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AUSTRALIAN NUCLEAR SCIENCE AND TECHNOLOGY ORGANISATION

SUBMISSION TO THE SENATE STANDING COMMITTEE
ON INDUSTRY, SCIENCE AND
TECHNOLOGY INQUIRY INTO

THE ROLE OF AUSTRALIAN INDUSTRY, SCIENCE AND TECHNOLOGY IN
REDUCING THE IMPACT OF THE GREENHOUSE EFFECT

OVERVIEW

The Australian Nuclear Science and Technology Organisation (ANSTO), as Australia's
national nuclear research and development organisation, is well placed to advise on one of
the options available to governments in dealing with potential Greenhouse effects - nuclear
energy. ANSTO also has many nuclear-related and non-nuclear techniques which can be of
assistance in building up the data base on Greenhouse effects and developing techniques
for controlling or reducing industrial and other sources of Greenhouse gases for use by both
Australia and the world community in decision making.

In particular, ANSTO can contribute to the following major areas out of the many which
governments are being asked to consider:

• climate and environmental research and environmental action.
• development of models.
• energy conservation/efficiency in industrial processes.
• review of energy sources and uses as part of a move away from fossil fuels.

Given the potentially significant changes that may be required to enable the world
community to deal effectively with the possible impact of the Greenhouse effect, it. is
important that nuclear energy and nuclear-related techniques be assessed rationally for
their potential in assisting in the amelioration of the Greenhouse effect. Each of the above
four points are, therefore discussed to demonstrate their potential contributions to this end.

The submission is composed of the following Sections:

• Overview.
• Section 1 - "Introduction" - briefly surveys the problem of the Greenhouse effect in

relation to the use of energy; Appendix 1 contains a more detailed discussion.
• Section 2 - "Nuclear Techniques for Greenhouse Research an^ Amelioration" -

outlines nuclear techniques which can assist in both understanding the
Greenhouse effect and its impact on water and soil resources and ameliorating
some of its impacts through modification of mining and industrial processes.

• Section 3 - "Nuclear Energy"- describes the status of nuclear energy in the world,
the contribution it makes to containing Greenhouse emissions, and its capacity for
making an increased contribution.

• Section 4 - "An Australian Perspective" - examines the Greenhouse impact and
energy demand and supply situation from Australia's position.

• Section 5 - "Conclusion" - concludes that nuclear energy can play a significant role
in ameliorating the Greenhouse effect through both substitution for fossil fuels
and nuclear-based tracing techniques.



In addition, the submission makes some comments on historical aspects of comparisons
between nuclear energy and non-nuclear strategies and technologies (including
conservation/ efficiency and renewable energy) - Appendix 2; and the relative economics of
nuclear energy and conservation/efficiency strategies - Appendix 3.
This submission does not seek f • make a comprehensive statement about the Greenhouse
effect, its potential impacts on * ustralia and the possible remedial steps - that is beyond
ANSTO's role and capacities. It does, however, seek to place the nuclear factor within a
larger perspective of choices and trade-offs and then to analyse that nuclear factor in more
detail to demonstrate its potential and limitations and to counter misinformation and
distortion about it.

The nuclear techniques described in Section 2 provide Australia and the world with tools
which not only can provide basic data about the Greenhouse effect in the Immediate term,
but can also contribute immediate term solutions to aspects of the problems which are
either contributing to the Greenhouse effect (industrial processes) or likely to be affected by
it in the near future (land and water uses).
In the context of the timeframe over which the Greenhouse effect Is likely to manifest itself
In global impacts, nuclear energy as outlined in Section 3, can be a longer term strategy
which could be Integrated into many countries' programs of actions to ameliorate the
impact of global warming. The UK House of Commons Energy Committee In its report,
Energy Policy Implications of the Greenhouse Effect, nublished on 4 July 1989, supported,
with some reservation, the role of nuclear energy in a "greenhouse-friendly electricity supply
Industry" (p.xli).

The possibility that many countries may expand or start nuclear energy programs has
implications for Australia as a major supplier of uranium. Australia is also one of the
world's largest contributors of Greenhouse gases on a per capita basis. This contribution
comes directly from domestic consumption of fossil fuels, particularly coal for electricity
production and oil for transport. In addition, Australia contributes through export of
energy, particularly coal, of which Australia is the world's largest exporter. This creates a
basic dilemma between action to increase Australia's secondary processing capacity, since
it is likely to be based on fossil fuels, and action to decrease the production of Greenhouse
gases. These Issues are briefly addressed in Section 4.
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1. INTRODUCTION

There is still considerable debate amongst scientists about the nature and extent of the
Greenhouse effect. However, as the Prime Minister's Statement on the Environment notes:
"...the growing consensus among scientists is that there is a strong possibility of global
warming with major climatic change..." (p.28). The data on the case for or against the
Greenhouse effect, or more accurately its degree of significance, is currently fragmented,
with many organisations from weather monitoring bodies to oceanographic institutes,
agricultural research stations to industrial R&D bodies collecting information which bears
on the problem. Even the most sophisticated climate modelling systems appear at this
stage to be capable of producing only relatively coarse predictions of the consequences of
global wanning. Additional data and very powerful computing facilities are required to
refine the predictions to the regional and national level necessary for governments to make
rational and specific decisions. As indicated in the Overview, ANSTO can assist in both
these areas.

A brief survey of the nature of the Greenhouse effect and its relationship with world energy
patterns is contained in Appendix 1. In general, the potential effects of global warming are
wide-ranging with the implications varying from country to country and region to region.
For example, some countries could benefit from increased rainfall; others could suffer from
its decrease. The intensity of storm activity, especially cyclones, could increase and their
range expand. Global action to limit the warming effect of Greenhouse emissions could,
therefore, be difficult to coordinate and to implement as governments determine the likely
results for their countries. A major consideration in governments' assessments of the
Greenhouse effect will be the energy sources the country currently uses, the alternatives
and their respective contribution to the Greenhouse effect.

From the inforr^ation available, it can be seen that in the present circumstances a major
proportion of the production of Greenhouse gases has no direct connection with the
production of electricity, which is the area in which nuclear energy can assist most directly.
However, about half of the global CO2, hydrocarbons and N2O emissions derive from
burning fossil fuels in combustion engine vehicles, in addition, there are smaller amounts
of SO2 and soot. Should governments decide, therefore, that conversion of at least
combustion engines used for a majority of urban transport purposes (buses, personal cars,
commercial fleets, vans and utilities) to electricity was a necessity in assisting in both fossil
fuel conservation and Greenhouse gases control, then the role of nuclear energy as one of
the sources of the required increase in electricity supply could change significantly.
Similarly, nuclear energy could also play a role in providing high grade heat for industrial
and domestic purposes, if governments decided that such a move was required in the
overall strategy for dealing with the impact of the Greenhouse effect.



In general, the reduction of the impact of the Greenhouse effect is a question of choices of
strategies and trade-offs between forms of energy use and their environmental impact.
These choices and trade-offs can only be made rationally when all the available information
is placed in perspective. The choices and trade-offs between energy sources and mixes
should not be seen as an "either/or" situation in which governments must choose between
one form of energy use and another. The Statement of the June 1988 Toronto Conference
on The Changing Atmosphere: Implications for Global Security recognised that there will need
to be compromises and adjustments by all members of the world community:

"13. Countries of the industrially developed world are the main source of
greenhouse gases and therefore bear the main responsibility to the world
community for ensuring that measures are implemented to address the issues
posed by climate change. At the same time, they must see that the developing
nations of the world, whose problems are greatly aggravated by population
growth, are assisted and not inhibited in improving their economies and the
living conditions of their citizens. This will necessitate a wide range of
measures, including significant additional energy use in those countries and
compensating reductions in industrialized countries. The transition to a
sustainable future will require investments in energy efficiency and non-fossil
energy sources. In order to ensure that these investments occur, the global
community must not only halt the current net transfer of resources from
developing countries, but actually reverse it. This reversal should embrace the
relevant technologies involved, taking into account the implications for industry"
(p.7para.l3).

Economic and social considerations, such as the limited capacity of developing countries to
diversify their energy sources, ensure that compromises will be made. If all the best
available strategies are employed, then a synergistic effect could result; if a major strategy
such as the use of nuclear energy is eliminated because of unsound economic analyses,
ideological commitment, or irrational fear, then world efforts to counter the problem could
be severely hampered.



2. NUCLEAR TECHNIQUES FOR GREENHOUSE RESEARCH AND
AMELIORATION

In addition to the ameliorating effects on Greenhouse gases which an expanded world
nuclear energy program could produce as outlined below in Section 3, nuclear-baced
techniques can assist in the immediate term in defining and understanding the Greenhouse
effect as well as augmenting the reduction of Greenhouse gases in industrial processes.
Sections 2A and 2B concentrate on the climate and environmental aspects of ANSTO's
existing capacity. Section 2C outlines ANSTO's computing and modelling capacity. Section
2D examines more closely ANSTO's contributions to solving actual industrial problems.

A, CLIMATE AND ATMOSPHERIC RESEARCH

Nuclear-related techniques can provide a wide range of information on what naturally
occurring and anthropogenic agents are circulating in the atmosphere and their origins.

• assessment of the environmental impact of an operation requires quantification of
both the strength of the pollutant sources and the transport and dispersion of
pollutants away from them:

-ANSTO has state of the art expertise in environmental radon measurements and
atmospheric pollutant transport and dispersion modelling capacity which could be
extended to general monitoring activities in relation to Greenhouse gases; ANSTO
also presents an annual report on tritium concentrations and distributions in the
Australasian region to the International Atomic Energy Agency (IAEA) as part of its
global measurement program.

• iso topic analysis of methane :

-for example, through the radioisotope Carbon-14 to determine what percentage
was produced in geological time (coal seams, melting permafrost, ocean rocks,
natural gas reservoirs) and what percentage is being produced now (cattle,
termites, bogs, marshes, rice paddies, burning of forests and grasslands, rotting
rubbish).

• role of oceans in global heat transport and flux of Greenhouse gases:

-radioisotope tracing methods can assist in determining the fate of some of the
carbon (through tracing radioactive Carbon-14) which is transformed into organic
and inorganic forms in the oceans. ANSTO is widely acknowledged for its
expertise in marine chemistry and photo-oxidation processes, together with their
role in limiting nutrient supply and hence algae growth rates. Thus ANSTO is well
placed to define more effectively the capacity of the world's oceans to act as a
"sink" for CO2.

B. ENVIRONMENTAL IMPACT AND CLIMATE CHANGE

Since the availability and distribution of water supplies in Australia is likely to change with
increased global warming, it will become more important to assess Australia's existing
water resources for planning future water strategies. In addition, these studies should be
complemented by soil studies to enable the effective matching of possible future patterns of
water storage and rain patterns with soil fertility patterns to assist future land use
planning. Radioisotope tracing provide a powerful tool for establishing many of the basic
parameters.

a. Water Resources

Nuclear-related techniques are being used in meeting the Commonwealth's water policy
objectives as listed in the Prime Minister's Statement on the Environment:



* the availability of water, adequate in quantity and quality, for all beneficial uses.
* the adoption of measures which improve the efficiency and effectiveness of water
supply and use.
* the development of a comprehensive approach to interrelated water and land
management issues (p.45).

• evaluating the composition and extent of Australia's water resources using
radioisotope dating techniques:

-Isotope hydrology uses naturally occurring stable or radioactive isotopes or
artificial radioisotopes to measure the age and flow of groundwater. Much of
Australia's groundwater exists in large deep aquifers which are of considerable
age. If these are confined or recharged more slowly than they are being exploited
then they are effectively a non-renewable resource.

-ANSTO has advanced and automated instrumentation to measure basic chemical
constituents of waters, e.g., sodium calcium, bicarbonates, and toxic heavy
metals. Sources of contamination from naturally occurring ore bodies, or
urban/industrial sites can be identified readily and better management practices
proposed.

-Isotope techniques are increasingly being used to understand the complex
processes which occur when agriculture interacts with natural water movement,
e.g., the salinity problems of the Murray-Darling river system. The sources of
chloride and the age of very old underground water can be deduced from studies
and the information used in developing better management strategies.

• ANSTO experience in control ofheauy metals from mining and the role pyritic
oxidation plays in their release:

-ANSTO has considerable expertise in assessing the effect of heavy metals in
increasing soil acidity and decreasing soil's ability to absorb toxic heavy metals
which results in increased mobility of the heavy metals and their availability to
plants and water courses - apart from its importance in tracing the effects of acid
rain, changes to rainfall patterns could be important in relation to future and
existing mining activity, waste dump location, etc.

b. Soil Resources

Similarly, ANSTO nuclear-related techniques are of relevance in assisting the
Commonwealth in meeting the Prime Minister's objective, as outlined in his Statement on
the Environment:

* funding to overcome current constraints, including insufficient data on land
capability and the location and extent of degradation, and too few skilled advisers.
* a national assessment of land degradation will be undertaken to allow priorities
to be objectively developed and specific targets set.
* funding for projects of Landcare Groups, co-ordinators, and the preparation of
farm and regional plans.
* funding for and development projects, including research into economic issues
(p.42).

• radioisotope technique-.-, similar to those used for water studies can be used to study
the composition and movement of soils :

-These techniques can be of particular importance in understanding the
characteristics of coastal zones which may be under threat from inundation
resulting from a raised sea level brought about by global wanning.



-Erosion of Australia's soils has been recognised as a major national problem;
. radioactive tracing methods can now provide a quantitative and very cost-effective

means of understanding and managing the problem. The sources of erosion and
svu,s of deposition can be identified. Recent work has enabled these losses of soil
to be correlated with the productivity of important crops, e.g., cereals, vines and
fruit.

-Siltation and erosion are closely connected. Gand tracing using radioactive
tracers is a powerful technique for quantitative measurement of
sediment/siltation, including the origins of the material. ANSTO has undertaken
considerable work in relation to the deposition of soils and water flow patterns in
coastal environments (shipping ports, estuaries, etc).

Given that many regions of Australia are likely to receive significantly increased
precipitation as a result of the Greenhouse effect, there could be catastrophic soil erosion,
particularly In coastal regions. ANSTO's radioisotope tracing techniques would prove
invaluable in building up the data base on existing soil erosion and potential new areas.
The techniques to measure soil erosion, which were pioneered by ANSTO, will be used in
the National Soil Erosion Survey.

c. Regional Cooperation

Australia is a member of the IAEA's Regional Cooperative Agreement (RCA) for Research,
Development and Training Related to Nuclear Science and Technology which provides a
valuable mechanism for coordinating research on a number of nuclear-related matters of
particular interest to Australia and other countries in the Asia-Pacific region. This RCA
could provide the framework or model for a concerted and localised program of research
into the likely expression and impact of the Greenhouse effect in the region. Current
research programs under the RCA include the following:

• energy and nuclear power planning.

• environmental aspects of research reactor utilisation.

• industrial applications of radioisotopes.

« medical and biological applications of radioisotopes.

ANSTO's nuclear-related and specialist environmental monitoring/protection expertise is
capable of being integrated into Australia's overall Greenhouse monitoring and ameliorating
action to make available to the Australian and world communities the widest range possible
of relevant data. As a major nuclear R&D facility in the Asia-Pacific region, ANSTO could
play an important role in collecting and analysing data from this region using
nuclear-related techniques for use in refining Australian and global climate modelling
capacity.

C. MODELLING CAPACITY

ANSTO has been involved in numerically intensive computing from its earliest days.
Sophisticated computational methods are essential in many areas of nuclear science if the
complex problems of design, safety and reliability are to be adequately addressed and the
organisation has been strongly involved in developing such methods. ANSTO also has
hybrid analogue/digital computing capacity which can be use for modelling the complex
feedback mechanisms so important for quantifying the Greenhouse effect.

This extensive computing capacity could be increased through the use of supercomputers
and ANSTO is examining the possibility. Supercomputers in particular would be of
considerable value to the modelling requirements of researchers studying the Greenhouse
effect since it would enable three-dimensional modelling with a vastly increased level of



complexity. The lack of sufficiently powerful computers to enable climatologists and
planners to model complex three dimensional phenomena on a small enough scale to be of
use in national planning activities has been raised by many experts in the area. The use of
supercomputer models would also be of assistance to planners and industry in determining
the effects of operations on the environment.

ANSTO is developing transport models for water and radionuclides as part of an
international project sponsored by the OECD Nuclear Energy Agency. This project, known
as the International Alligator Rivers Analogue Project is supported by six organisations in
five countries. The methodology and modelling expertise are applicable to the modelling of
key transport processes relevant to the Greenhouse effect.

D. INDUSTRIAL PROCESSES

Worldwide, applications of radioisotope and radiation technology have led to significant
economic and & cial benefits. ANSTO's nuclear-related techniques can make major
contributions to industrial practices and processes which contribute to the Greenhouse
effect primarily through Increasing processing efficiency and decreasing energy
consumption. Some of ANSTO's current and potential capacities and contributions are
listed below:

• improvements in efficiency of ore/metal processing, coal upgrading, fuel utilisation
using nuclear techniques:

-ANSTO is continuing to develop more efficient chemical engineering/
metallurgical methods for the processing of uranium and other ores, and for the
treatment and management ol waste generated by hydrometallurgical processes;
this assists in containing the costs of immediate ore production as well as the
environmental costs.

-ANSTO research also helps define and quantify chemical processes which control
the movement of pollutants into the environment from mining and industrial
operations; ANSTO also develops methods for the management of solid and liquid
waste to minimise impact on water quality.

• destruction of the sulphide matrix in ores and fuels and in situ extraction

-Because of the depth of ANSTO understanding of the pyritic oxidation process,
computational methods are used to optimise metal extraction by heap leach and in
situ mining and for the destruction of the sulphide matrix in primary gold and
other ores.

• use of radioisotope tracing techniques to increase the efficiency of ore/metal
smelting and other industrial processes:

-Improved competitiveness by better process control, higher productivity, lower
manufacturing costs, and increased efficiency;
-Savings in raw materials for higher consumption industries;
-Savings in electricity use;
-Study of hearth drainage in iron blast furnaces and lead/zinc furnaces,
-Study of efficiency of waste paper recycling plants,
-Study of aluminium behaviour in electrolytic reduction cells,
-Process optimisation in the mineral industry, and
-Studies of the behaviour of coal in coal washeries and grinding plants.

• use of ionising radiation (electron beams) for the extraction ofSO2 and NOxfrom
industrial flue gases:



-This treatment is one of the most effective methods of removing SO2 andNOx from
• flue gas. It consists of adding a small amount of ammonia to the flue gas and

irradiating the gas with an electron beam which causes reactions which convert
the SO2 andNOx to ammonium sulphate and ammonium nitrate. These salts can
then be collected. The process has advantages over currently used methods in
that it simultaneously removes SO2 andNOx at high efficiency levels, it is a dry
process, is easily controlled, has excellent load following characteristics, does not
require stack-gas reheating, the pollutants are converted into saleable agricultural
fertiliser, and the process has low capital and operating costs.

• advanced materials with greater energy ejjiciency characteristics:

-Advanced ceramics, including the use of superconductors to improve energy use
in electronic components.
-Technique of plasma immersion ion implantation to produce effective and
competitive means of surface modification and thin layer deposition for, e.g.,
enhancement (by a factor of 10) in the wear resistance of processed steel, resulting
in replacement and energy savings.

• use of material evaluation techniques derivedfrom studies of reactor materials to
improve the assessment of remnant life:

-of, for example, coal-fired electricity generating equipment with a view to
enhancing the economics and safety of capital intensive plant.

• combustion ofbiogas (from urban landfill) as a source of process heat or heat for
electricity generation:

-Collection and burning ofbiogas converts methane and CFCs to CO2. While such
a process increases the CO2 load to the atmosphere, it does lead to an effective
reduction of about a factor of 3 in the impact on the Greenhouse effect, and
contributes to reduction of ozone depleting chemicals. ANSTO currently has
expertise in microbiology and physics germane to the efficient production and
transport ofbiogas to the landfill surface. ANSTO also has engineering skills
which could be applied to the surface plant. ANSTO further has chemical and
chemical engineering skills to assess the relative merits of other means, such as
bioreactors, for extracting energy from wastes in an efficient manner and
producing products with addedvalue (e.g. soil supplement) and which minimise
the Greenhouse effect.

• Reduction of power requirements in industrial processes through biohydrological
processes:

-Biohydrological processes generally require low energy input whether the process
is degradation of domestic/industrial wastes to an environmentally acceptable
form or the extraction of metals such as copper, nickel, zinc, uranium and gold.
In some cases the microorganisms require CO2 so there is potential to reduce the
Greenhouse effect beyond just that from energy saving. ANSTO has considerable
expertise in some aspects of biohydrological'processing, in particular
biohydrometallurgy, where it has effective contacts with the mining industry.

CONCLUSION

A knowledge base is essential in realistically assessing the likely impacts of the Greenhouse
effect and will require continual upgrading as detailed understanding of the processes
contributing to Greenhouse causes and effects are more clearly understood. ANSTO has
expertise relevant to both the atmospheric and the biogeochemical processes which are
active in the Greenhouse effect and its terrestrial impacts. ANSTO also has extensive
experience in industrial applications of nuclear-related techniques which can assist in
reducing Greenhouse emissions, environmental impacts and energy consumption.
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3. NUCLEAR ENERGY

A, INTERNATIONAL COOPERATION IN NUCLEAR ENERGY

The nuclear energy industry in the western world works within a framework of national and
international controls, standards and information exchange which assists ;", maximising
safety and efficiency and minimising risks and adverse effects. The Nuclear
Non-Proliferation Treaty, and the associated safeguards regimes developed by the
International Atomic Energy Agency (IAEA), provide an effective mechanism for regulating
the supply of fuel. Many of the IAEA's programs are devoted to improving existing safety
and efficiency features of nuclear energy electricity generation as well as to expanding the
peaceful applications of nuclear energy.

In relation to energy planning, the Nuclear Energy Agency (NEA) and the International
Energy Agency (IEA) of the Organisation for Economic Cooperation and Development
(OECD) promote cooperation among their Member governments, from the major developed
countries, on the safety and regulatory aspects of energy developments and on assessing
the role of nuclear and fossil fuels as a contribution to economic progress. The IAEA works
with its Member >lates which include developed, developing and under-developed St?tes,
the NEA, IEA and other international energy bodies to provide detailed and comprehensive
information which can be drawn on in discussions of nuclear energy's capacities in such
areas as:

• assisting in the conservation of fossil fuels, particularly oil for use in other
industrial processes.

• limiting environmentally damaging emissions of Greenhouse gases.

• controlling wastes.

• assessing relative risks to human life compared with other forms of energy
production.

In line with the statute of the International Atomic Energy Agency (IAEA), the world nuclear
community has, for many decades, been focussing its attention on peaceful uses of nuclear
energy, including those which can assist in the development of a sustainable economy, as
defined by the World Commission on Environment and Development: i.e. development
which "meets the needs of the present without compromising the ability of future
generations to meet their own needs"(report on Our Common Future",p.8). The IAEA has
summarised its activities related to the development of a sustainable economy in a
document prepared for the UN General Assembly: The International Atomic Energy Agency's
Contribution to Sustainable Development Nuclear energy and the environment, May 1989.
These activities are as follows:

• "While focussing on nuclear energy as one means of providing energy for economic
development, the Agency has developed energy planning techniques which, based
on comparisons of different ways of producing electricity, define an economically
optimized expansion of electricity systems (Appendix 4 contains a summary of the
IAEA's assistance in this area);

• "A significant part of the Agency's programme is the Joint IAEA/FAO programme
on nuclear techniques in food and agriculture, which is almost entirely devoted to
increasing food production while reducing the environmental impact of fertilizer
and pesticide use;

« "Nuclear techniques have become routine tools for resource development - for
example hydrological investigations for water resource assessment...;



11

• 'The supply of energy for economic growth in a sustainable and environmentally
acceptable manner is a central activity of the Agency's programme;

• "Environmental monitoring and assessment using nuclear techniques are
Important in the context of the urban and industrial environments" (Nuclear
energy and the environment^ p.3)

In brief, the IAEA contends that, at least for Western countries' nuclear energy programs,
the nuclear energy industry already operates at very high standards of safety and has
developed a number of effective methods of waste storage and disposal. The
non-proliferation problems are primarily the responsibility of governments and their
commitment to non-proliferation principles, including safeguards procedures. Additional
comments are made below in Section 4C on perceived disadvantages of nuclear energy.

B. WORLD NUCLEAR ENERGY ELECTRICITY GENERATION

Figure 1 provides a very broad indication of the relative rates of growth in population, total
energy consumption, total electricity consumption and nuclear energy production by region.
While the rates of growth In nuclear energy production is high for all regions, except Africa
and the Middle East, the most important regions of growth are Asia (28%) and Eastern
Europe (20%) since these regions are also those with rapidly expanding industrial bases
and, hence, increasing consumption of fossil fuels and Greenhouse gases production.

Figure 2 shows the current contribution of nuclear energy to world electricity generation. It
should be noted that nuclear energy's contribution will increase by 70% in the period
1985-1995; currently nuclear energy contributes about 17% of the world's electricity (about
5% of total world energy production). Nuclear plants now produce around the same
amount of electricity that was generated from all sources in 1957.

As at 30 June 1989, 426 nuclear power plants are recorded as being In operation in some
25 countries. Table 1 shows the percentage of electricity generated by nuclear power in
each of the 25 countries. Total installed nuclear capacity is expected to increase to over
400 GWe by 2000. Light water reactors (LWR), fuelled by low enriched uranium-235
(2.5-5.0%), account for approximately 90% of the world's nuclear generating capacity.

Development of a new generation of simplified advanced LWRs, with enhanced safety
features, is already well advanced in the USA and Japan. Emphasis is being placed on the
development of plants which will be easier to maintain and operate, less costly to build,
have a better margin against a core damaging accident, and provide a better basis for
standardisation. Among the design goals are an availability for electricity generation of
90%, a construction period of less than six years, and a plant life of 60 years.

Figure 3 shows projected OECD nuclear energy electricity generation against total electricity
production to 2005. According to the NEA (1988 Brown Book), the electricity generation of
all OECD countries will be 8 690 TWH by 2005, including 1 990 TWH by nuclear energy by
2005, or 22.9% of the total. These estimates do not reflect environmental concerns, such
as acid rain and the Greenhouse effect, which may have the result of increasing nuclear
energy capacity after 2000.

Without nuclear energy, it has been estimated that global warming would be at least 3%
higher than It currently is. In a paper submitted to the July 1989 summit of heads of
government of the G-7 countries, the Director-General of the IAEA, Dr H Blix, noted:

"If the some 430 nuclear energy stations which now generate 16% of the world's
electricity were to be closed and this electricity were to be generated by the
burning of coal, it would result in about 1600 million tons of C02 emissions
annually. This is not an insignificant volume. It is 8% of the 20 000 million
tons of C02 now emitted annually from the burning of all fossil fuel." (pp.8-9).
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Table 1

Electricity Supplied by Nuclear Power in 1988
(% of Total Generation)

France
Belgium
Hungary
Korea R.O.
Sweden
Taiwan
Switzerland
Spain
Finland
Bulgaria
Germany F.R.
Czechoslovakia
Japan

69.9
65.5
48.9
46.9
46.9
41.0*
37.4
36.1
36.0
35.6
34.0
26.7
23.4

United States
United Kingdom
Canada
USSR
Argentina
Germany D.R.
South Africa
Netherlands
Yugoslavia
India
Pakistan _
Brazil

19.5
19.3
16.0
12.6
11.2
9.9
7.3

' 5.3
5.2

: 3.0
. 0.6

0.3

* IAEA estimate
Source: IAEA
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In brief, for every 1000 MWe nuclear plant built instead of a 1000 MWe coal-fired plant, there
is a saving of 7m tonnes/year ofCO2 emissions This is an unquestionably significant aid in
ameliorating the Greenhouse effect. If the range of applications of nuclear energy were
expanded, such as its use for process heat for industry, then the degree of reduction of
Greenhouse emissions could be enhanced.

C. ADVANTAGES AND DISADVANTAGES OF NUCLEAR ENERGY

In order to put the use of nuclear energy into perspective, it may be useful to compare the
advantages and disadvantages of its use.

a. Advantages

• no Greenhouse gases are produced.

• nuclear energy is an established technology.

• there are potentially very long term fuel supplies.

• nuclear energy is economically competitive for many countries.

• there are serial production techniques, standardised designs, economies of scale
in nuclear plant production.

• wastes can effectively be isolated from the biosphere.

b. Disadvantages

It should be noted that many of the following "disadvantages" are generally only
misconceptions or misrepresentations of the facts of nuclear energy.

Safety:

The nuclear industry generally has a very high safety record in terms of its operations;
The IAEA has continued to develop approaches to risk minimisation, including the
development of safety standards, the review of plant operations and information
exchange, with a view to raising safety standards to the highest possible level in all
Member States. Risk assessment is in part a comparative exercise. Table 2 shows
the range and fatality levels in a number of recent energy production related
accidents.

Since the Chernobyl accident, much publicity has been given to the development of
small, more simple reactors which rely on passive safety systems, such as gravity feed
and natural circulation, rather than the active engineered safety systems required by
current LWRs and the advanced LWR. Such designs include the Process Inherent
Ultimate Safety (PIUS) reactor, designed by ASEA-ATOM of Sweden, the modular High
Temperature Gas-cooled Reactor (HTGR), designed by Interatom (West Germany) and
GA Technologies (USA) and the Power Reactor Inherently Safe Module (PRISM),
designed by General Electric (USA). These concepts are, however, in a very early stage
of development and definite advantages over other generating concepts still have to be
demonstrated.

• Waste Management:

The nuclear industry has developed a number of methods of disposing of its waste
which are all considered safe; all of the methods of storage or disposal ensure that the
waste Is isolated from the biosphere (unlike the coal/oil powered electricity industiy
where tonnes of heavy metals and radioactive ash are discharged to the biosphere
daily - currently, pollution from fossil fuel burning for power production is largely
treated as a consequence of normal operations, not the result of any accident
situation as would be the case with nuclear energy station emissions).



Table 2

SOME MAJOR ENERGY-RELATED ACCIDENTS 1970-1988

Year

1970

1973

1974

1976

1977

1978

1979

1980

1981

1984

Place/Country

Mendoza/Argentina

Staten Island/USA

Flixborough/UK

Pereira/Colombia

Toccoa/USA

Mozambique

Bhakera/Nepal

San Carlos de la
Rapita/Spain

Morvi/India

Orissa/India

Gulf of Po Hai/China

North Sea/Norway

Tacoa/Venezuela

Cubatao/Brazil

Kind of accident

Dam failure

Explosion of liquid gas
containers

Explosion in petro-
chemical factory

Dam failure

Dam failure :

Dam. failure

Dam failure

Propylene gas lorry
explosion

Dam failure

Dam failure

Capsize of drilling
platform

Capsize of housing
platform

Oil explosion

Gasoline pipeline leak

Dead

100

43

29

70

37

300

500

215

15,000

1,000

70

123

145

500+

Mexico City/Mexico

Gahri Dhoda/Pakistan

1986 Chernobyl/USSR

1988 Borken/F.R. Germany

Shauxi Province/China

North Sea/UK

Source: IAEA

and explosion

Liquid gas container
explosion

Natural gas pipeline
explosion

Reactor accident

Explos ion J n coal mine

Coal mine explosion

Piper Alpha oil p la t form
explosion

452
1,000^ missing
4,248 injured

60

31
100,000 evac-

uated

57

49

165
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• Economics:

The proper assessment of the economics of nuclear energy depends largely on what
factors are taken into account in calculating the total costs of one form of energy
production versus another, particularly if global warming is taken into the
calculations; if fossil fuels continue to be used, then the costs of remedial action to
save land from flooding, rearranging agriculture patterns etc need to be taken into
account; these costs can then be compared with the costs of rapidly expanding the
nuclear energy industry in order to avoid or ameliorate some of the Greenhouse
effects; criticisms of the costs of nuclear energy programs have often generalised the
costs on a global basis, ignoring the fact that in certain cases costs have been very
high (for political and other reasons), but that, in countries which have a positive
attitude to nuclear energy (e.g. France, Canada, Japan and Korea), programs have
been very successful and economical; a series of papers claiming to analyse the
economics of nuclear energy versus energy efficiency/ conservation strategies has
been produced by W Keepin and G Kats at the USA Rocky Mountain Institute.
Comment on their methodology and conclusions is contained in Appendix 3.

D. ECONOMICS OF NUCLEAR ENERGY COMPARED WITH FOSSIL FUEL BASED
ELECTRICITY PRODUCTION

Generating costs and forecasts of the costs of new power stations are calculated and
presented in many different ways. Costs are often quoted without due reference to the
method of calculation or the purpose for which they were evaluated. This has led to
confusion and intense argument about the economic viability of nuclear energy plants.
Neither nuclear nor coal-fired plants can be said to provide cheaper electricity in all
conditions.

Using a set of standardised assumptions and national estimates of future plant
performance, capital and fuel costs, the International Union of Producers and Distributors,
a European organisation, concluded that the competitiveness of nuclear energy is generally
established for base-load operation in all of the eight countries studied (Japan, Federal
Republic of Germany, Belgium, Spain, France, Italy, Netherlands and the UK).

Many countries are considering, or have already begun introducing, more stringent
regulations relating to the use of fossil fuels. The costs of these measures are believed to be
substantial. Pollution control systems have been reported to account for as much as 40%
of the capital cost and 35% of the operating cost of a new coal-fired plant in some parts of
the USA.

Nuclear energy costs are likely to become even more competitive with the introduction of
advanced reactors which are due to start entering service around the end of the century, at
a time when coal and oil prices are expected to be rising significantly in real terms.

E. CONSTRAINTS ON RAPID INCREASE IN NUCLEAR ENERGY CAPACITY

Governments would need to consider the following constraints on the rapid increase in or
conversion to the use of nuclear energy in its examination of the scenarios for reducing
fossil fuel use:

• large initial capital investment, although the overall system economics may be
favourable.

• public perception of the risks alleged to be associated with nuclear technology.

• lead times in scaling up plant building by manufacturers.

• long construction times in some countries.

• regulatory requirements.

• provision of adequate numbers of trained staff.
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• sizes and types of reactors available - e.g. lOOOMWe or larger stations or modular
•' 600MWe or smaller stations.

The significance of the constraints will depend on the circumstances prevailing in each
country, including the nature of the electricity grid and the demands made on it, and the
nature of the response individual countries and the global community makes to the
potential impact of the Greenhouse effect.

F. NUCLEAR ENERGY FOR HEAT AND TRANSPORT

The contribution which nuclear energy could make, either on the current or an expanded
basis, to the reduction of the Greenhouse effect could be amplified beyond its direct
contribution if the use of electricity for a wid^r range of heating and transport purposes
were to be encouraged.

a. Heat

High temperature reactors are being developed to supply heat for industrial processes. This
heat could be used for the production of high temperature steam or used directly in melting
metals and other industrial applications.

In temperate and cold climates, a large proportion of organic fuels, consisting mainly of oil
and gas, is consumed in the production of low temperature heat supplies to dwellings and
other buildings. Although this branch of nuclear engineering is still being developed,
significant potential exists for the use of nuclear energy for district heating schemes. There
are already some prototype models of smaller reactors being developed.

b. Transport

Nuclear energy could play a significant role in reducing the contribution of combustion
engines to the Greenhouse effect if urban vehicles were converted to electricity. An example
of the level of impact which could be made is provided in Section 4 - "An Australian
Perspective".

In the substitution of fossil fuels by electricity in at least part of the transport sector,
consideration will, however, need to be given to the respective roles of long-distance haulage
vehicles and urban movement vehicles. The technical limitations of the use of electricity
(e.g., the need for recharging) may restrict its use in long-distance transport. The scope,
however, for the use of electricity in the urban movement of goods and people is potentially
of great importance, particularly if the strategy is complemented with large scale use of
electricity in urban public transport systems.

The contribution which nuclear energy could therefore make to the transport sector,
particularly in conjunction with a move to LPG, increased engine efficiency, and, possibly,
changes to transport usage patterns, should be taken into account in any comprehensive
assessment of Greenhouse remedial actions.

G. FUTURE CONSERVATION AND EFFICIENCY MEASURES IN THE NUCLEAR
INDUSTRY

In line with the movement in other areas of energy production towards efficiency and
conservation, the nuclear energy industry is also examining and developing ways of
increasing its efficiency and conserving its raw materials:

• uranium enrichment - laser isotope separation, which should increase the energy
efficiency of the most energy demanding aspect of the nuclear fuel cycle.

• Improved fuel design to increase burn-up rates.
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• Increasing the lifetime and efficiency of existing plants - many power plants are
• now operating safely beyond their originally estimated lifetimes because of

developments in maintenance techniques, better understanding of the behaviour
of reactor materials in operating conditions.

• research and development on the next generations of reactors with even greater
levels of safety engineered in, including taking into account the factors of human
risk assessment developed as a result of Three Mile Island and Chernobyl.

• uranium and plutonium recycling - to extend the life of the known reserves of
uranium and to increase the efficiency of fuel use.

• fast breeder reactors - these could produce more fuel than they consume,
resulting not only in the conservation of existing uranium reserves, but also in
greater economic security for countries without reserves of fuels, although their
economic introduction is probably too far off to make an early impact on the
Greenhouse effect.

H. ALTERNATIVE/RENEWABLE ENERGY SOURCES

Nuclear energy could play a role in some alternative/renewable energy strategies through
the provision of high grade process heat and/or electricity for use in:

• coal gasification technologies.

• the hydrogen economy.

Both these strategies are energy intensive in producing the more environmentally sound
final products. The requisite energy for the gasification process and for the catalysing of
source material or the electrolysis of water for the "hydrogen economy" could be provided by
nuclear energy.

In addition, nuclear fusion could also result in a vast source of renewable energy, if the
considerable technical and scientific difficulties can be surmounted.

In assessing conservation/efficiency strategies and alternative/renewable energy sources in
general, it is important to place them in the perspective of a probably significant continued
increase in energy consumption, especially electricity, and consider the realistic chances
that they will be able to play a significant role in meeting this energy increase in the short
term. These strategies and sources need to be supported and developed, but the evidence
would suggest that they will not be able by themselves either to counter the Greenhouse
effect or to meet the apparently increasing demands for energy. Indeed, the benefits of a
number of the most developed alternative/renewable technologies could be enhanced by the
application of nuclear energy in such areas as hydrogen fuel production and nuclear heat
for coal gasification and metallurgical processing.

CONCLUSION

Any view that nuclear energy has a limited role to play in providing electricity may need to
be reassessed in the light of the potential impact of global warming. As part of that
reassessment, the capacity of nuclear energy to be expanded to assist in a wide range of
energy use situations may also need to be reconsidered. An expansion of nuclear energy
capacity would not only assist in meeting the anticipated growth in electricity demand, but
could also assist in redirecting industrial, transport and heating operations away from fossil
fuels.

The UK House of Commons report. Energy Policy Implications of the Greenhouse Effect,
recognised that nuclear energy had a role to play in responding the Greenhouse effect and
observed that, in relation to the energy efficiency "alternative":
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• "82 it is also clear that electricity will need to be generated somehow, and that
• the nuclear route does not produce CO2, except to a minimal degree. We therefore

believe that nuclear power does have a role to play in a greenhouse friendly
electricity supply industry. Because of the well-known cost and environmemental
[sic] problems associated with the use and development of present nuclear
technologies, this role should not be exaggerated" (p.xli).

In addition, the Committee noted that there was scope in the nuclear energy industry for
further development:

• "83. In this context, we believe that efforts should be redoubled to look at the
long-term potential of nuclear power beyond the current technologies of the
thermal reactors....and recommend that in the interim the Government reassess its
position on this new technology [fast breeder reactor] in the fight of increasing
concern about CO2 emissions and the long term viability of traditional fission"
(p.xlii).
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4. AN AUSTRALIAN PERSPECTIVE

A. AUSTRALIA AND THE GREENHOUSE EFFECT

The Victorian Government has produced figures which dramatically demonstrate that
Australia is a major contributor to the production of Greenhouse gases on a per capita
basis. Similarly, Figure 4 from the Australian Petroleum Institute (API) shows the growth of
CO2 production in Australia to 2010. In general, Australia generates about 1% of the
world's energy based CO2. While its share will decrease as developing and centrally
planned economies grow, Australia's total production will increase Jn line with increased
secondary processing and use of road transport. The API calculates that total CO2
production from Australian primary energy use could reach 470m tonnes per annum by
2010, if energy consumption continues to grow on present trends. The conclusion of the
Victorian Government's study is that, on a per capita basis, Australia is the 5th highest
user of carbon in the world (4 tonnes per person); Australia is 16th in the world in total
annual CO2 emissions. Similarly, for halons and CFCs, Australia is one of the world's
largest consumers on a per capita basis.

As well as being a large per capita domestic producer and consumer of Greenhouse gases,
Australia exports energy sources which also contribute to the global production of
Greenhouse emissions. Figure 5 shows Australia's projected energy exports for 1983/84 to
1999/2000 of which fossil fuels are the major proportion. Australia is one of the largest net
exporters of energy among OECD countries, accounting for about 27% of the world's coal
exports in 1985/86. Growth in energy exports are also forecast to grow at about 5.3% a
year to 1999/2000 (Department of Primary Industries and Energy (DPIE) Forecasts of
Energy Demand and Supply Australia 1986-87 to 1999-2000, pp.30,32).

The implications of the Greenhouse effect for Australia could include the need to determine
such things as:

• degree of movement southwards in the southern, hemisphere of rainfall patterns
and associated agricultural areas, water catchment areas, quality and quantity of
all sources of water.

• degree of and location of area.'-, prone to coastal and estuarine flooding and
associated needs to relocate populations, industries, and remedial action to save
coastlines, prevention of flooding of toxic waste dumps.

» range of increased cyclonic activity, associated costs for increased areas requiring
cyclone proofing, insurance costs.

• heating/cooling requirements of longer/hotter summers, milder winters in
different parts of the country.

• the economic and human costs of each of the various factors listed above.

As indicated in Section 3, ANSTO has specialised techniques and experienced personnel
available to assist in determining the nature and extent of many of these possible
developments.

B. AUSTRALIAN ENERGY PRODUCTION AND THE GREENHOUSE EFFECT

In Australia, there are two major sources of Greenhouse emissions: combustion engines
and coal-fired electricity generation stations. The contribution which nuclear energy could
make in these two areas in Australia is outlined in the following two sub-sections.
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Net CO2 emissions from Australian primary energy use
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a. Transport

Conversion of at teast combustion engines used for a majority of urban transport purposes
(buses, personal cars, commercial fleets, vans and utilities) to electricity could assist in
both fossil fuel conservation and Greenhouse gases control. As one of the sources of the
required increase in electricity supply, nuclear energy could play a significant role in
achieving these goals. On a global basis, such a move could make a significant
contribution to reducing Greenhouse emissions.

Figure 6 demonstrates the important role that transport plays in the consumption of
petroleum in Australia. A similar situation exists globally. Figure 7 shows the breakdown
of petroleum use in the Australian transport sector with the clear predominance of petrol
for vehicular transport. The factors underlying the trend for an increase in automotive
Diesel Oil (ADO) are defined as:

• projected continuing improvements in vehicle fuel economy,

• consumer preference for more fuel efficient vehicles,

• a static average annual distance travelled by petrol driven cars, and

• continued penetration of the petrol market by LPG and automotive diesel oil (DPIE
Forecasts of Energy Demand and Supply Australia 1986-87 to 1999-2000, p. 21).

By 2000, the share of petrol is forecast to fall from 74.7% to 56.3% (which is still
significant), with LPG being the substitute fuel. However, the most important feature which
has been identified for future energy patterns in Australia is the anticipated steady growth
in petroleum use. The significance of this factor is increased by the fact that Australia
currently has limited known reserves of oil. Stress has therefore been put on petroleum
conservation and substitution. The forecast steady growth in the use of both oil and LPG
must be reassessed in the light of the Greenhouse effect. Even with the conversion of a
major proportion of long-distance haulage vehicles to LPG, this sector would still be an
important source of CO2 and other Greenhouse emissions.

Many commentators have suggested that the conversion of vehicles to LPG would be
advantageous in reducing C02 and other emissions. However, the Australian Petroleum
Institute (API) has produced a forecast (Figure 8) in which half of Australia's road vehicles
were converted to LPG. The forecast indicates that only about a 2% reduction in CO2
emissions would result. The API also draws attention to the estimated costs involved in
converting, and building new, vehicles and arranging the distribution network. The
assumption must be made that transport in Australia will continue to be a significant
source of Greenhouse gases.

b. Energy Production

The other major source of Australian CO2 is coal used for electricity production - about 50%
of Australia's total CO2 production. Oil produces about 34% of Australia's CO2 production.
A total of 84% of Australia's CO2 from energy production, therefore, derives from the
burning of fossil fuels.

Figure 9 shows three energy scenarios for Australian total energy consumption to
1999/2000. Even the conservative scenario forecasts significant energy consumption
growth. If this energy growth is based on fossil fuels, as Figure 10 indicates it will, then
production of CO2 (and related Greenhouse gases) will also increase, unless significant
remedial actions are implemented
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Figure 8

Source: API
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In considering electricity consumption, the forecast is also for continuing growth in
demand. Figure 11 shows increasing demand In virtually all sectors. Because of
Australia's abundant fossil fuels reserves (coal and gas), on present planning the increased
electricity demand will be supplied through combustion of those fossil fuels.

Figure 12 shows Australia's production of primary fuels from 1973/74 to date. The figure
makes it clear that the only non-Greenhouse gas producing fuel being produced in
Australia in significantly growing amounts is uranium. None of this fuel is used in
Australia. Australia has the largest share, at about 25%, of the western world's reasonably
assured uranium reserves (i.e., recoverable at less than $US80/kg). In the context of the
Greenhouse effect, these reserves could become strategically significant in the following
scenarios:

• increased use of nuclear energy in the world's existing nuclear energy
programs.

• commencement of nuclear energy programs in additional countries.

• development of both the above scenarios.

C. AUSTRALIA AND INCREASED NUCLEAR ENERGY USAGE

If there is a general world trend to increased use of nuclear energy for electricity production,
then there are a number of implications which need to be considered from the Australian
and global perspectives.

• at the front end of the nuclear fuel cycle, a worldwide increase in the demand for
uranium in the short to medium term, with consequent pressure on supply
sources (depending on the success or otherwise of uranium recycling and breeder
reactor technology) and associated enrichment capacity.

• at the back end of the nuclear fuel cycle, an increased need for reprocessing
facilities, for efficiency in the use of fuel and the safe storage/ disposal of wastes.

• at the back end of the nuclear fuel cycle, an increased need for waste management
facilities and immobilisation technologies, e.g. SYNROC.

• stemming from non-proliferation concerns, an increased emphasis on a small
number of large, centralised reprocessing and disposal facilities and plutonium
storage and transport.

• more stress on international monitoring and notification procedures and
emergency assistance arrangements.

• internationally accepted safety standards for nuclear energy plants which can be
monitored effectively.

• development of an integrated Australian nuclear regulatory body incorporating, for
example, elements of the Office of the Supervising Scientist, the Australian
Safeguards Office and the Nuclear Safety Bureau.

Australia may need to consider its position in relation to many of these issues in the light of
its potentially significant contribution through assured, low cost uranium supplies, its
investment to date in SYNROC, and its potential role in enrichment and long term disposal
arrangements and in the light of Its commitment to nuclear non-proliferation objectives.

In particular, the Australian developed SYNROC could provide Australia with an
opportunity in the first decades of the 21st century to demonstrate its commitment to
environmental protection in a practical manner, especially If the nuclear energy industry is
expanded and the volume of high level radioactive waste from nuclear energy reactors
begins to increase significantly.
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CONCLUSION

The Australian Government could adopt policies which take advantage of the value of
nuclear energy in ameliorating the Greenhouse effect. It could also encourage international
measures to make available the nuclear option under stringent non-proliferation and safety
conditions for those countries where nuclear energy programs could be a significant and
economic alternative to fossil fuel usage.

Australian consumption of uranium for electricity generation would require consideration of
the spectrum of policy and technical issues, in the context of the Australian response to the
Greenhouse effect. The situation in many western countries with successful and economic
nuclear energy programs indicates that satisfactory responses to the poiicy and technical
issues can be developed If the western world's nuclear energy programs were expanded to
assist in limiting global warming, then Australia could take advantage of expanded nuclear
plant manufacturing capacity for required new and replacement electricity generation
plants.

The Australian objective of increasing secondary processing, which would, on present
planning, limit Australia's ability to decrease its Greenhouse gases production, could be
managed so that increased energy consumption is not solely reliant on fossil fuels.
Exploitation of Australian uranium for domestic nuclear energy generation could assist in
achieving both objectives.
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5. CONCLUSION

As acknowledged in this submission, nuclear energy cannot be the answer to the
Greenhouse effect, but it can be part of a larger answer. There are significant difficulties in
dealing with other sources of Greenhouse gases, such as the burning of much of the world's
forests, grasslands, burning of animal manure, bad dry farming techniques leading to
desertification, excessive use of nitrogenous fertilisers, and wet farming techniques. In
contrast, nuclear energy is a proven technology that could be adopted and implemented
quickly, potentially providing a base from which to launch other remedial strategies.

The future provision of energy may need to follow the pattern developing in radio and
television services, commonly called "narrowcasting", and in commerce and marketing,
commonly called "niche marketing". Following this concept, energy planning for the future
may need to apply more rigourously principles of maximising returns on energy
investments and matching more closely energy production with its end use. This process
may then result in the break-up of the energy market into sectors of varying sizes and the
providing of energy to those sectors by more specifically designed energy systems. The
resulting re-ordering of energy planning priorities could include:

• conversion of most domestic heating to solar.

• use of industrial waste steam for industrial or domestic heat.

• use of nuclear energy for base load electricity and heating in as many countries as
possible, releasing fossil fuels for essential industrial use and enabling
redistribution of fossil fuels in smaller markets (e.g., small developing countries
where nuclear energy is not economically feasible).

• introduction of electricity or biogass driven vehicles where possible to enable
elimination of fossil fuels from the transport sector and its reallocation to other
crucial markets.

Energy, like many products, can be redistributed in a way which reflects end use more
closely. As the example of French electricity exports shows, nuclear energy could
contribute significantly to supplying energy demands at the base load level, potentially
freeing a large amount of fossil fuel for supply to more specific energy and industrial uses,
particularly in situations where alternatives are not available or economically feasible, even
given the implications of the Greenhouse effect. The potential of nuclear energy for use in a
wider variety of energy situations than just the production of base load electricity could
assist in the redistribution of energy to more specific end uses.

In the complex inter-relationship between the nature of the Greenhouse effect, its potential
impact and the role of energy production use, there is clearly a need for further study to
refine the likely impacts particularly at a national and regional level. A major part of
response to the Greenhouse effect will need to be a reassessment of energy sources and
their use.

A comprehensive understanding of the Greenhouse effect Is essential in realistically
assessing its likely impacts and will require continual upgrading as detailed understanding
of the processes contributing to Greenhouse causes and effects are more clearly
understood. ANSTO has expertise relevant to both the atmospheric and the biogeochemical
processes which are active in the Greenhouse effect and its terrestrial impacts as well as
extensive experience in industrial applications of nuclear-related techniques which can
assist In reducing Greenhouse emissions, environmental impacts and energy consumption.
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Seen from a wider perspective, nuclear energy has the potential to contribute significantly
to the amelioration of the Greenhouse effect through both its substitution for fossil fuels in
a wide variety of uses and through the radioisotope tracing techniques which nuclear
science and technology has developed. Even if the Greenhouse effect does not prove to be
as problematic as some commentators suggest, attention will have been focussed on the
fact that many human actions interact with global systems and that an appreciation of that
interaction needs to be incorporated into future choices of action on energy use.
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APPENDIX 1

THE NATURE OF THE GREENHOUSE EFFECT AND ITS RELATIONSHIP WITH
WORLD ENERGY PATTERNS

A, THE NATURE OF THE GREENHOUSE EFFECT

There is still considerable debate amongst scientists about the nature and extent of the
Greenhouse effect. However, as the Prime Minister's Statement on the Environment notes:
"...the growing consensus among scientists is that there is a strong possibility of global
warming with major climatic change..." (p.28). The data on the case for or against the
Greenhouse effecc, or more accurately its degree of significance, is currently fragmented;
with many organisations from weather monitoring bodies to oceanographic institutes,
agricultural research stations to industrial R&D bodies collecting information which bears
on the problem. Even the most sophisticated climate modelling systems appear at this
stage to be capable of producing only relatively coarse predictions of the consequences of
global warming. Additional data and very powerful computing facilities are required to
refine the predictions to the regional and national level necessary for governments to make
rational and specific decisions. As indicated in the introduction, ANSTO can assist in both
these areas.

The major Greenhouse gases are: carbon dioxide (CO2), nitrous oxide (N2O), methane,
tropospheric ozone, halons and chlorofluorocarbons (CFCs)). The CFCs and methane are
also implicated in the breakdown of the ozone layer. (Methane results from the breakdown
by bacteria of organic matter in the absence of oxygen; if oxygen is present other bacteria
break down the organic matter to release C02.)

Figure 1 is the schematic representation of the source of the gases and the proportion of
their contribution to global warming used in the Prime Minister's Statement on the
Environment. (The figure omits tropospheric ozone which also lias Greenhouse effects.)
Table 1 shows the present concentrations, relative effectiveness as a Greenhouse gas, and
recent rates of change of each gas which together make up the complex of Greenhouse
gases. Table 2 shows estimated annual growth rates of the Greenhouse gases. Figure 2
presents the dramatic growth in CO2 emissions by world region. The figure shows that,
while developed countries produced the larger proportion of CO;,, the bulk of the growth is
in the developing countries and, to a lesser extent, in the centrally planned economies.

In the development of the Greenhouse effect, the heat absorbing or radiative properties of a
number of gases, produced both as a result of natural processes and human activities, play
the significant role. Figure 3 shows three possible scenarios for global temperature increase
(based on the figures in Table 2). A doubling of CO2 is calculated to raise the surface
temperature of the earth by about 3°C or about six times as much as a doubling of the main
CFC heat absorbers. Methane is also important, with one estimate suggesting that, over
the last 100 years methane emissions have trebled and are increasing, possibly by 1% per
annum (Sullivan, p.4). CFCs and halons appear to be increasing by 5-10% and N2O by
about 0.3% per annum. Surface warming could also lead to increased release of CO2 and
methane from the biosphere and soils (for example, from the melting of permafrost) which
would enhance the positive feedback mechanism between Greenhouse gases release and
surface warming.

The relative proportions of the Greenhouse gases can, however, be expected to change
during the short term as a result of past and present production. For example, methane
and ozone will become more important components. Since methane is associated with
biological and agricultural processes, it may prove to be more intractable than other gases.
Tropospheric ozone is also increasing because of photochemical reactions involving
methane, organochlorines, CO and NOX (much of which is of industrial origin) and
interactions with the hydroxyl radical in the atmosphere.
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ESTIMATE OF GLOBAL SOURCES OF GREENHOUSE GASES
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rTable 1

Present concentrations, relative effectiveness as a greenhouse gas

and recent rates of change

Source of information: Wuebbles and Edmonds (1988).

Greenhouse

gas

C02

CH<

N20

CFC-11

CFC-12

Tropopheric

ozone (03)

Present

concentration

(1985)

345 ppmv

1.7 ppmv (N.H.)

1.6 ppmv (S.H.)

0.31 ppmv

0.0002 ppmv

0.0032 ppmv

0.02-0.1 ppmv3

Relative

effectiveness

a ghg2

10

3 + 1

2 + 1

2 + 1

4 + 1

2 + 1

Recent rates

of change of

atmospheric

concentration

0.4%/yr

1.1± 0.1%/yr

0.2-0.3%/yr

5%/yr

5%/yr

1 - 2%/yr

2 Kclat ive measure of con t r ibu t ion to radiat ive forcing over the period ca
1980-2050 for cm rout emission growth rales. Index of sens i t iv i ty compuicd witl
C02 (=10).

3 liiglier in polluted urban areas

Source: IAEA
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In putting the development of the Greenhouse effect into perspective, it is important to
estimate the growth over the last 100 years or so (i.e. the period of time since the industrial
revolution began) of the Greenhouse gases. Figure 4 shows this growth and its possible
impact on global temperatures.

The range of factors which ideally need to be taken into account in understanding both the
Greenhouse effect and its possible implications for human society is vast. Table 3 is a
selection of socio-economic sectors, environmental components and associated indicators
which gives an outline of the basic factors which would need to be included in the
production of any scenario of possible responses to the Greenhouse effect. The purpose of
the scenario is not to predict the future, but to assist in deciding on strategies for managing
the present in order to reduce future problems.

An important task to undertake, using current data and models, and predictions based on
them, could be to establish an approach specifically related to Australian conditions and
requirements which could assist in identifying energy and environment related changes
which may be related to global warming. The WCED report, Our Common Future, has
outlined a four-track strategy which could form the basis for a world and an Australian
approach to the problem:

• "improved monitoring and assessment of the evolving phenomena;

• "increased research to improve knowledge about the origins, mechanisms, and
effects of the phenomena;

• "the development of internationally agreed policies for the reduction of the
causative gases; and

• "adoption of strategies needed to minimize damage and cope with the climate
changes and rising sea level" (WCED report, p. 176).

The conservative conclusion to be drawn from the available evidence on the Greenhouse
effect and the related energy usage patterns would appear to be that drawn by the Villach
Conference in Austria, October 1985:

'"Many important economic and social decisions are being made today
on...major water resource management activities such as irrigation and
hydropower; drought relief; agricultural land use; structural designs and coastal
engineering projects; and energy planning - all based on the assumption that
past climatic data, without modification, are a reliable guide to the future. This
is no longer a good assumption'" (The Greenhouse Effect Climate Change and
Ecosystems, Bolin, Doos, Warrick, Jager (eds) 1988, p.xx; the Villach conference
was organised by the World Meteorological Organisation, the UN Environment
Programme and the International Council of Scientific Unions).

B. WORLD ENERGY SCENE

a. Definitions

Primary Energy: all forms of potential energy naturally occurring in or on the Earth that
need no processing or treatment to transform them into usable energy (in general, this
means that the fuel can be burned).

Secondary Energy: forms of potential energy manufactured from primary energy forms
generally by mechanical, chemical, thermal or nuclear reaction means to transform them
into useable energy (this includes the catalysis of oil to create other forms of combustible
material such as kerosine and petrol).



Figure k

Decadal additions to the global mean greenhouse forcing of the
climate system. The bars show the computed temperature change
at -'equilibrium for the estimated decadal increases in greenhouse gas
concentrations with no climatic feedbacks included.

(Source: Ramanathan et al. ( ?986)
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Tab le 3

dicators.
Selected socioeconomio sectors, environmental components and associated in-

Sociocconomic Sectors

Population

Energy

Industry and transportation

Agriculture

Forestry

Cross-sectoral

Environmental components

Climate

Hydrology

Air quality

Soil quality

Water quality

Biota

Land use

Associated Indicators

Annual change in numbers and ages

Energy production by fuel type, S02 and CO2

emissions

Labour force, production capacity, pollution
emissions

Yields, soil type

Annual wood supply and wood use increments

Water demand

Temperature, precipitation and interannual
variabilities

Sea level rise, water availability, soil moisture,
lake and groundwater levels, river flows and
interannual variabilities

SCv, O3, NOX and CO2 concentrations; S deposi-
tion

Acidification, salinization, erosion, nutrient
depletion/saturation, absorption capacity,
toxification

Acidification, eutrophication, toxification

Primary productivity, species diversity, en-
dangered species

Percent of land used for forest, agriculture, built-
up areas

Source: The science of the total environment, vol. 80,
No. 1, "Future Environments for Europe: An IIASA
Study of Some Implications ofAlternative
Development Paths", p.4.
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Figure 5 is a breakdown of primary energy sources and Figure 6 is a breakdown of
secondary energy sources. The second list could be expanded by the inclusion of nuclear
fusion using hydrogen and deuterium, although this technology is not likely to be available
for over 50 years, and would not have an immediate impact on the Greenhouse effect.

It is important to keep the distinction in mind since some commentators occasionally
conflate the two energy forms and, consequently, the various strategies which may be
relevant thus causing confusion between sources of problems and remedial action.

Approximately 30% of the world's energy demand is met by electricity, particularly in the
developed world. It needs to be appreciated, however, that the discussion of reduction in
the Greenhouse gases cannot be limited simply to a discussion of electricity use, either in
terms of total usage, efficiency/ conservation measures or alternatives sources such as
nuclear power. 70% of the problem of Greenhouse gases from energy production involves
the combustion of fossil fuels which is both unrelated to the production of electricity and
often crucial in one way or another (e.g., for cooking and heating) to the survival of a large
proportion of the world's population. In addition, other significant sources of Greenhouse
gases are intimately associated with the daily survival of much of the world's population, in
most cases the poorest:

• deafforestation for the creation of farming land and associated burning,
compounded by the reduced capacity of forests to extract CO2 from the
atmosphere.

• herding of animals and wet methods of farming, use of nitrogenous fertilisers.
• methane from rubbish disposal.
• transport of natural gas.
• coal mining.

There are also significant sources of Greenhouse gases, particularly in the industrialised
world, which are not directly related to electricity production and which are not easily
amenable to techniques for limiting their production of Greenhouse gases, e.g.:

• use of motor vehicles, including farm machinery.
• smelting of a wide variety of ores and metals.
• refrigeration.

Table 4 is a breakdown of the percentage of current world energy consumption by energy
source.

C. ECONOMIC AND DEMOGRAPHIC FACTORS

The basic proposition of the need to develop a sustainable economy means that within the
area of energy choices there are a number of competing factors which need to be reconciled:

• "sufficient growth of energy supplies to meet human needs (which means
accommodating a minimum of 3 per cent per capita income growth in developing
countries);

• "energy efficiency and conservation measures, such that waste of primary
resources is minimized;

• "public health, recognizing the problems of risks to safety inherent in energy
sources; and

• "protection of the biosphere and prevention of more localized forms of pollution"
(WCED report, p. 169).

In order to place the possible developments in human population growth, energy demand
and economic development into perspective, commentators have often used development
scenarios based on, for example, low or high energy consumption growth to give an
indication of the kinds of level of growth which could, consequently, be required In fuel
supplies and generation capacity to meet the forecast levels of energy demand.
Governments may need to begin considering which kind of scenario they wish to work
towards.
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The Department of Primary Industries and Energy (DPIE) has outlined three such energy
scenarios for Australia to 2000, but which are relevant globally, based on available
information and trends which are summarised as follows:

• "high energy demand" - associated with
-low oil prices, and
-relatively high domestic economic growth;

• "low energy demand" - associated with
-higher oil prices,
-lower economic growth, and
-high fuel use efficiency;

» "median energy demand" - associated with an energy demand path between the
high and low energy paths, based on an average of the values for the other two
scenarios (DPIE, Forecasts of Energy Demand and Supply Australia 1988-87 to
1999-2000, pp.10 & 12).

Each of the forecasts is associated with high Australian consumption of petroleum products
and, hence, increased Greenhouse emissions. The global situation is similar.

In considering the various avenues for the reduction of Greenhouse gases and the preferred
energy demand scenario, while balancing the requirements for a sustainable economy, a
number of economic and demographic factors need to be taken into account, including:

• Table 5 shows the likely increase in the human population;
• Figure 7 shows the likely increase in electricity use;
• the likely slowdown in the rates of increase in total primary energy use (but overall

increase in total consumption), accompanied with a redistribution of usage
patterns between the developed and developing countries, including the likely
increase in economic and industrial capacity of the developing countries and an
associated increased demand for electricity;

• the relative costs of transport of various fuels (uranium is more economical to
transport compared with fossil fuels because of its high specific energy content);

• the relative assurance and availability of supply.
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Current and Projected Population Size and Growth Rates*

Region

Populat ion (bil l ion)

1985 2000 . 2025

Annua l Growth Rate
(percent)

1950
to
1985

1985
to
2000

2000
to
2025

World

Africa
Latin America
Asia
North America
Europe
USSR
Oceania

4.8

0.56
0.41
2.82
0.26
0.49
0.28
0.02

6.1

0.87
0.55
3.55
0.30
0.51
0.31
0.03

8.2

1.62
0.78
4.54
0.35
0.52
0.37
0.04

1.9

2.6
2.6
2.1
1.3
0.7
1.3
1.9

1.6

3.1
2.0
1.6
0.8
0.3
0.8
1.4

1.2

2.5
1.4
1.0
0.6
0.1
0.6
0.9

* Medium-variant projections.

Source: Department of International Economic and Social Affairs, World Popula-
tion Prospects: Estimates and Projections as Assessed in 1984 (New York: UN, 1986).

Figure 7
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APPENDIX 2

HISTORICAL ASPECTS OF COMPARISONS BETWEEN NUCLEAR ENERGY,
EFFICIENCY/CONSERVATION MEASURES, RENEWABLE/ALTERNATIVE ENERGY

SOURCES

Recent Australian and International press articles on the role of nuclear energy in the
possible amelioration of the Greenhouse effect have frequently been prompted by the
analyses produced by the Rocky Mountain Institute (i.e. the papers by Keepin and Kats).
An examination of the overall argument as prepared by Keepin and Kats is presented in
Appendix 3.

Attention should be given to the historical changes which have occurred since the 1970s
when many of the attitudes and beliefs about the energy crisis and the need for increased
reliance on alternative approaches to energy production and use were formed. Importantly,
many actions in reducing the environmental impact of fossil fuel burning, for example in
power and electricity production, vehicle emissions, may have invalidated or heavily
qualified many aspects of the alternative approaches.

Significant changes have occurred since the 1970s in both the strategies of energy planners
and in the technologies of the various energy sources, including such matters as:

• the complete reassessment of the roles renewable energy sources and the energy
conservation approach to the use of fossil fuels can play in global energy and
environmental strategies.

• reassessment of the extent of fossil fuel and uranium reserves and the
comparative costs relative to the cost of establishing renewable technologies.

• the development of the concept of "energy services" and the move of energy
planners away from concentration on the "hardware" of energy production toward
the better use of energy in buildings, industries and transport systems.

• a new emphasis on "energy efficiency" from all forms of energy production and
use.

• the 1986 collapse of oil and coal prices which is now stimulating investment and
growth to energy production and industry.

• the likely growth of energy intensive activities in developing countries.

• the trend in recent years to a definite increase in primary energy consumption and
the relationships between energy production, electricity consumption and gross
national product.

• the savings in primary energy oil and coal were facilitated by the increase in the
use of electricity.

• the growth in the overall use of electricity.

• some means of energy conservation may be unacceptably costly and others, such
as tax penalties on CO2 production, may be difficult to implement.

• renewable technologies, especially solar and wind generators, still need
considerable work to improve their effectiveness and reduce their costs (the IEA
has estimated that "the contribution of renewable energies, besides hydro power,
in most of the IEA countries [i.e. most of the western industrialised countries] for
the year 2010 can be estimated to be a maximum of 5%") (IAEA Director-General's
speech to the Conference on Nuclear energy and the Changing Environment,
London, 4 July 1989, p.9).
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Studies such as those by Keepin and Kats, which rely on a simple model of energy sources
and mixes which reflect conditions and attitudes deriving from earlier situations are liable
to distort the relative roles which all forms of energy can play in relation to both the general
question of global increases in energy use and the more specific question of how to reduce
the impact of the Greenhouse effect.

The UK House of Commons Energy Committee, in its report Energy Policy Implications of the
Greenhouse Effect, noted that:

• "102. Fuel substitution and new technologies of fuel use offer only limited and
often contentious means of curbing CO2 emissions. In contrast, the most striking
feature of our Enquiry has been the extent to which improvements in energy
efficiency - across all sectors of the economy - are almost universally seen as the
most obvious and most effective response to the problem of global warming" (p.xlvii).

While giving a strong endorsement to energy efficiency, the Committee noted that there
were institutional barriers, market inadequacies, consumer ignorance and governmental
reluctance to overcome before the practice of energy efficiency became fully established in
all sectors of the economy. The Committee also recognised that, even though energy
efficiency measures were, in principle, simple to implement, the above constraints would
mean that energy efficiency could only be implemented progressively.

In this context, the re-evaluation of nuclear energy would appear to be appropriate given
that it does not create Greenhouse gases and that it is, in many circumstances,
economically competitive with other forms of electricity production and energy
conservation/efficiency measures, and may become more competitive in the near future,
particularly if governments give the reduction of Greenhouse gases such a high priority that
it significantly affects energy planning. Like energy efficiency practices, the expansion of
new or the commencement of new nuclear energy programs would take time, but the basis
of the nuclear energy industry is established in many countries and is available to play its
role in an overall strategy for controlling global warming. In fact, the two programs - energy
efficiency and nuclear energy - could work in parallel towards the same goal.
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Appendix 3

REBUTTAL OF ROCKY MOUNTAIN INSTITUTE PAPERS
published by W Keepin and G Kats

Introduction

Opponents of nuclear power, having to concede that renewable energy sources can make
only a small contribution to world energy requirements, are now turning to conservation
and energy efficiency. Any theory that there is a simple solution to the energy problem is
attractive and bound to be widely publicised, particularly if it promises to avoid nuclear
power and drastically reduce the burning of fossil fuels.

The papers from the Rocky Mountain Institute fall into the above category. Some specific
comments on the papers follow.

Gross errors in interpretation/presentation of results:

(1) High Scenario - In estimating the nuclear component the author assumes all the
coal power of the basic scenario is replaced by nuclear and makes the further
assumption that half the non-fossil fuel component is nuclear. He then ignores the
fact that in the basic model all the non-fossil component is replacing power that
otherwise must have been generated by fossil fuel in order to achieve the high
scenario's energy growth rate. That is, the non-fossil related component of the
supposed nuclear growth is already avoiding a considerable amount of CO2
production which is ignored in the author's calculations.

It is instructive to compare the relative magnitude of these two components from
Keepin's and Kats' own figures:

coal replacement component = 3.8 TW

non-fossil related component = 4.4 TW

(giving the authors' total of 8180 GW total nuclear installed capacity by the year
2025). The authors' calculation then assumes that this total nuclear capacity is
displacing only the CO2 produced by the coal replacement component. It is however
much more appropriate to recognise that the non-fossil related component is also
avoiding CO2 production from coal combustion which would otherwise have been
needed to meet the assumed energy rate. The above numbers make it clear that this
is indeed a greater contribution than the other, direct coal replacement considered
by the authors. The CO2 avoided by this 8.2 GW of nuclear power would thus total
18.7 GT per year, not the 8.7 GT/year calculated by the authors - an error of 116
percent in their calculation. That is, CO2 emissions would be reduced from 27
GT/year to 8.3 GT/year by use of nuclear at the rate assumed by the authors for
this high scenario. While the resulting figure is still higher than current emission
rates, the reduction of emissions by 69 percent, purely from use of nuclear would be
an impressive contribution to ameliorating the problem by any standards.

This misrepresentation is most obvious in Table 1 where, in the bottom row for the
high scenario, the authors report CO2 reduction as only 20-35 percent compared to
the base case "with modest nuclear contribution". From the above it is clear that
the base case modest nuclear contribution is 4.4 TW whereas the coal replacement
contribution (which is described as "this staggering nuclear investment") is only
3.8 TW. There is clearly some internal inconsistency here which is used to gloss over
the methodological errors.

(2) Medium Scenario - The calculations for this scenario are generally valid, though
erring in the direction which is unfavourable to nuclear. (For example the total
world nuclear capacity at 31 March 1989 was in fact already 318 GW, compared
with the quoted 283.6 GW present figure by the authors.)
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However what this calculation ignores is the assumption underpinning the original
scenario that this moderate energy growth rate was achieved by means of including
'an enormous contribution from increased energy efficiency and conservation.
Energy use per unit of GNP is assumed to decrease by 23 percent overall during this
period. The resultant contribution from increased energy efficiency in 2025 amounts
to Q.3 TW, which compares with the assumed 5.2 TW of nuclear power. That is to
say, a more correct conclusion from this model is that even with this large reliance
on investment in nuclear power and an even greater reliance on investments in
energy efficiency and conservation, future CO2 emissions (over this timescale) remain
consistently above today's values. This model certainly gives no support to the
authors' view that nuclear cannot solve the CO2 problem but increased efficiency
can. Indeed It suggests that maximum use of all options (including the solar
component, which is also a significant contributor In this model) will be necessary in
order to hold CO2 emissions at levels around the current figures.

(3) Costs of Increased Energy Efficiency - To calculate the cost of efficiency
Improvements, which the authors give as 2 cents/kWh of electricity saved, the
author uses a weighted average of the four (most favourable) technologies - solid
state ballasts, high efficiency refrigerator compressor, high efficiency
refrigerator/freezer, and heat pump water heater. However the authors' own figures
show that the total contribution of these items to overall energy usage is very small
so that even assuming full utilisation of these technologies at their maximum
efficiency the potential maximum energy saving is only 0.02 TW (USA only) - i.e. it is
negligible compared to assumed nuclear contributions in the above two models of
8.2 and 5.2 TW respectively.

Obviously there are many other areas for potential energy savings, apart from these
4 technologies, which are capable of making major contributions to CO2
amelioration. However the costs for these other energy saving technologies tend to
be much higher than the 2 cents/kWh used by the authors to derive the unfounded
conclusion that increased nuclear power results in an increase In CO2 emissions. A
more realistic analysis of the costs and potential for energy efficiency Improvements
would not yield this result but would show that there is a major role for both energy
efficiency and for nuclear in minimising the impact of future CO2 emissions.

Conclusion

It cannot be denied that there is room for improvement in the efficient use of energy,
although it must be remembered that the cost increases as efficiency improves and there is
a limit to the amount that can be achieved.

It does not require obscure calculations to show that if a 1,000 MWe nuclear power station
is built to replace a 1,000 MWe coal-fired station, thereby saving 7 million tonnes per year
of CO2 emissions, it will help ameliorate the greenhouse problem.
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A P P E N D I X k

ENERGY AND NUCLEAR POWER PLANNING
THE IAEA's WASP/MAED CODES ,

The IAEA's WASP (Wien Automatic System Planning Package) methodology (in its
present version WASP-III) has established itself as one of the leading computer
models for analysis of power generation system expansion planning. By the endof
1987, the IAEA's catalogue of WASP recipients listed an increasing number of
Member States (60) and International Organisations (6) which had adopted this
methodology to conduct national or regional electric generation expansion planning
studies. Recent years have shown a much larger use of the WASP computer
program in conducting such planning studies world-wide, mainly as a result of the
technical cooperation program of the IAEA as well as the increased efforts of some
international and regional banks, e.g. the World Bank (IBRD), the Asian
Development Bank (ADB), and the International Development Bank (IDB) in
introducing the methodology (or in some cases to reactivate its use) in the countries
requesting loans for power investment programs.

The IAEA has maintained a continuous program of work aimed at improving not only
the methodological approach, but also the overall treatment of the electric generation
expansion planning problem in order to obtain a better appraisal of the role
appropriate for nuclear power in satisfying the future energy and electricity needs of
a country or region.

A number of enhancements to WASP have eventuated from this program. For
example, to develop coherent projections of future energy and electricity needs for
improving the estimates of future electrical energy requirements, the IAEA in
collaboration with the Institute for Economic and Legal Aspects of Energy (IEJE,
Grenoble, France), the International Institute of Applied System Analysis (NASA,
Laxenburg, Austria) and Electricite de France, developed the computer model MAED
(Model for Analysis of Energy Demand). MAED is based on the MEDEE model
(Model d'Evolution de la Demande d'Energie) originally developed by Messrs. B.
Chateau and B. Lapillonne of the IEJE. In fact, the MAED model is very similar to
the simplified MEDEE-2 which was adapted to the needs of IIASA.

Presently, there are two versions of MAED at the IAEA: MAED-1 and MAED-2. Both
models utilise the same methodology. MAED-1 is a simulation model designed for
evaluating the energy demand of a country or region in the medium and long term.
MAED-2 is more adaptable to the needs of developing countries owing to its greater
flexibility for defining the driving parameters of each category of end-uses of energy.

The WASP-III package has been adapted for operation on an IBM-PC so that IAEA
members can operate it in a stand-alone, relatively inexpensive and readily available
machine. The package was transferred to the IAEA by the ADB.
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