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HIGHLIGHTS

• Global electricity-sector investment over the next three decades will
amount to $10 trillion. This is 60% of total energy investment and
nearly three times higher in real terms than investment in the electricity
sector during the past thirty years. More than $5 trillion will go into
transmission and distribution networks. Key factors that will determine
investment in the power sector are competition and electricity-sector
reform, environmental constraints and access to capital.

• OECD countries will require more that $4 trillion to expand and replace
power production and delivery infrastructure. The new investment
framework in liberalised electricity markets has created many new
challenges and uncertainties. Concerns exist about the adequacy of
investment as markets adapt to the new conditions, particularly with
regard to electricity supply at times of peak load. The risks to investors for
building peaking capacity are high, compared to baseload plant. Policy-
makers need to address these concerns by providing a market framework
that encourages adequate and timely investment. The value of security of
supply needs to be recognised within the market framework.

• Investment in transmission networks requires particular attention. It
has lagged behind investment in generation in some OECD countries,
notably in the United States and some European countries. Liberalised
electricity markets require increased levels of investment in
transmission to accommodate greater volumes of electricity trade.
Higher investments in transmission will also be required because of
increased use of intermittent renewables. Although transmission and
distribution remain largely regulated, the owner, operator and
generator are increasingly distinct, making planning more complicated.
Siting transmission lines and obtaining approval is also becoming
increasingly difficult. These issues stress the need for policies that
facilitate investment in networks.

• Environmental regulations, requiring power plants to reduce their
emissions of pollutants such as sulphur dioxide and nitrogen oxides, are
becoming tighter. Environmental legislation will increasingly address
greenhouse gas emissions. Uncertainty about future legislation
increases investors’ risks. Environmental protection will increase
investment requirements for both existing and new power plants.
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• Developing countries together will require investment of the order
of $5 trillion. Fuel costs will be of the same order of magnitude as
investment in infrastructure, increasing the scale of the challenge.
For most countries, investment needs to rise well above current
levels to meet economic growth and social development goals,
but there is no guarantee that the projected investment will be
forthcoming. The uncertainty about whether developing countries
will be able to mobilise this level of investment is significant,
particularly for Africa and India. Overcoming these obstacles will
require significant efforts to restructure and reform the electricity
sector. A major challenge will be to make tariff structures more cost-
reflective.

• More private sector involvement in developing countries will be
required, but private investment has been declining since 1997. There
are major uncertainties about when and to what extent private
investment will rise again and where the new investors will come from.
Renewed expansion of private-sector participation will take time and
appropriate policies. This question represents one of the biggest
uncertainties about future electricity-sector investment.

• The OECD Alternative Policy Scenario illustrates how government
policies to address environmental concerns and to increase energy
efficiency may affect investment over the next thirty years. With
lower electricity demand and a more capital-intensive electricity
mix, total power-sector investment in OECD markets in the
Alternative Policy Scenario is about 20% lower than in the
Reference Scenario. Investment in renewables in the Alternative
Policy Scenario would amount to half the investment needed in total
new capacity. Given the fact that other generating options are less
expensive, investors in renewable energy projects will seek a
guaranteed market for their electricity. To encourage renewables,
governments will need to create a market framework that rewards
those who invest in renewables.

• With present policies, about 1.4 billion people in developing countries
will still have no access to electricity in 2030. The additional
investment required to achieve 100% electrification is $665 billion,
making the investment challenge even greater. This added investment
would be needed mostly in the poorest regions of the world —
sub-Saharan Africa and South Asia. If it can be mobilised — largely a
matter of government priorities — a substantial contribution will be
made to poverty alleviation.
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The first section of this chapter summarises the results of the investment
analysis, at each segment of the electricity-supply chain (generation, transmission
and distribution). It looks at investment requirements in relation to GDP. It
reviews trends in technology and costs. An analysis of the major challenges facing
the sector in OECD and developing countries and the implications for policy
follows. The second section of the chapter discusses investment trends and issues by
major region. The third section examines the impact on investment of the
additional environmental constraints within the Alternative Policy Scenario for
OECD countries. It also analyses the investment requirements under a universal
Electrification Scenario.

Global Investment Outlook
Over the next thirty years the world will need investment of $10 trillion

in power-sector infrastructure.1 This is nearly three times higher in real terms
than investment in the sector during the past thirty years and 60% of total
energy-sector investment. As demand for electricity increases, investment will
gradually rise, from $2.6 trillion in the first decade, to $3.4 trillion during the
decade 2011-2020, and $3.9 trillion in the last decade (Figure 7.1).

Box 7.1: The WEO-2002 Reference Scenario 
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1. Details about the methodology on which the investment estimates are based are given in Annex 2.
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Figure 7.1: World Electricity Sector Investment, 2001-2030
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The countries of the OECD will need investment exceeding $4 trillion in
power-sector infrastructure. This investment will take place in an increasingly
competitive market environment. Electricity-sector investment now accounts
for a small percentage of GDP in OECD countries, typically around 0.5%.
The investment needed over the next thirty years will represent, on average,
0.3% of GDP in OECD countries.

342 World Energy Investment Outlook 2003

The projections of power-sector investment requirements presented
in this study are based on the World Energy Outlook 2002. In the
Reference Scenario, world electricity demand is projected to double
between 2000 and 2030, growing at an annual rate of 2.4%. The main
changes in the fuel mix are:
• Coal’s share in total generation declines in the period from 2000 to

2020, but recovers slightly thereafter. Coal remains the largest source of
electricity generation throughout the projection period. 

• Oil’s share in total generation, already small, will continue to decline. 
• The share of natural gas will increase significantly, from 17% in 2000

to 31% in 2030. The rate of growth in power-sector demand for gas
will slow as natural gas prices increase. 

• Nuclear power production will increase slightly, but its share in total
generation will be reduced by half because very few new plants will be
built and many existing reactors will be retired. 

• Hydroelectricity will increase by 60% over the projection period, but
its share will fall.

• Generation from non-hydro renewable sources will increase almost six-
fold over the period 2000 to 2030, providing 4.4% of the world’s
electricity in 2030. 

• Fuel cells using hydrogen from reformed natural gas are expected to emerge
as a new source of power generation after 2020. About 100 GW of fuel
cells could be installed in OECD countries by 2030, 3% of total capacity.
Policies under consideration in OECD countries but not yet

implemented were included in the Alternative Policy Scenario in WEO-
2002. These policies could achieve a significant reduction in CO2 emissions.
They would also change investment requirements, which are given in the
penultimate section of this chapter.

Box 7.1: The WEO-2002 Reference Scenario2

2. IEA (2002a).
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The power sector in developing countries will require more than half of
the global investment, exceeding $5 trillion. Two-thirds of the total
investment, some $3.5 trillion, must flow into developing Asia. China’s
investment needs will be the largest in the world, approaching $2 trillion
(Figure 7.2). India will need investment close to $700 billion, while East Asia
and Latin America each will need investment approaching $800 billion.

Electricity-sector investment in developing countries generally accounts
for a larger share of GDP than in OECD countries, often ranging between
1% and 3%. If the share is lower, it can indicate that existing levels of
investment are insufficient. In many developing regions, this share is
expected to rise, at least in the near term (Figure 7.3). In Indonesia, it will
be lower in the decade 2001-2010, reflecting the current poor investment
climate in the country.3

Investment in the transition economies will be $700 billion, with more 
than half of it going into the Russian power sector. These countries now have
excess capacity, because electricity demand is still below the level reached before
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3. See also World Bank (2003a).
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the break-up of the former Soviet Union.4 However, existing power plants and
networks are old and poorly maintained and they need extensive refurbishment
to be able to provide reliable supplies to national or export markets. Substantial
new investment is needed to meet domestic demand only after 2010.

The five largest countries in the world outside the OECD (“the big five”)
— China, Russia, India, Indonesia and Brazil — will need about a third of the
global electricity investment (Table 7.1).

344 World Energy Investment Outlook 2003

1991-2000 2001-2010

0%

0.5%

1.0%

1.5%

2.0%

2.5%

3.0%

OECD China India Indonesia Russia Brazil Africa

Figure 7.3: Investment as a Proportion of GDP by Region

Source: IEA estimates.

4. Aggregate electricity generation in the transition economies in 2000 was three-quarters of the
1990 level.

Table 7.1: Investment in the Big Five Non-OECD Countries

GDP Investment Ratio
($ billion) 2001-2030 to GDP 

2001 2030 ($ billion) (%)

China 1,398 5,335 1,913 2.1
Russia 1,411 1,947 1,377 1.9
India 1,530 1,961 1,665 2.0
Indonesia 1,236 1,712 1,184 1.4
Brazil 1,872 2,025 1,332 0.8

Note: GDP at market exchange rates.
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5

and lower and often inadequate investment in

networks.

¥Second, the world will continue to shift from primary fuels to

electricity; and demand for electricity increases as incomes increase.

Over the next thirty years, global demand for electricity will double.

The share of electricity in energy consumption will increase everywhere

though the reasons for growth are different in developed and
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Source: OECD (2003).

5. The capital cost of a CCGT plant is, on average, $500 per kW of installed capacity. The unit
cost of a coal plant is twice as much, while that of a new nuclear plant is three to four times higher.
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developing economies. In industrialised countries, electricity is the
preferred energy source and a substitute for fossil fuels. In developing
countries, increasing population, urbanisation, economic growth and
rapid industrialisation constitute the major factors of growth.
Demand will be particularly strong in developing countries, where it is
expected to increase by 4% per year on average. In OECD countries,
demand is expected to progress at a much lower rate, 1.5% per year.
However, a large part of the existing infrastructure in these countries
will also need to be replaced and refurbished over the next three
decades.

Generation is the largest single component of total electricity-
infrastructure investment. Investment in new plant over the next thirty years
will be more than $4 trillion, accounting for 41% of the total. Most of this
investment will go into the development of gas- and coal-fired power plants.
Refurbishment of existing power plants over the next thirty years will need
investment of $439 billion.

Investment in transmission and distribution networks together will take
54% of the total. This amount includes investment in refurbishment and
replacement of existing networks. Network extension, as a component of
investment, is more important in developing countries, because of population
growth and an increase in the rate of electrification. In OECD countries,
where networks are more developed, most network investment will be needed
for refurbishment and replacement of existing components, such as lines,
substations and control centres. Distribution is the most important
component of investment in networks. Investment in distribution networks
over the period 2001-2030 will reach $3.8 trillion, while transmission
networks will require investment of the order of $1.6 trillion.

Electricity Generation

New Plant

Over the period from 2001 to 2030, some 4,700 GW of generating
capacity is expected to be built worldwide. About a third of the new capacity will
be in developing Asia. OECD countries will require more than 2,000 GW.

Power plants in the OECD, as well as in many of the transition
economies, are ageing (Figure 7.5). The WEO-2002 Reference Scenario
assumes a retirement age between 40 and 60 years depending on the type of
plant and the country. Overall, more than a third of today’s total capacity in
the OECD countries is likely to be retired over the next thirty years. Most of
the retired capacity will be coal-fired. About 40% of today’s installed nuclear
capacity in OECD countries will be retired, either because the plants will have
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reached the end of their design lifetime or because of policies to phase out
nuclear power. The retirement of fossil-fuel plants in the OECD will create
opportunities to improve efficiency and to reduce CO2 emissions. Older and
inefficient coal plants are expected to be replaced, in most cases, either by gas-
fired or by coal-fired plants. In either case, these new plants will be cleaner
than the existing ones. The need to replace existing facilities will pose a
particular investment challenge in the period 2015-2030.

Investment in the electricity sector has followed cyclical patterns,
although the cycles were not as prominent or volatile as in some other
industries (Figure 7.6). Orders reached their peak between the late 1960s and
early 1970s, at about 150 GW a year, and then plummeted in the mid-1980s.
They recently increased again, notably because of a substantial increase in the
US market. It is possible that under liberalised energy markets, as electricity
becomes more and more a commodity, the business cycle effect will be greater,
resulting in fluctuating reserve margins, high electricity prices when margins
are tight and, possibly, some threat to security of supply. However, evidence to
support this theory is still limited. There was a major construction cycle in the
United States between 1999 and 2002 and construction in the United
Kingdom grew steadily throughout the 1990s, though it has now come to a
halt. It is not yet clear how investment cycles will evolve in the future.
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The electricity market is organised around power companies whose size
varies substantially. Table 7.2 shows the ten largest power companies in the
world, ranked by their installed capacity. These companies account for about
one-fifth of the world’s installed capacity. In the past decade, many
companies chose to invest in other countries in their region or overseas.
Activity was particularly intense in Europe. A number of large power

348 World Energy Investment Outlook 2003
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Table 7.2: The World’s Ten Largest Electricity Companies

Company Home-base Capacity (GW)

RAO-UES Russia 156
EDF France 121
TEPCO Japan 59
E.ON Germany 54
SUEZ France 49
ENEL Italy 45
RWE Germany 43
AEP United States 42
ESKOM South Africa 42
ENDESA Spain 40

Source: Company websites.
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companies invested in power projects in developing countries. However, many
of these companies are now withdrawing or selling their assets and interest in
new projects in developing countries is very limited.

Investment in new generating capacity is expected to be of the order of
$4 trillion in the period to 2030. The figure is based on a mix of technologies
with different capital costs (Table 7.3). Investment, both in terms of capacity
additions and money will rise in real terms over time (Figure 7.7).

Nearly 2,000 GW of new plant will be gas-fired. Almost half of this
increase occurs in the OECD, where gas is widely available and meeting the
cost of environmental restrictions limits the use of coal. Big increases are
expected in gas-fired power generation in the transition economies and
developing countries too.

Coal-fired capacity additions over the period 2001-2030 will exceed 1,400 GW.
Nearly half of these new plants will be developed in China and India. Nuclear
plant construction will amount to 150 GW, concentrated in Asian countries.
Hydropower will remain the most important renewable energy source, with 
430 GW of new capacity over the next thirty years, while the generating capacity
of other renewable energies will increase by nearly 400 GW.
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Table 7.3: Current Capital Cost Estimates

Technology Capital Cost ($ per kW)

Gas combined cycle 400-6001,
Conventional coal 800-1,300
Advanced coal 1,100-1,300
Coal gasification (IGCC) 1,300-1,600
Nuclear 1,700-2,150
Gas turbine — central 350-4501,
Gas turbine — distributed 700-8001,
Diesel engine — distributed 400-5001,
Fuel cell — distributed 3,000-4,000
Wind onshore 900-1,100
Wind offshore 1,500-1,600
Photovoltaic — distributed 6,000-7,000
Photovoltaic — central 4,000-5,000
Bioenergy 1,500-2,500
Geothermal 1,800-2,600
Hydro 1,900-2,600

Source: IEA analysis.
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Beside the capital costs noted here, investment decisions take into account
fuel costs and operation and maintenance costs. Figure 7.8 shows indicative
electricity-generating costs for coal, gas and wind in current markets. CCGT
plants now have the lowest generating costs. However, over the next thirty years,
CCGT generating costs are expected to increase with higher natural gas prices.6
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6. Although the expected increases in efficiency and reductions in capital costs of CCGTs will offset
some of the impact of higher natural gas prices.
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The generating cost of wind will decline with reductions in capital costs and
improved performance of wind turbines.

Refurbishment of Existing Plants

Investment in power-plant refurbishment is expected to amount to 
$439 billion over the period 2001-2030. This estimate refers to major upgrades
of existing power plants assumed to take place once in their lifetime. Most of this
investment will be needed to refurbish fossil-fuel power plants in OECD
countries. The transition economies will need about 10% of the global
investment. Power infrastructure in these countries has been poorly maintained.

Liberalised electricity markets can bring about increased investment in
cost-effective refurbishment of existing power-generation plants. By investing
in plant refurbishment, power companies can improve plant output, reduce
production costs and therefore become more competitive. There are,
however, concerns that some companies may choose to cut costs by avoiding
or deferring investment in refurbishment.

In many developing countries, insufficient investment in plant
refurbishment — because of lack of resources — has contributed to the poor
performance of power plants and the grid. Investment in refurbishment can
increase electricity production in these countries and reduce somewhat the very
large capacity additions needed to meet rising electricity demand.

Transmission and Distribution
Investment in transmission and distribution networks over the period

2001-2030 is expected to be of the order of $5 trillion — more than the total
investment in power generation. About 30% of this amount will go into the
development of transmission networks.

Liberalised electricity markets are likely to require increased levels of
investment in transmission to accommodate greater volumes of electricity trade.
Moreover, investment in efficient transmission and distribution reduces losses
and can be an effective way to lower costs to consumers as well as to reduce
emissions of power generation-related pollutants. At the same time, costs will
increase if environmental issues related to power networks are addressed. Such
issues include the need to reduce emissions of SF6 (used in transformers and 
other equipment), which contribute to global warming, and the impact of
electromagnetic fields around cables. Higher investment in transmission may
also be required because of increased use of intermittent renewables.
Government policies to promote renewables will have to address this issue.

Investment in transmission and distribution has lagged behind
investment in generation in some OECD countries, notably in the United
States and some European countries. There is a clear need across the OECD
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to develop electricity networks further and to reinforce cross-border links.7

Investment in both transmission and distribution will have to rise in future if grids
are to provide reliable power. Though formal inquiries have not yet concluded,
grid failures in 2003, notably in North America, lend support to this analysis.

Although transmission and distribution remain largely regulated, the owner,
operator and generator are increasingly no longer the same. While access to
capital for investment in networks does not appear to be an issue in OECD
countries, these changes have made transmission planning more complicated.
Efficient investment in networks will be forthcoming only if there is appropriate
network pricing that sends signals to the market to invest. But at the same time,
siting transmission lines and obtaining approval is becoming increasingly difficult.
These issues stress the need for policies that facilitate investment in networks.

Distributed generation, which is projected to increase its share over the next
thirty years, can help reduce investment in transmission networks.8 Most
investment in distributed generation will be in OECD countries, supported by
government policies. In developing countries, unreliable power supply will
continue to be a key driver of distributed power. Over the period 2001-2030,
increased use of distributed generation technologies in the Reference Scenario 
will avoid around $130 billion of investment in transmission networks (about 8%
of the world total). Savings rise from $28 billion in the first decade to $62 billion
in the last decade (Figure 7.9).

352 World Energy Investment Outlook 2003

7. See also IEA (2002b).
8. Distributed generation includes photovoltaics. For definition, see Box 3.5 in WEO-2002, p.127.
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In developing countries, priority is often given to investment in generation.
Investment in transmission and distribution must rise in the future. Among
others, China and India have started to increase the amount of investment going
into transmission and distribution.

Investment Uncertainties and Challenges
The major factors that will affect investment in the power sector over the next

thirty years are competition, market reform, environmental constraints and access to
capital. The issues are different between developed and developing countries.

Power-sector investment now accounts for less than 0.5% of GDP in
most OECD countries (Figure 7.10). The share of investment has declined
somewhat since the mid-1990s for a number of reasons, including high reserve
margins in some countries, the lower capital costs of new power plants, low
demand growth and uncertainty caused by environmental policies and market
liberalisation. Competition between utilities has reduced profit margins,
especially in markets with excess capacity and low demand growth
(Figure 7.11).

Market liberalisation has created new challenges and uncertainties in OECD
countries. There is new concern about the adequacy of investment as markets
adapt to the new conditions. Policy-makers need to address this concern by
providing a market framework that sends the right market signals to investors.
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Investors in liberalised markets are more exposed to risk than they were in
regulated markets and in different ways. Power companies will have to improve
their risk management skills.

Developing and transition countries are, in many cases, also seeking to
restructure their electricity industries by introducing new market structures to
encourage competition. Many of their efforts have not brought about the
expected results, and for many of these countries, attracting investment to meet
rapidly growing demand and to improve the infrastructure for power
production and delivery will be a major challenge. Some of these countries
may want to delay the introduction of competition until their electricity sector
is sufficiently mature and economically viable.

Environmental regulations, requiring power plants and other industrial
facilities to reduce their emissions, are becoming tighter. Uncertainty about
future environmental legislation increases investor risk.

Environmental protection will increase investment requirements for both
existing and new power plants. Environmental costs may account for 10% to
40% of total plant costs in fossil-fuel plants and more in nuclear plants.9
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Existing legislation is directed principally at emissions that have a local or
regional impact, such as sulphur dioxide, nitrogen oxides and particulate
matter. These emissions depend on the fuel mix used in power generation and
tend to be higher in countries whose electricity generation is based heavily on
coal. Emission standards for these pollutants are tight and are becoming
tighter in many OECD countries. Developing countries will also be
increasingly seeking to reduce these pollutants. This will increase further their
already large needs for power sector investment.

The power generation sector accounts for 38% of total energy-related
CO2 emissions in the OECD countries and 40% worldwide. Environmental
regulation may increasingly address carbon dioxide emissions in all countries;
but in the medium term the impact will be greater in the countries that act to
reduce their greenhouse gas emissions under the Kyoto Protocol. The impact
on their investment paths is described in the section towards the end of the
chapter that discusses investment in the OECD Alternative Policy Scenario.
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In OECD countries, electricity companies finance new projects by
providing part of the project capital as equity (internally generated cash or
equity issued as public shares), while the remainder is financed as debt –
they may borrow money from the bank or issue bonds. Trends in the debt-
equity structure of OECD power companies are shown in Figure 7.12.
The chart shows that the power sector in Japan relies more on debt, while
in the United States reliance on equity is larger. Companies with high-
debt levels (Japan, France) have reduced their debt in preparing for
competition. Countries with high levels of recent investment (United
States, United Kingdom) have increased their debt, although the trend in
the US now is to reduce debt. It is not clear how liberalised electricity
markets will affect this structure in the future, e.g. whether the equity
share will move towards the high levels typical of the oil market.
Financing issues are discussed in more detail in Chapter 3.

In non-OECD countries, where utilities are often state-owned and
revenue collection is insufficient, investment capital often comes from the
government and in the form of loans from multilateral  lending agencies
(such as the World Bank or the Asian Development Bank). Over the past
decade, many developing countries have attempted to attract private-
sector (domestic or foreign) investment to meet part of their needs.
Private participation declined after the Asian economic crisis. At the
moment, there are many uncertainties about the scale of private-sector
involvement in power projects in developing countries in the future. 

Box 7.2: Sources of Capital
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In developing countries, achieving social equity will be a big challenge.
Even if the huge electricity investment needs which arise in developing
countries in the Reference Scenario are met in a timely fashion, there will still
be 1.4 billion people without access to electricity in 2030. An Electrification
Scenario has been developed to quantify the added investment required to
achieve 100% access to electricity in the developing world by 2030.

OECD Countries10

Adequacy of Investment

OECD countries will require more that $4 trillion in power infrastructure
investment over the next thirty years. Investment requirements will rise from
$1.2 trillion in the period 2001-2010, to $1.4 trillion from 2011 to 2020 and
will remain at this level during the third decade (Figure 7.13). Electricity
markets are open to competition to varying degrees in nearly all OECD
countries. This section discusses issues related to adequacy of investment in
these liberalising electricity markets.
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10. This section is based on IEA (2003a).
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Source: Standard and Poor’s (2003).
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The main objective behind the past 15 years of electricity-market
liberalisation has been to improve the economic efficiency of the electricity
supply industry, improving productive efficiency by reducing operating
costs and improving the efficiency of the allocation of capital by aligning
prices with costs.11 Electricity markets should stimulate the right level of
investment at the right time. When surplus capacity exists, electricity
markets can expect to see prices below long-run marginal costs (LRMC), not
permitting producers of peaking capacity to recover any of their fixed costs.
However, when capacity starts to become scarce during peak hours, prices
will rise significantly (Figure 7.14).

Given the low elasticity of demand with price, cost-recovering prices for
peak capacity may be needed over a relatively small number of hours.12

Table 7.5 shows the average price needed over the most expensive 5% of hours
(i.e. 438 hours) annually to recover the long-run marginal cost of a peaking
plant. Under conditions likely to generate these prices, investors would make
timely investments in new generating capacity.

A number of market and regulatory imperfections may lead to
underinvestment in electricity markets.13 Price signals may be distorted e.g. by
government policies to protect small consumers. Lags between price signals
and construction of new plant can cause boom-and-bust cycles in generating
capacity. Very hydro-dependent power systems may have large system risks,
e.g. with variations in rainfall that may not easily be accommodated. Box 7.3
describes the issues in the hydro-dependent Norwegian electricity market in
the winter of 2002/2003.
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11. Newbery (2000).
12. Hughes and Parece (2002).
13. For a discussion of capacity adequacy in US markets, see Joskow (2003).

Table 7.5: Prices Needed to Recoup Peaking Plant LRMC 
in PJM* in Top 5% of Hours by Load

LRMC Average price in top 5% of hours 
($ per MWh) ($ per MWh)

35 225
40 294
45 363
50 432
55 500

* Pennsylvania — New Jersey — Maryland.
Source: Hughes and Parece (2002).
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Norway deregulated its electricity market in 1991. It was later joined
by Sweden, Finland and Denmark to open up a fully competitive Nordic
market for trading electric power (Nord Pool). After the deregulation,
Norwegian consumers generally enjoyed lower prices than before.

However, during the winter 2002/2003 prices increased dramatically;
private consumers saw prices during the first quarter of 2003 go up by a
factor of three compared to the same quarter one year earlier. The tight
supply situation came after years of very low investment in new capacity
and was triggered by an extraordinarily dry autumn in 2002. This left the
99% hydro-dominated Norwegian electricity system with very low
reservoir levels at the beginning of  the winter season, a winter that turned
out to be colder than normal.

Electricity is the most common space heating choice in Norway and
during the coldest days of the winter, peak load was very close to installed
capacity. The low level of hydro reservoirs is a source not only of potential
peak-load problems, but can also be a problem in the spring, before the
melting of the mountain snows starts to fill up the reservoirs again. The
high prices triggered increased imports — to a large extent from re-
activation of coal-fired power plants in Denmark — and demand-side
responses from both industry and private consumers, which together were
enough to avoid both winter blackouts and spring rationing.

Although the electricity system was able to provide sufficient
electricity services throughout the crisis, the situation has generated a
debate in Norway about how reserve margins and investment in new
capacity can be ensured in a deregulated market. The steep price hike
did not make a significant impact on the four-year futures market of Nord
Pool, indicating that the market regards the price increase as a temporary
result of rather extreme weather conditions and not an indication that
higher prices will be sustained. This means that prices are still too low to
make investments in gas-fired power stations profitable. Further
expansion of hydropower capacity is unlikely because of environmental
constraints and agreeing on investment in new interconnections to other
countries has proven difficult, because of unresolved issues about who
should cover the costs and how grid operators should co-ordinate. In the
short run, this leaves Norway with sharp price increases to consumers as
the primary mechanism to avoid power shortages in dry and cold years.
To reduce the system’s vulnerability to rainfall variations in the longer run
will require agreements on new interconnections, ways to get more peak
capacity out of existing hydro plants and reduced dependence on
electricity for space heating through energy efficiency and fuel switching.

Box 7.3: Norway’s Electricity Situation in Winter 2002/2003
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Inconsistent investment performance across OECD countries has led a
number to review the adequacy of their market arrangements for encouraging
timely investment. Some countries have concluded that direct market
intervention to stimulate investment in peaking capacity is unnecessary at this
time. In others, measures are being taken to ensure peak capacity investment.
Many markets are seeking ways to enhance the response of electricity demand
to changes in price, as a means of decreasing the volatility of prices. Generally,
policy-makers have concluded that current market designs do not guarantee an
adequate level of security of supply.

Risk and Power Generation Investment

Prior to the liberalisation of electricity markets, electricity companies were
usually operated as integrated monopolies, able to pass on their full costs to energy
consumers. In such an environment, there was only limited risk in investment
decisions. In today’s market there are both concerns about wider commercial risks
and new concerns about the environment and security of supply.

The level of future electricity prices in competitive electricity markets can
be a major source of risk. Price volatility can greatly affect investors’ revenues
and profits. Uncertain electricity prices expose projects that have a long lead
and construction time to additional risks. Economies of scale favour large
power projects over small ones, as capital costs per kW for a given technology
generally decrease with increasing scale. However, the combination of a long
lead time for constructors, uncertain growth in demand for electricity and the
cost of financing adds to the risks for these types of investments. Estimates of
profitability for such projects rely principally on a long-term assessment,
independent of the spot power market conditions. Very large projects that
must effectively be built as a single large plant (e.g. a very large hydro dam) are
more vulnerable to this type of risk than projects which can be developed as
several smaller power plants, in response to market conditions.

There are a number of ways to manage electricity price risk, for example the
use of long-term bilateral contracts, futures and forwards contracts, either
through established or over-the-counter exchanges. The more liquid these
markets become, the easier it will be to use these tools. Although fuel prices have
always been uncertain, fuel price risks have been increased by the liberalisation of
the natural gas market. Very long-term contracts are not generally available, with
the exception of “take-or-pay” arrangements in LNG markets.

Regulatory uncertainty about future environmental legislation is another
major source of risk. Existing coal plants are already subject to controls over
emissions of three basic pollutants: sulphur dioxide, nitrogen oxides and
particulates. However, today’s investor faces a high risk of new constraints
being imposed on emissions, particularly on carbon dioxide emissions.
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Emissions trading is expected to be the most common mechanism employed
to control emissions from larger power plants. Nuclear power plants may also
be subject to additional safety regulations. Other regulatory risks include risks
associated with gaining approval to construct a new power plant, changes in
electricity market rules and market intervention. In general, a clear and stable
regulatory framework is necessary to give investors confidence in markets.

Firms are adopting different strategies to manage the risks associated with
investment in today’s power-generation market, with varying success. One
early trend was to develop so-called merchant plants that would rely on prices
in spot electricity markets and not on long-term contracts. Recent experience
with the merchant plant model in the US has driven investors away from this
type of investment. Investment banks, concerned by their losses in the United
States and in some European markets, are now paying greater attention to
companies with stable revenue flows and customer bases. Consequently, it will
be very difficult in the medium term to finance new power plant construction
in the United States on a merchant plant basis.

Generating companies that have been able to retain contractually based
customers are better able to withstand falls in wholesale power prices caused by
excess capacity.

Companies with significant investments in natural gas power generation
have been investing in companies with upstream natural gas assets in order to
hedge the fuel cost risks associated with gas-fired power generation. However,
many companies in the US, in an effort to improve their balance sheet, have
now divested these upstream investments.

Mergers and acquisitions are one means to improve the prospects of
stable cash flow as a source of finance for large capital-intensive investments
in an environment where there is reduced access to debt capital. Indeed, the
growth in mergers and acquisitions for this reason is not surprising. Mergers
and acquisitions have led to the emergence in Europe of “Seven Brothers”
(EDF, E.On, RWE, Vattenfall, Endesa, Electrabel, ENEL) — very large
electricity firms which are expected to finance a significant portion of new
investment from internal resources. At the same time, this consolidation has
raised concerns about undue concentration.14

Customers may also become more involved in power-generation investment.
Falling capital costs for small power plants (particularly reciprocating engines or
small turbines) combined with various incentives to encourage power generation
on a smaller scale, are creating opportunities for economic combined heat and
power generation (CHP) and contributing to higher system reliability. While
successful in high electricity price jurisdictions, such as Japan, distributed
generation technologies have made only limited progress elsewhere in the OECD
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14. Thomas (2002).
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Since electricity markets opened to competition, reserve margins have
been declining in most OECD countries. While reducing excessive reserve
margins is in line with the objectives of market liberalisation, this situation
has provoked a debate about the appropriate level of reserve margin to
ensure that electricity demand will be met during peak demand periods. 

Supplying electricity at times of peak demand requires adequate total
generating capacity or purchases from another market with a different peak,
along with adequate transmission capacity. Peak demand is most
economically met with power plants of low capital cost, since fixed expenses
can be recovered only over relatively short annual periods of operation. The
risks to investors building this type of peaking capacity may be high,
especially when compared to baseload plant. Such risks include:
• Market risk: Peak demand is greatly influenced by weather conditions.

Unusual weather patterns such as very warm winters or cool summers
could result in zero annual revenues to certain peaking plants. 

• Fuel-supply risk: In systems where the demand for natural gas for space
heating and for peak electricity generation coincide, gas supply for
space heating will generally be given a higher priority. Thus, there is a
risk that fuel supply to gas-fired peaking plants could be interrupted or
curtailed during cold periods.

• Regulatory risk: Because peaking plants are called into service when
prices are highest, they are disproportionately exposed to the risk of
government-imposed electricity price caps.
Investors can mitigate risks through appropriate hedging mechanisms,

such as power purchase agreements. Governments can also reduce
investment risks by ensuring that the value of security of supply is
adequately recognised within the market framework. But until experience
proves otherwise, concerns about meeting peak demand are likely to persist. 

Demand response measures are one way to reduce the need for peaking
capacity and moderate price volatility. Such measures include campaigns to
increase consumer awareness of the threat of supply disruption when
demand peaks, demand-side bidding to induce industrial customers to
reduce their load at peak times, or the use of advanced technology, such as
advanced meters, to reduce or reschedule peak load. 

Box 7.4: Peak Capacity in Liberalised Electricity Markets

as a result of recent increases in natural gas prices and lower electricity prices, as
well as institutional barriers.15

15. IEA (2002c).
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Developing Countries
Today, developing countries account for a little over a quarter of global

electricity production. By 2030, this share is expected to rise to 44% and these
countries would be producing as much electricity as the OECD. To provide
for this rapid increase, they will need to invest over $5 trillion in electricity
infrastructure (Figure 7.15). For most countries, this means that investment
should rise well above current levels. The uncertainty about whether
developing countries will be able to mobilise this level of investment is
significant, particularly for Africa and India. Poorly developed domestic
financial markets are a major constraint in developing countries.16 The
exchange rate risk is an important factor limiting their access to international
financial markets.17 Investment in power-sector infrastructure in developing
countries has traditionally been the responsibility of governments, though the
1990s saw an increasing number of countries turning to the private sector for
part of the investment needed to finance the electricity sector.
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Figure 7.15: Power Sector Investment in Developing Countries, 2001-2030

Source: OECD (2003).

16. Bacon et al. (2001).
17. See also the discussion in Chapter 3.
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Figure 7.16 shows how additions in generating capacity have evolved over
the thirty-year period 1971-2000. China’s increase in capacity during the 1990s
stands out and can be attributed to the reforms initiated in the 1980s. Between
1991 and 2000, China increased installed capacity by as much as all other
developing Asian countries taken together. Nonetheless, Indonesia and other
Asian countries saw continuous expansion throughout the thirty-year period,
despite the set-back in the late 1990s attributable to the Asian economic crisis.

The rate of capacity expansion in India, the Middle East and Latin
America in the decade 1981-1990 did not continue in the 1990s. In the
Middle East, this can be explained, to some extent, by the high levels of per
capita electricity generation achieved in some countries in the region. In India
and Latin America, particularly in Brazil, market reforms aiming at
encouraging private investment did not bring the anticipated results.

In Africa, the rate of investment in power infrastructure declined in the
1990s. Economic growth was modest and per capita income remained flat
throughout the 1990s. Spending on infrastructure relative to GDP appears to
have been particularly low, less than 1%. This compares with 2% to 3% of
GDP spent on electricity in Asian countries. The decline was particularly
pronounced in sub-Saharan Africa, where only 5 GW of new capacity were
added in the 1990s.
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Capacity additions are assumed to accelerate in the future (Figure 7.17).
Total capacity additions during the period 2001-2030 will need to be three
times higher than in the past thirty years. Mobilising the capital needed to
build those plants and to add sufficient transmission and distribution capacity
may prove an insurmountable challenge for some developing economies.

Public utilities in several developing countries are not profitable and are
not able to finance new projects themselves. Moreover, investing in new plant
is only part of the challenge. Utilities must also purchase fuel to run their
power plants. Expenditure on fuel in power stations in developing countries
over the next thirty years is expected to be of the same order of magnitude as
the investment in infrastructure (Figure 7.18).

The poor financial health of public utilities in these countries results from
a series of factors:

• Low revenues because of low electricity tariffs (Figure 7.19). On
average, electricity tariffs in developing countries are not high enough
for the public utility to be profitable and they may not even cover the
utility’s short-run marginal costs. Revenue collection can also be
inadequate because of non-payment or theft.

• High production cost, which increases the challenge of raising tariffs to
cover costs. The cost of producing electricity in many developing
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Figure 7.18: Power Sector Fuel Expenditure in Developing Countries, 2001-2030

Source: IEA.
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countries can be high compared to the OECD for reasons that include
low plant efficiency (because of poorly maintained equipment), poor
fuel quality, high grid losses (because of poor grid performance or
theft), high capital costs (because of non-competitive and non-
transparent purchases of equipment), high transmission and
distribution costs (because of low consumption density) and high
operating costs (because of poor management and low productivity).
Exchange rates also adversely affect a utility’s costs when loan servicing
and purchases of fuel and equipment have to be made in a foreign
currency. Utilities have accumulated debt and interest charges which
increase their costs and are not usually passed on to consumers.

While much of the funding for investment in developing countries in the
past has come from government budgets, this may not continue in the future
for a number of reasons:

• Government revenues in many developing countries are low and
volatile. They account, on average, for between 15% and 17%
of GDP in low- and middle-income countries, while this share is
more than 25% in OECD countries, where the electricity sector
is mostly privately-owned.18 Slower economic growth may weaken a
government's ability to invest, even though demand for electricity may
still be rising.

• Governments may feel obliged to free up resources to increase spending
in other sectors (for example in health and social security).

• Governments may wish to increase the economic efficiency of the
sector (often along with other sectors of the economy) by encouraging
competition and opening up the sector to private investors.

Attracting private investment can be challenging. The private sector,
while in principle welcoming business opportunities in rapidly growing
developing economies, will respond only if it perceives a sufficiently stable and
adequate legal framework and can expect returns high enough to compensate
for the risks.19

Many countries initiated reforms in the 1990s, aimed at attracting private
investment. The initial response was encouraging, but private investment
declined rapidly after 1997 (Figure 7.20).20 Total private-sector investment in
electricity between 1990 and 2002 in developing countries amounted to
$193 billion. Brazil and other Latin American countries attracted half of it.
However, much of it was spent on existing assets that were privatised rather
than on new projects.
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18. World Bank (2003b).
19. See also, World Bank (2003c).
20. World Bank (2003d).
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Reasons for the decline in private investment include badly designed
economic reforms, economic crisis or bad business judgements. Many private
companies are now selling their assets in developing countries. The reasons for
this are diverse and include poor returns on investment, loss of position in their
home markets (notably in the case of US investors) and mergers and take-overs
under corporate retrenchment policies (in the case of European investors). The
result is a drastic reduction in the number of active international investors in
developing countries. There are great uncertainties about when and to what
extent private investment will revive and where the new investors might come
from. One possible answer is local conglomerates, especially in Asia. But
development of this source will take time and appropriate policies. These
uncertainties create large doubts in attempting to estimate future private
investment.21

Another handicap for developing countries is growing constraints on their
ability to borrow money in international markets. Traditionally, part of the
power-sector funding has come from international lending institutions and
export credit organisations. Funds from these sources are becoming less and
less available. Competition between countries for global investment funds is
likely to get fiercer in the future, underlining the need for developing countries
to create attractive investment climates.

Chapter 7 - Electricity 369

21. See ADB (2000) for a discussion of best practices in promoting private investment.
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1990-2002

Source: World Bank (2003e).
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While most investment in the developing world goes towards expanding
public utilities, another source has been direct investment by private electricity
consumers in their own electricity generating capacity, either as back-up to the
public supply or as a replacement for the public supply. This response to
underinvestment in public supply is most notable in those countries where the
quality of electricity supplied by public utilities is poor and deteriorating, such

370 World Energy Investment Outlook 2003

The Clean Development Mechanism (CDM) is one of the three
“flexible mechanisms” defined under the Kyoto Protocol (the other two
are Joint Implementation and Emissions Trading). It allows countries
with binding greenhouse gas emission reduction targets (Annex-I Parties)
to implement projects that reduce emissions in non-Annex I Parties. 

Although the Kyoto Protocol has not yet come into force, it allows for
projects undertaken since 2000 to generate Certified Emission Reductions
(CERs). A CDM Executive Board was established at the end of 2001 to
supervise such projects. Energy efficiency and renewable energy projects  are
most likely to form the bulk of projects related to power generation.

The market value of CERs will determine the development of CDM
projects. Such projects will only be undertaken if they yield CERs at a cost
lower than the market value and below the cost of domestic emission
reductions. If the Kyoto Protocol comes into force, the development of
future emission reduction commitments beyond the first commitment
period (2008-2012) will affect CER prices and therefore CDM projects.
Whether countries that have not ratified the Kyoto Protocol decide to join
a broader emissions-trading regime will also have an important impact on
the CER market. This is particularly true for the United States, the world’s
single largest emitter of GHG emissions. The fungibility of CERs with other
emission reduction accounting units will also affect the market price of CERs
and the subsequent development of CDM projects.  

Defining emissions baselines for CDM projects is an inherently
difficult process. The time and costs involved in the approval of CDM
projects could limit the pace of development of these projects. The
development of a clear, efficient and affordable approval process will
increase the appeal of CDM projects to Annex-I Parties and companies.

CDM projects could lead to significant investment and technology
transfers from developed to less developed countries. Given the
substantial investment in power infrastructure needed in the developing
world over the next thirty years, CDM projects could be one important
component in mobilising the necessary investment.

Box 7.5: Potential Impact of CDM on Investment in Developing Countries
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as India, Nigeria and Indonesia. In Indonesia, for example, autonomous
electricity producers own 15 GW out of the country’s 40 GW of total installed
capacity. This trend could become more significant in the future, if shortfalls
in utility investment persist.

Overcoming these obstacles will not be easy. It will require significant
improvements in governance and continued restructuring and reform in the
electricity and associated sectors, which will test the institutional capacity of
developing countries. A threshold challenge will be reform in tariff structures
to make prices cost-reflective and to improve revenue collection.22 It is a major
challenge to do this in a way that does not unduly hurt low-income consumers
who are not able to afford even basic electric services.

Reforms will be necessary in all segments of the power sector. Given
the significant level of investment needed in distribution networks (about
$2 trillion, or 40% of total power-sector investment), reform of electricity
distribution will be critical. In many developing countries, the priority is to
reduce non-technical losses from theft of electricity and from non-payment of
bills. Such reforms are difficult and take considerable time, at least five years
and more likely ten or so. The gap between investment needs and actual
investment is likely to continue for some time in the worst-affected countries.

Regional Analysis

United States and Canada

Overview

The United States and Canada will need to invest $1.7 trillion in the
electricity sector over the next thirty years, of which $900 billion will have to
go towards the transmission and distribution system, particularly in the United
States. The power blackout across the north-east of the region in August 2003,
has directed renewed attention to the importance of maintaining electricity
reliability. Adequate and timely investment in infrastructure is a key element
of a reliable electricity system.

The North American electricity market is the largest in the world,
accounting for about 30% of the world’s electricity production. Electricity sales
in North America comprise almost 3% of GDP, which is more important than
the contribution of telecommunications, airlines or the natural gas industries.
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22. See also Jamasb (2002).
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Investment in the sector has increased dramatically over the past few years and
reached $43 billion in 2000/2001. Most of the increase in investment reflects
increased power plant construction in the United States (Figures 7.21 and 7.22).
Investment in transmission and distribution did not keep pace with investment
in generation.
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Sources: Edison Electric Institute (2002) and Canadian Electricity Association (2000).
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A competitive environment is being developed in the region’s wholesale
and retail markets. In the United States, about three-quarters of generating
capacity was still operating in a regulated environment in 2000, while some
70% of utilities were privately-owned. Since the mid-1990s, successive
regulatory actions have encouraged or required the development of competitive
electricity supply. Nearly all the power plants constructed recently in the
United States have been unregulated plants.

Deregulation has also prompted an increase in mergers and acquisitions,
resulting in substantial industry consolidation. By the end of 2000, the ten
largest companies held more than half of the country’s privately-owned
capacity, compared to 36% in 1992.

Confidence in the new competitive market model is at a low ebb. The
California energy crisis caused the pace of deregulation to slow in many states
and increased regulatory uncertainty. The trading scandal and ensuing
financial collapse of Enron has prompted close financial scrutiny of the
industry. These events, combined with a slowing economy (and resulting
lower demand growth for electricity) and volatile fuel and wholesale
electricity prices, have resulted in poor financial performance, high debt and
downgrades by credit-rating agencies, most significantly for merchant
companies. While regulated utilities can expect to recover their costs, they too
have seen their profit margins shrink (Figure 7.23).
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In Canada, most generating capacity is publicly-owned. Two provinces
— Alberta and Ontario, accounting for half of the country’s electricity
consumption — have introduced wholesale and retail competition. The
events in the United States have shaken confidence in Canadian electricity
market reform.

Investment Outlook

Following the substantial capacity increases in the 1980s, few power plants
were built in the region in the early and mid-1990s. However, starting in 1999
large amounts of new capacity came on line in the United States. About 144 GW
of new capacity, mostly merchant plants spurred by market liberalisation, were
constructed in the period 1999-2002, resulting in capacity overbuild. After 2002,
given the uncertainties about economic growth and the current poor financial
situation of the electricity sector, many additional projects that had been
announced have been delayed or cancelled. Investment in new plant is expected
to be relatively slow in the near term. The power plants that were constructed
recently, if operated in baseload, could meet rising electricity demand for about a
decade. Some regions, however, will need earlier investment in power generation.
Several gas-fired power plants are under construction in Canada. Six closed
nuclear reactors in Ontario, four at Pickering A and two at Bruce A, are expected
to reopen soon.

Over the period 2001-2030, the region will need about 830 GW of new
power plant. More than half of the new capacity will be gas-fired, continuing a
recent surge of gas-fired power plants. In the longer term, as gas prices rise, more
coal-fired plants could be constructed. About 15% of the capacity increase could
come from non-hydro renewable energy sources. The total cost of these new
plants will be $654 billion and an additional $130 billion will be needed to
refurbish ageing units. North America has some of the oldest power plants in the
world. A significant portion of this amount will go towards extending the
lifetime of existing nuclear generating facilities.

An important issue currently under discussion in the United States is the
low level of investment in the country’s transmission grid.23 Until the late
1980s, transmission capacity was somewhat higher than generating capacity.24

In the 1990s, however, investment in transmission did not keep pace with
investment in generation for a number of reasons that include siting and
approval difficulties, a focus on unregulated activities and regulatory
uncertainty arising from the transition to competitive markets. Transmission
bottlenecks emerged as the substantial increase in electricity demand over the
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23. US DOE (2002a) and US DOE (2002b).
24. See also Hirst and Kirby (2001).
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past decade, combined with new generation in wholesale markets, increased
electricity flows.

Investment in transmission systems has increased somewhat over the past
three years. Private investment in transmission was $3.7 billion in 200125,
compared to $2.6 billion a decade earlier, and is likely to stay at this level at
least until 2004.26 It will need to more than double to provide adequate
transmission capacity in the long run.

North American investment in transmission in the period 2001-2030
is projected to reach $260 billion, amounting to $73 billion in the decade
2001-2010 and  $99 billion in the second decade and then falling to $89 billion
in the last decade. Along with transmission, investment in distribution should
also rise above present levels. The investment needed in distribution networks in
the period 2001-2030 is of the order of $650 billion.

Investment Issues and Implications 

The North American power sector is expected to become increasingly
reliant on natural gas. The share of natural gas in electricity generation could
rise from about 15% now to 30% by 2030. Increased interdependence
between natural gas and electricity will require investment in gas-supply
infrastructure to move closely in step with investment in gas-fired power plants.

Natural gas-fired power plants continue to be constructed close to the fuel
supply, rather than close to demand centres, with very little investment in
transmission lines.27 This issue can be addressed through transmission pricing
that accurately reflects the costs of transmission and allows the market to
determine whether it is more appropriate to expand transmission capacity or to
install new generating capacity closer to the load.

The North American electricity sector faces increasingly stringent
environmental regulation, both on the generation and on the transmission
sides. Stricter emission limits for sulphur dioxide, nitrogen oxides,
particulate matter and new limits on mercury and possibly CO2 will
increase investment requirements in both existing and new facilities. For
example, in the United States, less than 30% of coal-fired capacity was fitted
with FGD in 2000. Additional investment in scrubbers may be required to
meet the Clear Skies Initiative. The US Environmental Protection Agency
(EPA) estimates that some 130 GW of power plant will need to be fitted
with scrubbers by 2020. The average cost of installing such equipment is of
the order of $200 per kW.
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25. Edison Electric Institute (2002).
26. By comparison, Japanese investment in transmission lines was between $4 billion and $7 billion
per annum in the late 1990s. Japan’s electricity generation is a quarter that of the United States.
27. NERC (2002).
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Canada has ratified the Kyoto Protocol. The implementation of policies
to achieve its target could alter the country’s investment outlook by
encouraging low or zero carbon technologies.

European Union

Overview

With demand for electricity rising by nearly 50% over the next thirty
years, an ageing infrastructure of which a large part will have to be replaced,
and converging electricity markets that will be more and more interdependent
through connected electricity networks, the countries of the European Union
will need to invest over a trillion dollars in power infrastructure, divided equally
between generation and networks.

The electricity sector in the European Union has an annual turnover of
about $150 billion and contributes about 1.5% to EU GDP. Investment in
the sector is now about $30 billion per year. Investment in electricity in the
1990s was low compared to the 1980s because the amount of capacity built
was lower and because investment was directed towards low capital cost plant,
notably CCGTs. Figure 7.24 shows investment in European Union countries
over the five-year period 1993-1997.
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The European electricity sector is undergoing profound restructuring, from
state- owned utilities to private generators in competitive markets. The process of
market liberalisation began in the United Kingdom and Sweden in the early
1990s. EU-wide liberalisation commenced with the adoption of an electricity
directive in 1996. Most future power-sector investment will be private and the
private sector will determine the levels of capacity and the fuel mix. This creates
an obligation on policy-makers to monitor carefully how much and when new
capacity and network infrastructure is brought on line, especially in the longer
term, when demand for new plant is expected to be substantially higher than now.

The opening of electricity markets to competition has reduced the size of
national companies, but at the same time it has triggered a series of mergers and
acquisitions among electricity companies. This trend is likely to continue in
the near term, with companies trying to strengthen their position in the
changing market environment. Mergers and acquisitions may, in certain cases,
improve economic efficiency through economies of scale. Importantly, they
create large companies with the deep pockets needed to finance investment.
However, large-scale mergers could impede competition. At the beginning of
2003, seven companies controlled more than half of the European Union’s
capacity, although there are more than 5,000 producers of electricity in the
region, including autonomous producers of electricity (Figure 7.25).
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European power plants had an installed capacity of 584 GW at the end
of 2000 and produced 2,572 TWh of electricity. Substantial increases
in generating capacity took place in the 1980s, partly because of high
electricity demand expectations. About 30% of today’s installed capacity
was built in that one decade. This resulted in high reserve margins in
most countries throughout the 1990s. The supply situation appears to be
tightening in many countries, although some still enjoy fairly high reserve
margins. New capacity is being continually added almost everywhere, but in
many cases the capacity additions have not kept up with the increase in the
load.

Investment Outlook 

Over the next thirty years, the countries of the European Union
will need nearly 650 GW of new capacity to meet rising electricity demand
and to replace about 330 GW of existing power stations. These capacity
additions are greater than the current total installed capacity. The total
finance needed for these new generating projects is in the order of
$525 billion.

Investment in power generation is likely to rise over the long term for
two reasons: first, the capacity requirements will increase as the rate of
retirement of existing power plants increases; second, the average cost of
adding a new power plant is expected to increase over time. The 1990s saw
a decrease in average cost per kW of new plants, because of the introduction
of low capital cost CCGT plants. Favoured by market liberalisation and low
gas prices, this trend is likely to continue in the medium term. However, in
the long term, the projected increase in coal and renewables use for electricity
generation will increase the average plant cost, making the electricity sector
more capital-intensive.

More than half of the new capacity is expected to be gas-fired and more
than 20% of new plant will be based on non-hydro renewable energy
sources, particularly wind and biomass. A significant amount of new
capacity, some 116 GW, is expected to be coal-fired, using advanced
technology. Construction of nuclear plants is expected to be limited to
France and Finland, making investment in nuclear capacity a small part of
the total. Whether more new nuclear plant will be built in Europe is
uncertain and depends on a number of factors, including the CO2 emissions
cap-and-trade EU scheme.

The existing transmission network will need to be extended and
refurbished to accommodate increased trade and new patterns of energy
flows brought about by competition. Consequently, some $120 billion will
be invested in transmission over the next three decades. The transmission
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networks in EU countries are relatively mature and most investment is
expected to go towards upgrading and replacement of existing lines.28

Much effort is being directed towards making more efficient use of the
existing infrastructure.29 This involves the extensive use of existing
interconnections between EU countries, as well as the expansion of
interconnection capacity. Import capacity is used intensively in some
countries, already creating congestion. There were some 30 GW of excess
generating capacity in early 2003 in continental Europe, but current
interconnection capacity does not allow all this capacity to be reflected
in imports.

The European Union attaches particular importance to the development
of transmission networks. Key areas of transmission network investment
include the connection of isolated electricity networks, the development
of interconnections between the European Union member States,
the development of interconnections within countries and the development of
interconnections with countries outside the EU.30

Investment will be necessary in distribution networks for network
reinforcement, asset replacement and new connections. Investment in
distribution has been a substantial part of electricity-sector investments and it
is likely to remain high in the future. It will amount to $413 billion over the
period 2001-2030.

Investment Issues and Implications

The outlook described above shows that future power-sector investment
needs are expected to be much greater. Current trends in investment differ
between EU countries, but there is evidence that capacity margins are getting
tighter in many of them. Power plant retirements, expected to increase 
over time, will add to the need for new plants. The development of
interconnections between countries will help improve competition and
security of supply but these interconnections should not be seen as a means
of avoiding additional investment in generating plants. Governments, while
providing a stable regulatory framework that allows investors to be rewarded,
will need to monitor developments in investment to ensure that adequate
infrastructure is built.
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28. For example, the National Grid Company, which operates the transmission system in England
and Wales, spends some 10% of its annual investment on new lines, while more than 80% of the
investment is used to replace and refurbish existing lines.
29. Commission of the European Communities (2001).
30. Official Journal of the European Union (2003).
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The current pattern of investment points to a substantial increase in gas
consumption. Gas will increasingly be imported from countries outside Europe.
Adequate and timely investment in gas production, transport and storage facilities
will therefore be of crucial importance.

The next thirty years should see substantial investment in renewable energy
sources. This growth will be encouraged by the EU Renewables Directive, which
calls for a substantial increase in the share of renewables by 2010. A significant
amount of new capacity will come from wind farms. As an intermittent source of
energy, wind is not always available to produce electricity. Integrating wind into the
network requires investment beyond that necessary for conventional generation
technologies, involving greater voltage regulation power and network reinforcement.

With most future investment directed towards natural gas, renewables and
cleaner coal, CO2 emissions per unit of electricity produced will decline.
However, annual power-sector emissions will rise by a third by 2030 and the
power-sector’s share in total energy-related CO2 emissions will increase.
Governments will need to intervene to encourage greater investment in
technologies that emit less CO2. The EU-wide cap-and-trade scheme, which is
expected to be put in place in 2005, should influence power-sector investment in
this direction over the longer term.

The projected retirement of a substantial number of fossil-fuel plants will
create great opportunities for replacement by cleaner technologies. At the same
time, the increased investment requirements might give rise to pressure to defer
decommissioning decisions. If fossil-fuel plants remain in operation longer than
assumed here, CO2 emissions will be much higher.

Japan, Australia and New Zealand

Overview
These three countries in the OECD Pacific region will need investment

approaching $600 billion over the next three decades. Japan will account for the
largest part of this investment, because of the size of its market — it accounts for
80% of the electricity produced in the region — and because of the higher capital
intensity of its power sector, a reflection of its nuclear programme.

In Japan, generating capacity amounted to 262 GW in 2001. Most
electricity is produced and supplied by ten private-sector electricity
companies, listed in Table 7.6. Electricity-sector investment by the major
companies in 2001 was nearly $22 billion, equivalent to 0.5% of the country’s
GDP. Revenues from electricity sales contributed 2.7% to GDP.

Investment in Japan has been declining since the mid-1990s. The level of
investment in 2001 was about half the 1994 level (Figure 7.26). This decline
reflects, to some extent, a pause in electricity demand growth: demand has been
almost constant over the past five years.
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Table 7.6: Japanese Power Companies

Power company Total assets Capacity Revenues
($ million) (MW) ($ million)

Tokyo 116,665 60,375 42,219
Kansai 57,971 35,585 20,723
Chubu 50,446 32,231 17,680
Kyushu 32,796 19,336 11,395
Tohoku 32,681 16,076 12,814
Chugoku 22,298 12,179 8,004
Hokuriku 12,534 6,759 3,971
Shikoku 11,750 6,877 4,550
Hokkaido 11,396 5,904 4,279
Okinawa 3,284 1,676 1,140

Total 351,821 196,998 126,775

Note: Data refer to March 2002.
Source: Federation of Electric Power Companies of Japan (2002).
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Australia had 47 GW of installed capacity in 2001, producing 217 TWh
of electricity. Market reforms began in the early 1990s, but it was not until
1998 that a national wholesale market was established. Box 7.6 describes how
investment has evolved in Australia’s liberalised electricity market.

382 World Energy Investment Outlook 2003

The National Electricity Market (NEM) commenced operation in
December 1998. It includes the states of New South Wales (which
incorporates the Australian Capital Territory), Victoria, Queensland and
South Australia. The NEM uses a regional pricing model to approximate
full nodal pricing. 

Demand has been growing at around 3.7% per year compound across
the NEM since the start of the market, with the highest growth rates
recorded in Queensland (12.3%) and South Australia (9.4%).

Pre-existing surplus capacity has largely been absorbed and over
3,300 MW of new dispatchable generation has been commissioned since
the start of the market, representing a 9.6% increase in capacity over the
period. New generation investment has typically been well timed and has
emerged in those regions with the tightest supply-demand balances and
highest average spot prices. Nearly 80% of this new generation is located
in the Queensland or South Australian region. Over 8,000 MW of new
generation projects have been proposed for the next few years, but it is
unlikely that all will proceed in this time frame.

Since the market began, there have also been some significant
additions to the interconnected network. Overall, around 1,800 MW of
interconnection capacity has been added, representing an increase in
NEM interconnection capacity of over one-third. In addition, a further
two interconnection projects, with up to 850 MW of new capacity, have
recently been approved.

New generating investment, combined with new interconnection
investment, has helped substantially reduce regional spot prices in South
Australia and Queensland. Average annual spot prices in South Australia
have nearly halved, falling from AUD 61/MWh in 1999/2000 to 
AUD 32/MWh in 2001/2002, while in Queensland, average annual spot
prices fell by over 20% during the same period, from AUD 45/MWh to
AUD 35/MWh.

The National Electricity Code Administrator noted in the Triennial
Review of the NEM (June 2002) that average spot prices were beginning
to converge across the NEM at or near the threshold for new entry, with
some seasonal variations reflecting weather patterns. The Triennial Review
of the NEM also indicated that new investment has been sufficient to
meet reliability requirements.

Box 7.6: Investment Performance in the Australian National Electricity Market
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New Zealand’s installed capacity was 8.6 GW in 2001, most of which is
hydro. There has been hardly any increase in the country’s capacity over the
past few years, although electricity demand has been rising. Concerns over
future gas supplies have delayed decisions on new projects. There are serious
concerns about the adequacy of reserve margins to meet demand in a very dry
year, when output from hydro plants can be very low.

Investment Outlook
Japan, Australia and New Zealand will need to invest over $600 billion in

generation, transmission and distribution. New capacity in the region is
expected to amount to 236 GW, requiring investment of $274 billion, while
the refurbishment of existing plants will require about $48 billion.

The WEO-2002 projections assume that nuclear plant construction in
Japan will proceed more or less as planned. However, the recent turmoil in
Japan’s nuclear operations has undermined public confidence in nuclear
power and may hinder future development. If fewer nuclear plants are built,
the industry is likely to build coal- and gas-fired plants. The investment
requirements in this case will be lower than the estimate given here.

Investment in transmission is expected to be around $100 billion, while
distribution will take $185 billion. In Japan, both the share and the absolute
level of investment in electricity transmission and distribution have declined
substantially since 1998. They will have to rise again in the future to meet
supply requirements. In Australia, increased investment will be needed in the
country’s interconnection capacity in order to facilitate trade.

Investment Issues and Implications
In Japan, investment in gas-fired plants will increase the country’s

dependence on imported sources of energy, particularly if fewer nuclear plants are
built than assumed here. Japan has ratified the Kyoto Protocol, which calls for a
6% reduction of the country’s GHG emissions relative to the 1990 level. If coal
and gas plants are built instead of nuclear, it will be much harder for Japan to meet
this target. Regarding other emissions, Japanese power plants have low SO2 and
NOx emissions. These are higher in Australia and any effort to reduce these
emissions will require increased investment in pollution control or may shift
investment towards cleaner sources of electricity. In the near term, New Zealand
will need urgent investment in new capacity. Concerns about supply shortages
may encourage distributed generation.

China

Overview

China’s investment requirements in electricity infrastructure over the next
three decades will amount to nearly $2 trillion, of which more than $1 trillion
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will be for transmission and distribution. This means that 2.1% of the
country’s GDP should be invested every year in power infrastructure.
Although, the country’s vigorous economy should attract substantial private
investment, whether such capital will come depends on the framework created
by the new electricity authorities established earlier this year.

The Chinese electricity system is now the world’s second-largest after the
United States, with 322 GW installed capacity in 2000. Most of this capacity
is coal-fired. China has been very successful in developing its power
infrastructure. This may be attributed to two main factors: structural reforms
opening up new capital sources and high domestic savings. Over the past
decade, the country added 13 GW of new capacity and 30 thousand kilometres
of transmission every year. Investment in 2000 amounted to $25 billion.

China initiated its power-sector reforms in the mid-1980s. Since then,
and through various steps in the reform process, China has successfully
attracted increasing sums of new capital to supplement government funding in
power generation. As new investors came on board, the central government’s
share of financing declined from 100% to 45% in the second half of the 1990s.
However, private investment, both domestic and foreign, still amounts to less
than a fifth of the total (Figure 7.27).
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The reforms might not have been so successful without abundant
domestic savings. China has one of the highest domestic saving rates in the
world, at around 40% of GDP. Domestic savings financed $89 billion out of
$101 billion invested in the electricity industry over the period 1996-2000,
through bank loans, government bonds and power company equities, with
foreign investment accounting for 12.2% (and 17.4% of investments dedicated
to capital construction).31

In China, transmission and distribution remain the responsibility of the
central government. In order to bring electricity to over 98% of its
population, China has built an extensive distribution network over the past
15 years. China is now putting more emphasis on the development of
transmission networks and interconnections. Lack of adequate transmission
prevents low-cost generation in one province or region from reaching a
neighbouring area.

Investment Outlook

China will need to add about 800 GW of new capacity over the next
thirty years. Most of this new capacity will be based on coal and hydropower
but the adverse impact of coal on the environment is pushing China to increase
the use of natural gas for electricity generation. Over 100 GW of natural gas-
fired capacity is expected to be added by 2030.

To meet the country’s rapidly growing electricity demand, a total of nearly
$2 trillion will be needed for electricity generation, transmission and
distribution over the projection period. The investment requirements for new
power plants will amount to $795 billion over 30 years. Refurbishment of
existing power plants will add $50 billion.

China’s corresponding transmission network extension will require
investment of $345 billion, 18% of the overall investment. The investment in
distribution will be double that in transmission. Investment in transmission
and distribution, as a share of total power-sector investment, will be higher in
the future. Investment in transmission has not matched investment in
generation in the past and will need to rise substantially in the future.
Investment in distribution will be driven by the residential and services sectors,
where electricity demand is projected to rise by 6% per year.

Power-sector investment in China accounted for 1.3% of GDP in the
mid-1980s and has been constantly rising since then. It now stands at around
2.5% of GDP. This share will rise slightly to 2.7% in the decade 2001-2010,
and then, as the sector reaches maturity, fall to 2.3% and 1.7% in 2011-2020
and 2021-2030, respectively (Figure 7.29).
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Investment Issues and Implications

As China’s economy expands to meet the growing needs of its
population and industry, the country will continue to face great investment
challenges. China is currently undertaking a third set of reforms aimed at

386 World Energy Investment Outlook 2003

Power generation & transmission Refurbishment Distribution

0

10

20

30

40

50

60

70

1996-2000 2001-2030

bi
lli

on
 d

ol
la

rs
 p

er
 y

ea
r

24%
7%

69%

37%

3%

60%

Figure 7.28: Average Annual Investment Requirements in China

0

1

2

3

1985 1990 2000 2001-2010 2011-2020 2021-2030

sh
ar

e 
of

 e
le

ctr
ic

ity
 in

ve
stm

en
ts 

in
 G

DP
 (%

)

Figure 7.29: China Power Sector Investment as a Proportion of GDP

Source: State Statistical Bureau of the People’s Republic of China (various issues) and IEA.

339/Chapter 7  24/10/03  8:49  Page 386



achieving a market economy. While the Chinese government’s effort to raise
capital in the past has been successful, future investment funding may prove
more difficult.

Although the economy is growing fast and domestic savings are high,
relying on financial markets for investments in a competitive generation
market may prove to be difficult in China, where the private sector is weak and
financial markets are still underdeveloped. For the moment, risks in power
project financing are often low owing to government underpinning and the
monopolistic nature of the industry. As the government withdraws from
business and competition is introduced, private-sector investors will take due
account of the increased risk.

Much will depend on the reform of fuel and electricity prices. Until now,
investors in the power sector have benefited from sales contracts based on a
cost-plus pricing regime. Though there are sound arguments for change, new
pricing arrangements and the lack of firm power purchase agreements could
deter investment.

The price reform policy seeks to let the wholesale market determine the
tariffs on the generation side, while government will regulate transmission
and distribution prices as well as relative prices to end-users. China has
tested competitive power pricing in Shanghai and five other provinces, but
that pilot programme covered less than 10% of the electricity generated in
those areas. The government has promised freer power pricing, but has
pursued the issue slowly and power executives say they do not expect major
progress before 2005 because of the political sensitivity of the issue and
concerns about social stability. Whether China will be able to attract the
necessary investment depends very much on the nature of the future
electricity pricing regime.

Loans from multilateral agencies are not expected to play a big role in
financing the Chinese power sector. International financial loans to the sector
have never exceeded $1 billion a year over the past ten years, while multilateral
aid has been declining worldwide. China has been the World Bank’s largest
borrower of investment financing since 1992, but most of this lending has
gone towards environmental protection, including some power projects with
the requisite environmental standards. China’s energy sector has been the
principal recipient of loan support from the Asian Development Bank.

Along with sizeable financial constraints, there are also major threats to
environmental sustainability. Producing 13.5% of global CO2 emissions,
China is the world’s second-largest emitter, after the United States. This share
will rise to 18% by 2030. The power sector accounts for 44% of the total now
and this will grow to 55% in 2030. Many of China’s environmental problems
stem from the increasing and inefficient use of coal, much of it in power plants.
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These plants emit substantial amounts of SO2, accounting for about 44% of
the country’s total SO2 emissions. NOx and dust emissions from coal-fired
power plants are also key pollutants.

In order to tackle these environmental issues, China is putting more
emphasis on fuel diversification and on clean energy development. However,
these new policies were designed in an era of surplus. The recent electricity
shortages could shift the focus back to capacity expansion and to coal (although
more stringent emission standards apply to new coal plants). Given that China
is expected to rely on domestic coal for the major part of its power supply, the
clean and more efficient use of coal in the power sector will be critically
important for both the local and global environment.

India

Overview

India’s electricity demand will increase more than threefold over the next
thirty years. To meet this increase, the country will need to invest $665 billion
in the power sector (Figure 7.30). This will require investment equivalent to
2% of Indian GDP every year in power projects. Given the extremely poor
financial situation of the Indian power sector, the availability of the necessary
finance remains very uncertain.
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India’s installed capacity was 111 GW at the end of 2000. Most of India’s
power plants are coal-fired, producing more than three-quarters of the
country’s electricity. Hydropower is the second-largest source, with 23 GW of
installed capacity and a 14% share in electricity generation.

Most power plant capacity is publicly-owned. The central government,
through public companies, owns one-third of capacity. Most of the remaining
capacity is owned by the State Electricity Boards (SEBs). The high-voltage
transmission grid is operated by a central transmission utility, Powergrid, while
the rest of the grid is under the responsibility of the states.

Public-sector power development is the joint responsibility of the central
government and the states. The power sector is funded mainly through
budgetary support and external borrowings. Until the early 1990s, it received
between 15% and 20% of the total budget. This share has declined since
economic reforms were introduced in 1991, in the expectation that part of the
required investment would come from the private sector. Despite government
desire to attract private and foreign investment in new independent power
producers, most of the projects proposed have not proceeded, because of an
inadequate legal and commercial framework and delays in obtaining
regulatory approvals. The dispute over the Dabhol power plant, the largest
single foreign investment in India, has drawn attention to the inadequacy of
the current framework.

The electricity industry faces enormous challenges in providing reliable
service and meeting rising demand. Inadequate reserve margins and the poor
performance of the transmission and distribution systems cause frequent,
widespread blackouts and brownouts. Plant capacity factors are often low,
owing to the age of generating units, poor quality coal, defective equipment
and insufficient maintenance. The lack of inter-regional grid connections
accentuates local power shortages. Power theft, the non-billing of customers
and non-payment of bills are common.

The most problematic area in the electricity sector has been the
operational and financial performance of the SEBs. The financial health of many
of India's state electricity boards has been deteriorating because of high operating
costs and pricing policies that keep tariffs to most customers well below the cost
of supply. Insufficient revenues have been driving up debt and discouraging
investment. The following points illustrate the critical situation of the SEBs:32

• Revenues from electricity sales are 70% of costs. This share has fallen
more than 10 percentage points since the early 1990s (Figure 7.31).

• About 40% of revenues come from subsidies.
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• The electricity boards’ rate of return on capital is -44%, almost four
times worse than in 1992.

• Revenue arrears as a share of total revenue have been increasing,
reaching 40%.

Because of the poor reliability of India’s power sector and because supply
does not match demand, many customers, particularly industrial facilities, have
invested in small generators for on-site production of electricity. About 10%
of India’s electricity generation now comes from such installations.

The government has taken a number of steps in recent years to restructure
the electricity industry, to reform pricing and to introduce more market-based
mechanisms. In April 2003, the Electricity Bill 2001 was approved by the lower
house of the Parliament. Once approved by the upper house, the new law will
replace the 1910 Indian Electricity Act, the 1948 Electricity Supply Act and the
1998 Electricity Regulatory Commission Act. Key measures of the new bill
include fewer licensing restrictions for fossil-power projects, open access in
transmission, an obligation on states to establish regulatory commissions which
would set retail tariffs on the basis of full costs and promote competition, and a
requirement that any subsidies on electricity retail sales be paid out of state
budgets rather than through cross-subsidisation.

390 World Energy Investment Outlook 2003
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Source: Government of India (2002).
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Investment Outlook

Over the next thirty years, electricity production in India needs to rise at
an average rate of 4% a year. Although this rate is low by historical standards,
it remains one of the highest in the world. The Indian power sector will need
$665 billion in electricity generation, transmission and distribution over the
period 2001-2030.

Power plant additions should amount to 272 GW. The total cost of these
new plants will be in the order of $268 billion. The refurbishment of existing
plants will require about $15 billion. Most new capacity is expected to be coal-
fired, while natural gas could become the second-largest source of electricity
generation, surpassing hydro. India has set ambitious targets to increase its
hydropower capacity but, given the current difficulties the sector is facing and
the high initial costs, it is unlikely that the target will be met.

Gas-fired generation is also faced with uncertainty, particularly regarding
the availability of infrastructure to supply natural gas to power stations. It
could, however, be favoured by private developers as market reforms proceed,
encouraging more private participation in the power sector. Recent increases
in domestic gas reserves could further boost investment in gas-fired projects.

Development of India’s transmission and distribution systems will require
investment of the order of $380 billion, 30% for transmission. Investment in
transmission and distribution facilities has lagged behind investment in
generation, and this explains to a degree the high level of power losses. Network
investment now stands at about 35% of total investment, having increased from
about 28% in the early 1990s. Over the next thirty years, network investment
will need to exceed investment in generation by about 40%.

Investment Issues and Implications

India’s security of electricity supply over the next thirty years will largely
depend on the country’s ability to mobilise the funds to build new power plants
and to expand the transmission and distribution networks. While reforms in
the sector commenced in 1991, the financial situation of the electricity sector
has deteriorated and private-sector participation has been limited. The gap
between supply and demand has declined, but there is no guarantee at the
moment that this trend will continue, unless effective reforms are implemented.

India hopes to attract more private capital to finance new projects.
Although the government has encouraged private and foreign investment in new
independent power producers, most of the projects proposed have encountered
financing problems and delays in obtaining regulatory approvals. Uncertainties
about the profitability of projects, along with political problems, bureaucracy and
corruption, have turned many potential investors away. Substantial efforts will
be necessary to improve the confidence of potential developers and banks.
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Price reforms will help improve the financial health of the electricity
sector, but reducing the cost of electricity supplied is also important.
The cost of every kWh of electricity sold by the SEBs in 2000 was equal
to the average retail electricity price in the United States (Figure 7.32). This
high cost can be attributed to high transmission and distribution losses, theft,
the high cost of coal,33 the low efficiency of power plants and high
administrative costs.

The power sector, which will continue to depend on coal, will remain
a major emitter of CO2. It now accounts for 54% of total energy-related
CO2 emissions and is likely to remain at this level in 2030. India’s power
plants emit substantial quantities of SO2, NOx and particulate matter, since
few plants are equipped with pollution-control equipment.34 Investment in
more efficient plant and adequate maintenance of generation, transmission
and distribution systems can prevent these problems from getting worse.

392 World Energy Investment Outlook 2003

33. Coal in India is mined far from the power plants and the cost of moving it to the generation
point is high.
34. Indian coal has low sulphur content but low generation efficiency drives emissions up. Indian
thermal plants emit 7.4 g SO2 per kWh. This is higher than in most OECD countries: for example,
it is 5.3 g/kWh in the United States.
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Brazil

Overview

Brazil’s electricity demand will increase by two-and-a-half times from 2000
to 2030, growing at an average annual rate of 3.2%. To meet this big increase,
the country will need to invest more than $330 billion in the power sector, more
than half in transmission and distribution networks (Figure 7.33).

Installed capacity was 71 GW at the end of 2000, with 85% of it
hydropower. Brazilian power plants produced 349 TWh of electricity in 2000,
while imports amounted to 44 TWh.

Transmission and distribution losses are among the highest in the world
— around 15-16% of total domestic supply — because of the long distances
that characterise Brazil’s power networks (with hydro resources located far from
demand centres), old and poorly maintained systems with high losses and
power theft.

While the distribution sector is 80% privatised, generation is still mainly
publicly-owned. Eletrobras alone controls over 45% of the total Brazilian capacity
through its subsidiaries. The previous Brazilian government planned to reduce
the influence of Eletrobras by privatising its subsidiaries. The new Labour Party
government gave up the plans of privatising the state-owned generators and
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intends to increase the role of Eletrobras as the major promoter of new large
investments. The revenues of Eletrobras were over $6 billion in 2002 (about the
same as in 2001) but net income fell dramatically (Figure 7.34) mainly because of
the devaluation of Brazilian currency, which increased the weight of debts in
dollars.

Brazil started deregulating its electricity market in 1995. A regulatory agency
(ANEEL) was established in 1996 and a national transmission system operator
was created in 1998. A wholesale electricity market was created in September
2000 and was put under ANEEL’s authority in 2002. ANEEL has had a primary
role in promoting the construction of new transmission lines, having awarded
contracts for a total of more than 6,700 miles of lines since September 2000.

Tractebel Energia (part of Suez/Tractebel) became the biggest privately-
owned company in Brazil, with an installed capacity of more than 5 GW,
following the acquisition of a former federal generator that was privatised
(Electrosul). Several other foreign utilities (mainly US and European) are also
present in the Brazilian electricity market.

In 2001, Brazil had a severe electricity crisis, caused by low rainfall for hydro
generation and the lack of investment in generation and transmission capacity.35

394 World Energy Investment Outlook 2003
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35. See also World Bank (2002a).
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Between 1990 and 2000, electricity production increased at an average annual rate
of 4.6%, while installed capacity grew only by 3.1% per annum. As a consequence,
reserve margins were low and the whole system became too dependent upon the
annual rains. The crisis was solved through a rationing programme during a period
of 10 months, which had a profound effect on the electricity sector and the
Brazilian economy in general. The crisis highlighted the need for Brazil to diversify
the fuel mix to reduce dependence on hydro.

Investment Outlook

Investment in power generation over the next thirty years should reach
$156 billion, most of which will go into the construction of 120 GW of new
plants. Development of Brazil’s transmission and distribution systems will require
investment in the order of $175 billion. Insufficient investment in the
transmission and distribution network was one of the causes of the electricity crisis
in 2001 and this will be one of the major challenges during the next 30 years.

Investment Issues and Implications

New capacity will be almost equally divided between capital-intensive
hydro and low capital cost gas-fired plant. Construction of hydro plants will
gradually slow down in order to reduce reliance on hydropower and because
the remaining hydro resources are located far from the most populated 
areas, requiring huge investments in transmission lines. Environmental
considerations may also have an impact on hydro expansion, since much of the
remaining potential is in the Amazon.

Private investors are unlikely to construct new hydropower plants because
of their high initial cost and long construction time. New hydro development
is therefore likely to remain the government’s responsibility. In the long term,
investment in hydro will probably be more focused on the upgrading of
existing plants, construction of medium-size plants or reactivation of small
hydropower plants.

In February 2000, the Brazilian government launched the Thermoelectric
Priority Program, which consists of a series of measures to increase and
stimulate investment in thermal power plants — mainly CCGT plants —
based on preferential fuel prices and financing terms. Following the 2001
electricity crisis, the deadline for the programme has been extended to
December 2004. Several of these projects are co-financed by the state-owned
company, Petrobras, and foreign investors. The national development bank,
BNDES, provides finance on favourable terms.

Whether enough gas-fired power plants will be built is very uncertain and will
depend on the cost of natural gas, the development of the gas infrastructure system
and the tariffs and contracts for the supply of natural gas. Natural gas investors seek
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long-term contracts to protect their investments. But in an electricity market
dominated by hydropower, electricity prices will be highly dependent on the rainfall
levels. The economic attractiveness of gas-fired power plants for foreign investors
will depend critically on the type of contracts established.36

Brazil was the world’s largest recipient of private investment in electricity in
the period 1990-2001. Private investment in new projects grew constantly in the
late 1990s, following the privatisation programme, but declined in absolute terms
in 2001 (Figure 7.35).

The future growth of private investment in Brazil will depend on the
capacity of its electricity and gas market to provide stable and reliable conditions.
Much of investors’ concern has to do with uncertainty about the import price of
gas, mainly because of the exchange rate and the possible devaluation of the
national currency.

Private investment in the distribution sector will be highly dependent on
the regulatory framework. Difficulties in evaluating the risks linked to the

396 World Energy Investment Outlook 2003

36. See IEA (2003b) for a discussion of natural gas markets in South America.
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progress of reforms and the lack of clear rules have been a cause of uncertainty
and could adversely influence investments in the future.

Indonesia

Overview

Electricity demand in Indonesia is expected to rise fivefold over the next
thirty years requiring investment just over $180 billion in electricity
infrastructure. This corresponds to 1.4% of the cumulative GDP over the
same period. The country urgently needs new capacity and has again taken up
reform of the electricity sector in order to improve its performance and to
attract private investment.

Indonesia’s installed capacity was close to 40 GW in 2000. PLN, the
state-owned electricity company, owns and operates some 21 GW of the total
capacity, as well as the transmission and distribution grid. Private power
producers owned 1.6 GW in five power plants at the beginning of 2000. An
interesting feature of the Indonesian electricity market is the high share of
autonomous power producers, who owned 15 GW of the country’s total
capacity in 2000. Growth in this sector was driven by high electricity tariffs
and unreliable power supplies, which encouraged industry to install its own
generation plants.

Indonesia’s electricity demand was one of the fastest growing in the world
until the Asian economic crisis of 1997. Demand doubled between 1990 and
1997, growing at an average rate of 11% per year. The impact of the crisis on
electricity demand was short-term, as demand began to rise again within two
years. However, there were serious implications for investment in new
capacity. As a result of the crisis, PLN’s financial performance deteriorated,
projects were cancelled and private investors abandoned their plans. Shortly
after the beginning of the crisis, PLN cancelled several projects, with a
combined capacity of about 15 GW. Moreover, some of the foreign investors
involved in independent power producer (IPP) projects abandoned partially
constructed plants. Between 1997 and 2001, PLN’s installed capacity
increased modestly from 19 GW to 21 GW. Reserve margins were high before
the crisis and this helped meet the additional post-crisis demand. But there
have been electricity shortages recently in some areas and this situation could
worsen, indicating the urgent need for investment.

PLN’s losses amounted to $1.9 billion in the period 1998-2001. Its debt
reached $5.6 billion in 2001, of which more that 40% was short-term debt.
PLN’s expenses increased substantially over this period, to a large extent
because of the sharp fall in the rupiah exchange rate, involving 300%
devaluation between 1997 and 1998. Although tariffs in rupiah have increased
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since then, the increase has not been high enough to compensate for the change
in the exchange rate (Figure 7.36). The case of PLN is a clear example of
foreign exchange risk for both the domestic power sector and foreign investors
in developing countries. Foreign currencies, especially the US dollar, are
necessary for a large part of PLN’s expenditure covering investment in new
plants (with imported equipment, payment for imported spare parts and
maintenance, and repayment of loans), fuel purchases and electricity
purchases from IPPs.37 Because of the economic crisis, PLN was not able to
pay for all of the power for which it had signed contracts with IPPs. PLN’s
financial performance started to improve in 2001, because electricity tariffs and
revenues went up. PLN has begun to increase electricity prices on a quarterly
basis. The aim is to bring prices to about 7 US cents per kWh by 2005.

Reforms in the Indonesian electricity sector were introduced as early as
1985, but the first private project was approved in 1990. This was the
Paiton I coal-fired power plant, built under a build-own-operate scheme.38

398 World Energy Investment Outlook 2003

37. PLN (2002).
38. APEC (1995).
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The Paiton I project, a 1,230 MW coal-fired plant, reportedly cost between
$2 billion and $2.6 billion to build. This corresponds to a unit cost of
between $1,600 and $2,000/kW, which is at least 60% higher than the capital
cost of a coal-fired power station in OECD countries. PLN agreed to pay a
high price for the electricity it purchased from the Paiton plant. The
electricity tariff was set at 8.6 cents per kilowatt-hour for the first six years of
the thirty-year power purchase agreement. This is about three times the
average wholesale price of electricity and twice the generating cost of a new
coal-fired power station in OECD countries. Although this is an extremely
high price, it reflects, to some extent, the higher risk of investing in a power
project in a developing country and the investor’s consequent requirements
for high rates of return. Following PLN’s inability to honour its contract with
the power plant owners (because of its financial situation), an agreement was
reached in 2002 to reduce the tariff.

In September 2002, the Indonesian Parliament passed a new law to allow
for deeper reforms in the electricity sector. Under the current system, only
PLN is authorised to sell power to the public. Private companies are allowed
to produce power, but they are only able to use the power themselves or sell it
to PLN. The new electricity law will introduce competition and will gradually
reduce PLN’s monopoly. Under the new law, the liberalisation of Indonesia’s
electricity sector will commence in 2007. Competition is expected to be
introduced first in areas where prices are higher.

Investment Outlook

Indonesia’s electricity demand is expected to rise at an average annual rate
of 5.4% in the period to 2030. The country will need 90 GW of new capacity
over this period. Coal and gas will account for most of the incremental
capacity. Total investment in generation, transmission and distribution is
estimated to be in the order of $180 billion. Investment in generation is
expected to amount to about $77 billion, of which $6 billion in refurbishment.
To meet the fivefold increase in electricity demand over the next three decades,
over a hundred billion dollars must be invested in transmission and
distribution networks.

Investment Issues and Implications
Indonesia’s major challenge over the next three decades will be successfully

to reform its power sector so as to attract the investment needed to meet the
country’s growing electricity needs. The severe financial problems that the
Indonesian power sector faces have resulted in the cancellation of many plans.

There are concerns as to whether there will be adequate, timely
investment to meet the country’s rising electricity demand, particularly in the
near term. Given the long construction times of power plants (four to five
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years for a coal plant, two to three years for a CCGT plant), it appears to be
impossible to raise the country’s capacity sufficiently over the next few years to
avoid power shortages.

In the longer term, the challenges are equally daunting. Private investors
had shown strong interest in Indonesia’s power sector before the crisis. At
present, Indonesia’s high-risk rating and poor investment climate make
international investors cautious. Substantial efforts are needed to rebuild
investor confidence. This will require a stable and transparent regulatory
structure, improved corporate governance and a growing sense of national
political harmony.

At the same time, it will be necessary to improve the financial health of
the public sector. This will require improvements in production costs, as well
as electricity prices that are cost-reflective. Moreover, investment in generating
plant must be accompanied by the appropriate investment in transmission and
distribution networks to avoid bottlenecks and to improve power quality.

Russia

Overview

The Russian electricity sector will require investment in the order of
$380 billion over the next thirty years (Figure 7.37). This corresponds to 1.9%
of the country’s cumulative GDP during the period.

400 World Energy Investment Outlook 2003
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Russia’s installed capacity was 215 GW in 2001, the fourth-largest in the
world. Electricity production, which began to rise again in 1999 after eight
consecutive years of decline, reached 889 TWh in 2001. This is still 18% less
than the 1990 level. The decline can be almost exclusively attributed to much
lower demand by industry, reflecting the economic decline after the break-up
of the Soviet Union.

Russia has about 23 GW of nuclear capacity. Since 1992, all nuclear
power stations have operated under the state company, RosEnergoAtom (with
the exception of the Leningrad NPP, which is independent), which is
controlled by the Ministry of Atomic Energy.

Russia’s electricity sector is dominated by RAO UES, which was created
in 1992 as a joint-stock corporation, with the federal government being the
company’s major shareholder. RAO UES owns nearly three-quarters of
Russia’s generating capacity and is the largest power company in the world.
There are only two other energy companies, in which UES has no
shareholdings: Irkutsenergo (13 GW) and Tatenergo (7 GW).

Russian electricity prices are low compared to OECD countries.39

Electricity tariffs are set by the government. Those for residential consumers
and for government organisations continue to be subsidised, with average
tariffs of less than 49 kop/kWh (1.6 US cents/kWh). Industry tariffs are
significantly higher, averaging 65 kop/kWh (2.2 cents/kWh) in 2002.
However, the level of cross-subsidisation is decreasing, as residential tariffs
continue to increase faster than industrial ones.

Investment Outlook

Over the next thirty years, electricity demand in Russia will increase by
2.3% per year on average. The capacity additions to match this demand will
be 204 GW. Nearly half of that will be needed in the last decade of the
projection period, as existing capacity can meet most of the additional demand
to 2010, provided that the necessary upgrading is carried out.

Total investment in the Russian electricity sector over the next thirty years
will amount to $377 billion. Near-term investment needs are relatively low,
amounting to less than $6.5 billion per year to 2010. They will be about
$16 billion per year in the longer term. Higher prices to consumers and the
enforcement of payment will be critical in attracting investment. Significant
progress has been made in recent years in improving payment.

The investment needed in new generating plant is estimated to be
$157 billion. About $21 billion will be needed to refurbish existing power
plants. Over 80% of new generating capacity in the next thirty years will be
gas-fired. As Russia’s electricity sector becomes more market-oriented, investors
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will be looking for the most economic way to generate electricity. Natural gas-
fired CCGT plants are expected to be the lowest-cost option, so long as natural
gas prices are low. Investment in nuclear plant will account for nearly a quarter
of total investment in new plant. There are significant uncertainties about
whether enough funds will be available to finance these new plants.

Investment in the transmission and distribution networks will be higher
than investment in generation, approaching $200 billion. Much of this
investment will go towards improving the existing infrastructure.

Investment Issues and Implications

In terms of the adequacy of capacity, Russia is in a fairly comfortable
position to meet rising electricity demand for the next decade, although there
is a need for investment to refurbish power plants, transmission and
distribution networks. The need to add new capacity will be higher in the
longer term. Much of the investment needed could come from the private
sector, but its extent and timeliness will largely depend on the success of current
market reform efforts.

The Ministry of Economic Development and Trade (MEDT), which is
leading the electricity reform drive (Electricity Reform Laws were passed in
April 2003), is keen to create well-functioning markets in electricity and to
provide an economically sensible governance and regulatory structure for the
operation of the grid and for dispatch, which are to remain state-controlled in
view of their natural monopoly character. However, there are substantial
challenges ahead — as in any country liberalising its electricity market. Issues
critical to effective implementation of reforms are:

• Creating as competitive a market structure as possible by ensuring that
transmission between regions is not limited.

• Cost-reflective tariffs, to ensure an efficient market and the
attractiveness of the sector to investors.

• Strong and credible legislative and regulatory frameworks, well received by
market players, to underpin electricity markets and inspire confidence.

• Credible, transparent, predictable and effective administration of
market rules and regulations by effective regulatory bodies.

Given the important share of natural gas as an input to electricity
generation, it will be critical to ensure access to gas supply at a “fair and
reasonable” price. This is essential for the development of an efficient and
competitive wholesale electricity market. Distorted input fuel pricing,
especially during the period in which electricity reform are implemented, could
cause distorted investment decisions, which would continue to be a problem
over the life of the generation asset.40
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Nearly half of Russia’s CO2 emissions come from the power sector. CO2

emissions will continue to rise in the future and, in 2030, they are likely to be
27% above the 2000 level. CO2 emissions will rise at a much lower pace than
electricity generation, because new plants will substantially improve power
generation efficiency. Repowering of existing gas-fired facilities — not
provided for in the investment requirements — could be another way to save
gas and reduce emissions.

OECD Alternative Policy Scenario 
Investment decisions in liberalised markets are no longer taken only by

governments. However, government policies still strongly affect these
decisions. The Reference Scenario of the WEO-2002 included only policies
that were in place before mid-2002. An Alternative Policy Scenario was also
developed to analyse the impact on energy markets, fuel consumption and
energy-related CO2 emissions of the policies and measures that OECD
countries had under consideration but had not adopted or implemented.
These included more aggressive policies principally aimed at curbing CO2

emissions as well as reducing energy-import dependence. The OECD
Alternative Policy Scenario applies to the European Union, the United States
and Canada, and Japan, Australia and New Zealand.

The Alternative Policy Scenario focuses on policies with the potential to
have a major impact on energy use. It makes detailed assumptions on the
impact on each major consuming sector (residential, services, industry,
transport, power generation). Indicative stronger policies in the power sector
include promoting the use of low-carbon or no-carbon fuels and increasing
efficiency (Table 7.7). The power generation sector is affected in two ways:
first, electricity demand is lower because of demand-side policies to improve
efficiency (such as efficiency standards for appliances); and second, the
electricity fuel mix is different.

The level of nuclear electricity generation in the Alternative Policy Scenario
remains the same as in the Reference Scenario. At present, there are no new
policies supporting nuclear power in the majority of OECD countries.
However, a debate exists in some of them about the future role of nuclear
power in combating climate change and enhancing security of supply. Future
policies could affect nuclear power generation in two ways: First, through
support for existing nuclear plants by not phasing them out, notably, in
Europe. And second, through the construction of new plant in Europe and
possibly in North America.

The Alternative Policy Scenario illustrates that if existing policies were
strengthened and new policies adopted to curb emissions and reduce electricity
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adequate return on investment. Given the fact that other generating options
are less expensive, investors in renewable energy projects frequently seek a
guaranteed market for their electricity. To encourage renewables,
governments may need to help create a market framework that rewards those
who invest in renewables. A price for emitting carbon will raise the price of
fossil-based electricity and thereby create a more favourable environment for
renewables.

In the Alternative Policy Scenario, investment in transmission and
distribution is lower than in the Reference Scenario because the amount of
electricity demanded by final consumers is lower. There are additional savings
in transmission investment because of greater use of distributed generation.
Investment in energy efficiency to achieve reductions on the demand side will
be greater in the Alternative Policy Scenario.41

Implications for Investment in Renewables
The implementation of new policies to promote renewables will have

considerable implications on investment in this source of electricity.
Policies under consideration are projected to achieve a 25% share of
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Figure 7.38: OECD Investment in the Reference and Alternative
Policy Scenarios, 2001-2030

41. Demand-side investments are not included in these projections.
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renewables by 2030 across the OECD, compared to 17% in the Reference
Scenario (Figure 7.39).42

In the Reference Scenario, investment in OECD renewables electricity
plants amounts to $477 billion. This is nearly a third of investment in new
power generation. In the Alternative Policy Scenario, because of the higher
share of renewables, this total reaches $724 billion and corresponds to half the
investment needed in new plants (Table 7.8).

406 World Energy Investment Outlook 2003
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Figure 7.39: OECD Share of Renewables in Electricity Generation 
in the Reference and Alternative Policy Scenarios

Table 7.8: OECD Shares of Renewables in Generation, 
Capacity Additions and Investment

Reference Alternative Policy
Scenario (%) Scenario (%)

Electricity generation
2000 15 15
2030 17 25

Capacity additions, 2001-2030 19 32

Investment in new power plant, 2001-2030 33 52

42. Renewable energy sources, including hydropower, accounted for 15% of OECD electricity
generation in 2000.
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The capital costs of renewables are assumed to continue to decline in the
future. The ratio of decline will depend on the rate at which they are deployed
and on the maturity of the technology (Figure 7.40).43 The highest rate of
decline will be in the capital cost of photovoltaics, which drops by 63% between
2001 and 2030 in the Alternative Policy Scenario. This is the most capital-
intensive of the renewable energy technologies considered here. Substantial
decreases are also expected in the capital cost of offshore wind, solar thermal and
tidal and wave technologies.

To achieve investment in renewables at the level expected in the
Alternative Policy Scenario, OECD governments will have to develop vigorous
incentive strategies. A number of countries have achieved substantial increases
in recent years by using feed-in tariff mechanisms. Another approach is to
impose portfolio quotas, with or without accompanying tradable certificates.
This strategy can increase investment in renewables in a market-oriented way.
A third approach is through tax incentives, such as the US production tax
credit. An additional instrument to foster the demand for renewables and
attract investment is green pricing, although this voluntary type of measure has
not proven to have a significant impact.
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43. The capital cost reductions in the two scenarios have been estimated using learning curves. Learning
relates cost reductions to cumulative production. The learning rate is time- and technology-dependent.
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Universal Electricity Access
In the Reference Scenario, electrification in developing countries reaches

78% of the population in 2030, leaving 1.4 billion people without access 
to electricity. The Electrification Scenario projects an added investment of
$665 billion in order to reach 100% access by 2030. This would increase
global electricity supply by 3% (7% in developing countries).

Supply Need and Options
Under the Electrification Scenario, supply will need to be increased

by nearly 1,000 TWh, 6% of the world total, to satisfy the added demand.45 In
the Reference Scenario, the average consumption per capita of those with
electricity in 2030 in developing countries is 2,136 kWh, while for the 1.4 billion
people gaining access, the average consumption would be 526 kWh/capita.

The Electrification Scenario assumes that the electrification process will
bring electricity to the poorest and the more remote progressively over time.
Each person gaining access is at first going to use electricity only as a substitute
for the traditional fuels (candles, LPG, kerosene) used to cover basic needs.
Basic electricity consumption in rural areas is estimated to be 50 kWh per
person per year. The minimum urban consumption is set at 100 kWh per
person per year. This higher consumption in urban areas reflects specific urban
consumption patterns. This basic consumption is a starting point.

408 World Energy Investment Outlook 2003

The methodology followed to develop the 100% Electrification
Scenario has three main determinants:
• The urban/rural breakdown by region under the Reference Scenario

and the distribution of the extra connections under the Electrification
Scenario.

• Basic consumption needs and the way consumption might evolve over
the period during which access is extended to the balance of the
population.

• The associated costs for generation, transmission and distribution.
The model underlying the Electrification Scenario projects the number

of people connected each year, the related supply requirements and the
corresponding investments. These projections are broken down between
urban and rural areas and by regions.

Box 7.7: Methodology for Developing the Electrification Scenario44

44. The methodology is described in more detail in Annex 2.
45. This generation figure takes into account transmission and distribution losses.
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Consumption changes over time, reflecting the income-generating effects of
electricity on the populations concerned. The exponential process means that
by 2015, only 12% of the additional 1.4 billion will have access to electricity.
Nearly 90% of the investment will accordingly be required in the second half
of the projection period. If more people were connected earlier, consumption
and investment needs would be higher.

Although the overall increase needed in supply is relatively low, it hides
great regional disparities. Most of the added supply will be required in just two
regions, Africa (437 TWh) and South Asia (377 TWh). For these two regions,
the increase in supply compared to the Reference Scenario is substantial —
over 25% in Africa and 18% in South Asia. India alone would need 15%
more electricity to supply all its people by 2030.

The picture is also quite different as between rural and urban areas. Only
sub-Saharan Africa and South Asia will need to add supply in urban areas, as they
are the only two regions, under the Reference Scenario, which do not reach 100%
electrification in urban areas by 2030. The additional urban electricity supply
amounts to 320 TWh, of which two-thirds will be needed in sub-Saharan Africa
(Figure 7.41). Urban supply will still represent more than a third of the total.
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Options to increase electrification include extension of existing grids,
creation of mini-grids and isolated off-grid generation. Two-thirds of the
additional supply would be based on grid extension, as this is the most
economic way to increase electrification. Mini-grid generation would make up
27%, leaving isolated off-grid systems to account for 4%. South Asia, with its
lower urbanisation trends, has a greater share of rural and thus off-grid supply.
Regions with already high rates of rural electrification, such as the Middle East
and Latin America, have a bigger share of mini-grids and isolated off-grid
generation as they are reaching the most far-flung populations. Sub-Saharan
Africa still needs to bring electricity to its cities as well as to its rural population.

Assuming no change in the fuel mix, the impact of bringing electricity to
100% of the world population would increase world oil consumption by only
0.2% in 2030. This could be higher if the 31% of supply achieved through
decentralised generation assumed in the Electrification Scenario were higher, or
if the share of mini-grids fuelled by oil were higher.

Investment Issues and Implications
The investment needed by 2030 to supply electricity to 1.4 billion

people is estimated to be around $665 billion, adding 6.7% to the global
investment required over the projection period in the Reference Scenario.
Nearly 80% of this investment will be needed in Africa and South Asia
(Figure 7.42). Their investment needs are of similar magnitude. Although

410 World Energy Investment Outlook 2003
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Africa will require a greater volume of additional supply, South Asia’s high
rural population increases the cost there per added kWh.

In Africa, electrification will be achieved mostly through grid extension,
while in East Asia most of the additional supply will be provided through
autonomous off-grid systems. Decentralised solutions in rural areas are more
capital-intensive per GW installed.

The prospects of financing this additional investment in the Electrification
Scenario need to be seen in the wider context of the challenge which exists even
to achieve the results of the Reference Scenario. In 2000, over 77% of the sub-
Saharan population and nearly 60% of South Asians had no access to electricity.
In the poorest regions of the world, the unelectrified population is growing every
year and is not expected to start to decline for a long time (the sub-Saharan
unelectrified population as a whole is projected to start declining in the mid-2020s
according to the Reference Scenario). About $5 trillion will be required in
developing countries as a whole to meet the increase in electricity demand
projected in the Reference Scenario. The $665 billion needed under the
Electrification Scenario is additional to this. The task is, clearly, formidable. But
increasing world electricity investment by the relatively modest figure of 6.7%
could contribute substantially to the alleviation of poverty by ending electricity
deprivation.

What priority the world community should give to this challenge is beyond
the scope of this analysis. Access to electricity per se will not alleviate poverty, but
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as part of a bigger scheme (e.g. the Millennium Development Goals) it can make
a substantial contribution. Electricity helps alleviate poverty directly and by
contributing to income-generating activities. The least developed countries
suffer from a general lack of infrastructure, and electricity access would need to
be complemented by investment in roads, telecommunications, rail and other
basic infrastructure. The investment requirement for electricity must accordingly
be seen in this wider context.

The required investment is most unlikely to be taken up by the private
sector. In sub-Saharan Africa, for example, where 77% of the population still
needs access to electricity at an estimated cost of $270 billion, there is no
market and there are no guarantees. Population density is low and distances
immense. Urban circumstances are more favourable to prospective private
finance, but there are still formidable obstacles.

Local communities can practice self-help.46 Although Africa and South
Asia do not have the savings rates of China, there are ways of garnering local
investments. Micro-credit lending, first initiated in the 1970s by the
Grameen Bank and through the African tontines, has spread and has been
quite successful in reaching the poorest communities. At the end of 2001,
there were 3,000 micro-financing institutions in the world, which have granted
more than 55 million credits; 27 million of these went to populations living on
less than $2 per day. The micro-credit world summit held in 2002 projected
that the number of loans will reach 100 million by 2005.

The general international perspective has not been favourable to
developing countries in recent years. Since 1997, private investment has
plunged and international aid for infrastructure has diminished substantially.
In the 1990s, international organisations, such as the World Bank, reduced 
the proportion of lending devoted to infrastructure and imposed conditions
linking aid with reforms favouring the private sector. There is now evidence
(in India, for example) that the intended effect was not achieved. There was a
very negative effect on investment, especially in the poorest countries. The
international community has recently again decided to put infrastructure back
to centre stage.47 In this light, the prospects for electricity investment in
developing countries may not be as gloomy as past trends suggest.

But there is a need for realism. Universal electricity access means
providing electricity to those who are so poor that paying would be out of the
question. For these people, the only solution is for the service to be provided

412 World Energy Investment Outlook 2003

46. African energy networks and partnerships across countries, such as the African Energy
Commission (AFREC), may also help link more adequately resources with demand throughout the
continent and thus help provide a better framework for local and foreign investors.
47. In July 2003, the World Bank announced that it planned to pay increased attention to
infrastructure.
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