the fuel mix address the over-arching challenges by both cutting transportation CO,
emissions and reducing oil imports (in importing countries) — and thus improving energy
security.
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COz trends

The combination of international sectoral agreements and national policies and
measures sees the transportation sector reduce its CO, emissions by about 670 Mt (or
9%) by 2020 and by 1.6 Gt (or 18%) by 2030, compared with the Reference Scenario,
with total emissions reaching 7.1 Gt in 2020 and 7.7 Gt in 2030 (Figure 6.9). Net savings
are seen in all transport modes except rail, where the shift from road and aviation
outweighs savings from rail efficiency improvements through the Outlook period.

Figure 6.9 e Energy-related CO, emission reductions in transport by sub-sector
in the 450 Scenario compared with the Reference Scenario
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9.0 M Road savings
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*Includes rail, pipeline, domestic navigation, international marine bunkers and other non-specified transport.

Road transport

Most of the CO, savings occur in road transport due to a combination of more efficient
petroleum-powered vehicles, increased biofuels consumption and the penetration into
the passenger car fleet of more advanced plug-in hybrid and pure electric vehicles.
Globally, the average on-road CO, emissions of passenger light-duty vehicles (PLDVs)
sales' reaches 125 grammes per kilometre (gC0O,/km) in 2020, a decrease of 28% from
the Reference Scenario and a 40% decrease from today’s level. Further improvements
to the efficiency of internal combustion engine (ICE) vehicles and moving to more
advanced electricity powered vehicles reduces the average CO, emissions of a vehicle
sold in 2030 to 90 gCO,/km.% Road transport accounts for 92% of total transport savings
by 2020 (or 610 Mt) and 81% by 2030 (or 1.3 Gt), when PLDVs account for more than 60%
of total road-transport savings. Most of these savings, however, are offset by the strong
growth in transportation demand in non-OECD countries. As a result, total emissions
from transport continue to rise through to 2030.

1. On-road emissions of new vehicles sold in that year, not the average of the stock of all vehicles.
2. This value includes the effect of biofuels.
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Box 6.2 e The policy framework for the transport sector in the 450 Scenario

As in WEO-2008 the policy framework assumed in WEO-2009 includes international
sectoral agreements in the PLDV sector and aviation (both domestic and
international), which provide for CO, emission limits to decrease year-on-year.
These are complemented by national policies and measures in the other segments
of the transport sector.

The assumption of a sectoral agreement was made because the PLDV and aviation
sectors are dominated by several international companies using homogenous
technology. The assumed approach is similar to existing regulations on PLDVs in
the European Union and the United States, which obtain ongoing improvements
in the efficiency of new vehicles through targets on either CO, emissions or fuel
consumption.

The sectoral targets for PLDVs relate to new vehicles rather than the PLDV stock as
a whole. Accounting for biofuels consumption, they are on-road efficiency targets?
and do not assume significant consumer behavioural changes. The CO, targets in
2030 for OECD+ (80 gCO,/km), Other Major Economies (90 gCO,/km) and Other
Countries (110 gCO,/km) are averages for each region, not upper limits for each
country in the region. All targets are marked improvements on the current global
average of almost 210 gCO,/km and take into account current fleet efficiency and
region-specific factors.

In terms of heavy-duty vehicles (HDVs),* it is assumed that technology spillover from
the PLDV fleet will result in ongoing efficiency improvements to internal combustion
engines. These gains are not as pronounced as in the PLDV fleet: there is less room
for improvement, given that efficiency has long been a more important purchasing
criterion in the HDV segment.

It is assumed that retail fuel prices are the same in the 450 Scenario as in the
Reference Scenario, on the grounds that lower international oil prices resulting
from lower demand are offset by higher end-use taxes, to minimise the rebound
effect. A sectoral agreement is particularly suited to aviation due to the very limited
number of aircraft manufacturers present in the market and the very global nature
of aircraft sales. In the 450 Scenario, we assume the global aviation fleet improves
its average fuel consumption from 4.6 litres per 100 revenue passenger kilometres
(RPK) to 2.6 litres per 100 RPK in 2030, a 45% increase over today’s levels.>

Globally, the PLDV fleet increases in efficiency by 38% in 2030 relative to the Reference
Scenario, as a result of further improvements to gasoline and diesel internal combustion
engines, non-engine improvements to auxiliary systems (i.e. lighting and air conditioning)
and tyres, and the increased market penetration of more advanced engine technologies,
such as plug-in hybrids and electric vehicles. By 2020 only 52% of sales are of vehicles
with conventional internal combustion engines and this figure declines to 42% by 2030
(Figure 6.10). Hybrid vehicles are very important for short-term emission reductions,

3. Corresponding test cycle targets would be at least 20% more stringent.
4. HDVs correspond to trucks, buses and light commercial vehicles in this analysis.
5. Revenue passenger kilometres is a common aviation industry measure of demand.
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accounting for 32% of all sales by 2020 in the 450 Scenario. This share is undoubtedly
ambitious: it illustrates the extent of the challenge for road transport in the 450 Scenario.
In the period after 2020, as plug-in hybrids and electric cars become more available, the
share of hybrids declines, reaching 29% of sales by 2030; however, this is still an increase
in absolute terms of about 7 million vehicles in 2030 with respect to 2020.

Some of the technology improvements in the PLDV fleet that are driven by the
assumed international sectoral agreement partially flow over to the HDV fleet and
help to offset the projected increase in demand for freight through the Outlook
period. By 2030, HDVs account for almost 40% of road-transport emission savings. The
global average HDV fleet is 20% more efficient by 2020, achieving a CO, emissions
reduction from an estimated 340 gCO,/km in 2007 to 270 gCO,/km in 2020, and
227 gCO,/km in 2030 (reaching a 34% improvement in efficiency from today). Savings
come from both engine and non-engine vehicle efficiency improvements, increased
biofuels consumption, modal shift to rail and more efficient logistics. The latter, e.g.
increased load factors, reduction of empty runs and better driver training, come at low
or negative costs.

Figure 6.10 e Share of global passenger vehicle sales by engine technology
and scenario
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Increases in electricity consumption in road transport due to rapid penetration of
plug-in hybrids and electric vehicles, and to a lesser extent increased electricity-
powered rail transportation, sees transport sector CO, savings partially offset by power
generation emissions. An increase of 880 TWh of electricity consumption in transport
in 2030, compared with the Reference Scenario, of which 90% occurs in PLDVs, results
in about 250 Mt of additional CO, emissions.

The increased use of electricity in road transport is a good example of the challenges
associated with the 450 Scenario. Higher market shares for electric vehicles and plug-in
hybrids are desirable for reaching climate policy targets, but are insufficient if they are
not accompanied by the decarbonisation of the power sector. Well-to-wheel CO, emissions
per kilometre from future hybrid vehicles are lower than those of plug-in hybrids and
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electric cars if the electricity consumed is produced using the global power generation mix
from the Reference Scenario. However, the same hybrid vehicle emits twice as much CO,
per kilometre than an electric car powered by the less CO,-intensive 450 Scenario power
generation fuel mix (Figure 6.11). Reaching climate goals requires a holistic view of the
entire energy system and cross-sectoral approaches leading to savings in every sector.

Figure 6.11 e CO, emissions per kilometre by vehicle type and scenario

M Reference

Electric vehicle, 2030 Total power mix

Scenario
Plug-in hybrid, 2030 Total power mix
M 450
Electric vehicle, 2030 Gas only (no CCS) Scenario
Hybrid vehicle, 2030 Year 2000
Electric vehicle, 2030 Total power mix benchmark

Plug-in hybrid, 2030
Gasoline ICE vehicle, 2030
Electric vehicle, 2030

Total power mix

Coal only (no CCS)
Average gasoline ICE vehicle

0 50 100 150 200

Grammes per kilometre

Note: Results are indicative and may differ depending on each country fuel mix (transmission and distribution
losses are not included for similar reasons).

Box 6.3 e Fuel-pricing policy and its impact on the sectoral agreement

Although the transport sector is recognised as being relatively more inelastic than
other sectors, oil price fluctuations do impact oil demand in transport. When the
oil price rises, oil consumption drops as people drive less; but when the oil price
comes back down there is a tendency for people to drive more again. This rebound
effect from oil price fluctuations is a well-documented phenomenon in transport.
More efficient vehicles also mean it costs less to drive each kilometre, tempting
drivers to drive more kilometres per year. Thus, there can be an increase in travel
that partially offsets the CO, savings from efficiency improvements and the move
to more advanced engine technologies.

Despite lower international oil prices, the 450 Scenario assumes end-user
fuel prices are kept unchanged, compared with the Reference Scenario, as a
deliberate move by governments to contain such rebound effects. A sensitivity
analysis has been performed to assess the effects of a fall in the global oil price
to $90 per barrel in the 450 Scenario in 2030, down from $115 in the Reference
Scenario, if no such countervailing action were taken. This shows that global oil
demand in 2030 would rebound by 3.1 mb/d, offsetting one-quarter of the oil
savings achieved by the implementation of the sectoral agreements for PLDVs and
aviation (described below) and, as a result, global CO, emissions would be 0.45 Gt
higher. So long as conventional vehicles continue to make up a substantial part
of the PLDV fleet, lower oil prices will tend in this way to counteract efforts to
reduce CO, emissions from road transport and offset efficiency gains.
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Setting efficiency targets and giving “feebates” (i.e. subsidies on the purchase
of low-emission cars) are not enough to achieve climate goals in road transport.
A holistic approach is required that also targets oil fuel pricing, particularly
the subsidies on oil products that have persisted in some countries. China has
adopted a new pricing mechanism to allow end-use prices to reflect more closely
international oil prices. As a result, transport fuel prices have been adjusted six
times by the first half of 2009. India increased prices by 10% in mid 2009. Several
other developing countries slashed subsidies, due to the mounting fiscal burden
they were creating throughout 2008, but then reversed the subsidy cuts once the
oil price moved off its peak.

Aviation and maritime

Aviation emissions, despite the assumption in the 450 Scenario that international
sectoral agreements are reached, rise by 13% between now and 2020, and by 15%
by 2030, reaching 0.85 Gt. Nonetheless, aviation is the second-largest contributor to CO,
emission reductions in the transport sector, and its share in emission savings, relative to
the Reference Scenario, is 6.6% by 2020 (44 Mt) and 13.2% by 2030 (217 Mt). The savings
are achieved via international sectoral agreements that encourage increased biofuels
consumption and additional implementation of a mixture of technical, operational
and infrastructure measures. Technical and equipment measures include installation
of wingtips, measures to reduce drag, early aircraft retirements, engine retrofits
and upgrades. Operational measures cover fuel-management techniques, other pilot
techniques and weight reductions. Savings from improvements in infrastructure come
from redesigned flight paths (including the use of military airspace) and more efficient
traffic control. The implementation of efficiency improvements provides half of the
savings in 2030.

The other half of the savings come from second- and third-generation biofuels.
The American Society for Testing and Materials (ASTM) International Aviation Fuels
Sub-committee passed a new aviation fuel specification in July 2009, permitting the
use of synthetic and renewable fuels in aviation. However, the remaining technical
hurdles and problems of production on a sufficient scale see aviation biofuels
appearing in the market only around 2020, with volumes reaching 42 million tonnes
oil equivalent (Mtoe) globally by 2030 at a global blending ratio of 15%. Regions
that have already supported first- and second-generation biofuels increase biofuel
consumption compared with the Reference Scenario. For example, in the United
States, emission savings of 15 Mt are achieved in 2030 from efficiency measures and
a further 46 Mt from biofuels.

CO, emission savings in international shipping and domestic navigation come from
improved hydrodynamics, ship hull coatings that reduce the need for cleaning,
increased motor efficiency, installation of sails and speed reductions. Reducing the
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speed of ships can provide large CO, savings; for example, if a tanker decreases its
average speed from 15.5 knots to 13.5 knots, it can reduce fuel consumption by one-
third.¢ Combined technical and operational measures have been estimated to have the
potential to reduce CO, emissions by up to 43% per tonne-kilometre by 2020 (Crist,
2009). Assuming partial implementation of these national measures sees emissions from
shipping reduced by 4 Mt in 2020 and 84 Mt in 2030, accounting for 5% of total transport
CO, savings. However, these projections are highly dependant on the historical data
for CO, emissions from international shipping, which are disputed (IEA, 2009b).
Activity-based measurements give vastly different results compared with fuel-based
statistics, ranging from 0.8 Gt to 1.2 Gt (IMO, 2008). With the increasing prominence of
international shipping in climate discussions, much work is urgently needed to improve
the data to enable informed decision making.

Energy trends and fuel mix

The current economic downtown has led to a significant drop in global PLDV sales,
causing stagnation in the global vehicle fleet, and also a decrease in kilometres
driven per vehicle and flown per aircraft. The result of this is already seen in the
large drop in 2008 energy consumption. For example the United States, which was hit
particularly hard by the global recession, shows decreases of 6.0% in 2008 gasoline
demand relative to 2007, 8.7% for diesel and 5.6% for aviation jet fuel. The effects of
the global recession are expected to persist, leaving transport energy demand below
pre-recession levels for some years.

But the recession has also had a silver lining: a considerable amount of stimulus
package funding for major automobile producers has been directed towards
manufacturing more efficient vehicles. In both the Reference and 450 Scenarios,
global PLDV fleet efficiency is projected to be higher in the long run than compared
with pre-crisis projections.

Total oil consumption in the 450 Scenario is 542 Mtoe (or 12 mb/d) lower than in the
Reference Scenario by 2030 (Table 6.3). Most of the oil savings occur in road vehicles,
accounting for 82% of transport-sector oil savings compared with the Reference
Scenario. Biofuels consumption increases to 123 Mtoe in 2020 and 278 Mtoe in 2030,
an increase of 145 Mtoe in 2030 relative to the Reference Scenario. Most of the
increase comes from second-generation biofuels, such as ligno-cellulosic ethanol
and Fischer-Tropsch fuels, in both road and aviation sectors. Second-generation
biofuels are expected to become cheaper than most first-generation biofuels in the
medium-to-long term, and to be sourced from sustainably grown biomass. Biofuels
represent 7% of road-transport fuel in 2020 and 11% in 2030. They make up almost
15% of aviation fuel in 2030.

6. Information provided by Gibson Shipbrokers Ltd.
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The use of electricity by plug-in hybrid and electric cars increases to about 350 TWh
in 2020 and 835 TWh in 2030, up from only about 40 TWh in the Reference Scenario.
This projected increase in electricity consumption in transport entails significant
additions to global electricity capacity. Assuming all this increase was to be covered
by wind power only, it would equate to an additional 350 GW of wind turbine
installations; if all the increase in demand was to be covered by nuclear power
only, it would require an additional 115 GW of nuclear power plants. The additional
electricity demand in transport offsets about 20% of electricity demand reductions in
other end-use sectors in 2030.7

Table 6.3 o World transport energy consumption by fuel and energy-related
CO, emissions in the 450 Scenario

Change versus
Reference Scenario
2007 2020 2030 2020 2030 2007-2030*
Total (Mtoe) 2297 2574 2994 -6% -10% 1.2
0il 2161 2306 2510 9% -18% 0.7
Gas 75 77 82 1% -15% 0.4
Electricity 23 65 122 83% 165% 7.5
Biofuels 34 123 278 19% 109% 9.5
Other 4 3 3 9% -19% -0.9
€O, emissions (Mt) 6623 7066 7688 9% -18% 0.7

* Compound average annual growth rate.

Regional trends

The global PLDV fleet is projected to increase to 1.4 billion vehicles by 2030.
Most of this growth occurs in Other Major Economies and Other Countries. The
Chinese fleet is anticipated to approach that of the United States by around
2030, at which time the Chinese market is projected to represent 24% of global sales
(Figure 6.12). By the year 2030, the US and Chinese PLDV fleets combined make up
37% of the global total: in the Reference Scenario in 2030, these fleets are responsible
for 36% of global road CO, emissions, despite recent policy efforts in both countries
to encourage the mass uptake of fuel-efficient vehicles. Given the size of the US and
Chinese fleets, it has been assumed in the 450 Scenario that these regions, along with
Japan and Europe, become leaders in the adoption of advanced vehicle technologies
and alternative fuels for road transport.

7. This analysis does not account for the possible savings that could be made through off-peak charging and
the potential storage benefits of vehicle-to-grid systems.
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Figure 6.12 e Share of global PLDV sales in 2007 and 2030
in the Reference and 450 Scenarios
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The move away from oil in transport-energy provision in the 450 Scenario varies in form
according to geographical circumstances. For example, the penetration of electric
vehicles in Brazil is expected to lag behind other regions, not for technological reasons
but because the biofuels alternative is already cost competitive. The Brazilian PLDV
fleet already meets the 2030 target for Other Major Economies and with further use of
biofuels and natural fleet efficiency improvements, Brazil’s emissions are significantly
lower than the global average. Regions that have only limited scope for sustainably
grown and affordable biomass are expected to favour the introduction of plug-in
hybrids and electric vehicles rather than biofuels. Densely populated urban areas,
including those in the United States, China and the European Union, could favour the
introduction of electric cars in order to simultaneously reduce local pollutants.

As a result of these policy assumptions and the cost-optimisation model applied for this
analysis, road-transport oil consumption is significantly reduced in OECD+ countries,
to about 780 Mtoe by 2030 compared with 1 010 Mtoe in the Reference Scenario.
Biofuels consumption increases to 133 Mtoe, which is an 84% increase compared with
the Reference Scenario. Most of this growth comes from a four-fold increase in the
use of second-generation biofuels, relative to the Reference Scenario. Electricity
consumption in road transport rises to about 390 TWh, up from 4 TWh in the Reference
Scenario in 2030.

In Other Major Economies and Other Countries, most of the efficiency improvements
as a result of the assumed sectoral policy framework are offset by the growth of the
vehicle fleet. Nevertheless, oil consumption is reduced by about 16% in both regions
compared to the Reference Scenario, reaching 628 Mtoe in Other Major Economies and
467 Mtoe in Other Countries, respectively, in 2030.

The type of PLDVs sold in the 450 Scenario changes significantly from the Reference
Scenario, but there are important regional differences in the changes. The United
States, with its aggressive biofuels targets under the Renewable Fuel Standard, is
expected to see strong growth in second-generation biofuels, which in turn reduces the
need for change in other areas to meet the sectoral target. In contrast, China relies
more heavily on plug-in hybrid and electric cars (Figure 6.14).
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Figure 6.13 e Regional fuel consumption in road transport by fuel type
and scenario
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Figure 6.14 o Share of PLDV sales by vehicle type for selected regions in the
450 Scenario
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Implications for technology deployment

The 450 Scenario involves a shift from internal combustion engine vehicles to
hybrids, then to plug-in hybrids and to electric cars. It is possible that this could be
followed by a further transition to hybridised fuel cell vehicles (FCVs) after 2030.
Such an evolution requires many complementary technological developments, and
there is significant potential for technology spillover between PLDVs and HDVs.
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Improvements to the non-engine components of PLDVs, which could increase fuel
efficiency by up to 17% compared with a conventional car sold in the year 2000,
would benefit all types of cars. There are further cross-benefits from efficiency
improvements in internal combustion engines, which are used not only by fuel-
powered vehicles, but also in hybrids and plug-in hybrids. The same applies to battery
technology development for hybrids (both mild and plug-ins), electric cars and FCVs.
Technology developments flow across the technology mix, making it unnecessary to
pick a single, favoured technology. The scale of the challenge associated with such a
fuel and engine technology transition should not be underestimated, as it represents
a radical departure from historical trends and will require significant policy support
and appropriate pricing signals (Box 6.3).

Increased biofuel consumption is expected to arise initially from wider adoption of
first-generation biofuels, in particular sugar cane ethanol, provided dedicated energy
crops can be grown in a sustainable and affordable manner. But it also requires
significant research and development directed towards second-generation biofuels
and their ultimate adoption on a large scale. The most promising second-generation
biofuel options, such as ligno-cellulosic ethanol and Fischer-Tropsch diesel for road
transport and algae-based aviation jet-fuel, are yet to be proven on a commercial
scale. Remaining challenges include scaling-up production facilities and improving the
economics in terms of producing and transporting the feedstock.

Implications for transport industry structure and policy

The decade from 2010 to 2020 is a key period of transition for the transport sector
in the 450 Scenario. The need for policy support is illustrated by the example
of hybrid cars: the leading manufacturer (Toyota) has, despite much public
attention, only sold about 2 million units over the last decade, well short of the
27 million required in the year 2020 in the 450 Scenario. Announcements by several
car manufacturers that they will have new models on the road between 2010 and 2015
are very promising. Recent public interest in electric cars has resulted in a number of
new business alliances between car manufacturers, power producers and electronics
companies, and also new players entering the car market, such as BYD of China.

Market forces alone will not be sufficient to establish a market for electric cars on the
scale required. Increased funding for research and development, as well as other forms
of policy support, are necessary for electric cars and plug-in hybrids over the coming
decade in the 450 Scenario.® Additionally, new and innovative solutions towards new
business models could play an important role for the private sector. One such example
is project Better Place’ in which consumers purchase miles travelled in an electric
vehicle and the electric battery is leased (similar to the way mobile phone users pay
for minutes). To make this work requires widespread availability of battery swapping
stations. The development of smart grids will aid the widespread deployment of
electric cars, as they are mutually beneficial technologies.

8. More details in IEA (forthcoming).
9. www.betterplace.com/
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Industry

Global final energy consumption by industry in the 450 Scenario increases at an average
rate of 0.9% per year through to 2030." However, energy-related CO, emissions
from industry peak by 2020 and then start to decline. Compared with the Reference
Scenario, the industry sector achieves a bigger energy saving and CO, reduction in 2030
than any other final energy consumption sector. Global direct CO, emissions' from
industry reach 5.2 Gt in 2020 and decline to 4.5 Gt in 2030 — 27% lower than in the
Reference Scenario (Figure 6.15).

Despite its increase in absolute terms, industrial energy demand in 2030 is lower than
in the Reference Scenario by 486 Mtoe, or 15%. Demand for all fuels except renewables
declines relative to the Reference Scenario. In 2030, demand for coal and oil is actually
lower than in 2007. Demand for coal is reduced more sharply (28%) than demand for
other fuels because the carbon price in OECD+ and Other Major Economies raises the
coal price more in percentage terms. Electricity demand in 2030 declines by 17%
compared with the Reference Scenario, although it is still 53% higher than in 2007.
More energy-efficient motor systems and higher electricity prices lead to the second-
largest reduction (after coal) relative to the Reference Scenario, in both absolute and
percentage terms.

Figure 6.15 e \World industry energy consumption and energy-related
CO, emissions by scenario
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Note: Direct CO, emissions include only emissions from fossil-fuel combustion. Emissions from coke ovens,
blast furnaces and petrochemical feedstocks are included in non-energy use and other energy sector. Indirect
CO, emissions are approximate estimations for electricity and heat consumption.

10. Industry sector energy demand and CO, emissions are calculated in accordance with IEA energy balance
tables, i.e. including neither demand/emissions from coke ovens, blast furnaces and petrochemical feedstocks
(which appear in the “other energy sector” or “non-energy use sector”), nor process-related CO, emissions.

11. CO, emission from fossil-fuel combustion, not including process-related emissions.
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Box 6.4 e The policy framework for the industry sector in the 450 Scenario

Industry is part of a cap-and-trade system from 2013 in OECD+ and, as of 2021,
in Other Major Economies. The carbon prices in OECD+ are $50 per tonne of
CO, and $110 per tonne in 2020 and 2030, respectively. The carbon price leads
to oil, gas and electricity end-use prices in OECD+ that are 20% to 30% higher
overall in 2030, compared with the Reference Scenario. Carbon-rich coal is most
affected: its price triples. The carbon price in Other Major Economies reaches
$65 per tonne of CO, in 2030, leading to higher energy prices in these countries,
especially in the Middle East where energy prices today are low. As industry is a
relatively price-elastic sector, the CO, price from the emissions trading scheme
(ETS) leads to fast improvements in energy efficiency and to fuel switching
towards low-carbon fuels. Other Countries are assumed to implement national
policies and measures, but are not involved in the cap-and-trade system. They
do, however, benefit from the faster deployment of technology worldwide in the
450 Scenario.

In addition to industry-wide national policies and measures, the iron and steel
and cement sectors in all countries are assumed to be covered from 2013 by
international sectoral agreements. Under these agreements, these industries in
each region are called upon to reduce CO, intensity by at least as much as the gap
between the intensity today and what could be achieved with the deployment of
the currently best available technologies. The international sectoral agreements
function as complement to the cap-and-trade system and national policies by
limiting carbon leakage. ™

The growth in industrial activity (activity effect) pushes global CO, emissions up
by about 3% per year on average by 2030." In the 450 Scenario, energy intensity'
declines by 2.0% per year, 0.5 percentage points per year more than in the Reference
Scenario. Decarbonisation of the industrial sector takes place at 1.6% per year
largely because of fuel switching to renewables and the introduction of CCS. CCS is
introduced in the industry sector towards the end of the Outlook period, mainly in
OECD+. Relatively large potential for CCS implementation exists in blast furnaces in
iron and steel production, and in cement kilns. By 2030, CCS reduces emissions in the
industry sector by 0.3 Gt, accounting for 19% of the total reduction compared with the
Reference Scenario.” Realisation of this objective depends on, among other things,
the development of appropriate legal and regulatory frameworks, and further research
and development to reduce the cost of capture, transport and storage and to improve
system efficiency (IEA, 2008a).

12. In regions where the cap-and-trade is in place, efficiency improvements are driven by the carbon price.
13. In the 450 Scenario, the composition of gross domestic product (GDP) is slightly different than in the
Reference Scenario, as China is assumed to implement policies that increase the share of services at the expense
of manufacturing sector.

14. Total final energy consumption per value added in industry sector.

15. Including process emissions and the oil and gas extraction sectors (which are not included in our definition of
industry) would increase the potential for CCS in industry in 2030 to between 0.6 Gt and 0.9 Gt (IEA, 2009c).
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Figure 6.16 ® World average annual change in energy-related CO, emissions
in industry by type and scenario
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Note: Final energy consumption encompasses all energy sources. CO, emissions include indirect emissions.
Change in CO, emissions are decomposed into an activity effect, an energy intensity effect and a CO, content
effect.

Regional trends

In 2030, Other Major Economies contribute two-thirds (or 327 Mtoe) of the reduction
in global industrial energy consumption relative to the Reference Scenario. In terms
of CO, emissions, their reduction reaches nearly 1.0 Gt, or 58% of the total decrease
globally. China alone accounts for 56% of the global reduction in energy demand and
49% of the reduction in global CO, emissions in 2030.

The large reductions in energy consumption and CO, emissions in Other Major Economies,
relative to the Reference Scenario, result partly from a shift to a low-carbon economic
structure. They are also linked to the expectation that, throughout the projection period
as production increases sharply, advantage will be taken of the much greater potential
that exists in these countries to improve energy efficiency and reduce CO, intensity, than
in the OECD+, including through sectoral agreements. To achieve these savings, however,
widespread deployment of efficient and best available technologies will be necessary.

While industrial energy consumption in Other Major Economies and Other Countries
increases from current levels throughout the Outlook period, in OECD+ it starts to
decline soon after 2010. In OECD+, energy consumption in 2030 is lower than in 2007
by 47 Mtoe and lower than in the Reference Scenario by 73 Mtoe. CO, emissions in the
OECD+ decline to nearly 60% of their current level in 2030, a reduction of about one-
third on the Reference Scenario. OECD+ achieves a greater percentage reduction in CO,
emissions than in energy consumption, due to fuel switching and CCS.
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Table 6.4 ® World industry energy consumption by fuel and energy-related
CO, emissions in the 450 Scenario

2007 2020 2030 Change versus 2007-2030*
Reference Scenario
2020 2030
World (Mtoe) 2266 2702 2816 -5% -15% 0.9
Coal 581 653 572 7% -28% -0.1
0il 320 323 314 -4% -12% -0.1
Gas 460 517 543 -5% -13% 0.7
Electricity 596 823 910 7% -17% 1.9
Heat 120 127 121 -3% -13% 0.0
Renewables 189 258 357 8% 21% 2.8
€O, emissions (Mt) 4781 5214 4498 -6% -27% 0.3

* Compound average annual growth rate.

Sub-sectors

In the 450 Scenario, the iron and steel and cement sectors reduce their CO,
intensity by as much as the best available technology permits. Although there is
significant variation in production processes between regions, energy indicator
work carried out by the IEA provides an estimation of current CO, reduction
potentials by region (IEA, 2009c; 2008b)." The reduction potential in the iron
and steel sector is estimated at 119 Mtoe of energy, or 0.38 Gt of CO, worldwide,
equivalent to 0.096 tonnes of oil equivalent (toe) per tonne of steel produced or
300 kg of CO, per tonne, with the potential varying from 0.21 toe per tonne in
Ukraine to 0.03 toe per tonne in Japan, where the process is already efficient.
The potential global reduction in the cement sector is estimated at 45 Mtoe
of energy, or 0.51 Gt of CO,, equivalent to 0.02 toe per tonne of cement produced
or 200 kg of CO, per tonne, ranging from 0.05 toe per tonne in Russia to less than
0.01 toe per tonne in Japan. China, the biggest cement-producing county, has
potential of 0.02 toe per tonne and accounts for more than 40% of the global
energy saving.

In some sectors, the CO, intensity of Other Major Economies and Other Countries is
already lower than that of OECD+ countries. For example, in the cement industry, new
and therefore relatively modern plants are usually located in emerging economies,
where demand has expanded in recent years. As a result, the potential for further
reductions in those countries is smaller than in some OECD+ countries.

Of all industry sub-sectors, the iron and steel sector curbs emissions most, accounting
for around 40% of the reduction in industry emissions in the 450 Scenario as compared
with the Reference Scenario."” Improvements in blast furnaces, wider use of electric

16. The definition of industry energy consumption and CO, emissions used in the paper differs from that
in the WEO, which is based on IEA energy balances. The potentials estimated by the IEA include process
emissions, as well as coke ovens and blast furnaces for iron and steel.

17. Iron and steel sector emissions do not include those from coke ovens and blast furnaces.
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arc furnaces and the direct reduced iron process could support the reduction, though
electric arc furnace potential is limited by the availability of scrap steel and the
direct reduced iron process is not suitable for mass production. The sub-sectors
making the next-greatest reductions are non-metallic minerals' and chemicals and
petrochemicals.” In the cement sector, emissions decline as a result of efficiency
improvements, such as replacing small-scale vertical shaft kilns with state-of-the-art
dry-rotary kilns, and as a result of the deployment of CCS.

Buildings?°

In the 450 Scenario, energy demand in buildings grows at an average annual rate of
0.7%, from 2 752 Mtoe in 2007 to 3 232 Mtoe in 2030 (Table 6.5). The use of fossil fuels
in the sector expands by 3% over the projection period, while use of modern biomass
and renewables triples. Energy savings, compared with the Reference Scenario,
amount to 147 Mtoe in 2020 and 363 Mtoe in 2030. With a 30% drop in 2030, relative to
the Reference Scenario, coal sees the biggest reduction in share.

Direct CO, emissions from fossil-fuel combustion (mainly for water heating and space
heating and cooling) in the residential and services segment are 174 Mt lower by 2020
(or 6%) and 550 Mt by 2030 (or 17%), compared with the Reference Scenario, reaching
2.83 Gt in 2020 and 2.74 Gt in 2030. OECD+ countries account for 48% of the savings
in emissions in 2030, Other Major Economies for 35% and Other Countries for the
remaining 17%.

Table 6.5 ® \World buildings energy consumption by fuel and energy-related
CO, emissions in the 450 Scenario

2007 2020 2030 Change versus 2007-2030*
Reference Scenario
2020 2030
World (Mtoe) 2752 3022 3232 -5% -10% 0.7
Coal 95 94 66 -8% -30% -1.6
0il 336 339 322 -5% 7% -0.2
Gas 605 643 678 -6% -14% 0.5
Electricity 754 937 1091 -5% -14% 1.6
Heat 149 162 152 -3% -15% 0.1
Renewables 811 847 924 -3% 5% 0.6
€O, emissions (Mt) 2754 2829 2743 -6% -17% 0.0

* Compound average annual growth rate.

18. Cement sector emissions in this section are energy-related and do not include process emissions.

19. Petrochemical feedstock is not included in the industry sector but rather in non-energy use sector in
IEA energy balances.

20. This includes residential and services sectors.
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Box 6.5 e The policy framework for the buildings sector in the 450 Scenario

The 450 Scenario assumes that all policies now under consideration for the
building sector will be fully implemented, reinforced and extended. Many
governments have included measures to improve the energy efficiency of
buildings in their recent economic stimulus packages, as such measures represent
an effective means of generating jobs while also promoting greener growth.

Higher electricity prices in the 450 Scenario compared with the Reference
Scenario play an important role in promoting energy-efficiency measures in the
building sector, and pave the way for the greater use of renewable building
materials and installations. In 2030, electricity prices have increased by about
20% in OECD+ vis-a-vis the Reference Scenario, and by about 10% in Other Major
Economies, ensuring that energy costs become a key purchasing criterion for
consumers. Despite the relatively low energy-price elasticity in the building
sector, especially in the short term, and limited fuel-switching options, higher
energy prices are responsible for almost one-third of the total energy saving in
the building sector.

Regional trends

OECD+ energy demand in buildings in the 450 Scenario grows at 0.5% per year on
average throughout the projection period, from 1 227 Mtoe in 2007 to 1 381 Mtoe
in 2030. Consumption of all fossil fuels declines, while modern biomass and other
renewables grow at annual average rates of 4% and 10.5%, respectively. Demand for
fossil fuels in OECD+ buildings in 2030 is 17% lower in the 450 Scenario and direct
emissions from fossil fuels in the building sector are reduced by 266 Mt in 2030. Savings
in energy for space heating and cooling account for more than 40% of the cumulative
savings between today and 2030 in the residential sector.

For OECD+ countries, where new construction activity is estimated to be as low as 1% of
the building stock per year and demolitions 0.3% to 0.5%, the biggest potential savings
are in existing buildings. Most of the energy savings in the 450 Scenario in OECD+ arise
through refurbishment of existing buildings, particularly in better insulated shells,
thereby reducing heating and cooling needs. Recent case studies on Europe show
that replacement or renovation of building openings, installation of heat control and
measuring devices can improve energy efficiency by 25% to 60% (EU DGET, 2009).

In the 450 Scenario, the consumption of electricity in buildings is reduced sharply by
the adoption of mandatory labelling schemes, minimum energy performance standards
(MEPS) and programmes for the full replacement of incandescent lamps by more
efficient alternatives, including compact fluorescent lamps (CFL). In the 450 Scenario,
building electricity use reaches just over 7 000 TWh in 2030 compared with over
7 800 TWh in the Reference Scenario. Saving in appliances and lighting end-use sectors
account for 39% of the total reduction in residential energy consumption in OECD+
in 2030 (Figure 6.17). The savings are particularly pronounced in Europe and OECD
Pacific.
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Figure 6.17 e Change in OECD+ energy demand by end use in residential
sector in 450 Scenario relative to the Reference Scenario
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Over the projection period, more than two-thirds of the reduction in energy
consumption is attributable to energy-efficiency measures; the remaining savings
are driven by the direct effect of increased electricity prices, this effect being more
prominent in the mid-to-long term (2020-2030).

As a major result of the policies to promote renewables installations in OECD+
countries, fossil fuels are partly substituted by solar thermal and biomass for space
and water heating. Biomass and other renewables will increase their share of the
residential fuel mix in OECD+ from 9% today to 21% in 2030 in the 450 Scenario, nine
percentage points more than in the Reference Scenario.

Energy demand in buildings in Other Major Economies rises from 696 Mtoe in 2007
to 861 Mtoe in 2030 in the 450 Scenario. Excluding the use of traditional biomass,
per-capita consumption goes from 0.26 toe per capita to 0.35 toe per capita in 2030,
still two-thirds less than the current per-capita consumption in OECD+. Other Major
Economies see the biggest reduction in absolute and percentage terms in energy
consumption in the 450 Scenario, compared with the Reference Scenario. Other
Major Economies have higher demolition rates than OECD+ countries and very high
construction activity, estimated at between 5% of existing stock for residential
buildings and 10% for commercial buildings.

Because of this rapid expansion of the buildings stock, the biggest potential in
energy saving in Other Major Economies is in new buildings. Most of the Other Major
Economies are considering the introduction of national legislation defining appliance
and building standards, requiring efficiency labelling, providing financial incentives
and offering subsidies to low-income groups. All Other Major Economies countries are
assumed to adopt or to enforce this range of measures, achieving efficiencies that
gradually approach those of the OECD. International co-operation and arrangements
to report best practice and cost-effective measures can actively help to create a
world roadmap to transform the building sector and achieve common efficiency
standard worldwide (WBCSD, 2009).
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The biggest impact of the policies and measure for buildings in Other Major Economies
is seen in a slowdown in growth in electricity consumption — from 3.9% per year on
average in the Reference Scenario to 3.1% per year in the 450 Scenario. If the CO,
emissions from upstream power generation are attributed to this sector as a whole,
according to its electricity use, incremental CO, emissions from the building sector in
Other Major Economies are reduced by 1.3 Gt compared with the Reference Scenario
(Figure 6.18). The reduction in indirect CO, emissions achieved in the 450 Scenario
results from a combination of lower demand for electricity and a less carbon-intensive
power sector.

Figure 6.18 ® Change in energy-related CO, emissions in buildings by
scenario in Other Major Economies, 2007-2030
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China currently accounts for 17% of the total energy consumed in residential buildings
worldwide and is constructing 2 billion square metres (m?) of additional buildings each year,
about 40% of the total annual global additions. There is significant potential to improve
the energy efficiency of China’s building stock, as currently only 4% of the country’s
43 billion m* of residential buildings have implemented energy conservation
measures (GIC, 2007). In the 450 Scenario, a wide range of policies and measures
are assumed to be adopted in China to improve the efficiency of its buildings.
These result in savings of 28 Mtoe by 2020 and of 66 Mtoe by 2030 compared with
the Reference Scenario. By reducing electricity consumption, measures to promote
the uptake of more efficient air conditioning and other appliances avoid emissions
of 216 Mt in 2020 and 747 Mt in 2030. Additional co-benefits include lower pollution
(reduction of up to 50% in the medium term) and lower energy bills (see Chapter 7).
Incentives for space and water heating using renewables and targets to expand the
solar collector area, increase solar and geothermal use in China by 21 Mtoe compared
with the Reference Scenario.

Existing buildings in Russia have very high energy intensity, with losses estimated to be
up to 40% of supplied energy. There is, accordingly, a large potential for refurbishment
of existing building stock there. Policies currently under consideration show that
energy efficiency is becoming a priority in Russia. The full implementation of legislation
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providing subsidies for energy-efficiency technologies — as well as fines for owners of
buildings that fail to respect the defined standards — result in a saving of almost
25 Mtoe in 2030 compared with the Reference Scenario.

Energy demand in buildings in the 450 Scenario in Other Countries will expand 20% in
the projection period, from 829 Mtoe in 2007 to 990 Mtoe in 2030. Consumption of all
commercial fuels increases, while electricity consumption grows at 3.1% annually, from
102 Mtoe in 2007 to 205 Mtoe in 2030. Consumption of traditional biomass declines
from 491 Mtoe today to 476 Mtoe in 2030, almost entirely because of fuel switching to
modern fuels for cooking in India (see Chapter 2).

Other Countries account for 17% of the total emissions reductions for the building
sector in 2030 in the 450 Scenario. Amongst this group of countries, the biggest energy
savings occur in India, where total demand in buildings in 2030 is reduced by 33 Mtoe,
or 13%, compared with the Reference Scenario.

India is expected to construct more buildings in the period 2008-2020 than the total
stock existing in 2007. Introducing higher building standards in the short term can
lock-in energy efficient solutions, avoiding more expensive building retrofits in the
future. As part of the extension of existing policies and policies under consideration
which is assumed in this scenario, the revised Energy Conservation Building Code
(currently under discussion) provides minimum requirements for the energy-efficient
design and construction of buildings that use significant amounts of energy. Full
implementation of this and other measures will result in a cumulative saving of 8 Mtoe
in fossil fuels and 116 TWh of electricity by 2030. The extension and reinforcement
of the scheme on accelerated development and deployment of solar water — heating
systems, with a goal of achieving 200 000 m? of solar collector area in the residential
sector in the next two years, results in a more than three-fold increase in solar water
heating in 2030 compared with the Reference Scenario.
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CHAPTER 7

COSTS AND BENEFITS
IN THE 450 SCENARIO

How much additional investment
is needed?

H 1 S H | 1 S H L S

e In the 450 Scenario, additional investment of close to $10500 billion is
needed globally in the energy sector in the period 2010-2030, relative to
the Reference Scenario. This investment leads to a reduction in emissions of
over 13 Gt of CO, in 2030. Over 45% of incremental investment needs, or $4 750
billion, are in transport. Additional investment amounts to $2 550 billion in
buildings, $1 750 billion in power plants, $1 050 billion in industry and $400
billion in biofuels production. More than three-quarters of the total additional
cumulative investment in the 450 Scenario is needed in the 2020s.

® Most of the additional investment — $5 000 billion — is needed in OECD+ countries.
Other Major Economies need an additional $3 100 billion and Other Countries
$1 900 billion. On an annual basis, global additional investment needs reach nearly
$430 billion (0.5% of GDP) in 2020 and $1 150 billion (1.1% of GDP) in 2030.

e The bulk of the incremental investment — $3 400 billion — goes to buying
more efficient light-duty vehicles, in particular hybrid and electric cars. Most
of the investment in biofuels is in second-generation technologies, which are
expected to become more widespread after 2020.

e Total investment in power generation in the 450 Scenario over the period 2010-
2030 amounts to $7 950 billion, 28% higher than in the Reference Scenario. Of this
investment, 60% goes to renewables, 16% to nuclear and 7% to carbon capture and
storage (CCS). In the period 2021-2030, investment in nuclear power, renewables
and CCS makes up over 90% of total power-generation investment.

® The policies aimed at reducing energy-related CO, emissions in the 450 Scenario
lead to a big reduction in emissions of air pollutants. This greatly improves
human health, particularly in China and India. By 2030, sulphur dioxide (SO,)
emissions are 29% lower than in the Reference Scenario; nitrogen oxides (NO,)
emissions are 19% lower and emissions of particulate matter 9% lower.

® Energy bills in transport, buildings and industry are reduced by over
$8 600 billion globally over the period 2010-2030 and by $17 100 billion over
the lifetime of the investments. QOil and gas import bills in OECD countries in
2030 are much lower than in 2008, and in 2030 they are 30% lower in China and
31% lower in India than in the Reference Scenario. Local air pollution control
costs are $100 billion lower in 2030 in the 450 Scenario, compared with the
Reference Scenario.
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Incremental investment needs in the 450 Scenario

The stabilisation of the concentration of greenhouse gases in the atmosphere at
450 parts per million (ppm) of carbon dioxide equivalent (CO,-eq) will require
substantial investment in low-carbon energy technologies and energy efficiency. This
chapter quantifies that investment' and, where possible, the benefits it brings. Most of
the chapter discusses the additional investment required — additional compared to that
incurred in the Reference Scenario. For the power-generation sector, figures are also
given for the total investment required, to illustrate the scale of the total activity in
those fuels and technologies that best serve the purpose of curbing CO, emissions from
this source. After first considering the overall picture, the chapter deals separately
with each of the areas in which the additional investment will be required, before
switching to those areas in which the investment commitment will actually be lower
than in the Reference Scenario (though still substantial), such as oil, gas and coal.
This departs from the sequence usually followed elsewhere in the WEO, in order to
emphasise the changed focus of energy investment in this scenario and the scale of the
change for the sectors and low-carbon technologies concerned.

Based on the 450 Scenario projections presented in Chapters 5 and 6, in the period
2010-2030 additional investment of close to $10 500 billion is needed globally (in the
energy sector itself and in energy-consuming equipment in all sectors) relative to the
Reference Scenario. This investment leads to a reduction in energy-related emissions
of over 13 gigatonnes (Gt) of CO, in 2030. This additional investment is needed in five
key sectors: transport, buildings, power plant, industry and biofuels (Figure 7.1).2

Figure 7.1 e Cumulative additional investment needs by sector in the
450 Scenario relative to the Reference Scenario, 2010-2030
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Note: Investment in buildings includes rooftop photovoltaics.

1. Investment is expressed in billion dollars (10° or a thousand million dollars). By way of comparison, global
GDP was $60 000 billion in 2007 (measured at market exchange rates).

2. These sectors accounted for 91% of CO, emissions from fossil-fuel combustion in 2007. They account for
95% of the 13.8 Gt of CO, savings in 2030 in the 450 Scenario. Investment needs of the agriculture sector are
not considered in this chapter.

258 World Energy Outlook 2009 - POST-2012 CLIMATE POLICY FRAMEWORK



© OECD/IEA, 2009

The results presented here serve as a basis for the analysis in Chapter 8 of how these
investments might be financed. This chapter also quantifies the fuel-cost savings and
other benefits arising from investment in clean energy.

The largest increase in investment relative to the Reference Scenario is in transport;
the additional $4 750 billion there goes mainly into purchasing more efficient vehicles,
including plug-ins and hybrids. The second-largest area of investment is in buildings,
including households and commercial and public establishments, and is directed
primarily at greater energy efficiency and wider use of renewables. Additional
investment in this sector amounts to $2 550 billion. An extra $1 750 billion is needed
in power plants mainly to make greater use of renewables and nuclear power, and
to incorporate carbon capture and storage (CCS). Investment in industry in the
450 Scenario is $1 050 billion higher, the increase in investment being devoted mainly
to more efficient processes and electric motors. Additional biofuels investments of
$400 billion — supply-side investments by fuel providers — contribute to decreasing CO,
emissions in the transport sector. All these investments and the associated CO, savings
are shown in Tables 7.1 and 7.2.

Table 7.1 e World cumulative incremental investment (2010-2030) and CO,
savings (2030) in power generation and biofuels supply in the
450 Scenario, relative to the Reference Scenario

Incremental €O, savings due €O, savings due to Total CO, savings
investment to low-carbon reduced demand
($ billion) technologies (Gt) (Gt) (Gt)
Power generation 1745 5.8 3.5 9.4
Biofuels supply 405 n.a. n.a. 0.4

Note: CO, savings from biofuels arise from lower use of oil.

Table 7.2 o World cumulative incremental investment (2010-2030) and CO,
savings (2030) in end use in the 450 Scenario, relative to the
Reference Scenario

Incremental investment Direct CO, savings Direct and indirect CO,
($ billion) (Gt) savings (Gt)
Industry 1056 1.7 3.2
Buildings 2533 0.6 2.5
Transport 4730 1.2 1.2

Notes: Indirect savings arise from reduced electricity consumption in buildings and industry, which results in a lower
requirement for fossil-fuel based power plants in the 450 Scenario. Emissions from increased use of electricity in
transport are negligible because the additional demand for electricity is assumed to be supplied by low-carbon plant
(nuclear, CCS and renewables). Investment in transport leads to lower CO, emissions because it reduces the demand for
oil (mainly through greater efficiency and greater use of electric vehicles).

Most of the additional global investment — $5 000 billion — is needed in OECD+
countries. Other Major Economies need an additional $3 100 billion and Other Countries
need $1900 billion. The remaining $500 billion is needed in international shipping
and aviation. The United States and China have the largest incremental investment
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needs, estimated at $2 050 billion each over 2010-2030 (Figure 7.2). The European
Union also needs significant additional investment. China, India and Russia have the
lowest investment cost per tonne of CO, emissions reduced, owing largely to their large
potential for improved energy efficiency.

Box 7.1 e Calculating the investment needs

The term “investment” in this chapter covers not only capital spending by
businesses but also spending by individuals on cars, equipment and appliances
(but not on their operation). It is a measure of the cost of equipping our society
to enable it to achieve ambitious carbon-reduction targets. Most of the time, we
concentrate on the additional cost of this investment, relative to the Reference
Scenario.

Presented in this way, investment expenditure may seem to be nothing but
a burden. Of course, it is not. In the scenario we present here, there is every
reason to suppose that the businesses making this additional investment earn
a perfectly satisfactory commercial return on it; and, as discussed later in the
text, individuals save very considerable sums in fuel costs (quite apart from
other benefits) to set against their additional expenditure on equipment. How
the additional expenditure can be financed is a different issue, which is explored
in Chapter 8.

The results presented in the text concentrate on the quantification of the
additional expenditure, by sector and by region (though we do also present total
figures for the power generation sector, to illustrate the overall scale involved in
the conversion in that sector).

Power plant investment costs are calculated internally in the World Energy
Model, using unit costs specific to each technology. These costs are calculated
separately for the Reference and 450 Scenarios, and then aggregated. Specific
power-generation unit costs come from IEA analyses and have been reviewed by
industry experts. Exceptionally in this chapter, we present the total investment
costs for the power-generation sector in the 450 Scenario, as well as the
additional costs.

Unit road-transport costs for a range of technologies have been obtained through
a peer-review process (see also footnote 10). Investment in biofuels is based on
specific costs used in the IEA’s Mobility Model (MoMo), which is used to develop
scenarios for the transport sector.

For other transport modes (mainly road freight and railways), industry and buildings,
the underlying unit costs are less specific and more aggregated. No attempt has
been made to calculate total investment costs in these sectors, our focus instead
being solely on the additional costs associated with achieving the objectives of the
450 Scenario, measured against the costs of the Reference Scenario.

The main source of industry costs is an IEA report on industry (IEA, 2009a).
Buildings costs have been obtained from a variety of sources, including internal
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I[EA data, literature review and communication with building technology
experts.

The investment costs of installations such as power plants or industrial facilities,
construction of which may take several years, are attributed to the year of their
completion. For example, the construction cost of building a coal-fired power
plant is attributed to the year in which the plant begins operation, although
in reality construction takes about four years and costs are spread across the
construction period. CCS investment costs refer to the total cost of plants fitted
with carbon capture equipment but exclude transport and storage costs.

For the purposes of this chapter, investment in photovoltaics (PV) is included
in power plant if solar panels are used for large-scale centralised electricity
production and in buildings if used on rooftops. This is different from the
approach taken in previous chapters, where all generation from PV is included in
the power-generation sector.

Figure 7.2 e Cumulative incremental investment and CO, savings in
2010-2030 by country/region in the 450 Scenario, relative
to the Reference Scenario
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Incremental investment averages almost $220 billion per year in the period 2010-2020.
Over this period, annual incremental investment rises at a moderate rate to reach
nearly $430 billion by 2020, equivalent to 0.5% of global GDP. Incremental investment
needs rise sharply over the period 2021-2030, during which they average $800 billion
per year. Incremental investment reaches $1 150 billion in 2030, which corresponds
to 1.1% of global GDP in that year (Figure 7.3). More than three-quarters of the total
additional investment in the 450 Scenario is needed in 2021-2030. This is because most
of the CO, emissions reductions occur after 2020 (global CO, emissions are cut by 3.8 Gt
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in 2020 and by 13.8 Gt in 2030, compared with the Reference Scenario). CO, emissions
decrease dramatically after 2020 for a number of reasons: because non-OECD countries
are assumed to engage in deep emission cuts after 2020; because the rate of natural
replacement of capital stock is higher after 2020; and because it takes time to develop
low-carbon technologies on a large scale (for example, nuclear power expands rapidly
after 2020, because of the long lead times to develop new nuclear power plants; CCS
needs another ten years or so from now to be developed on a large scale; and electric
vehicles are not widely available earlier on a commercial basis).

Figure 7.3 e Global annual incremental investment and CO, savings in the
450 Scenario relative to the Reference Scenario, 2010-2030
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The current financial crisis has had a negative impact on investment in clean energy
(see Chapter 3). Energy companies have cut back spending on power plants, including
renewable energy projects such as wind farms and photovoltaics. Spending on
appliances, equipment and vehicles has also slowed. Tighter credit and lower fossil-
fuel prices make investment in clean energy less attractive financially, delaying the
deployment of a more efficient generation of technologies. Although the bulk of the
incremental investment is needed in the period 2021-2030, postponing investment in
clean energy now could defer the peaking of greenhouse-gas emissions beyond 2020.
This argues for greater government support now to encourage such investments. The
stimulus packages provided by a number of governments to support investment in clean
energy are a positive step in this direction, but not sufficient to put the world on the
450 Scenario pathway.

Timing of incremental investment
The period 2010-2020

A global climate agreement at the 15" Conference of the Parties (COP) to the United
Nations Framework Convention on Climate Change (UNFCCC) (December 2009,
Copenhagen) is likely to entail an immediate increase in spending on clean energy. As
noted earlier, additional investment needs in the period 2010-2020 average $220 billion
per year, reaching nearly $430 billion by 2020. Most of the CO, emission reductions
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during this period are achieved through investment in renewable energy and energy
efficiency. The largest increase in investment requirements is in transport in OECD+
countries (Figure 7.4). Total incremental investment in OECD+ countries averages
$120 billion per year. Other Major Economies need an extra $60 billion per year and
Other Countries need $35 billion per year. Most of the investment in the non-OECD
regions is needed in transport and in power plants.

Figure 7.4 e Cumulative incremental investment in 2010-2020, by sector
and region in the 450 Scenario, relative to the Reference
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The period 2021-2030

Most of the additional investment in clean energy in the 450 Scenario is needed after 2020.
During the period 2021-2030, the additional spending on clean energy increases sharply
to reach $1 150 billion by 2030. On average, more than $800 billion are spent every year.
Spending on new technologies, such as CCS and electric vehicles, rises considerably. OECD+
countries need $370 billion per year, while investment increases by $250 billion per year in
Other Major Economies and by $150 billion per year in Other Countries.

Overall investment in power plants?

Total investment in power plants in the 450 Scenario over the period 2010-2030 is in
excess of $7 900 billion. Total new capacity added in 2010-2030 amounts to just over
4300 gigawatts (GW); over half of this capacity is added after 2020. The decarbonisation
of power generation is achieved mainly through investment in renewables, nuclear
power and CCS. Most of the investment goes into renewables (54 750 billion or 60% of
the total). Investment in nuclear power reaches nearly $1 300 billion (16% of the total)
and CCS receives investment of $600 billion (7% of the total). The remaining investment
goes mainly into coal- and gas-fired power plants without CCS.

3. With the exception of Table 7.3, this section focuses on overall power plant investment in the
450 Scenario (i.e. in absolute terms, rather than relative to the Reference Scenario) so as to highlight the
scale of the demands on (and opportunities for) the technologies involved. As noted in Box 7.1, investment
in rooftop photovoltaics is not included in the total as it is reported under investment in buildings.
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In the period 2010-2020, investment in renewables, nuclear power and CCS makes up
over 70% of the total (Figure 7.5). In the period 2021-2030, more than 90% of power-
generation investment goes into these technologies, representing a momentous shift
away from current trends.

In the period 2010-2020, more than half of the total investment is in generation using
renewables, which totals $1 700 billion. Most investment in renewables is in the
OECD+ region. Much support for the development of renewables during this period
comes from government policies, other than the cap-and-trade-system, in which
the power sector and industry participate. Investment in nuclear power amounts to
$420 billion. This is over 40% higher than in the Reference Scenario; further increases
during this period are unlikely given the long lead times to develop nuclear power
plants and the current constraints in the supply chain (see below: Investement in
nuclear power). Investment in plants using CCS is limited to less than $60 billion, as
large-scale commercialisation of this technology is unlikely before 2020. Investment
in fossil-fuel based power plants without CCS amounts to $900 billion.

Figure 7.5 e Total global investment in renewables, nuclear, CCS and fossil
fuels for power generation in the 450 Scenario
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In the period 2021-2030, total investment in power generation in the 450 Scenario
is in excess of $4 800 billion. More than 60% of this is in plants using renewable
energy. Investment in nuclear power totals $850 billion, while investment in plants
with CCS reaches nearly $550 billion. This period marks the beginning of the end of
carbon-intensive electricity generation, as very little investment goes into coal- or
gas-based generation without CCS. All coal-based plants built in the OECD+ in the
period 2020-2030 are equipped with CCS. Recent IEA analysis suggests that to achieve
the 450 ppm trajectory, CO, emissions from power generation would need to be cut
by 70% below 2005 levels by 2050 (IEA, 2008). This implies that virtually no fossil-fuel
plants would be built after 2030, unless equipped with CCS, and that retired plants
would have to be replaced by plants with CCS, nuclear or renewables.

Beyond the requirements of the Reference Scenario, incremental investment in power
plants over the period 2010-2030 is close to $1 750 billion (28% higher) because it is
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directed toward more capital-intensive technologies.* Additionally, more existing
fossil-based power plants are retired in the 450 Scenario. The incremental investment
needs amount to $30 billion per year over the period 2010-2020 and to $140 billion per
year over the period 2021-2030. Table 7.3 summarises the changes in investment needs
in the 450 Scenario, relative to the Reference Scenario. Significantly higher investment
goes into renewables, nuclear and CCS, while investment in fossil fuels, particularly
coal, is reduced drastically.

Table 7.3 e Change in cumulative power-plant investment and capacity in
the 450 Scenario relative to the Reference Scenario

2010-2020 2021-2030
Investment Capacity Investment Capacity

(§ billion) (GW) (§ billion) (GW)

Renewables 430 212 1674 791

Hydropower 112 56 571 234

Wind power 209 118 594 350

Ccs 56 19 494 195

Nuclear 125 36 491 143

Fossil fuels -281 -335 -1244 -989
(without CCS)

Coal -197 -240 -961 -693

Total 330 -68 1415 139

Note: Renewables do not include photovoltaics in buildings.

The transformation of the power sector, as envisaged in the 450 Scenario, creates
tremendous opportunities for innovation in the power plant manufacturing industry.
Clear policy frameworks would be required, as manufacturers would need to invest
massively in new production facilities. The cost of new technologies is generally
assumed to fall over time through learning effects, particularly the cost of renewables
and, to a lesser extent, CCS. However, large demand for new plants, particularly in
the period 2021-2030, could create steep competition for manufacturing, engineering
and labour resources, driving costs and investment needs higher than estimated in
this Outlook.

OECD+ countries invest a total of $3 600 billion in power generation over 2010-2030
(Table 7.4 and Table 7.5). Other Major Economies invest a total of $2 500 billion.
China’s investment needs amount to $1 750 billion, the largest of any country. Other
Countries need to invest nearly $1 900 billion, of which about 40% is needed in India.

4. Over the period 2010-2030, total investment in power plant in the Reference Scenario amounts to
$6 200 billion, excluding photovoltaics in buildings.
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Table 7.4 e Cumulative investment in power plant by country/region in the
450 Scenario ($2008, billion)

Total Total Total
2010-2020 2021-2030 2010-2030

OECD+ 1399 2187 3586
United States 496 806 1302
European Union 586 832 1418
Japan 111 158 269
Other Major Economies 1078 1411 2489
Russia 117 195 313
China 797 951 1748
Other Countries 614 1256 1870
India 247 503 750
World 3091 4854 7944

Note: Figures do not include investment in photovoltaics in buildings.

Table 7.5 e Cumulative investment in renewables, CCS and nuclear power by
country/region in the 450 Scenario ($2008, billion)

2010-2020 2021-2030
Renewables  CCS Nuclear % of total Renewables CCS Nuclear % of total

OECD+ 866 51 189 79% 1190 411 449 94%

United States 228 35 87 70% 371 273 130 96%

European Union 474 9 32 88% 522 82 176 94%

Japan 40 1 29 63% 62 7 65 85%
Other Major 549 6 194 69% 886 106 246 88%
Economies

Russia 24 3 26 45% 106 22 41 87%

China 451 1 153 76% 622 66 168 90%
Other Countries 292 1 39 54% 948 20 151 89%

India 102 1 15 48% 365 9 73 8%
World 1707 58 422 71% 3024 537 846 91%

Note: Figures do not include investment in photovoltaics in buildings.

Investment in nuclear power

In the 450 Scenario, total investment in nuclear power in the period 2010-2030 is close to
$1 300 billion, 16% of the total investment in power generation. This investment is needed
to bring forth a total of 375 GW of new nuclear capacity by 2030, including capacity to
replace retired reactors. Most of the investment (5850 billion) in nuclear power is in the
period 2021-2030. This is because of the long lead times to develop nuclear power and
because several existing reactors will come to the end of their lifetime and will need to be
replaced during this period.

New nuclear capacity built over the period 2010-2030 in the 450 Scenario is almost
eight times greater than the capacity currently under construction, implying that
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the pace of construction needs to be scaled up considerably over the next few years.
Nuclear power plants have long lead times: construction takes at least four to five years
and the preceding planning period can last for as long as ten years. Lengthy planning
procedures tend to increase project costs and investor risk. This has been the case in a
number of OECD countries in the past. Improved and shorter planning procedures will
be crucial for accelerating the development of nuclear power.

Table 7.6 ® Nuclear capacity under construction as of end-August 2009

Country Number of reactors Capacity (net, MW)
Argentina 1 692
Bulgaria 2 1906
China 16 15220
Chinese Taipei 2 2 600
Finland 1 1600
France 1 1600
India 6 2910
Iran 1 915
Japan 3 3516
Korea 6 6520
Pakistan 1 300
Russia 9 6894
Slovakia 2 810
Ukraine 2 1900
United States 1 1165
Total 54 48 548

Sources: IAEA PRIS database, available at www.iaea.org; Japan’s Ministry of Energy, Trade and Industry.

New nuclear power plants can generate electricity at a cost of between $55 and
$80 per MWh, which places them in a strong competitive position against coal- or gas-
fired power plants, particularly when fossil-fuel plants carry the burden of the carbon
cost associated with the cap-and-trade system in OECD+ countries and in Other Major
Economies, which is assumed in the 450 Scenario. Yet, nuclear power plants have
very high up-front costs, and this is a serious risk factor for companies and financiers
planning to invest in nuclear power in competitive markets. Governments may need
to mitigate such risks, particularly in countries that have not built new nuclear power
plants for many years or at all. In the longer run, however, a well-designed system that
puts a price on carbon should lead to adequate investment in nuclear power.

China leads investment in nuclear power in the 450 Scenario. A total of $320 billion
is projected to be invested in the period 2010-2030 to bring 109 GW of new capacity
on line. In the past, China has set targets for nuclear plant development that have not
been met; but accelerating nuclear plant construction has become a priority for the
government in recent years. Its rigorous strategy is evidenced by the large number of
reactors currently being built. China now has the highest capacity under construction
in the world (Table 7.6): at 15.2 GW, it is almost twice that of its current installed
capacity of 8.4 GW (as of September 2009).
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The United States also invests significantly in nuclear power in the 450 Scenario. Initially,
investment in nuclear power will be supported by government incentives, the most important
of them being a loan guarantee to support debt financing. Under the Energy Policy Act
of 2005, these incentives are aimed at supporting up to 6 GW of new nuclear power plants
to become operational by 30 September 2021. The United States Department of Energy plans
to offer up to $18 billion of loan guarantees to new nuclear power plants.’

Figure 7.6 e Current estimates of overnight project costs of planned nuclear
power plants in the United States
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Cooper Light Carolinas

Note: Overnight project cost is the cost of a project excluding interest during construction, i.e. as if the
project were built overnight.

Source: Georgia Public Service Commission (2008).

Globally, nuclear power investment costs are assumed to be in the range of $3 200 to
$4 500 per kW for plants expected to begin operation between 2015 and 2030. The high
end of this range applies to nuclear power plants in the United Sates, where no nuclear
power plant has been built in a long time. The cost of building new nuclear power
plants in the United States is very uncertain and current estimates vary significantly,
as Figure 7.6 indicates. Given the range of the estimates, an average cost of $4 500 per
kW for 2015 and 2020 has been used here for the United States, falling to $4 000 per kW
by 2030. Construction cost uncertainty is a major risk factor for investors.

An ambitious target to reduce greenhouse-gas emissions, such as in the 450 Scenario,
will provide enormous opportunities to develop nuclear power further. However, the
industry faces a number of challenges, notably constraints in the supply chain. The
current number of equipment suppliers is small. Japan Steel Works is the only company
manufacturing very large forgings for reactor pressure vessels. The company already
plans to expand its production capacity. For smaller forgings, a number of other
manufacturers exist, which could scale up their production capacity to match orders.
In the period 2021-2030, 24 GW of new nuclear plant are projected to come on line

5. Loan guarantees are available to cover other advanced technologies as well.
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every year, significantly higher than recent trends. This means that, over the next ten
years or so, nuclear manufacturers will have to step up substantially their production
capacities. Investment in uranium mining will also have to rise considerably to meet
the fuel needs of these new power plants.

Investment in renewable energy for large-scale power
production

A global agreement to reduce greenhouse-gas emissions will also provide tremendous
growth opportunities for renewable energy. In the 450 Scenario, measures to reduce
emissions in the power sector lead to massive investment in renewables. Power
companies worldwide invest a total of $4 700 billion in the period 2010-2030 in
renewables-based electricity production. This is 60% of the projected total investment
in power generation. Annual investment in renewables reaches $340 billion by 2030,
more than double the level reached in 2008.°

Wind power attracts the highest level of investment in renewable energy in the
450 Scenario, reaching almost $120 billion per year by 2030 (Figure 7.7). Investment
in hydropower follows closely. Concentrating solar power (CSP) and biomass also see
sizeable increases in investment. Investment in PV for large-scale electricity generation
increases considerably, although it is less important than investment in PV in buildings.

During the period 2010-2020, investment in renewables for electricity generation
reaches $1 700 billion. Most of the savings in CO, emissions during this period — relative
to the Reference Scenario — result from the increase in investment in renewables.
This period provides a unique opportunity for renewable energy to grow and become
competitive, as CCS and nuclear can be developed on a very large scale only beyond
2020. Cost reductions anticipated in the period to 2020 pave the way for a dramatic
increase in renewables investment over the period 2021-2030, which exceeds
$3 000 billion.

The investment costs of renewable energy technologies are assumed to decrease over
time. Greater deployment accelerates technological progress and provides economies
of scale in manufacturing the associated equipment. The extent of the reductions
depends on the maturity of the technology. The costs of the more mature technologies,
including geothermal, hydropower and onshore wind power, are assumed to fall
less than those of new technologies. Falling unit investment costs result in roughly
proportionate decreases in power-generating costs (Table 7.7).

Currently, the expansion of many forms of renewable energy is dependent upon
government incentives aimed at reducing the cost and risk to investors (by providing,
for example, guaranteed markets). The deployment of renewable energy in the
450 Scenario is assumed to continue to be based on incentives, at least up to 2020.
Post-2020, the most cost-competitive forms of renewable energy, such as wind power,

6. For the purposes of single year comparisons (rather than comparisons over the periods 2010-2020 and 2021-
2030), 2008 is used as the base year. There are considerable uncertainties over estimates of expenditure in
2010.
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might rely solely on the indirect support they receive through cap-and-trade systems.
Governments may decide, however, to continue direct support for some time for
employment and energy security reasons, with the objective of achieving even greater
deployment of renewables.

Figure 7.7 e Annual investment in renewables for large-scale power
generation in the 450 Scenario
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Note: Investment refers to the cost of the capacity brought on line in that year (see Box 7.1 and footnote 6).
Investment in photovoltaics does not include building installations.

Table 7.7 e Investment and generating costs of renewables for power
generation in the 450 Scenario

2008 2008 2030 2030
Investment Gen. cost Investment Gen. cost
(S7KW) ($/MWh) ($/kW) ($/MWh)
Hydropower 1970 - 2 600 45-105 1940 - 2570 40-100
Wind - onshore 1770 - 1960 90-105 1440 - 1 600 70-85
Wind - offshore 2890-3200 100-120 2280-2530 80-95
Biomass 2960 - 3670 50-140 2550 - 3150 35-120
Solar PV (central grid) 5730 - 6 800 360-755 2010 - 2 400 140-305
CSP 3470 - 4500 135-370 1730-2160 70-220
Geothermal 3470 - 4060 65-80 3020 - 3540 55-70
Tide and wave 5150 - 5420 195-220 2240-2390 100-115

Note: The variation in investment costs is due to differences between regions. The variation in generating
costs is due to differences both in investment costs and in capacity factors in different regions. Generating
costs include discounted investment, operating and maintenance costs and, in the case of biomass, fuel
costs.

Source: |EA analysis.

The very large expansion of renewables in the 450 Scenario will require an equally large
expansion of the renewables manufacturing industry. Strong growth is now being seen
in the wind and PV industries. Despite the current dominance of the wind industry by
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European companies, these two industries are becoming more global, with production
facilities spread throughout OECD and non-OECD countries, and Chinese manufacturers
now feature in the top-ten (Table 7.8). Similarly, the PV manufacturing industry is
also becoming global. The number and diversity of market participants will increase
competition, pushing manufacturers to lower their prices.

Table 7.8 e The top ten wind turbine suppliers, by global market share

2000 2008
Supplier Country Market share  Supplier Country Market share
Vestas Denmark 17.9% Vestas Denmark 19.8%
Gamesa Spain 13.9% GE Energy United States 18.6%
Enercon Germany 13.7% Gamesa Spain 12.0%
NEG Micon Denmark 13.4% Enercon Germany 10.0%
Bonus Denmark 11.5% Suzlon India 9.0%
Nordex Denmark/Germany 8.3% Siemens Germany 6.9%
Enron United States 6.0% Sinovel China 5.0%
Ecotecnia Spain 3.9% Acciona Spain 4.6%
Suzlon India 2.3% Goldwind China 4.0%
Dewind Germany 2.1% Nordex Germany 3.8%

Source: BTM Consult (2009) for 2008 and data provided by BTM Consult for 2000.

Investment in carbon capture and storage (CCS)

CCS is deployed on a large scale after 2020 as a key technology to achieve the goals of
the 450 Scenario. A total of almost $600 billion is injected into CCS projects over the
period 2010-2030. Widespread commercialisation of CCS depends on developments in
legal and regulatory frameworks, financing mechanisms, international co-operation,
technological advances and public awareness. At the Hokkaido-Toyako Summit in
Japan in 2008, G8 leaders committed to undertake a number of CCS-related actions
to address these challenges: to announce 20 large-scale CCS demonstration projects
globally by 2010, taking into account various national circumstances, with a view to
beginning broad deployment of CCS by 2020; to establish an international initiative,
with the support of the IEA, to develop CCS technology roadmaps and enhance global
co-operation through existing and new partnerships; and to take various policy and
regulatory measures to provide incentives for commercialising CCS technologies. There
has, in fact, been a dramatic increase in government and industry demonstration
activities in the past year. Nearly all of the major economies have announced ambitious
plans and associated funding for large-scale CCS demonstration projects. Some of
these, including projects in the oil and gas industry, are listed below.’

m Australia launched in April 2009 the Global CCS Institute (GCCSI) to foster international
collaboration, particularly around near-term large-scale demonstration projects.
In addition, domestically, the government has designated AUD 2 billion for large-
scale demonstration.

7. Drawn from IEA (2009b).

Chapter 7 - Costs and benefits in the 450 Scenario 271




© OECD/IEA, 2009

In Brazil, oil company Petrobras is investing in two to four large-scale demonstration
projects as part of its sustainability and climate change plan.

Canada announced in 2009 the allocation of CAD 2.5 billion for large-scale CCS
project demonstration.

A consortium of companies in China is moving forward with the GreenGen project,
which has received support and approval from the government. GreenGen is also a
partner in the UK-China Near Zero Emissions Coal (NZEC) agreement that intends to
demonstrate CCS on a large scale by 2020.

The European Union (EU) financial stimulus package includes EUR 1.05 billion for
CCS demonstration. This complements the EU’s early 2009 decision to set aside
300 million allowances from the EU Emissions Trading System to fund CCS through
the avoided costs of buying the allowances.

France is developing smaller-scale demonstration projects that will be expanded
after their performance is assessed.

Italy’s Enel, the national electricity company, is developing one demonstration plant.

In Spain, an oxyfuel CCS demonstration plant, which has received funds from the EU
financial stimulus package (see above) is being developed.

The German government has, since 2004, approved research projects in the field of
power plant technologies and CCS involving about EUR 200 million of public funding,
which is complemented by private financing. Additionally, the major power supply
companies in Germany have announced several CCS pilot and demonstration plants,
and some of the smaller plants are already in operation.

Norway is continuing its leadership by developing the Mongstad and Karstg
projects.

South Africa launched a CCS Centre in 2009, and plans to build capacity rapidly with
the aim of having at least one full-scale project operational by 2020.

The United Kingdom is promoting CCS via its large-scale demonstration competition,
which will launch at least one major project in the next year. In addition, in April
2009, the government proposed that all new coal-fired power plants over 300 MW
capacity should be at least capture-ready in order to provide for any requirement to
apply CCS from the beginning of operation.

The United States announced $3.4 billion in new funding for CCS projects in
May 2009.

Coal-based CCS is assumed to cost an additional $750 per kW for a plant using ultra-
supercritical steam condition and $700 per kW for an integrated gasification combined-
cycle (IGCC) plant using post-combustion technology. Generating costs are on average
$25 to $35 per MWh higher than the cost of conventional coal-based generation, in the
absence of a carbon price.® Combined-cycle gas turbine (CCGT) plants are assumed to

8. CCS generating costs are higher because of higher capital costs, higher operating and maintenance costs,
and higher fuel costs (because their efficiency is lower than that of plants without CCS). Transport and
storage costs are not included in these figures.
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cost an extra $400 per kW by 2030 if equipped with CCS, with generating costs being
about $25 to $30 per MWh greater than for the same plant without CCS. A carbon price
is therefore necessary to make CCS plants competitive with conventional plants. CCS
commercialisation takes place in the period 2021-2030, during which a cap-and-trade
scheme is assumed to be in place in OECD+ and Other Major Economies. Investment in
CCS will require the support of governments in the first stages of commercialisation in
order to mitigate risks.

Investment in biofuels production

Biofuels account for 4% of total transport fuel consumption by 2030 in the Reference
Scenario, rising to 9% — more than double — in the 450 Scenario, an increase of 145 Mtoe.
The increase is met by sustainable first-generation biofuels in the early years of the
projection period; the lion’s share of the increase, in the later half of the projection
period, is met by second-generation biofuels after their introduction around 2020.

Relative to the Reference Scenario, the additional investment to increase the supply of
biofuels is about $400 billion over the period 2010-2030 (Figure 7.8).° Second-generation
biofuels for both road and aviation, which represent 60% of total biofuels consumption
in 2030 in the 450 Scenario, take up $380 billion, or almost 95%, of this investment from
2010-2030. Second-generation biofuels are expected to be considerably cheaper to
produce than first-generation biofuels, particularly close to 2030 by which time increased
volumes, economies of scale and learning rates will have driven down their costs.

Figure 7.8 e Investment in biofuels production by scenario, 2010-2030
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The investment analysis in Figure 7.8 is split between five aggregate biofuels
categories: sugar cane ethanol, corn ethanol and rapeseed biodiesel representing
first-generation biofuels; and Fischer-Tropsch biodiesel and ligno-cellulosic ethanol for

9. Total investment in biofuels over the period 2008-2030 in the 450 Scenario is $569 billion against
$163 billion in the Reference Scenario.
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second-generation biofuels. The analysis is also based on the assumption of a 400 MW
thermal plant. Bio-refineries could further lower costs by increasing plant size in order
to benefit from economies of scale; however, larger plants require a greater volume
of biomass, grown on a larger collection area. The increased transportation costs of
distant biomass could set a natural limit on local plant size. The oil price also impacts
on capital costs, construction costs and biomass prices. We have used the conservative
assumption that feedstock prices will have a 20% elasticity relative to the oil price.

If the increased biofuels investment requirements for the 450 Scenario are to be
realised, there will need to be a rapid reversal of the recent sharp decrease in
biofuels investments, resulting from the drop in oil prices (which undermined short-
term profitability) and the difficulty in accessing credit due to the credit crunch
(see Chapter 3).

Investment in transport

In the 450 Scenario, the assumed sectoral agreements in the passenger light-duty
vehicle (PLDV) and aviation sectors (see Chapters 5 and 6), as well as national policies
in other transport sectors, lead to additional investment of $4 750 billion for the entire
transport sector over the period 2010-2030, accounting for over half of all the additional
investment in final consumption. More than 70% of the additional investment is needed
after 2020. OECD+ countries account for around half of this incremental transport
investment. This share is a function of the higher cost of increasing fuel economy
in some parts of OECD+, as efficiency standards are already relatively high in many
countries and the greater part of vehicle sales over the projection period takes place
in the region. The passenger car market requires over 70% of the additional transport
investment worldwide. The incremental investment in the entire transport sector
results in substantial fuel-cost savings, amounting to nearly $6 200 billion over 2010-
2030. These fuel-cost savings extend beyond 2030, amounting to over $8 900 billion over
the lifetime of the cars, trucks and planes purchased over the period 2010-2030.

Passenger cars

The higher unit cost of more efficient passenger cars accounts for the bulk of the
incremental investment, $3 350 billion (Figure 7.9). The assumed sectoral agreements
bring forth energy and CO, savings well beyond those available from existing road-
transport technologies. New technologies offer significant potential both through
enhancements to the internal combustion engine (ICE) and, increasingly, hybridisation
and electrification of vehicles. In addition, non-engine improvements, in aerodynamics,
in the use of lightweight materials (such as high-strength steel or aluminium), and in
tyres and lights, can go a long way to increase overall car efficiency. It is estimated
that such non-engine improvements alone can increase fuel efficiency by up to 17%
relative to a car manufactured around the year 2000. There has been a steady increase
in the efficiency of new vehicles over recent years; this can be accelerated by providing
the right incentives to manufacturers to undertake research, development and
demonstration (RD&D) and to bring more efficient models to market.

274 World Energy Outlook 2009 - POST-2012 CLIMATE POLICY FRAMEWORK



© OECD/IEA, 2009

Figure 7.9 e Cumulative incremental investment in transport by mode in the
450 Scenario relative to the Reference Scenario
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Of the $3 350 billion additionally invested in passenger cars, about 60% goes towards
the purchase of vehicles powered by electricity, indicating the scale of the challenge
associated with the electrification of road transport. Additional consequential
investments will be required in the power-generation and transmission sectors, as
significant additions to electricity demand can be expected. Further investments are
required for public and private charging stations, and for manufacturing facilities for
batteries. Recent announcements by the car manufacturer, Nissan, suggest investment
costs of $350 million for a production line with a capacity of 54 000 battery units per
year in the state of Tennessee, United States. For the recharging infrastructure, the
general expectation is that about 1.3 plugs per electric car will be required in the long
run, which must be well distributed across public domains (such as parking spaces and
streets) as well as in the private field (such as at home and in companies).

Our analysis shows a significant potential for improvements in the efficiency of
conventional ICE vehicles, both in terms of the engine and non-engine parts.™ While
a significant share of engine-related efficiency potential can be seen as low-hanging
fruit, cost-effective even in the short term, the additional costs for further increases in
efficiency can be substantial (Figure 7.10). That part of the short-term potential which
is already being incorporated into modern cars has been excluded from the investment
cost analysis in this chapter.

For non-conventional technologies, the picture is different. The electric powertrains
and batteries that are used by all types of hybrid and electric cars offer substantial
short-term reductions in fuel consumption, but at very high cost, especially for plug-in

10. For the analysis of the additional costs of more efficient conventional and advanced non-conventional
cars, a comprehensive and detailed analysis of efficiency improvement potentials and associated costs was
conducted for this edition of the WEO in collaboration with the Energy Technology Perspectives team of the
IEA. The dataset was peer-reviewed by reviewers from industry and the science community.
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hybrid and electric cars. The same holds true for fuel cell vehicles. In the long term,
learning effects and economies of scale can be expected to drive down significantly
these additional costs, though uncertainties are considerable.

The Reference Scenario sees the average efficiency of the global passenger car stock
increasing by 25% by 2030 compared with 2007, while it increases by 53% in the
450 Scenario. Conventional ICE vehicles dominate the car market through to 2030 in
the Reference Scenario, implying that a considerable part of the above-mentioned low-
hanging fruit for improving fleet fuel economy will already be used in the Reference
Scenario. As a result, the additional costs for the 450 Scenario are significant. The
picture becomes less daunting when fuel savings are considered over the lifetime of a
vehicle (which offset part of the required additional investment). In the 450 Scenario,
the undiscounted fuel-cost savings from the use of more efficient passenger cars,
relative to the Reference Scenario, amount to $3 150 billion.

Figure 7.10 ® Maximum potential and incremental costs of vehicle
technologies for fuel savings compared with a year-2000
gasoline ICE car
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These fuel savings over the lifetime of the vehicle imply that the capital cost of
efficiency improvements might be entirely offset. But even where this is true on
a discounted basis, domestic consumers typically give more weight to the level of

276 World Energy Outlook 2009 - POST-2012 CLIMATE POLICY FRAMEWORK



© OECD/IEA, 2009

up-front capital costs. This behavioural consideration could be a significant barrier to
the purchase of more expensive fuel-efficient cars. Moreover, consumers have to pay
the price demanded for these improvements — not the cost. As a rule of the thumb, the
price to the consumer of innovation in the automotive sector, depending on the degree
of innovation and on the market segment in which the car manufacturer operates, is
generally calculated by the car industry using a factor of 1.1 to 2.0 on the costs of the
technology, to reflect R&D costs and the required return on investment. Thus, the fuel
savings over the lifetime of the vehicle have to be higher if the additional cost to the
consumer is to be fully offset.

: CO, savings for free?
The review of cost data for this year’s Outlook provides a clear picture of the
challenge that road transport is facing when it comes to reducing CO, emissions. :
Advanced powertrains come at a cost, even more so if they use fuels other :
than oil-based transportation fuel, such as electricity or hydrogen. However,
this is only one aspect. It is important to note that this analysis is based on the
. assumption that consumer preferences remain constant in the 450 Scenario.
¢ This implies that consumers will request at least the same level of sophistication
from a future car as they do today, i.e. with a similar number of features
irrespective of their impact on fuel economy. In addition, it implies that
consumers are unlikely to alter their preferences with regard to the size of their
cars, even though driving a small car rather than a sport utility vehicle (SUV) is
clearly an effective way to save fuel and thereby emissions. Also excluded from
the analysis are the cost-effective and efficient CO, savings that can arise from
eco-driving practices or modal shifts. This means that consumers are assumed
to be ready to pay for more fuel-efficient cars and the incremental investment
cost calculated in our analysis shows the size of this burden. If consumers were
to make different choices, the necessary fuel savings could be achieved at net
negative cost. :

Even assuming all of the above, the estimated long-term cost expectations as
outlined in Figure 7.10 cannot be taken as definitive. When anti-lock braking
systems (ABS) were initially introduced to the car market in the late 1970s, their
application was very expensive and therefore limited to larger cars. However,
ABS has become industry standard, the additional costs having been substantially
reduced and absorbed into the cost of the vehicle. Standardisation and mass
manufacturing could achieve the same for some of the other technologies
considered here, making them available at even lower costs than expected.
On the other hand, the downside of this holds true as well, i.e. without mass
production, the expected cost reductions are likely never to be achieved.

Sectors other than transport could also see CO, savings at negative costs if
consumers were to accept a slightly lower service level or slight changes to their
usual behaviour, such as turning off lights, using appliances for shorter times,
turning down the thermostat on the heating or turning off the air conditioning.
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Aviation

Cumulative emission reductions in the aviation sector of 1.6 Gt, relative to the
Reference Scenario, come at a capital cost of $700 billion over the projection period.
This cost is partially offset by fuel savings of $650 billion. Most of the savings come from
a combination of technical, operational and infrastructure measures.

In the aviation industry, in which fuel costs are a major component of overall costs,
the costs of some investment would be fully offset by fuel savings. These include, on
the structural side, retrofitting of wingtips and drag reduction. On the operational
side, they include use of ground power, in-flight fuel management, improved taxi-
ing techniques, weight reductions and improved take-off and landing procedures.
Investment in improvements to flight paths and air traffic management systems come
at negative costs after fuel savings are offset. For example, it is estimated that flights
between Lyon, France and Frankfurt, Germany are 41% longer than they need be. The
International Air Transport Association (IATA) estimates that shorter, performance-
based navigation routes could cut CO, emissions by 13 Mt per year if globally
implemented. These measures, which are assumed to be partially implemented in the
Reference Scenario, are fully implemented in the 450 Scenario. Over the projection
period, fuel savings outweigh investment costs. After these low-cost savings are
made, further CO, savings come at much higher costs. Further measures that are
implemented towards the end of the Outlook period include the earlier retirement of
aircraft, engine retro-fits and the introduction of aviation biofuels.

Other transport

The remaining sectors in transport combined require $665 billion of additional
investment over 2010-2030, relative to the Reference Scenario. Over 90% of that
investment is made in in trucks and buses, as savings from technology advances
in the PLDV fleet, brought about by international sectoral agreements, spill over,
particularly to light commercial vehicles — often at reduced costs." Mitigation
measures in the remaining transport sectors include: increased investment in electric
railways; improved logistics, downsizing and lightweighting in heavy-duty vehicles;
and, in shipping, engine retrofits, speed reductions, and engine and hydrodynamic
improvements.

Investment in industry

Globally, the industry sector invests an additional $1 050 billion dollars over the period
2010-2030, relative to the Reference Scenario. This investment is directed toward more
efficient technologies, technologies that use electricity or gas instead of coal, and CCS.
Nearly 60% of this investment is needed in the energy-intensive branches of industry —
iron and steel, non-metallic minerals (mainly cement), chemicals and petrochemicals,

11. Considerable uncertainty exists with regard to required investment in heavy-duty vehicles.
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and pulp and paper. Chemicals and petrochemicals need the largest increase in
investment, followed closely by iron and steel (Figure 7.11). Additional investment in
industrial CCS totals $150 billion.

Figure 7.11 e Cumulative incremental investment in industry in
the 450 Scenario relative to the Reference Scenario,
2010-2030
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The largest industry investment needs arise in Other Major Economies, where an
additional $530 billion is invested between 2010 and 2030. Most of this investment
is in China’s vast industrial sector, which already accounts for well over one-third of
global industrial CO, emissions. China’s industry is heavily dependent on coal-based
technologies, such as blast furnaces. Many of its industrial processes are still inefficient
compared with those in the OECD, although there have been significant improvements
in technology in recent years. Introducing new technologies that produce lower
emissions in China’s industry comes at an additional cost of over $400 billion over 2010-
2030. Investment in OECD countries amounts to $380 billion. Other Countries need to
invest an extra $150 billion, of which $70 billion is needed in India.

The main drivers of this investment are a cap-and-trade system and international
sectoral agreements to adopt best practices in industry. In the period 2010-2020, the
additional investment by all sectors of industry as a result of the cap-and-trade system
amounts to over $100 billion — all in OECD+ countries; in the period 2021-2030, when
Other Major Economies join the cap-and-trade system, an additional $750 billion is
to be invested. Investment in low-carbon technologies in industry is necessary not
only to reduce emissions, but also to improve competitiveness in the long run. The
cap-and-trade system will increase fuel costs for industry, but investing in energy
efficiency will help reduce spending on fuel. In Other Countries, investment in low-
carbon technologies is driven by international sectoral agreements. Total undiscounted
fuel-cost savings over the period 2010-2030 are slightly higher than the incremental
investment, while they are three times higher over the lifetime of these investments.
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Investment in buildings

In the 450 Scenario, investment in buildings over the period 2010-2030 increases
by $2 550 billion, relative to the Reference Scenario. Nearly two-thirds of this
investment is needed in houses and residential building blocks, with the remainder
going into commercial buildings (for example, offices, hotels and shops) and public
establishments (such as government offices). This investment is driven by national
policies and measures aimed at energy efficiency and renewables. Close to 30% of the
additional investment goes into renewables, notably into photovoltaics, solar water
heaters, biomass and geothermal-based heating (Table 7.9).

Table 7.9 e Cumulative incremental investment in 2010-2030 in renewable
energy in buildings, in the 450 Scenario relative to the Reference
Scenario ($2008, billion)

Photovoltaics Solar water ~ Biomass  Total renewables % of buildings

heaters and investment
geothermal
OECD+ 201 149 60 410 28%
Other Major Economies 87 76 5 168 24%
Other Countries 91 12 3 106 30%
World 379 236 68 683 27%

Nearly 60% of the incremental investment is needed in OECD+ countries, where the
additional investment needed to reduce energy consumption is very high because
energy use is already quite efficient in most of the countries of the region. Significant
investment is needed to reduce energy consumption for space heating and cooling,
and to switch from oil and gas boilers to electricity-based systems. Retrofitting
buildings saves energy but requires substantial up-front investment. Similarly, heat
pumps reduce energy consumption, by a factor of three or four compared with the
heat provided by a conventional boiler, but require much higher initial investment.
Solar water heaters and photovoltaics also come at relatively high costs. Incremental
spending on more efficient appliances and office equipment is also quite substantial,
although the incremental cost is modest relative to the large savings in electricity bills
achieved.

Other Major Economies need to invest an additional $730 billion, mainly in electrical
appliances. More than half of this investment is needed in China. Other Countries need
an extra $350 billion, of which $75 billion is in India. All these countries have a very
large potential to switch to more efficient appliances at low cost.

Relative to the Reference Scenario, this incremental investment results in global fuel-
cost savings of $1 200 billion over the period 2010-2030. Buildings in OECD+ countries
face higher fuel costs than in the Reference Scenario because electricity prices include
the carbon price generated by the cap-and-trade system. These higher electricity
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prices make many of the investments in buildings cost-effective. There are net cost
savings for Other Major Economies and Other Countries. Lifetime global fuel-cost

savings are close to $5 000 billion.

Tables 7.10 and 7.11 provide a summary of the annual additional investment needs by

region for the periods 2010-2020 and 2021-2030.

Table 7.10 e Average annual incremental investment by country/region

and sector in the 450 Scenario relative to the Reference
Scenario, 2010-2020 ($2008, billion)

Region Power plants  Biofuels Transport Industry Buildings Total
OECD+ 12.7 0.7 70.9 9.6 27.9 121.9
United States 6.1 0.0 25.5 5.0 1.1 47.5
European Union 35 0.4 29.2 1.3 9.3 43.8
Japan 0.3 0.1 4.1 0.5 2.9 8.0
Other Major Economies 10.8 1.0 30.3 4.2 10.1 56.5
Russia 0.0 0.0 37 0.3 0.4 1.6
China 10.9 0.1 15.1 3.8 5.5 35.4
Other Countries 6.4 0.8 21.4 1.9 4.5 35.0
India 3.3 0.1 47 0.8 0.7 9.6
World 30.0 2.5 126.3 15.8 42.6 217.1

Note: Russia’s investment in power generation in 2010-2020 in the 450 Scenario is lower than in the Reference
Scenario because of lower electricity demand and the longer operational lifetimes assumed for its nuclear
power plants, which reduce the need to build new capacity. The incremental investment shown in this table
is expressed as zero. The world total for transport and biofuels includes international aviation.

Table 7.11 e Average annual incremental investment by country/region

and sector in the 450 Scenario relative to the Reference
Scenario, 2021-2030 ($2008, hillion)

Region Power plants  Biofuels Transport Industry Buildings Total
OECD+ 66.7 22.3 137.1 27.1 114.4 367.6
United States 25.9 12.7 47.8 13.7 52.7 152.7
European Union 20.9 6.0 55.1 2.4 28.9 113.3
Japan 5.8 0.7 7.7 2.1 11.8 28.1
Other Major Economies 36.9 5.6 95.5 48.0 61.7 247.7
Russia 2.3 0.1 6.9 4.3 4.7 18.4
China 30.9 2.8 58.9 38.6 36.1 167.4
Other Countries 37.9 3.2 63.2 13.1 30.4 147.7
India 15.9 1.1 19.0 6.2 6.6 48.8
World 141.5 37.8 334.1 88.2 206.5 808.1
Note: The world total for transport and biofuels includes international aviation.
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Investment in fossil-fuel supply

In the 450 Scenario, investment in coal, oil and gas supply is lower than in the Reference
Scenario by $2 100 billion over the period 2008-2030. Estimated at $9 650 billion, however,
it remains very substantial. Most investment is needed in oil supply (54 750 billion),
followed by gas (54 450 billion) and coal (5450 billion). In relative terms, investment
in the coal industry falls furthest, as demand for coal is reduced dramatically in the
450 Scenario. Investment in coal supply is 34% lower than in the Reference Scenario,
while investment in oil is reduced by 20% and investment in gas by 13%.

In the period 2008-2020, investment in oil supply in the 450 Scenario is 16% lower than
in the Reference Scenario and investment in gas supply is reduced by 8% (Figure 7.12).
The drop is much more substantial post-2020 for both fuels. In the period 2021-2030,
investment in oil supply is lower by 25%, compared with the same period in the
Reference Scenario, and investment in gas supply is 20% lower. Investment in coal
supply is lower by 16% in the period 2008-2020 and by 55% over 2021-2030.

Figure 7.12 e Cumulative investment in fossil-fuel supply by fuel
and scenario
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Mitigation costs per unit of CO, reduction

In the 450 Scenario, CO, emissions from the combustion of coal, oil and gas are
reduced by 13.8 Gt in 2030 relative to the Reference Scenario. Figure 7.13 summarises
the CO, reductions and the costs at which these reductions are achieved, under the
assumptions in this scenario in power generation, industry, buildings and passenger
cars. The reductions are measured relative to the Reference Scenario. Emissions
reductions from lower electricity demand, resulting from greater energy efficiency in
buildings and industry, have been allocated to those sectors.
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Almost all the emissions reductions come at a cost of below $100 per tonne CO, in the
period to 2030. Low-cost mitigation options exist in all sectors and all regions. Almost
40% of the reductions come from measures costing less than $20 per tonne CO,. Most of
the low-cost options (less than $20 per tonne CO,) are in non-OECD countries.

As discussed above, there is significant potential to reduce emissions in the power
sector using renewables, CCS and nuclear power. Figure 7.14 shows the potential
volumes of CO, reduction and their associated ranges of unit costs. These costs have
been calculated by comparing the generating costs and the CO, emissions of low-carbon
technologies with those of the technology they displace (relative to the Reference
Scenario), which in most cases is a new coal-fired plant or a combination of a new coal-
fired plant, a new gas-fired plant and an existing coal-fired plant."

Figure 7.13 e Mitigation costs of CO, reductions in 2030 in the 450 Scenario,
relative to the Reference Scenario
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Significant emission reductions can be achieved through increased use of nuclear
power, at costs ranging between $19 and $31 per tonne CO,. Very low-cost reductions,
at less than $13 per tonne CO,, can be achieved through the use of more efficient coal-
and gas-based power generation, for example, by building ultra-supercritical coal-fired
power plants instead of supercritical. CCS in power generation comes at costs between
$40 and $63 per tonne CO,.

12. In the 450 Scenario, the power-generation sector in OECD+ countries is assumed to participate in a cap-
and-trade system together with industry. Other Major Economies countries join the cap-and-trade system after
2020. The carbon price that emerges from trading reaches $110 per tonne CO, in 2030, reflecting the cost of
industrial CCS. For the power sector, the most expensive option included in the cap-and-trade is also CCS, but it
becomes competitive at less than $110 per tonne CO,.
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Figure 7.14 e Mitigation costs and associated CO, reductions by
power-generation technology in 2030 in the 450 Scenario,
relative to the Reference Scenario
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The unit costs of CO, reductions from using renewables vary significantly, depending
on the technology and location. Geothermal, hydropower and onshore wind power
have some of the lowest costs per unit of CO, reduction. The CO, abatement cost of
geothermal power is the lowest among all renewables, but the CO, reductions achieved
are very small because geothermal power is constrained by resource availability.
Hydropower saves significant amounts of CO,, at costs ranging between $26 and $41 per
tonne CO, but most of the resources are in non-OECD countries. CO, reductions through
greater use of onshore wind power come at a cost between $39 and $62 per tonne CO,.
In the middle of the cost range, offshore wind costs between $58 and $75 per tonne
CO,, biomass between $51 and $71 per tonne CO,, and tide and wave power at $56
to 568 per tonne CO,. Higher mitigation cost renewables include concentrating solar
power (563 to $116 per tonne CO,) and photovoltaics ($181 to $239 per tonne CO,).

Several low-cost options are available to reduce emissions in industry, notably through
the use of more efficient electric motors. Heavy industry has relatively low-cost
options, too, but the cost estimates for these are not very accurate. Most of the
emissions reduction potential is in China, a country for which costs are very difficult
to establish. The most expensive option in industry in 2030 is CCS, at $110 per tonne
Co,.

In buildings, substantial savings can be achieved, at moderate costs per unit of CO,
saved, through the use of more efficient appliances. Building retrofit costs can be
low per unit saved; although retrofitting requires substantial up-front investment,
the energy and CO, emission savings extend over a long time. More expensive options
include photovoltaics and heat pumps.
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In passenger car transport, there is a large potential to reduce emissions at low cost
by improving car efficiency. Significant potential costing less than $20 per tonne CO,
exists in OECD+, with a large part of it in the United States. The costliest options are
plug-in hybrid and electric cars: electric car mitigation costs can go beyond $100 per
tonne of CO, saved.

Box 7.2 e Uncertainties about calculating mitigation costs for transport

Estimates of the marginal abatement costs of passenger cars can vary widely,
depending on the assumptions used, such as the discount rate, the lifetime
of the vehicle and the mileage driven. The marginal abatement costs of fuel-
efficient gasoline ICE vehicles and hybrid cars in 2030 are mostly negative across
world regions for a discount rate of 10%, as fuel-cost savings over the vehicle’s
lifetime (under most assumptions) substantially exceed the additional investment
needed.

Just as the calculation is highly sensitive to the discount rate chosen, so the
choice of the annual mileage is critical. The choice of a high mileage increases
the amount of fuel saved by fuel-efficient cars, thereby, sometimes in itself
implying a negative marginal abatement cost. Generally, it is safe to say that
efficiency improvements to conventional ICE vehicles and the purchase of hybrid
cars come at no net cost to the consumer over the lifetime of the vehicles and,
in certain conditions, the higher investment cost can be paid back within a few
years.

For plug-in hybrids and electric cars, the marginal abatement costs are even
more sensitive to the assumptions. With their high up-front investment costs,
the choice of discount rates is particularly important. Moreover, the uncertainty
about future battery costs, about the required ratio of battery replacement rates
over the lifetime of the vehicle (which tends to vary considerably, for example,
with different climatic conditions) and about assumptions such as the value
of used batteries in the second-hand markets, can shift estimates of marginal
abatement costs from values lower than $20 per tonne CO, to values in excess of
$200 per tonne CO,.

Using a bottom-up approach to estimate mitigation costs provides useful insights
for comparing technologies and can help identify least-cost options for reducing CO,
emissions. However, these costs are very dependent on the underlying assumptions:
the discount rate, fuel prices, the lifetime of the technology (technical or economic),
the baseline technologies against which costs are measured and, in the case of road
transport, the assumptions on mileage driven per car and per year. Measuring costs
in the power sector and, to some extent, in industry is relatively straightforward. On
the other hand, there are substantial difficulties about estimating the cost per unit of
CO, saved in transport and households; these costs are highly sensitive to the extent to
which an appliance is used over its lifetime and to discount rates, which tend to vary
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considerably. Moreover, decisions made by individuals encompass a number of criteria
that go beyond the cost of the car or the appliance and are very difficult to quantify.
These factors raise doubts over the value of some mitigation cost estimates. Overall,
unit mitigation costs can be a very useful tool to identify least-cost options for reducing
CO, emissions; however, estimates for the unit costs of mitigation measures for private
transport and households should be considered with care.

Benefits of investing in low-carbon technologies
and energy efficiency
Reduced local pollution

Rising energy consumption, increasing mobility and continuing reliance on fossil fuels
are damaging ambient air quality in many countries, particularly outside the OECD.
Emissions of sulphur dioxide (SO,), nitrogen oxides (NO ) and particulate matter
are harmful to human health and cause environmental problems, such as acid rain,
reduced visibility and ground-level ozone formation (though, in some cases, they can
also reduce the overall warming impact of greenhouse-gas emissions). Air pollution has
become a major public health issue in cities across the developing world. In addition to
the local consequences, the effects of air pollution are felt beyond national borders.
Regulatory programmes, international treaties and emissions control technologies
already exist to tackle many of these problems. Projections of these pollutants for the
Reference Scenario are presented in Chapter 2.

Actions to suppress air pollutants, inhibit climate change or pursue other energy-related
goals can be mutually supportive: improving energy efficiency, for example, reduces
fossil-fuel consumption, air pollution and greenhouse-gas emissions, while benefitting
human health and contributing to energy security. Effective policy integration,
producing what are termed “co-benefits”, warrants attention in both developing and
developed countries.

The policies aimed at reducing energy-related CO, emissions in the 450 Scenario cause an
important reduction in the emission of air pollutants (Table 7.12). By 2030, SO, emissions
are 25 million tonnes (Mt), or 29%, lower than in the Reference Scenario. The majority
of that reduction (22 Mt) occurs in non-OECD countries. NO_emissions are 19% lower. In
absolute terms, this means 16 Mt of NO_less, of which 13 Mt is due to lower emissions
from non-OECD countries. Emissions of particulates (PM2.5) also decrease, compared with
the Reference Scenario. In 2030, they are 3.8 Mt (or 9%) lower. Importantly, emissions
in the OECD region are slightly higher (by 0.5 Mt) in the 450 Scenario, due to greater use
of biomass in the residential sector. Emissions from non-OECD countries decrease
by 4.3 Mt.

While reducing these pollutants has a positive impact on human health, there are no
data available to allow for a quantitative global assessment of this impact. Estimates
for European countries, China, India and the European part of Russia suggest that about
3.4 billion life-years were lost in those countries in 2005 due to PM2.5 exposure. This
estimate is dominated by the figures for China and India, which together account for
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more than 90% of the life-years lost in 2005. The Reference Scenario implies increased
loss of life-years, the numbers rising by about 70% by 2030 to 5.7 billion (Table 7.13).
Relative to the Reference Scenario, the 450 Scenario saves 1.2 billion life-years in
2030, 560 million of these in China and 600 million in India.

Table 7.12 e Emissions of major air pollutants by region in the 450 Scenario
(Thousand tonnes)

2005 2007 2020 2030 Change versus
Reference Scenario
2020 2030
Sulphur dioxide (SO,)

OECD+ 30125 25203 11718 9670 -12% -23%
United States 13789 11301 3827 2669 -13% -29%
European Union 8017 6 267 2568 2294 -7% -13%
Japan 811 717 523 487 -3% -8%

OME 44922 44 685 39590 28916 -10% -30%
Russia 5416 5532 3976 3739 -11% -27%
China 31557 31525 29524 19 558 -11% -33%

Other Countries 20 155 20 408 22 525 23185 -8% -29%
India 5929 6263 9158 9376 -11% -37%

World 95 202 90 297 73 835 61772 -10% -29%

Nitrogen oxides (NO,)

OECD+ 37194 33348 17 358 14 037 -8% -17%
United States 17191 15225 6895 5180 -8% -20%
European Union 10 854 9625 4990 3988 -7% -12%
Japan 2163 1926 930 697 -8% -15%

OME 28473 29 158 30779 29141 -8% -23%
Russia 4903 4645 339% 2797 -6% -19%
China 15760 16 902 19518 17 274 -10% -29%

Other Countries 19 437 19 276 20 269 24 477 -6% -16%
India 3942 4113 5517 7431 -8% -22%

World 85 104 81783 68 406 67 655 7% -19%

Particulate matter (PM2.5)

OECD+ 4210 3944 3378 3818 3% 15%
United States 1027 946 820 1050 14% 51%
European Union 1695 1573 1287 1363 2% 10%
Japan 199 184 130 116 -4% -8%

OME 15619 16 162 14634 12316 -5% -13%
Russia 1113 1098 1115 1056 -4% -14%
China 12 553 13 100 11451 9313 -6% -15%

Other Countries 18 695 19014 20 119 20038 -4% -11%
India 5098 5139 5347 5398 -5% -14%

World 38524 39121 38 131 36 171 -4% -9%

Note: The base year of these projections is 2005 and 2007 is estimated by IIASA.
Source: [IASA (2009).
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Table 7.13 e Estimated life-years lost due to exposure to anthropogenic
emissions of PM2.5 (million life-years)

Reference Scenario 450 Scenario
2005 2020 2030 2020 2030
China 2233 2903 2897 2707 2340
India 865 1637 2647 1522 2044
Russia* 47 45 47 43 41
European Union 206 122 17 118 11

* European part only.
Source: [IASA (2009).

Valuing the benefits of the 450 Scenario

Valuing the benefits to humanity of avoiding precipitate climate change is beyond the
scope of this study. Nonetheless, there are benefits more directly related to the energy
sector that should be taken into account when facing up to the substantial additional
investment requirements of the 450 Scenario. Savings on energy consumers’ bills, lower
import costs for energy-importing countries and reduced spending to deal with the
effects of pollution, are benefits that can all be measured in financial terms. Globally,
the undiscounted fuel-cost savings in industry, buildings and transport over 2010-2030
amount to over $8 600 billion (Figure 7.15). Investments made after 2020 generally
come at higher cost; but the fuel-cost savings extend well beyond 2030, particularly
in the buildings sector, where high investment cost measures (such as building-retrofit
in OECD+ countries) result in significant fuel-cost savings over very long periods. The
undiscounted fuel-cost savings over the lifetime of these investments exceed $17 000
billion. At a 3% discount rate, there are net savings of $3 600 billion, while at a 10%
rate, there are still net savings of $450 billion over the lifetime.

Figure 7.15 e Incremental investment needs and fuel-cost savings for
industry, buildings and transport in the 450 Scenario relative
to the Reference Scenario
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Notes: The changes in power-generation investment and fuel costs are included in the electricity prices
charged to the sectors shown in this graph. Costs are not discounted.
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Spending on energy imports continues at a high level in the Reference Scenario,
representing a major economic burden to importing countries. In the 450 Scenario,
spending on oil and gas imports is lower than in the Reference Scenario, both because
of reduced oil and gas imports and because fossil-fuel prices are assumed to fall. Import
bills in OECD countries in 2030 are much lower than in 2008 (Figure 7.16). They are
reduced by 30% in China and by 31% in India, compared with 2030 in the Reference
Scenario.

Figure 7.16 o Oil and gas import bills in selected countries/regions by

scenario

g 7007 M European
& Union
5 “001 China
S 500 United States
5 M India
& 4001 W Japan

300

200

0 -1 T T
2008 2030 2030

Reference Scenario 450 Scenario

Note: Calculated as the average value of net imports at prevailing international prices.
Source: |EA databases and analysis.

Spending to curb air pollution was estimated at $200 billion worldwide in 2005
(Figure 7.17). In the Reference Scenario, these costs increase by a factor of 3.5 by
2030, due to both higher activity levels (for example, higher energy consumption,
higher car ownership) and the increasing stringency of controls. More than 60% of the
total cost of reducing emissions in 2030 arises in relation to road transport. In the 450
Scenario, reduced fossil-fuel consumption, brings a reduction of 17% in these costs in
2030, compared with the Reference Scenario, saving $100 billion. The largest savings
are in China ($33 billion) and the United States (523 billion). These cost figures, along
with the figures on life-years saved, clearly demonstrate the value of the co-benefits
of action directed at mitigating climate change.

Investment in electricity networks in the 450 Scenario amounts to $5 100 billion in
2010-2030, about 20% less than in the Reference Scenario because electricity demand
is lower. In non-OECD countries, investment in networks is over $700 billion lower
than in the Reference Scenario, which offsets most of the additional $900 billion these
countries need to spend on power plant under the 450 Scenario. In countries struggling
to raise finance, this reduction can also be seen as an important benefit.
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Figure 7.17 e Annual air pollution control costs by region and scenario
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Investment in research, development,
demonstration and deployment

Current status

Many low-carbon technologies needed to achieve the 450 Scenario currently have
higher costs than the incumbents. It is only through technology learning from research,
development, demonstration and deployment (RDD&D) that these costs can be reduced
and the technologies become economic. New technologies require, at some stage,
both the push of research, development and demonstration and the pull of market
deployment. Often, and particularly when a rapid transition is required, both the push
and the pull have to be organised or supported by governments.

Some low-carbon technologies (such as onshore wind, biomass, third-generation
nuclear power, hybrid vehicles and many energy-efficiency technologies) are
already commercially available — but their widespread diffusion remains dependent
on supportive policy measures. Several other technologies are not yet available
for deployment (e.g. ultra-high efficiency or ultra-low cost PV devices and fourth-
generation nuclear power) and although they are not expected to be commercialised
before 2030, they need RD&D now. A huge effort will be needed. Public energy
RD&D spending in IEA countries has been slowly increasing in recent years, reaching
$12.5 billion in 2008 (Figure 7.18). However, in real terms, it is about two-thirds
the level it was in 1980. Private sector RD&D in energy technology exceeds public
investment, at $40 billion to $60 billion per year, although this is only partly related
to clean energy (IEA, 2008). Governments have made commitments to increase public
RD&D and some countries have implemented their commitments, but, overall, the
declared goals have yet to be fully realised.
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Figure 7.18 e IEA government spending on energy research, development
and demonstration
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Note: RD&D budgets for the Czech Republic, Poland and Slovak Republic have not been included for lack of
availability.

Source: |EA databases.

In order to realise the energy technology revolution envisioned in the 450 Scenario,
governments need to provide strong and coherent support, within and across technology
families. RDD&D investment needs under the 450 Scenario are about $3 500 billion
between 2010 and 2030, approximately equally spread between 2010-2020 and 2021-
2030." Deployment costs represent the bulk of these investments.

Role for governments to enhance RD&D

The IEA has called on all countries to take such action on a large-scale — a Clean Energy
New Deal — to exploit the opportunity the financial and economic crisis presents to
affect a permanent shift in investment to low-carbon technologies. The required shift
in energy RD&D investment to achieve a 450 ppm trajectory far exceeds that which
is likely to result from current programmes, including additional spending on clean
energy in the stimulus packages. The moves already taken by a number of IEA member
countries and non-members alike are clearly an important and encouraging step in the
right direction, but much more needs to be done.

13. For the purposes of this analysis we assumed that research, development and demonstration
investments are 10% of deployment needs, as defined below. This figure is based on analysis of 17 key
technologies representing 87% of CO, emission reductions for the energy sector under the ETP BLUE
Scenario, published in IEA (2008). Deployment costs are the total amount that must be invested in cumulative
capacity of a new technology up to the point where its unit costs (e.g. expressed in $/MWh for an electricity
generating technology) reach those of the incumbent technology (break-even point). Deployment costs are,
therefore, equal to the sum of the costs of the incumbent technology (which would have been incurred anyway),
plus the additional investment costs (learning investments) required while the new technology becomes
competitive. Data to accurately estimate RD&D needs are generally insufficient.
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Support for RD&D is a critical area of government action. There is growing evidence that
the private sector is, in current economic circumstances, slashing spending on energy
RD&D. This is in part because investment in innovation is essentially pro-cyclical, as
it mainly financed from corporate cash flows. These cash flows fall in most cases with
lower prices and weaker demand; thus, to counter these risks, it is essential that
governments take action directly or indirectly to bolster innovation. Regardless of the
case for fiscal stimuli to combat the economic crisis, the need for governments to step
up their support for research on clean energy has never been clearer. Governments
should seek to develop stronger collaborative partnerships with the private sector on
large-scale RD&D projects.

An international and stable carbon price forms the cornerstone of any successful policy
in the longer term, but will not be sufficient by itself. It will need to be complemented
by other policies and measures. While a significant increase in support for RD&D is the
leading candidate, improvements in rules and regulations, especially those that are
creating unintended barriers, must also be promulgated at all levels of government.

One of the most attractive options for now lies with refurbishing buildings. Renovating
them to meet high energy-efficiency standards and replacing outdated heating systems
would cut energy use dramatically, while also creating jobs in the manufacturing and
building trades. Publicly owned buildings could be the first target. The transportation
sector also holds enormous potential for energy savings and government support for
the auto industry should be designed to promote more fuel-efficient vehicles, including
scrappage and buy-back schemes (as has been the case, for example, in the United
States). Renewable energy can also play a role, with support through tax changes and
targeted investments.

Such a Clean Energy New Deal is not a substitute for other, long-term approaches.
However, it could be a promising and concrete way to take a determined first step to a
sustainable future — one that is more secure, more environmentally friendly and more
affordable.
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CHAPTER 8

FUNDING LOW-CARBON GROWTH
How can we finance a clean-energy future?

H 1 S H L | S H T S

e The geographical and sectoral distribution of abatement and investment in
the 450 Scenario, as set out in previous chapters, does not determine how
those actions are funded. That is entirely a matter for negotiation. UNFCCC
Parties have agreed that developed countries will provide financial support to
developing countries but the level of support is still open. It is clear that there is
a wide range of potential funding outcomes. In the 450 Scenario, $197 billion of
additional investment is made in non-OECD countries in 2020. Depending on the
fields of support and within a range of co-funding assumptions varying from 25%
to 75%, OECD+ could contribute anywhere between $13 billion and $148 billion
of this, in addition to supporting technology transfer and adaptation.

e There are various channels through which funds can flow to developing
countries, one of the most important being the international carbon market. In
the 450 Scenario, depending on how the market is structured — again a matter
for negotiation — primary trading of CO, emission reductions between OECD+
and other regions ranges between 0.5 Gt and 1.7 Gt in 2020. A central case
sees a CO, price of around $30 per tonne and annual primary trading of around
$40 billion. The current Clean Development Mechanism would need extensive
reform to cope efficiently and robustly with a substantially increased level of
activity. International funding pools are another important channel that could
support an increase in financial transfers to developing countries.

e Based on the current distribution of investment in the energy sector, households
may be responsible for around 40% of the additional investments in 2020 in the
450 Scenario. This reflects the heavy dependence of the 450 Scenario on the
purchase of low-carbon vehicles and energy-efficient appliances by millions
of households worldwide. Devising effective methods to achieve this result
constitutes an important policy challenge for governments, particularly in
some non-OECD countries where access to finance is more limited.

® Businesses are responsible for most of the remainder of the additional investment
in the 450 Scenario. Many of the most important corporate investors in the
450 Scenario, such as solar, wind and biofuels companies, have been hit hard by
the financial crisis, due to their relatively small size, more leveraged balanced
sheets and perceived exposure to risk. In the short term, the maintenance of
government financial stimulus efforts will be crucial to this investment. In the
long term, policy certainty — at international, national and local level — is an
important driver of efficient investment.
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Introduction

While Chapters 5 and 6 describe, by region and by sector, the extent and composition of
the carbon dioxide (CO,) abatement that takes place in the 450 Scenario, and Chapter 7
details the additional investments that are undertaken to bring about this abatement,
the 450 Scenario deliberately stops short of allocating responsibility for these actions.
Yet, if such a scenario is to be realised, the 15" Conference of the Parties (COP) of the
United Nations Framework Convention on Climate Change (UNFCCC) (December 2009,
Copenhagen) must be specific about each country’s commitments (where they have
them) under a post-2012 agreement. In particular, it must agree on how and by whom
mitigation action, and its corresponding investments, would be funded.

There is no reason to assume that the geographical, or even sectoral, distribution of
abatement and investment in the 450 Scenario determines how they would or should
be funded. While the Outlook is able to provide insights into the level and distribution
of efficient actions to abate CO, emissions from the energy sector, it is not able to
assess fairness: burden sharing must be a matter for negotiation between countries.
Instead, this chapter illustrates a broad range of possible distributional outcomes that
might result from a deal in Copenhagen. All involve some level of support from OECD+
countries to promote abatement in non-OECD countries. The chapter also looks at the
mechanisms, particularly carbon markets and international funds, that can be used,
and enhanced where necessary, to allow this support to be provided.

Whatever financial assistance mechanisms may be set up, the investments and capital
purchases necessary to realise the 450 Scenario are ultimately paid for by governments,
businesses or households. Substantial efforts are required by all three groups, and
each has access to a very different set of financing channels. The latter part of this
chapter provides an indicative estimate, based on current trends, of how the financing
of investments might be distributed between these three categories, commenting on
the policy issues that arise.

Although this chapter focuses specifically on financing energy-related CO, abatement
in the 450 Scenario, funding would, of course, also be needed for the mitigation of
emissions from other sectors, reductions in emissions of other greenhouse gases (where
these are not simply a co-benefit of investments that yield CO, reductions), adaptation
to the impacts of climate change, and technology development and transfer. Estimates
of the funding needed to finance adaptation to climate change are summarised in
reports by the UNFCCC (2007a, 2008a and 2009).

Financial support for mitigation in developing

countries
In the Bali Action Plan, countries agreed to enhanced action on the provision of financial
resources and investment to support action on mitigation, adaptation and technology

co-operation. New and additional resources are to be provided to fund incentives for
enhanced implementation of national mitigation strategies and adaptation action
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by developing countries." In broader terms, there is an international consensus that
developed countries will, in addition to taking responsibility for and carrying out
mitigation actions domestically, provide some level of financial support to developing
countries to help them achieve lower emissions.

The rationale for this is clear. As shown in the previous chapters, achieving stabilisation
of the concentration of greenhouse gases at 450 parts per million of CO,-equivalent
(ppm CO,-eq) requires significant reductions in global emissions from current levels.
Opportunities for effective action exist worldwide. Emissions anywhere in the world
have the same impact on the global climate. Thus the cost of achieving the required
concentration can be minimised by implementing the measures that cost least per
tonne of CO,-eq, regardless of their location. Although the World Energy Model
takes a more nuanced approach, this principle is the primary factor determining the
geographical location of abatement action in the 450 Scenario. Since many of the
cheapest abatement options are in non-OECD countries, 57% of the abatement in 2020
is achieved through measures taken in these countries. Incremental investment in
non-OECD countries, additional to that in the Reference Scenario, totals $197 billion
in 2020 (Table 8.1). However, many of these countries have low per-capita emissions,
low historical emissions and low income and so require some level of financial and
technological support to ensure that the emission-reduction measures are fully
implemented. Without such support, there is little reason to expect that the level of
abatement in the 450 Scenario would be achieved.

Table 8.1 e Incremental investment needs by region and sector in the
450 Scenario relative to the Reference Scenario
in 2020 ($2008, billion)

Region Power Biofuels  Industry Transport Buildings Total
OECD+ 39 5 19 92 62 216
United States 16 2 10 34 25 86
European Union 9 2 2 36 19 68
Japan 4 0 1 5 7 17
Other Major Economies 30 2 14 51 26 124
Russia 0 0 1 6 1 8
China 26 1 12 27 14 80
Other Countries 18 2 5 36 12 73
India 10 0 2 9 2 23
World 88 10 38 192 100 427

Note: At world level only, transport includes international aviation and shipping.

1. Bali Action Plan, paragraph 1(e), UNFCCC (2007b).
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There is no consensus yet on what the level of financial support should be, how
the provision of support should be distributed across developed countries, how the
available financial support should be shared between developing countries, or to
what extent different financial mechanisms (such as carbon markets or international
funds) should be employed to deliver these transfers. Moreover, there is considerable
debate about how carbon markets, the Clean Development Mechanism (CDM) and other
international financing systems need to evolve in response to a new global post-2012
agreement. Nevertheless, the strong recognition of developed-country commitments
to support mitigation in developing countries, as set out under Articles 4.3 and 4.4 of
the UNFCCC, is an important starting point. The Bali Action Plan calls for “provision
of financial resources and investment to support action on mitigation and adaptation
and technology cooperation” (UNFCCC, 2007b). This section explores the options
available for elaborating on these arrangements, in the context of the results of the
450 Scenario.

Overall level of support by OECD+ countries

The overall level of financial support by OECD+ countries for emission reductions in
non-OECD countries is entirely a matter for negotiation; there is no objectively "right
answer", since value judgements differ on what would constitute a “fair” distribution
of responsibility. Nevertheless, the 450 Scenario can provide insights on the general
order of magnitude of funding arrangements, under a range of assumptions about
which types of investment OECD+ countries might support and what level of co-funding
they could provide. As a starting point, given the consensus of the Bali Action Plan,
it is reasonable to assume that all the energy-related CO, abatement and additional
investment expenditure that takes place in OECD+ (amounting to 1.7 gigatonnes [Gt]
and $216 billion, respectively, in 2020) will be financed domestically by OECD+.?
In addition, to help other countries undertake some of their abatement and investment
expenditure (totalling 2.2 Gt and $197 billion in 2020), OECD+ is assumed to provide
some additional funding.

There is no consensus yet in the UNFCCC process as to the specific types of investment
that OECD+ countries might co-fund in non-OECD countries after 2012 and there are
many possible configurations. For example, OECD+ could part-fund all incremental
investments, relative to a Reference Scenario baseline (the equivalent of part-
financing all the 2.2 Gt of CO, abatement in 2020 in Other Major Economies and Other
Countries), or could focus on particular sectors or abatement measures that are not
covered by the policies and measures that non-OECD countries appear to be willing to
implement without support (this is a key rationale for the CDM). Alternatively, specific
types of investment may be included or excluded (as is also the case with CDM), or an
alternative baseline could be set by which non-OECD countries qualify for financial

2. While this holds true for the region as a whole, it is likely that negotiations would lead to domestic res-
ponsibilities that differ from the 450 Scenario’s geographical distribution of abatement within OECD+. There
could be some cross-funding within OECD+, as is already the case within Europe under the EU Emissions
Trading System.
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support if they first undertake some defined extent of unilateral mitigation action or
comply with a sectoral agreement. The types of investment co-funded could also be
determined by the funding mechanisms adopted.

Similarly the proportionate rate at which investments or mitigation might be co-funded
is subject to negotiation. OECD+ countries could, in theory, pay the full cost of
additional investment. But non-OECD countries would receive considerable direct
benefits from activities in the 450 Scenario in their territory, including lower investment
in power transmission and distribution (worth $23 billion in non-OECD countries in
the 450 Scenario in 2020), fuel-efficiency savings and improved air quality, making it
unlikely that OECD+ countries would fully fund investments or mitigation costs (Chapter
7). Again, the rate of co-funding would be influenced by the funding mechanisms used:
funding through a global carbon market would typically be at a rate corresponding to the
marginal abatement cost of the best available solution, while direct financial transfers
can be more specific (though not necessarily as economically efficient).

Table 8.2 provides an indication of the sums of financial support that OECD+ might provide,
under a range of options. Financial support could take the form of funding abatement
(i.e. paying for each million tonne [Mt] of emissions foregone) or funding the investment
that will bring about the abatement in subsequent years. In reality, some combination
of the two is likely, depending on which financing mechanisms are in place following
a deal in Copenhagen. The table should be considered only as an indicative “menu”.

Table 8.2 e Financial support from OECD+ to non-OECD countries under
different funding assumptions, 2020

Non-OECD abatement measures CO, abatement  Investment Co-funding by OECD+
co-funded (Mt) ($ billion) ($ billion)

at 75% at 50% at 25%
All 450 Scenario abatement 2166 196.9 147.7 98.4 49.2
Sectoral agreements in industry and 660 78 53.8 35.9 17.9
transport
Nationally appropriate mitigation actions 907 7.4 53.5 35.7 17.8
(NAMAs)*
Other measures** 599 537 40.3 26.9 13.4

*NAMAs in this table represent the national policies and measures that non-OECD countries are already
considering adopting (excluding those that overlap with the sectoral agreements in industry and transport)
as detailed in Chapter 5.

**Other measures are additional mitigation measures in non-OECD countries in the 450 Scenario, not covered
by NAMAs or sectoral agreements. Without financial support, these may not be carried out.

Notes: The level of abatement achieved in 2020 does not directly correspond to investments that take place
in that year: abatement is influenced by investments over a number of preceding years. However, both sets
of figures are provided for information. Funding support may either be allocated to mitigation measures
(offering finance in response to CO, savings in a given year, as is the case for the CDM) or may be allocated
to investments (co-financing a specific capital project, for which the CO, mitigation will accrue over several
years). For simplicity, the analysis here assumes all funding is for investments, although in practice a
combination of the two would most likely prevail, depending on the financing mechanisms adopted.
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For example, if it were agreed that OECD+ countries would cover 50% of the additional
investment costs in non-OECD countries arising from the application there of sectoral
agreements in the 450 Scenario, financial support would amount to $35.9 billion in
2020. Based on the examples in Table 8.2, the overall level of support in 2020 in
respect of the energy sector could be anywhere between $13.4 billion (corresponding
to 25% funding of only those measures that are additional to sectoral agreements and
NAMAs [nationally appropriate mitigation actions]) and $147.7 billion (75% of funding
of all non-OECD abatement). Table 8.3 further disaggregates these results, detailing
specific sectors and technologies, to provide an indication of the potential financial
impact of their inclusion in (or exclusion from) an international funding regime.

Table 8.3 e Financial support of specific abatement measures in selected
sectors in non-OECD countries under different funding
assumptions, 2020

Non-OECD sectoral abatement measures CO, abatement  Investment Co-funding by OECD+
(Mt) (S billion) ($ billion)
at75% at50% at 25%
Power generation 779 85 63.9 42.6 21.3
More efficient plants, coal to gas switch 52 5 3.7 2.5 1.2
and early retirements
Carbon capture and storage 16 3 2.2 1.5 0.7
Nuclear 221 9 6.8 4.6 2.3
Renewables 489 68 51.1 34.1 17.0
of which hydro 169 25 18.6 12.4 6.2
of which biomass 66 10 7.8 5.2 2.6
of which wind 220 28 20.9 13.9 7.0
of which solar 32 4 3.1 2.1 1.0
Transport 299 91 68.2 45.5 22.7
of which sectoral agreements in PLDVs 285 69 51.5 34.3 17.2
Industry 529 19 14.3 9.5 4.8
of which sectoral agreements in iron 375 7 5.4 3.6 1.8
and steel and cement

Note: The reduced investments in fossil-fuel plants (see Table 7.3 in Chapter 7) are not included in the power
generation total above.

As well as funding mitigation actions in the energy sector, it is likely that additional
funding from OECD+ countries would be required to help pay for emission reductions
in other sectors, particularly deforestation, as well as to support climate change
adaptation measures in non-OECD countries. Funding for non-OECD countries could also
come from international aviation and shipping, whose emissions are not attributable
to countries, either through their future participation in a carbon market or through
other financing mechanisms.
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Mechanisms for delivering financial support

Whatever the extent of the financial support that is put in place, strong mechanisms
would be needed to allow funding to flow efficiently within the energy sector and
across international borders. While financing may be allocated to investments or be
directly related to the CO, saving, it needs to flow quickly, with minimal administrative
burden, to the sectors and countries that need and earn it, so as cost-effectively to
incentivise genuine abatement activity. Carbon markets and international climate
change funds and facilities are already expanding and evolving, and both will probably
continue to play a prominent role, but a step-change would be needed to deliver the
clean energy revolution that the 450 Scenario describes.

Carbon markets and the Clean Development Mechanism (CDM)

The term “carbon market” is applied to markets in which allowances or credits for
greenhouse-gas emissions are traded.? There are many possible formulations of carbon
markets (Capoor and Ambrosi, 2009) and the term carbon market can be used to
describe multiple, connected carbon markets. The Kyoto Protocol created three market
mechanisms: emissions trading, the CDM and the Joint Implementation mechanism. Every
domestic emissions trading system establishes its own market, and voluntary markets can
serve individuals and organisations that wish to offset (part of) their emissions.

These mechanisms offer an explicit means of separating responsibility for emission
reductions from direct implementation of emission reductions. The national
emissions-limitation commitments of developed countries under the Kyoto Protocol
(or potentially under an agreement reached at the UN Climate Change Conference
(COP 15) in Copenhagen) are a measure of each country’s responsibility for emission
reductions. If an international carbon market exists as expected, a developed
country’s domestic emissions can exceed its commitment — provided the country
ensures that reductions equal to its excess emissions are achieved elsewhere. It can
do this by buying surplus allowances/credits from other countries with quantitative
commitments or from developing countries with no such emissions reduction
commitments. This provides a financial incentive to implement mitigation measures
in developing countries. By purchasing credits, a developed country can avoid
implementing more costly mitigation measures domestically, thus lowering the cost
of meeting its emission reduction commitment.* By ultimately establishing a common

3. Terminology varies and other terms, such as permit, are also used. An allowance is a government-issued
permit to release a specified quantity of greenhouse gases (usually 1 tonne of CO,-eq) during a specified
period. The quantity of allowances issued is usually equal to an emissions cap established by the government
for designated sources. A credit recognises a specified greenhouse-gas emission reduction (usually 1 tonne of
C0,-eq). Allowances and credits issued or approved by a government can be used for compliance by sources
in an emissions trading system.

4. Lower compliance costs for developed countries benefit developing countries. Compliance with emission
commitments imposes an economic cost on developed countries, which may have an adverse economic
impact on developing countries through reduced trade flows.
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global marginal abatement cost, the market reduces competitiveness impacts and
emissions leakage.> In this way, developed countries can fund actions to reduce
emissions in developing countries.

The carbon market today

In 2008, almost 5 Gt CO,-eq of allowances and credits were traded on international
markets. At an average carbon price of $26 per tonne of CO,, the value of these trades
totalled $126 billion — a 100% increase over the previous year (Figure 8.1). By far the
largest carbon market is the EU Emissions Trading System (EU ETS): the volume of
European Union allowances (EUAs) traded in that system accounted for 64% of the global
total in 2008. A distant second is the market for certified emission reductions (CERs) —
the credits issued for emission reductions achieved by CDM projects (which accounted
for 30% of the 2008 trade volume). Other markets — including Joint Implementation
and international emissions trading under the Kyoto Protocol, Switzerland, New South
Wales (Australia), the US Regional Greenhouse Gas Initiative (RGGI), the Chicago
Climate Exchange and the voluntary market — are tiny by comparison.¢

Figure 8.1 e Global carbon market trading volumes and values
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The CDM is a particularly important market. Set up under the Kyoto Protocol, its
purpose is specifically to facilitate and incentivise developed country co-funding of
abatement in developing countries. As of 30 June 2009, a total of 1 699 projects had
been registered and a further 2 768 were in the pipeline (posted for public comment
or being validated) (Fenhann, Agger and Hansen, 2009). These projects are estimated

5. The international market price is the marginal abatement cost for all sources in developed countries that
can use developing country credits for compliance. The market price is also an opportunity cost for emissions
for all developing country sources eligible to generate credits.

6. During 2008, 3 093 million EUAs and 389 million CERs were traded, accounting for 72% of the total volume
traded and 78% of the total value of trades (Capoor and Ambrosi, 2009).
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to generate annual CO,-eq emission reductions of over 600 Mt. Over 300 million CERs
(1 tonne CO,-eq each) have been issued so far and about 1 billion more are expected
to be issued by the end of 2012. It is estimated that clean energy investments totalling
$95 billion were leveraged by CDM between 2002 and 2008 (Capoor and Ambrosi,
2009).

Renewable energy projects feature prominently in CDM transactions: hydropower,
wind, biomass, landfill gas, solar, geothermal and tidal power together account for
65% of all projects and 45% of the estimated annual emission reductions in 2008
(Figure 8.2). In contrast, energy-efficiency projects account for less than 15% of all
projects and estimated annual emission reductions. In 2007, the CDM Executive Board
agreed to allow projects that consist of many installations of a specified measure,
such as energy-efficient light bulbs, with the expectation that this would lead to
more energy-efficiency projects. Several methodologies for such projects have been
approved but no projects had been registered by 30 June 2008.

Figure 8.2 e Share of CDM emissions reduction by type of project, 2008
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Technology transfer — i.e. the explicit sharing of technologies and know-how, widely
accepted to be a pre-requisite to efficient abatement in the energy sector — is not a
specific requirement of the CDM, although host-country governments can establish
technology-transfer requirements as a condition for approval. Of the registered and
proposed projects as of June 2008, 36%, representing 59% of the expected annual
emission reductions, claim technology transfer (Seres, 2008). Technology transfer is
very heterogeneous across project types, but tends to be less frequently associated
with more mature technologies. Technology transfer is more common for projects that
involve foreign participants than for unilateral projects. As more projects of a given
type are implemented in a host country, the incidence of international technology
transfer often declines. This suggests that the transfer of technology spreads
domestically, beyond the individual CDM projects, which enables later projects to rely
more on local knowledge and equipment.
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The carbon market in the future

In the event that an ambitious deal is reached in Copenhagen, the global carbon market
is likely to expand and change considerably in the future. The 450 Scenario requires
much greater funding of abatement in non-OECD countries and, while other sources
of financing would be important, it is to be expected that some of the additional
abatement would be funded through carbon markets. The analysis in this Outlook has
benefited from a fully revised carbon-flow model (Box 8.1), integrated with the World
Energy Model, which allows assessment of scenarios that optimise global abatement
activity within a set of plausible constraints, such as limits on domestic emissions and
credit purchases, differences in the number of participating countries, and variations
in the forms and levels of abatement that would be eligible for CDM credits. Since the
role and nature of the carbon market and, in particular, the distribution of national
emission allowances, are a matter for negotiation, the following analysis does not
constitute the “results” of the 450 Scenario. Rather, it explores how key aspects of the
international carbon market, such as the trading volume and the CDM price, might vary
depending on what format a carbon market takes, based on the global abatement level
of the 450 Scenario. The carbon-market analysis here focuses on the primary credit and
financial flows needed to achieve efficient energy-related CO, mitigation, not the full

Box 8.1 ® WEO-2009 carbon-flow modelling

A carbon-flow model, fully integrated in the World Energy Model, was developed
to inform the 450 Scenario. The model allows quantification of international
emission offsets and financing under different assumptions, estimating the price
of permits, the volume and value of primary market trading, and the overall cost
of abatement.

The model uses country- and sector-specific marginal abatement curves derived
from the World Energy Model. These are summed for all prices to build a global
abatement curve. The global emissions level in the 450 Scenario determines the
international equilibrium price for credits along this supply curve, and trade can
be determined depending on countries’ marginal abatement costs — those with
costs that are higher than the market price will purchase credits from those with
costs below the market price. Subject to the constraints imposed on the model,
such as a requirement to undertake a proportion of abatement domestically,
marginal abatement costs are equalised, allowing the global abatement target to
be met at minimum cost.

Our analysis adjusts the OECD+ demand for international credits to various
configurations of the carbon market, each reflecting different levels of supply
from non-OECD countries — depending on eligibility of different types of
abatement — and each implying different levels of international funding support
through the carbon market.
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extent of market-trading activity, which may be substantially larger.” For simplicity, it
also focuses solely on actual emission reductions in the relevant year of analysis, rather
than allowing for any impact of banked credits.®

We have considered several configurations based on the 450 Scenario, by which OECD+
countries fulfil the required domestic emissions level’ and additionally help fund a
proportion of non-OECD abatement in power generation and industry through a global
carbon market." Figure 8.3 shows the resulting value of primary transfers (i.e. not
including re-traded credits) between OECD+ and non-OECD countries according to the
eligibility for the carbon market of different aspects of CO, abatement in non-OECD
countries' and different levels of the OECD+ targets, that create the demand.

Figure 8.3 e Carbon trade and CO, price for power generation and industry
under different levels of financing by OECD+ countries in 2020
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Note: Includes primary trading only.

7. For example, in 2008, there were about 2 billion EUAs but trade amounted to over 3 billion (Capoor and
Ambrosi, 2009). In more established markets, such as oil, trading activity is equal to several times the total
stock.

8. In principle, banking can reduce global abatement costs by allowing an efficient allocation of abatement
activity over time. However, careful design of banking provision is needed to maintain the integrity of the
global climate goal and to provide sufficient certainty that countries’ responsibilities will be fulfilled.

9. This is imposed as a constraint to our carbon model, although in practice it reflects an outcome only
marginally different from an unconstrained efficient outcome.

10. While other CO, abatement, for example in other sectors, may also be funded by OECD+ countries,
through the carbon market or other mechanisms, for the purposes of this analysis we consider the carbon
market, covering power generation and industry, in isolation.

11. While the examples in Figure 8.3 are only indicative, to show the effects of varying the scope of the carbon
market, the concept of including and excluding technologies is a valid consideration. For example, it may be
relevant to exclude some politically contentious technologies or small-scale efficiency measures for which it
may be difficult to monitor or prove additionality. The scope of the carbon market could also be changed by the
non-participation of some countries or if credits could only be earned beyond a more stringent baseline.
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In a situation in which OECD+ countries fund 1.2 Gt of CO, abatement in power
generation and industry by non-OECD countries in 2020 through the carbon market,
primary trade would deliver almost $40 billion of funding to non-OECD countries.
In contrast, a relatively narrow carbon market, with 0.5 Gt of credit purchases (for
example, in which only renewables are eligible), would transfer funds amounting
to around $10 billion. A very broad market, allowing non-OECD countries to sell
all 1.7 Gt of their abatement in power generation and industry, could transfer over
$60 billion in 2020.

An important finding is that the volume of non-OECD CO, abatement that OECD+
countries fund through the carbon market affects the prevailing CO, price. At lower
levels of OECD+ funding and for smaller market sizes, the carbon price will tend
to be lower, since more expensive abatement options that would otherwise have
influenced the CO, price may no longer be in the market. In contrast, if all the CO,
abatement, across all technologies and all sectors in the 450 Scenario, were to be
funded through the carbon market, this could, irrespective of how the burden is shared
across countries, lead to a very high carbon price, determined by the most expensive
technology. This supports the view that other mechanisms for transferring resources
to non-OECD countries, in addition to the international carbon market, are needed
to play a role in a post-2012 agreement.

The preceding carbon-model analysis also makes it possible to identify the potential
sellers to the carbon market. For example, although Figure 8.4 shows just one possible
configuration, based on the case of 1.2 Gt of eligible emission reduction, it indicates
the likelihood that China, which in 2008 had an 84% share of the primary CDM market,
would continue to be the dominant seller under our modelling assumptions at least
until 2020.

Figure 8.4 e Potential suppliers of carbon credits given eligibility of 1.2 Gt of
non-OECD abatement in power generation and industry in
the 450 Scenario relative to the Reference Scenario
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Figure 8.5 shows how non-OECD countries can profit from participating in the carbon
market. Since they are able to sell credits at the marginal abatement cost set by the
market (which is above the average abatement cost), their net abatement cost for
emissions in the carbon market is negative. These profits could help to fund national
policies and measures that are not funded through other mechanisms.

Figure 8.5 @ Abatement costs incurred by OECD+ and non-OECD in the
carbon market for power generation and industry under
different levels of financing by OECD+ countries
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As well as the inclusion and exclusion of sectors, technologies and participants, the
carbon market is also strongly influenced by the selection of the level below which
emission reductions are eligible for credits. The above analysis assumes a baseline
equivalent to Reference Scenario emissions for the relevant sectors and technologies,
but another approach would be to use a more stringent point of reference. This could
reflect the fact that non-OECD countries are likely and able to undertake some of
their national policies and measures without the support of the carbon market (see
Chapter 5), or that a different level or form of support may be more appropriate
for the mitigation component that is due to sectoral approaches. Furthermore,
as shown above, the fact that countries or businesses can generate a profit from
the carbon market allows cross-funding of other mitigation activities, such that a
more stringent baseline could be set. One option is a graduated, three-tier funding
solution, whereby if non-OECD countries meet certain sectoral standards (perhaps
with financial support), they could become eligible for further support to help
them undertake national policies and measures to deliver further abatement. Any
abatement beyond that level could then be eligible to earn CDM credits at the full
market rate, thus generating profits. Such a structure has the potential to ensure
funding for a large proportion of the investments in non-OECD countries in the
450 Scenario, although the financial incentives and qualification thresholds would
need to be carefully determined.
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Beyond 2020, the carbon market would need to change significantly in the 450 Scenario,
with the assumption by Other Major Economies of quantified emissions targets from
2021 onwards, reflecting the need globally to achieve more substantial abatement
in the period 2021-2030. We have assumed that, initially, the markets in OECD+ and
Other Major Economies would not be linked (see Chapter 5). Our analysis indicates that
CO, prices would rise to $110 per tonne in OECD+ and $65 per tonne in Other Major
Economies in 2030, reflecting more stringent emissions caps and the corresponding
uptake of more costly mitigation options. Depending on how it is structured, a
possible outcome is that the CDM market shrinks between 2020 and 2030, reflecting
the fact that much of Other Major Economies’ abatement would be needed to meet
their own emissions caps, and would not be offered for sale. Consequently, OECD+
countries would increasingly have to focus on their domestic abatement measures and,
depending on the distribution of national emissions caps, some OECD+ countries could
be net sellers to the international carbon market before 2030.

CDM reform options’?

Crediting mechanisms have the potential to lower significantly the future mitigation
costs incurred by regions covered by emission caps. Therefore, in the absence of a
global permit-trading architecture involving all main emitters, the CDM would have
to be scaled up. A number of proposals have been made in that regard, e.g. to move
from a project-by-project to a wholesale approach, in order to reduce transaction costs
and bottlenecks (Bosi and Ellis, 2005). These approaches are not mutually exclusive,
although potential overlap — in particular risks of double counting — would need to
be carefully addressed. They may also complement, rather than replace the project-
by-project approach, which may have to continue in sectors with dispersed emission
sources (such as agriculture) or in which emission reductions are clearly additional, for
example carbon capture and storage (CCS) projects or some non-CO, projects, such as
nitrous oxide (N,0) destruction activities, which bring no other revenues than the CERs.
The three main CDM scaling-up options are:

m Bundling and programmes of activities: Some degree of scaling up is already in the
pipeline in these two forms, which have been eligible within the CDM since a 2005
decision (4/CMP.1) at the Meeting of the Parties to the Kyoto Protocol (COP/MOP1)
on "further guidance to the CDM”. Under the first approach, credits are obtained
for bundled projects — multiple, small dispersed projects with prohibitively high
transaction costs. Under the latter approach, credits may be granted for a range
of projects that differ in timing or geographical location (Hinostroza et al., 2007).
This may be especially useful in the area of energy efficiency, in which the CDM
is currently under-developed. Bundling could ultimately lead to large emission
reductions. It may also help expand CDM use to geographic regions in which its use
is currently negligible, partly due to the relatively small scale of potential projects,
such as in Africa.

12. This sub-section, a contribution by the OECD, is based on Burniaux et al. (2009).
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m Sectoral crediting mechanisms: These would further scale up the CDM by allowing
emission reductions at the sector level, relative to a pre-defined baseline, to
yield credits after validation by the UNFCCC (see, for example, Baron and Ellis,
2006). Such a “sectoral CDM” would require setting up sectoral baselines for
each selected industry in each potential recipient country, which would raise a
number of methodological issues in practice. In particular, standardised baselines
for a given industry across countries may not be appropriate, as there are valid
economic reasons for cross-country differences in emissions levels and intensity
within a given industry (e.g. heterogeneity in goods characteristics and/or
production processes, factor prices or natural resource endowments), including
to some extent in the power sector (Baron and Ellis, 2006). Intensity baselines
(emissions per unit of output) are often considered easier to establish than overall
baseline levels. However, the associated sectoral intensity targets might be met
through increases in output rather than through emissions cuts, and would be more
complex to monitor and enforce, as they would require measuring of both output
and emissions.

m Policy CDM: This is an option under which specific government policies would
deliver CERs (Aldy and Stavins, 2008). Eligible policies could be sectoral, in which
case they would be equivalent to sectoral crediting mechanisms, or cross-sectoral
in nature. They might include renewable energy policies, efficiency standards or
even the implementation of carbon taxes or the removal of energy subsidies. One
advantage of a policy-based CDM is that additionality may be easier to verify.
However, this approach would share the drawbacks of technology standards,
i.e. it would run the risk of pick-up commitments that could later turn out to be
costlier than the alternatives and might also undermine innovation incentives.
Furthermore, setting a baseline at a policy level and — even more so — monitoring
and verifying the emission reductions achieved from a policy could raise major
methodological difficulties and affect the environmental integrity of the scheme.
One open issue is whether electorates in developed countries would support the
large, transparent payments that are likely to be involved if that option were to
be used extensively.

While these options could achieve drastic cuts in transaction costs and thereby
vastly increase the volume of credits issued, they would not address per se the
deeper problems of additionality, leakage and perverse incentives. One way to
mitigate these concerns might be to negotiate today stringent (i.e. below business-
as-usual), long-run baseline levels for as many sectors as possible and covering a
sufficiently long time period (at least a decade). This would address the perverse
incentive issue by ruling out the possibility that any future increase in emissions
might, if offset by subsequent reductions, deliver CERs. It would also minimise the
risk of leakage, particularly as the number of countries and sectors covered would
be large. Setting these below business-as-usual levels might be seen as an insurance
against the risk of over-estimation of baseline emissions — and thereby of excess
supply of CERs — although it may come at the cost of some potential low-cost
abatement opportunities being lost. The main weakness of such an approach is that
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estimating and negotiating reference emission levels simultaneously across a wide
range of countries and sectors would require overcoming significant methodological
and political obstacles.

One additional problem is the existence of linkages across different activities. For
instance, in industries for which the emission-intensive component of the production
process can be outsourced (for example, cement), the whole supply chain may have to
be considered in order to avoid leakage.

An international agreement on CDM reform could also incorporate built-in “graduation
mechanisms”, under which developing countries would take on increasing greenhouse-
gas mitigation actions or commitments as their income levels converge to the higher
levels of developed countries and/or discontinue hosting crediting projects under
certain conditions or after a given period of time. This would address environmental
integrity concerns, reduce the disincentive for recipient countries to take on binding
commitments once scaled-up CDMs are in place, and help put world emissions on
a path that allows ambitious long-run global targets to be met. For instance, the
sectoral and/or country baselines negotiated in the context of scaled-up CDM might
be gradually tightened, along with some relaxation of restrictions on their use in
countries covered by emission-trading arrangements, as additionality would then
become less of a concern. This would induce some convergence between permit and
credit prices, albeit at some cost to developed countries. Over the longer run, the
tighter baselines might in turn be converted into binding emission caps, which could
then be gradually lowered.

International funding pools

Pooled international funds are another important source of finance for developing
countries. These funds have expanded rapidly in recent years, covering mitigation
and adaptation costs across all sectors, and many are tailored to provide appropriate
support to specific mitigation measures in specific countries. An advantage of
international funds is that they can be effective at transferring collectively raised
pools of funding, such as from governments or industry programmes (in contrast, CDM
finance tends to involve transfers by private companies, directly linked to the receipt
of credits), and allow some flexibility in how the money is dispensed.

Many of the climate funds and facilities that exist today, not all of which relate to
developing countries, fall under the management of the World Bank (Table 8.4). By
the end of 2008, World Bank-managed climate funds had a combined level of capital of
over $1.6 billion, with a portfolio of 186 projects and an estimated carbon asset value
of over $2.3 billion (World Bank, 2009). The Global Environment Facility and regional
development banks also disburse funding, often with the assistance of specialised
agencies such as the United Nations Development Programme and the United Nations
Environment Programme. As well as mitigation measures, such funds can play an
important role in financing collaborative research and development to promote the
development of new technologies (such as CCS) or, outside the energy sector, to
finance programmes to reduce emissions from, particularly, deforestation and forest
degradation.
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Table 8.4 o \World Bank climate funds and facilities, end-2008

Fund/facility Remit Fund capital Mt CO,
(Sm) under contract

Prototype Carbon Fund Mitigation 220 31.0
Community Development Carbon Fund Clean energy and development 129 9.4
Bio Carbon Fund Carbon sequestration and forestry 92 5.7
Danish Carbon Fund Mitigation 132 7.7
Spanish Carbon Fund Mitigation (energy efficiency) 424 >19.8
Umbrella Carbon Fund Mitigation 1168 129.3
Netherlands Carbon Facility Mitigation not available

Italian Carbon Fund Mitigation (Transition Economies) 156 16.3
Carbon Fund for Europe Mitigation (under EU ETS) 73 2.9
Forest Carbon Partnership Facility Forestry 155 0.0

Source: World Bank (2009).

International funds could play various roles as part of a post-2012 agreement and
various potential reforms are under consideration. The extent to which international
funding will continue to be delivered by the same institutions in the future, or
whether there may be additional bodies, is the subject of ongoing negotiations. In
any case, future institutionalised international funding for climate purposes is likely
to be significantly larger, to reflect increased emphasis on adaptation and technology
co-operation. This will require some restructuring of institutions to handle the larger
flow of funds and the different needs. A number of options have been put forward as
to how funds could be dispersed, in terms of decision making (such as a move away
from bilateral arrangements to panel-based decisions, perhaps giving developing
countries more influence relative to funders on how the money is spent) and in terms
of the eligibility criteria for receiving support. There are also options in respect of how
finance from these sources interacts with the carbon market, for example in respect of
the use of international funds to purchase emissions allowances.

Raising funds

To date, contributions from government budgets have been the main source of
international public funding to address climate change. Almost all of the government
funding has taken the form of voluntary contributions to support mitigation actions.
In addition, a levy of 2% of the CERs issued is applied to most CDM projects, with the
revenue allocated to the United Nations Adaptation Fund to assist developing countries
in meeting the costs of adaptation. Proposals are under negotiation to extend this levy
to other Kyoto Protocol mechanisms and to change the rate (UNFCCC, 2008b)."

13. However, a levy on transactions imposes a deadweight loss that increases exponentially with the rate of
the levy, such that any substantial increase in global funds will need to draw on other sources.
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A number of countries have put forward suggestions for how funds could be generated
to provide direct financial support to developing countries for mitigation, adaptation
and technology co-operation (Table 8.5). Essentially, these suggestions focus on
four main sources of revenue: a levy on carbon-market transactions; funding by
international aviation and shipping companies (which may fall outside national
emissions commitments); auctioning a share of developed country allocations; and
direct contributions from national government budgets.

Table 8.5 e National proposals for raising international funds for mitigation
and adaptation

Proposal Source of financing Purpose  Nominal annual funding
($ billion)

Proposals to increase the scale of existing mechanisms

European Union Continue 2% levy on CDM proceeds Adaptation 0.2t00.68
Bangladesh, Pakistan 3% to 5% levy on CDM proceeds Adaptation 0.3t01.7
Many Parties CDM and other crediting mechanisms Mitigation 10to 34

Proposals for defined budgetary contributions from developed countries

G77 and China 0.5% to 1.0% of GNP of Annex | Parties Adaptation, 201 to 402*
Mitigation

Proposals for raising contributions through taxes and market-based mechanisms

Mexico Contributions based on GDP, GHG and Adaptation, 10
population and possibly auctioning permits  Mitigation
in developed countries

Norway 2% auctioning of allowances Adaptation 15t025
Switzerland Tax of $2 per tonne of CO, with exemption  Adaptation 18.4
of 1.5 tonne per inhabitant
Republic of Korea Crediting NAMAs Mitigation Uncertain
Colombia, LDCs* 2% levy on proceeds from Joint Adaptation 0.03t02.25
Implementation and emissions trading
LDCs** Levy on international air travel Adaptation, 4t010
Mitigation

LDCs** Levy on bunker fuels Adaptation 4t015

Tuvalu Auction of allowances for international Adaptation, 28
aviation and marine emissions Mitigation

* Due to a lack of information on gross national product, potential funding was calculated using gross
domestic product (GDP).

** Least developed countries.
Source: UNFCCC (2008a).
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Financing issues for businesses, households and
governments

Whatever mechanisms may exist at international level to make financial assistance
available for energy investments, individual investment decisions are ultimately
made by businesses, households and government organisations. All have their own
specific financing challenges. The significance of their individual roles depends to a
large extent on the structure of each economy. For example, 95% of China’s power
is generated by state-owned utilities, while in Japan, which has a less centralised,
market-driven economy, 99% of power generation comes from private companies
(Figure 8.6). Consequently, there are significant differences between the two countries
in how investment projects are financed, particularly concerning the sources and cost
of funds. There are also big differences in how investment is financed in other sectors
and other countries. Households own very little power-generation capacity, largely due
to scale issues, but in buildings and transport, householder’s decisions are crucial.

Figure 8.6 ® Share of power generation output by status of utility,

2008
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Source: |EA analysis based on government sources.

It is impossible to predict with confidence who would undertake the investments
in the 450 Scenario. This will depend on how countries respond to the challenge of
transforming the energy sector. Some might decide to let businesses and households
take the lead, in the interests of economic efficiency, while others may see the need
for more direct government involvement to provide greater certainty that national
responsibilities will be fulfilled. While the 450 Scenario makes no assumptions on
ownership or financing, we have undertaken analysis for each sector, based on data
from a range of countries and sources, of how much of today’s energy investment is
undertaken by households, businesses and governments, and have calculated on that
basis what proportion of the additional investments in the 450 Scenario might fall to
each (Figure 8.7).
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Figure 8.7 e Global additional investments in the 450 Scenario compared
with the Reference Scenario by sector in 2020 based on current
capital ownership
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