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Abstract

Nuclear power generation is an established part of the world's electricity mix. However, the highly radioactive waste
generated during power production is of great concern of public perception of nuclear energy. In order for nuclear power
to realize its full potential as a major energy source for the entire world, there must be a safe and effective way to deal
with this waste. Therefore, science must come the rescue in the form of new, more effective technology aimed at
reducing the amount of long-lived radioactive waste and eliminating nuclear weapons' grade material through
transmutation of these isotopes in fission reactors or accelerators. In the framework of IAEA activities on the use of this
new technologies the Agency has periodically review and assess the current status of the new fuel cycles, its
applications worldwide, its economic benefits, and its perceived advantages vis-a-vis other nuclear fuel cycles.

I Introduction

Today the world uses a great deal of energy and the usage is increasing dramatically in developing countries.
During the 1980s energy use in the developing countries increased 60%.

Nuclear power generation is an established part of the world's electricity mix providing 17% of world
electricity (cf. coal 39%, oil 11%, natural gas 14% and hydro 19%). Its use is increasing. Nuclear power is
the most environmentally benign way of producing electricity on a large scale. If we replaced nuclear by
coal-fired generation, carbon dioxide emissions would increase by about 1.8 billion tonnes per year. Carbon
dioxide currently accounts for 50 per cent of the human-contributed portion of the global warming effect of
the atmosphere.

The combustion of coal also releases radioactive heavy metals contained in it, while the use of natural gas
releases radioactive radon. The amount of radioactivity released is negligible compared with natural
background radiation levels, but is often greater than that which we can expect from normal operation of a
nuclear power station.

The UN Intergovernment Panel on Climate Change (IPCC) has comprehensively reviewed global warming
and has reached a consensus that the phenomenon is real and does pose a significant environmental threat
during the next century if fossil fuel use continues even at present global levels. According to the IPCC, to
stabilise the carbon dioxide concentration in the atmosphere at current level a 50-80 per cent reduction in all
emissions would be required. Nuclear power has a role to play in reducing greenhouse gases.

With the world population growth from current 5.5 billion to 8.5 billion by 2025, energy demand will increase
significantly in coupling with increasing standards of living over the next two decades.

Our estimations showed that the share of nuclear power in electricity generation worldwide would be between
12% and 17% at the year 2015 (the low and high cases).

One of the greatest obstacles facing nuclear energy is the highly radioactive waste generated during power
production. In order for nuclear power to realize its full potential as a major energy source for the entire
world, there must be a safe and effective way to deal with this waste. While mined geological disposal is the
method chosen by some countries, it has been consistently stalled by a pervasive public perception that it is
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not a safe disposal technology. A primary reason for this is the long life of many radioisotopes generated from
the fission, with half-lives on the order of 100,000 to a million years. Another reason is the feeling that
weapons' grade material in the repository would be easily obtainable by terrorist groups. Therefore, science
must come the rescue in the form of new, more effective technology aimed at reducing the amount of
long-lived radioactive waste and eliminating nuclear weapons' grade material through transmutation of these
isotopes in fission reactors or accelerators.

In the past years more and more studies were carried out on advanced waste management strategy (i.e.,
actinide separation and elimination) in various countries and at an international level.

The IAEA provides a mechanism for mutual economic benefit based on international science and technology
cooperation.

II The International Status and Perspectives of Nuclear Power

The world now produces more electricity from nuclear power than it did from all energy sources in 1958.
Civil nuclear power had gained more than 7200 reactor years of experience to the end of 1994.

In 1994,54 countries have civil research reactors operating, and 30 countries have a total of 432 commercial
nuclear power stations producing electricity. A further 48 commercial power reactors are under construction.

Although some countries, notably Japan and the Republic of Korea, intend to continue ambitious nuclear
power construction programs, the rate of growth of installed nuclear generating capacity over the next ten to
fifteen years is expected to be low. One country, Italy, has completely abandoned its nuclear power program
and others have canceled or indefinitely suspended partially constructed and planned power reactors and/or
imposed a moratorium on any new nuclear construction.

Estimates of nuclear power growth over the near term, are based only on firm orders and known plans for
plant expansion, life extension or closure. They do not involve any extrapolation of theoretical models, so
are generally conservative and not subject to the large uncertainties that resulted in speculative projections
by the nuclear industry in past decades.

After the year 2000 and until orders are placed or construction commenced, forecasts of installed nuclear
capacity become much less certain. When the present construction programs are completed, most significant
nuclear power growth is expected to continue only in the Asian region. The average annual growth rate of
electricity production from nuclear power is estimated to be about 0.6% per year for the period from now to
2015.

Six countries with existing nuclear power programs (the UK, Russia, China, India, Japan and South Korea)
and four countries without any nuclear capacity at present (Indonesia, Egypt, Turkey and Iran) have
announced firm plans to build new power reactors.

III A Potential of the Thorium-Based Fuel Cycle

Within the framework of IAEA activities, the Agency has maintained an interest in the thorium fuel cycle
and its utilization worldwide. Its periodic reviews have assessed the current status of this fuel cycle, its
applications worldwide, its economic benefits, and its perceived advantages vis-a-vis other nuclear fuel
cycles.

Prior IAEA reviews have recognized the advantages of the thorium fuel cycle as compared with a uranium-
plutonium fuel cycle, based on its nuclear characteristics. These advantages include:

* a significant reduction in the yield of transuranic actinides, especially plutonium
* the production of U-233, a superior fissile material for thermal reactors;
* reliance on an abundant resource, thorium, with superior metallurgical properties in LWRs and D2O

reactors. Thorium is especially important to the nuclear economics of threshold countries such as
India.
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The thorium fuel cycle can address these new concerns:

* A combined thorium-plutonium fuel cycle can destroy plutonium in a safe, and diversion resistant
manner, while generating electric power, and generating U-233 as a denatured fissile material.

* Thorium fuel cycles will permit renewed public confidence in nuclear power by avoiding the stigma
of plutonium production, minimizing the high level waste disposal issue, and using a valuable
resource.

* Thorium fuel cycles can be used in existing reactors with no plant design or operational changes, and
the fuel can be manufactured in current facilities. Thus the economic investment of a switch to this
cycle is minimal

* Thorium fuel cycles would permit the use of nuclear reactors by nations who are a concern to the
world community from the standpoint of illegal development of nuclear weapons. Any change in a
fuel cycle would provide an immediate early warning of a weapon problem.

hi summary, the thorium fuel cycle offers the potential for a "non-plutonium" nuclear economy utilizing
existing facilities and infrastructure. As such, it deserves farther serious consideration and detailed evaluation
of these potential advantages.

IV The Recent IAEA Activities

Status Report on Thorium-based Fuel Cycle

In the framework of IAEA activities on the use of thorium as nuclear fuel a report on the performance of the
thorium cycle, entitled "A fresh look at the thorium fuel cycle" was drafted in 1991 and distributed as
Working Material.

As a follow up action preparation of a Report on Status of Thorium-based Fuel Cycle was started to
describe the State of the Art of the thorium cycle, to upgrade information presented in the document "A fresh
look at the thorium fuel cycle" and to suggest areas that need farther investigations. We intend the document
to be the IAEA TECDOC to provide information and to summarize experience and study regarding the
subject mentioned above. The report will include the general overview and summary of the Thorium-based
Fuel Cycle concepts and contributions from the particular countries/groups presenting in detail their ideas.

The scope and the content of the report were elaborated at the consultancy held from 22-24 November 1994
at the Agency's Headquarters in Vienna. A draft of the Status Report was reviewed and thoroughly discussed
by the group of experts from IAEA, France, Germany, India, Japan, the Russian Federation and the USA
in June 1995 in Vienna. The necessary corrections and additions were made, and the final version of
individual contributions was agreed upon. IAEA will publish this document in 1996.

Coordinated Research Programme (CRP) on the Potential of Th-based Fuel Cycles to Constrain Pu
and to Reduce of Long-term Waste Toxicities

This CRP will examine the different fuel cycle options in which Pu can be recycled with Th to get rid of the
Pu, or replace the Pu with materials that are less unacceptable to the public. Potential of Th-matrix will be
examined through computer calculations. Each participant can choose his own cycle, and the different cycles
can be compared through certain predefined parameters (e.g., annual reduction in Pu inventory). As a final
recommendation, the CRP could suggest a demonstration of Pu-Th burning in a reactor in one of the
members' countries The toxicity accumulation and a transmutation potential of Th-based cycles for current,
advanced and innovative nuclear power reactors including hybrid systems will be investigated.

The work will include:

- Analysis of neutronic transmutation potential of the thorium fuel cycle for the long-term nuclear power
development, which incudes:
- elaboration of physics criteria (goal) of the transmutation;
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- a search of the most effective physical means of the toxicities reduction (optimal neutron flux burn-up,
recycling schemes, etc.) and
- Potential of the innovative nuclear systems concepts with a thorium fuel cycle (molten salt, lead cooled)
Estimated duration of the programme: Three years.

The scope of a Coordinated Research Programme (CRP) was considered at the Consultancy on Status of
Thorium-based Fuel Cycles held from 6 to 9 June 1995 at the Agency's Headquarters in Vienna and attended
by representatives from IAEA, France, Germany, India, Japan, the Russian Federation and USA.

Several topics were proposed and the following benchmark was selected and recommended for the first stage
of CRP:

"Calculation of the isotopic composition, cross-sections, and fluxes for a typical
PWR-cell loaded with (Pu-Th)O2- fuel, as a function of a fuel burn up."

The PWR-type reactor has been chosen for the first benchmark calculations of Pu-burning because it is the
reactor type that gives the largest contribution to the current production of nuclear energy. The IAEA has
circulated the detailed description of data for the benchmark to Chief Scientific Investigators. A Research
Co-ordination Meeting (RCM) will be held in the middle of 1996 to discuss results of calculations of the first
stage of the CRP and to work out a programme for the next stage.

We have also an intention to start a benchmark calculation on Accelerator Driven Systems and
Related Fuel Cycles.

Status Report on Accelerator Driven Systems

The IAEA has initiated work on a status report on Accelerator Driven Systems (ADS), as recommended
by participants of a Special Scientific Programme on "Use of High Energy Accelerators for Transmutation
of Actinides and Power Production" held at the Austria Center in Vienna, on 21 September 1994 in
conjunction with the 38th IAEA General Conference. The general purpose of the Status Report is to provide,
in particular for planners, decision makers, and other parties that are not directly involved in the development
of ADS, an overview of ongoing development activities, different concepts being developed and their project
status, as well as typical development trends. The document is intended to be the IAEA TECDOC and will
be published by IAEA in 1996.
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