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1. INTRODUCTION.

The substantial increase in global energy consumption in coming decades will be driven
principally by the developing world. Today's developing countries, with some three-quarters of the
world's inhabitants, consume only one-fourth of global energy.

A 1995 study by the World Energy Council (WEC) and the International Institute for Applied
Systems Analysis (IIASA) projects by mid-century a range of energy demand increase of some 50% for
the low economic growth case to more than 150% for the high growth case, with the latter showing a
50% increase before 2020.

To limit environmental pollution and to slow the rate of increase of CO2 concentration,
responsive long-term energy strategies exploiting the maximum potential of non-greenhouse gas emitting
energy sources need to be developed and implemented as rapidly as possible. The future energy mix that
evolves will depend not only on environmental considerations, but also on economic, technological,
supply and political factors.

It is generally accepted that for many decades fossil fuels will continue to be the major energy
source with natural gas, the lowest fossil fuel greenhouse gas emitter, likely becoming the major
component.

On the global level, difficult policy decisions lie ahead to foster a shift away from fossil fuel
dominance. There is little consensus on how to proceed.

There is general support for cost-effective energy efficiency techniques to somewhat slow
demand, and on the supply side, an endorsement of increased use of renewables. Both efforts are
necessary, but with limited potential over the near term.

2. THE NUCLEAR POWER POTENTIAL

Today, nuclear power is a mature and highly developed technology. The 6% contribution of
nuclear power to global primary energy supply is almost entirely in the rapidly increasing electricity
sector where 17% of global electricity is generated by 442 nuclear power reactors in 31 countries.

Although nuclear power is currently a significant source of global electricity supply, there is no
consensus concerning its future role. While nuclear power stagnates in much of Europe and in North
America, it continues as a strong option in a number of Asian countries. Economy and security of
supply have been principal considerations in the choice of nuclear power along with an awareness of its
environmental benefits - from mining to waste disposal and decommissioning. These three factors -
economics, security of supply and the environment will determine the long-term role of nuclear power in
a sustainable energy future.



3. COMPARATIVE ASSESSMENTS

Full energy chain analyses that consider elements beyond the direct power generation stage
reveal a wide variety of significant environmental issues and impacts linked to energy options.

Fuel and land requirements. Generally, the quantity of fuel used to produce a given amount of
energy - the energy density - determines in a large measure the magnitude of environmental impacts as it
influences the fuel extraction activities, transport requirements, and the quantities of environmental
releases and waste. The extraordinarily high energy density of nuclear fuel compared to fossil fuels is an
advantageous physical characteristic.

Environmental Pollutants. Due to the vast fuel requirements, the quantity of toxic pollutants
and waste generated from fossil fuel plants dwarfs the quantities from other energy options. A 1000
MWe nuclear power plant does not release noxious gases or other pollutants and produces only some 30
t of discharged high level radioactive spent fuel annually, along with 800 t of low and intermediate level
radioactive waste.

Confinement vs. Dispersion of Waste. There is continuous public concern that nuclear waste
cannot be safely managed. However, nuclear waste has distinct advantages as quantities are remarkably
small relative to the energy produced. The small quantities permit a confinement strategy with the
radioactive material beginning with the nuclear fission process through waste disposal essentially
isolated from the environment. Disposal techniques exist and the hazard decreases with time due to
radioactive decay. In sharp contrast, disposal of the large quantities of fossil fuel waste follows an
alternative dispersion strategy.

Greenhouse Gas Emissions Countries with significant nuclear power and hydroelectric
capacity have markedly lower CO2 emissions per unit of energy produced than countries with high fossil
fuel shares. Today nuclear power and hydroelectric each avoid some 8% of global CO2 emissions
annually from energy production.

Efforts to reduce greenhouse gas emissions require attention to the full energy chain emissions
as significant fuel extraction, transport, manufacturing and construction activities can be involved. Full
chain analyses require identifying all emission sources. Burning natural gas with a low carbon content
produces less CO2 than burning coal or oil. But leakage's during extraction and pipeline transport,
which are more than 5% in some areas, can offset much of this advantage since the escaping methane is
a more effective greenhouse gas.

Natural resources Depletion of natural resources is an environmental issue. There are proven
reserves of coal sufficient for more than 200 years, of natural gas for 60 years and of oil for 40 years at
current levels of use. Efforts are underway to increase oil and gas resources through improved recovery
techniques and oil-shale and tar-sand processing that are estimated to be capable of at least doubling the
resource base.
Known uranium reserves with reactors operating primarily on a once through cycle without
reprocessing spent fuel, assure a sufficient fuel supply for at least 50 years at current levels of use, the
same order of magnitude as today's proven resources of natural gas and oil. Over the long term,
recycling plutonium from reprocessed spent fuel in thermal reactors as mixed oxide fuel and
introduction of fast breeder reactors also to convert non-fissionable uranium into plutonium would
increase the energy potential of today's known uranium reserves by up to 70 times, enough for more
than 3,000 years at today's usage.



External Costs. While environmental and energy supply considerations show significant
advantages to nuclear power, economic justification is a central factor. As a capital intensive
undertaking with relatively long construction periods, the competitiveness of nuclear power depends on
investment conditions, particularly interest and payback period of loans. In today's liberalized electricity
markets and radically changing financial environment, initial capital investments involving high discount
rates must be recovered in excessively short time periods. For discount rates in the order of 5%, nuclear
power is competitive with fossil fuels. At higher rates it is difficult to be competitive with gas -
particularly with combined cycle - and at 10% not with coal. The economic competitiveness of large
hydroelectric projects and capital intensive renewables such as solar have also been adversely affected.

In the long term, nuclear power's economic competitiveness could significantly increase if
externalities - the considerable indirect and external environmental costs of energy generation and use
not usually included in the market price of energy - were weighed. Indirect costs, such as for waste
management and decommissioning are already components of nuclear generation costs. For fossil fuels,
these costs are not yet fully included and could become significant under more stringent environmental
policies.

Carbon Tax With international commitments in place to reduce global greenhouse gas
emissions, economic instruments could be considered. Such instruments could include so called carbon
trading that in essence allows emission reductions to be accomplished by a third party at a price - a
difficult mechanism at the global level - or a more direct carbon value tax. A carbon value would favour
less carbon intensive fossil fuels, particularly natural gas but nuclear, hydroelectric and some renewable
systems would be unaffected.

4. CONCLUSION

For over 40 years nuclear power has contributed significantly to world energy needs, by
providing more than 6% of primary energy and 17% of global electricity.

Low environmental impacts and a vast fuel resource potential should allow it to contribute
substantially to meeting the sustainable energy challenge.

Today's energy planners are confronted by public apprehension about nuclear power and
unrealistic expectations for new energy sources.

Comparative assessments of energy options will help to clarify the issues limiting its full use.
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