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The International Atomic Energy Agency is the world’s centre
of nuclear cooperation. Created in 1957 as the intergovern-
mental “atoms for peace” organization within the UN system,
the IAEA contributes to global peace, development, and secu-
rity in essential ways — helping to prevent the spread of nuclear
weapons, and fostering safe, secure and peaceful uses of benefi-
cial nuclear technologies for human development.

The TAEA mission covers three main pillars of work, with
authority rooted in its Statute:

@ Safeguards & Verification, including safeguards inspec-
tions under legal agreements with States to verify the exclu-
sively peaceful nature of nuclear material and activities.

® Safety & Security, including the establishment of safety
standards, codes, and guides and assistance to help States
apply them.

® Science & Technology, including technical and research
support for nuclear applications in health, agriculture, energy,
environment and other fields.

The work is multi-faceted and engages multiple governmental
and other partners at national, regional and international levels
in and outside the UN system. IAEA programmes and budgets
are set through decisions of'its own policymaking bodies — the
35-member Board of Governors and the General Conference of
all Member States. Reports on IAEA activities are submitted
periodically or as cases warrant to the UN Security Council and
UN General Assembly.

The Agency is headquartered at the Vienna International Centre
in Vienna, Austria. Operational field and liaison offi-ces are
centred in Toronto, Canada; Geneva, Switzerland; New York,
USA; and Tokyo, Japan. The IAEA runs or supports research
centres and scientific laboratories in Vienna and Seibersdorf,
Austria; Monaco; and Trieste, Italy.

The IAEA Secretariatis a team of 2200 professional and support
staff led by Director General Mohamed ElBaradei and six
Deputy Directors General who head the major departments:

Mr. David Waller
Management

Mr. Pierre Goldschmidt
Safeguards

Mr. Yuri Sokolov
Nuclear Energy

Mr. Werner Burkart
Nuclear Science & Applications

Ms. Ana Maria Cetto
Technical Cooperation

Mr. Tomihiro Taniguchi
Safety & Security




Too Cheap to Meter What?

yearsago, at 17:30 hours, 26 June 1954, in the town
5 O of Obninsk, near Moscow, the first nuclear power

plant sent electricity to residences and businesses.
Atomic energy had crossed the divide from military uses to
peaceful ones, demonstrating the potential to fuel civilian
electric power plants. The milestone is being marked this
year at an IAEA international nuclear power conference in
Obninsk. Past experience will be reviewed, but the focus is
on meeting future challenges.

Though it has come a long way in 50 years, nuclear energy
today finds itself in a struggle of the fittest to carve a niche
over the next fifty — in the marketplace and in the public
eye. Clichés and sound bites tell part of the nuclear story.
Visionary talk by nuclear proponents in 1954 was about
future energy sources that would be “too cheap to meter”,
a phrase critics pounced upon. Today in 2004 the “too cheap
to meter” phrase occasionally haunts the atom, but pops up
more often than not in promotional ads for anything from
wind power to web sites. Talk of nuclear energy now is of
a “renaissance” and “second wind.” New nuclear plants
are most attractive where energy demand is growing and
resources are scarce, and where energy security, air pollution
and greenhouse gases are priorities, IAEA Director General
Mohamed ElBaradei points out.

In cities, towns, and villages, reality is different, or too
much the same, depending how you see and live it. Cheap or
not, nuclear energy today supplies one-sixth of the world’s
electricity in some 30 countries. Still, it does not produce
enough power. Neither does any other energy source.
More than 1.5 billion people have no electricity to meter
whatsoever — not from renewables, solar, nuclear, biomass,
wind, coal, oil, gas, firewood, or hydrogen, the publicized
promise of tomorrow.

So what will it take? Maybe bigger blackouts or hotter days
than the world has seen. Certainly needed are more atten-
tion, action, and money. In dollar terms, energy analysts say
trillions of dollars must be invested in fuels that are clean,
affordable, and sustainable. In Asia, where energy demand
and populations are fast rising, nuclear is growing, as in
China where plans are ambitious. Outside the region, the
story is mixed, with some countries rejecting the option out-
right on safety and waste grounds.

Whatever the choices, the world can ill afford to ignore
bringing more power to people. As eminent Indian scientist
Homi Bhaba noted a half century ago, “No energy is as
expensive as no energy.” Time will tell how long his message
resonates.

— Lothar Wedekind, Editor-in-Chief
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he past two years have found the IAEA often in

the spotlight — primarily because of our role as

the world’s ‘nuclear watchdog’, as we are some-

times referred to on the evening news. This
heightened focus has enabled governments and the public
at large to appreciate the even-handed approach we try to
bring to our verification activities, by relying exclusively
on hard evidence. This, in turn, has given the IAEA a rep-
utation for objectivity and independence. We apply this
same approach to the other side of our “Atoms for Peace”
mission: using nuclear technology for economic and social
development.

Atomic energy can also be harnessed to serve more basic
human needs. One of the gratifying experiences of my
professional life has been to witness the increasing array
of nuclear and isotopic techniques that have been used to
address daunting challenges — particularly in the devel-
oping world — to generate crops with better yield in arid
climates, to study child malnutrition, to manage drink-
ing water supplies, to increase industrial productiv-
ity, to eradicate disease-bearing pests, and to solve many
other problems related to hunger, poverty and inadequate
health care.

The most visible, and often controversial, peaceful nuclear
application is the generation of electricity, the focus of this
article largely from a European perspective.

The Dynamic Picture

The state of nuclear power remains a very mixed picture —
but with some signs that change could be on the horizon.

At the end of last year there were 440 nuclear power units
operating worldwide. Together, they supply about 16% of
the world’s electricity. That percentage has remained rela-
tively steady for almost 20 years — meaning that nuclear
electricity generation has grown at essentially the same
rate as total electricity use worldwide.

Nuclear electricity generation is concentrated in devel-
oped countries. More than half of the world’s reactors are in
North America and Western Europe, and fewer than 10%
are situated in developing countries — which is nonetheless
where this century’s greatest growth in energy demand will
likely occur. Many developed countries generate substan-
tial portions of their electricity from nuclear fission: includ-
ing Russia, at 16%; Germany, at 30%; or Japan, at 35%.
By contrast, for large developing countries such as Brazil,
India and China, the percentages are only 4%, 3.7% and
1.4%, respectively.

New Construction

Expansion and growth prospects for nuclear power are cen-
tred in Asia. Of the 31 units under construction worldwide,
18 are located in India, Japan, South Korea and China —

including Taiwan. Twenty of the last 29 reactors to be con-
nected to the grid are also in the Far East and South Asia.

That is probably more active construction than most
Europeans would guess, given how little recent growth
has occurred in the West. For Western Europe and North
America, nuclear construction has been a frozen playing
field — the last plant to be completed being Civaux-2 in
France in 1999. That should raise a question: with little to
no new construction, how has nuclear power been able to
keep up with other energy sources, to maintain its share of
electricity generation?

Improved Safety Performance and

Increased Availability

Interestingly enough, the answer is tied directly to efforts
to improve safety performance. The accident at Chernobyl
in 1986 prompted the creation of the World Association
of Nuclear Operators (WANO), and revolutionized the
IAEA approach to nuclear power plant safety. Through

With little to no new construction,
how has nuclear power been able to
keep up with other energy sources,

to maintain its share of
electricity generation?

both organizations, networks were created to conduct peer
reviews, compare safety practices, and exchange vital
operating information to improve safety performance.
A more systematic analysis of risk was used to ensure that
changes made were in areas that would bring the greatest
safety return.

Although the focus of this international effort was on
improving safety, the secondary benefit was a steady
increase in nuclear plant availability and productivity. In
1990, nuclear plants on average were generating electricity
71% of the time. As of 2002, that figure had risen to 84%
— an improvement in productivity equal to adding more
than 34 new 1000-megawatt nuclear plants — all at rela-
tively minimal cost.

The result is that existing well-run nuclear power plants
have become increasingly valuable assets. Although the
front-loaded cost structure of a nuclear plant is high, the
operating costs have become relatively low and stable.
While these improvements to safety and economics have
not been well publicized — and have not yet had a signifi-
cantimpact on the public’s opinion of nuclear power — they
have not escaped the notice of investors. They have been a
strong factor in decisions to extend the licences of exist-
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ing plants — for example, in the United States, where 19
plants have received 20-year licence extensions in the past
five years.

Change On The Horizon?

Some analysts believe the case for new nuclear construction
in Europe is gaining new ground, for a number of reasons.

Carbon Emissions

The first is the result of the clear position Europe has taken
in global efforts to limit greenhouse gas emissions and
reduce the risk of climate change.

Nuclear power emits virtually no greenhouse gases. The
complete nuclear power chain, from uranium mining to
waste disposal, and including reactor and facility con-
struction, emits only 2-6 grams of carbon per kilowatt-
hour. This is about the same as wind and solar power, and
two orders of magnitude below coal, oil and even natural
gas. Worldwide, if the 440 nuclear power plants were shut
down and replaced with a proportionate mix of non-nuclear
sources, the result would be an increase of 600 million
tonnes of carbon per year. That is approximately twice the
total amount that we estimate will be avoided by the Kyoto
Protocol in 2010, assuming Russian ratification.

Security of Supply

A second reason is the current emphasis in Europe on the
security of energy supply. The Green Paper on Europe’s
supply security estimated that business-as-usual would
increase dependency on imported energy from around
50% today to around 70% in 2030. A similar concern drove
nuclear power investment during the 1970s oil crisis, an
investment that contributes significantly to the security of
Europe’s energy supply today. Large European uranium
resources are not a necessary condition for this security.
Rather, it is based on the diverse roster of stable uranium
producers, and the small storage space required for a long
term fuel supply.

Comparative Public Health Risk

What about safety and public health? For nuclear power,
significant health impacts arise only from major accidents,
of which there has been just one — Chernobyl — caused
by serious design flaws coupled with serious operator mis-
takes. Chernobyl was a light water graphite-moderated
reactor (RBMK reactor), and there are still 15 RBMK reac-
tors operating in Russia, plus two in Lithuania that are
scheduled for closure in 2005 and 2009, according to acces-
sion agreements. Due to improvements made since 1986,
none of these reactors poses the threat of Chernobyl, nor are
more RBMKs being built.

More to the point, Chernobyl is not the prototype for new
nuclear plants — European or otherwise. For evaluating the
performance of future plants, a much better model would be

the European Pressurized Water Reactor (EPR) that TVO
in Finland just selected for its new Olkiluoto-3 plant. When
engineering analysts examine the public health risk from
these new nuclear designs — or, for that matter, the safety
record of the world’s nuclear plants over the past decade of
operation — they find nuclear related risks to be among the
lowest in the energy industry.

Making the Choice

Clearly, however, energy decisions cannot be made on a
“one-size-fits-all” basis. Each country and region faces a
different set of variables when choosing its energy strat-
egy. For example, Europe does not face the dual pressures
of population growth and the need for economic develop-
ment that are present in some parts of Asia. With two-fifths
of the world’s population, China and India are among those
countries that face enormous energy demands, driven by
the need to combat poverty and hunger.

Energy choices are also strongly affected by public percep-
tions — including perceptions of risk. Despite the engineer-
ing analyses I just mentioned, and despite the array of meas-
ures that have been put in place to offset the possibility of a
severe nuclear accident, such a risk can never be brought to
zero — and the memory of Chernobyl continues to weigh
heavily on public perceptions in some countries. In Austria,

Clearly, however, energy decisions
cannot be made on a “one-size-fits-al
basis. Each country and region faces a

different set of variables when choosing
its energy strategy.

|II

for example, where I live, and where there are no nuclear
power plants, [ would expect the overwhelming majority to
be against nuclear power. Finland, by contrast, has a long
and positive experience with nuclear power, and a major-
ity of its public continues to support nuclear power expan-
sion. Yet in other countries, such as Germany and Sweden
— even where considerable experience with nuclear power
has not been accompanied by significant safety concerns
— anti-nuclear sentiments have led to decisions to phase
out nuclear power.

How countries balance the risk of a nuclear accident against
other factors — such as air pollution, dammed rivers, min-
ing accidents, or dependency on foreign fuel supplies —
are matters of complexity and of legitimate debate. At the
IAEA, we do our best to provide the most objective infor-
mation possible to support a country’s decisions on energy
supply, to ensure that the risks and benefits of nuclear tech-
nology are clearly and fairly understood, and to assist those
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countries that choose nuclear power in operating their facil-
ities safely and securely.

Key Issues For Future Viability

As we look to the future, certain key challenges are, in
my view, of direct relevance to the future viability of
nuclear power.

Waste Management and Disposal

The greatest challenge lies in the development of clear glo-
bal and national strategies for the management and dis-
posal of spent fuel and high level radioactive waste. Here
in Europe, the Parliament in January approved a draft leg-
islative resolution requiring EU Member States to submit,
by 2006, detailed programmes for long term waste man-
agement and disposal. Finland has been in the lead in this
area; the Finnish Government and Parliament have already
ratified a ‘decision in principle’, with solid local support, to
build a final nuclear waste repository in a cavern near the
nuclear power plants at Olkiluoto. Sweden is also working
to finalize the process of site selection. The TAEA has been
working hard to help its Member States develop waste man-
agement and disposal strategies, and to facilitate interna-
tional cooperation in waste disposal research and demon-
stration projects.

To visualize the waste issue, analysts sometimes note that
the spent fuel produced from all the world’s reactors in a
year — even without being processed for re-use — would
fit into a structure the size of a soccer field and 1.5 meters
high. When this amount — 12 000 tonnes — is contrasted
with the 25 billion tonnes of carbon waste released directly
into the atmosphere every year from fossil fuels, the vol-
ume of spent nuclear fuel seems relatively small. Moreover,
disposal technology is fully capable of stabilizing nuclear
waste in the form of glass or ceramic, encasing it further
in corrosion resistant containers, and isolating it geologi-
cally. Further research is underway that would use acceler-
ator driven systems to reduce the volume and radio-toxicity
of waste. And new research is being conducted on ways to
ensure the retrievability of waste stored in repositories, to
allow full use of future advances in technology.

Nonetheless, the public remains skeptical — and nuclear
waste disposal will likely remain controversial, possibly
until the first geological repositories are operational and the
disposal technologies fully demonstrated.

Safety Performance

A second key challenge relates to safety performance. As I
have already mentioned, the development of strong interna-
tional nuclear safety networks over the past two decades has
paid off, and I feel confident in saying that nuclear safety has
dramatically improved. But we should not rest on our lau-
rels. There are still gaps: in some cases, existing facilities
with older design features still require upgrades or com-
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pensatory measures to ensure an acceptable level of safety.
We are also focused on identifying problems with similar
root causes, to prevent recurring events at nuclear facilities:
that is, ensuring that lessons learned at one nuclear plant are
effectively incorporated into the operational practices of all
other relevant nuclear facilities.

I would like to emphasize that, regardless of the energy
choices made by a given country or region, it is impor-
tant that all countries lend their support to ensuring that
high safety standards are implemented in nuclear facili-
ties worldwide. Nuclear safety is of common interest and
should remain a global priority.

Nuclear Security

The third key challenge — nuclear security — should come
as no surprise. The September 2001 terrorist attacks in the
United States has naturally led to the re-evaluation of secu-
rity in every industrial sector, including nuclear power.
Both national and international nuclear security activi-
ties have greatly expanded in scope and volume; in the past
two years, we in the IAEA have worked on every conti-
nent to help countries better control their nuclear material
and radiological sources, protect their nuclear facilities and
strengthen border controls. Here, too, the international com-
munity is making good progress; while much remains to be
done, nuclear installations around the world have strength-
ened security forces, added protective barriers, and taken
other measures commensurate with current security risks
and vulnerabilities.
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The risks to nuclear power plants have been much in the
spotlight. And while the nuclear industry has been very
proactive in addressing security concerns, those efforts
should not blind us to the vulnerabilities of other industrial
or commercial sectors — which, if subjected to terrorist
attack, could have similarly devastating effects.

Nuclear Non-Proliferation

A related but separate challenge is the prevention of nuclear
weapons proliferation. Let me say at the outset that no
nuclear material placed under IAEA safeguards — whether
from nuclear power reactors or other sources — has ever
been known to have been diverted for military purposes.

However, as recent events have demonstrated, the non-
proliferation regime is under growing stress. This is vis-
ible in the failed operation of the export control regime,
as evidenced by the recently discovered black market of
nuclear material and equipment. It is also evident in the
perilous spread of fuel cycle technology. Under the cur-
rent non-proliferation regime, there is nothing illicit in a
non-nuclear-weapon state having enrichment or reprocess-
ing technology, or possessing weapon-grade nuclear mate-
rial. If a State with a fully developed fuel-cycle capabil-
ity and highly industrialized infrastructure were to decide,
for whatever reason, to break away from its non-prolifera-
tion commitments, most experts believe it could produce a
nuclear weapon within a matter of months.

To address these vulnerabilities, I have recently proposed
that the most proliferation-sensitive parts of the nuclear
fuel cycle — the production of new fuel, the processing
of weapon-usable material, and the disposal of spent fuel
and radioactive waste — be brought under multinational
control, perhaps in a limited number of regional centres.
Appropriate checks and balances would be used to preserve
commercial competitiveness, to guard against the spread
of sensitive technology, and to ensure supply to legitimate
would-be users. I have also recently proposed a review of
the export control regime, with a view to tightening con-
trols to make the regime global and binding. And I have
called for the more extensive rules of verification, under the
so-called ‘additional protocol’, to become the global norm,
to enable the IAEA to effectively detect undeclared nuclear
activities.

In my view, advantages in terms of cost, safety, security
and non-proliferation could accrue from this type of multi-
national approach.

Technological and Policy Innovation

A final challenge is innovation — encouraging the devel-
opment of new reactor and fuel cycle technologies. To be
successful, these innovative technologies should address
concerns related to nuclear safety, proliferation and waste
generation — and must be able to generate electricity at
competitive prices. Fromatechnical standpoint, thisimplies

a greater reliance on passive safety features, enhanced con-
trol of nuclear materials through new fuel configurations,
and design features that allow reduced construction times
and lower operating costs. And the innovation must be
more than purely technical: policy approaches must be put
in place that enable reliable construction schedules, licens-
ing review procedures, and other factors affecting cost and
consumer confidence.

In view of changing market requirements, we are giving
particular attention to small and medium-sized reactors,
which allow a more incremental investment, provide a bet-
ter match to grid capacity in developing countries, and are
more easily adapted to a broad range of industrial settings
and applications such as district heating, seawater desalina-
tion, or the manufacture of chemical fuels. Nearly 20 [TAEA
Member States are currently involved in the development
of innovative reactor and fuel cycle designs. The Agency
has been promoting innovation through its International
Project on Innovative Nuclear Reactors and Fuel Cycles
(INPRO), and is also working with other national and inter-
national innovation projects.

Decisions Down the Line

In conclusion, let me point out that the current ‘hold-
ing period’ for nuclear power in Europe will soon come
to an end. In the near future, Europe will be faced with
important energy decisions. With an increasing number
of nuclear power plants reaching their original design life-
times, Europe will have to decide how to replace its retiring
nuclear power plants.

Making these decisions will depend, to some extent, on
where you choose to place your emphasis — for exam-
ple, on exploring available coal and natural gas resources,
improving the performance and cost of renewables, or plac-
ing greater reliance on imports. What seems clear is that the
only base load option available today with low carbon emis-
sions comparable to nuclear power is large hydropower —
and sites for hydropower expansion are somewhat limited
in Europe.

Atthe end of the day, whether your decisions involve decom-
missioning, extending the life of existing reactors, or build-
ing the next generation of European nuclear power plants,
the IAEA will be ready to assist efforts to ensure a safe and
secure energy supply.

Dr. ElBaradei is Director General of the IAEA. This
article is based on his speech at the European Parliament
Conference on Energy Choices for Europe, May 2004,
Brussels. E-mail: Official.mail@iaea.org

In June 2004, the IAEA launched a global press campaign
on nuclear’s future. Read more at www.iaea.org.
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The World Outlook for Electricity Investmentgl™ 2 %

by Fatih Birol* ;

Electricity blackouts made news in Europe and These are some of the key findings of the World Energy
North America not long ago. Behind the headlines, Investment Outlook of the International Energy Agency
too much of the world lives with blackouts (IEA), based in Paris, France. This article focuses on
everyday. About one in four people still have the power sector. The award-winning report, released in
no electricity. How much will it cost to bring the late 2003, assesses, fuel by fuel and region by region, the
needed power to more people? prospects for and possible barriers to investment in the

global energy sector to 2030. The core analysis of invest-

Energy analysts are looking at the pace and ment needs is based on the reference scenario projec-

price of progress — at a time when electricity

demandisrising ever higher. Figure 1: Cumulative Investment in Energy

by Fuel, Worldwide, 2001-2030

Total investment required for the energy-supply Total investment:

infrastructure worldwide over the period 2001-2030 816 trillion

is expected to amount to $16 trillion, or $550 billion
a year. This investment is needed to replace existing and
future supply facilities that will be exhausted or become
obsolete during the projection period, as well as to expand
supply capacity to meet projected primary energy demand
growth of 1.7% per year.

Electricity
60%

r 54% |
generation  angmission
& Distribution

Capital needs will grow steadily through the projection
period. The average annual rate of investment is projected
to rise from around $450 billion in the current decade to
$630 billion in 2021-2030. This compares with estimated
investment of $410 billion in 2000. Actual capital flows
will fluctuate around these levels according to project and
business cycles. The power sector will account for the bulk
of energy-investment needs, and oil and gas in almost equal
measure for most of the rest (see Figure 1).

88% 12%
Mining  Shipping
& Ports

IAEA BULLETIN 46/1 June 2004 9



Figure 2: Investment in Electricity, Worldwide, 2001-2030
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tions of supply and demand contained in the IEA’s World
Energy Outlook 2002.

Although the total sum of investment needs is large in abso-
lute terms, it is modest relative to the size of the world econ-
omy, amounting to only about 1% of global GDP on aver-
age over the next thirty years.! The proportion is expected
to fall slightly over the projection period, from 1.1% in
the current decade to 0.9% in the decade 2021-2030. But
the extent of the challenge differs among regions, ranging
from only half a percent in countries of the Organisation
for Economic Cooperation and Development (OECD) to
5% in Russia.

Electricity Market Trends

World electricity demand is projected to double between
2000 and 2030, growing at an annual rate of 2.4% (see
Table 1). This is faster than any other final energy source.

Table I: Electricity Balance,” Worldwide, 20002030

Electricity’s share of total final energy consumption rises
from 18% in 2000 to 22% in 2030. Electricity demand
growth is strongest in developing countries, where demand
will climb by over 4% per year over the projection period,
more than tripling by 2030. Consequently, the developing
countries’ share of global electricity demand jumps from
27% in 2000 to 43% in 2030.

The next three decades will see a pronounced shift in the
generation-fuel mix in favour of gas and away from coal
— the most widely used fuel today worldwide. The role of
nuclear power is also expected to decline markedly, because
few reactors will be built and some existing ones will be
retired. Nuclear production is projected to peak at the end
of this decade and then decline gradually. Its share of global
power generation will, therefore, drop sharply from around
17% now to 9% in 2030.

Power Sector Investment Needs

To meet the expected growth in electricity demand through
2030, cumulative investment of $10 trillion in power-sector
infrastructure will be needed — equivalent to 60% of total
energy-sector investment. If the investments in the oil, gas
and coal industries that are needed to supply fuel to power
stations are included, this share reaches more than 70%
and total power-sector investment over $11 trillion. That is
nearly three times higher in real terms than during the past
thirty years. As demand for electricity increases, invest-
ment needs will gradually rise, from $2.6 trillion in the cur-
rent decade to $3.9 trillion in 2021-2030 (see Figure 2).

The power sector in developing countries will require more
than half of the global investment, exceeding $5 trillion.
Two-thirds must flow into developing Asia. China’s invest-
ment needs will be the largest in the world, approaching
$2 trillion (see Table 2). India will need investment close
to $700 billion, while East Asia and Latin America each
will need investments approaching $800 billion. The elec-
tricity industry in OECD countries will need investment

of around $4 trillion, while that in

the transition economies will need

$700 billion of investment, more

Average than half of it in Russia.

annual growth

2000 2010 2020 2030  2000-2030 (%) o _
. Generation is the largest single
Gross generation (TWh) 15,391 20,037 25,578 31,524 24 .
component of total power infra-
Coal 5,989 7,143 9,075 11,590 2.2 .
structure investment. Investment
ol 1,241 1,348 1371 2200 g2 in new plants over the next thirty
Gas 2,676 4,947 7,696 9,923 4.5 years will be more than $4 trillion,
Hydrogen-fuel cells 0 0 15 349 n.a. accounting for 41% of the total.
Nuclear 2,586 2,889 2,758 2,697 0.1 Most of this investment will go into
Hydro 2,650 3,188 3,800 4,259 16 the development of gas and coal-
Other renewables 249 521 863 1,381 59 fired power plants.
Own use and losses (Mtoe) 235 304 388 476 2.4

Refurbishment of existing power

*Includes transport, agriculture and non-specified uses of electricity. .
POAs e 4 & plants over the next 30 years will
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need investment of $439

Table 2: Electricity Investment, Summary for 2001-2030, billion dollars*

billion. Investment in .
transmission and distri- Geneiation
bution networks together New Refurbishment Transmission Distribution ~ Total
will take 54% of the total.
Network extension, as a OECD Europe 645 62 143 301 1,351
. ? OECD North America 717 137 295 728 1,876
component of investment, .
. . tantind | OECD Pacific 357 61 131 260 809
ismore important in devel-
. P X Total OECD 1,719 260 569 1,488 4,036
oping countries, because -
£ lati th d Russia 157 21 45 154 377
N POpu a 101.1 growth an Transition economies 297 41 82 280 700
an increase in the rate of -
lectrificati China 795 50 345 723 1,913
11 ion.
elec catio East Asia 344 22 133 301 799
Indonesia 72 6 33 74 184
In ECD ntri
h O S K countries, South Asia 310 18 142 312 783
Zv erle IledWOI' s al;e morte India 268 15 119 262 665
cveloped,  Mmost. Nt in America 317 19 128 281 744
work investment will be )
. Brazil 149 7 54 122 332
needed for refurbishment .
. Middle East 92 15 47 103 258
and replacement of exist- )
. . Africa 206 13 123 266 609
ing equipment. In the . .
European Union, as in the Total developing countries 2,064 138 918 1,987 5,106
rest of the OECD, invest-  Total world 4,080 439 1,568 3,755 9,841

ment in new power sta-
tions to replace those built
inthe 1970s and 1980s will
need to rise in the coming years (see Figure 3). In develop-
ing countries, priority is often given to investment in gener-
ation, but a growing share of capital will need to go to trans-
mission and distribution in the future.

*based on year 2000 US dollars

Challenges in OECD Countries

Power-sector investment now accounts for less than 0.5% of
GDP in most OECD countries, and that figure is expected
to drop to an average of 0.3% over the next three decades.
Investment has declined somewhat since the mid-1990s
for a number of reasons, including high reserve margins in
some countries, the lower capital costs of new power plants,

Figure 3: Rge of Power Generation Systems in the European Union

low demand growth and uncertainty caused by environ-
mental policies and market liberalisation.

Market liberalisation has created new challenges and uncer-
tainties in OECD countries. There is new concern about the
adequacy of investment as markets adapt to the new con-
ditions. Investors in liberalised markets are more exposed
to risk than they were in regulated markets and in differ-
ent ways.

A number of market and regulatory imperfections may lead
to under-investment in some electricity markets. Prices
may be distorted, for example, by government policies to
protect small consumers. And concerns are growing
about whether competitive markets adequately remu-
nerate investment in peak capacity. Policymakers in

140

Power Generation Capacity, GW

-30 years

>30 years

most OECD countries appear to believe that current
market designs do not guarantee an adequate level of
security of supply, and are considering how to inter-
vene to address this issue.

Environmental regulations, requiring power plants
and other industrial facilities to reduce their emis-
sions, are becoming tighter. Uncertainty about
future environmental legislation increases investor
risk. Existing legislation is directed principally at
emissions that have a local or regional impact, such
as sulphur dioxide, nitrogen oxides and particulate
matter. These emissions depend on the fuel mix
used in power generation and tend to be higher in
countries where the share of coal in the generation-
fuel mix is high. Emission standards for these pol-
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Figure 4: Investment in Electricity,
Developing Countries, 2001-2030
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lutants are tight and are becoming tighter in many OECD
countries, which will significantly increase investment
requirements.

Challenges in Developing Countries

Capital flows to the power sector will need to rise sub-
stantially over the coming decades to meet rapidly ris-
ing demand (see Figure 4). Mobilising the capital to build
new power stations and add sufficient transmission and
distribution capacity may prove an insurmountable chal-
lenge for some developing countries. The risk of under-
investment is perhaps greatest in many African countries
and India. Public utilities are often not profitable and are,
therefore, not able to finance new projects themselves.
The poor financial health of utilities often results from
low electricity tariffs or under-collection due to non-pay-
ment or theft.

Investment in power sector infrastructure in developing
countries has traditionally been the responsibility of gov-
ernments, though the 1990s saw an increasing number of
countries turning to the private sector for part of the invest-
ment needed to finance the electricity sector. Direct gov-
ernment-funded investment in the power sector is likely to
continue to decline, due to competing demands on govern-
ment tax revenues and structural reforms aimed at promot-
ing private participation. Government are, in many cases,
also seeking to encourage competition.

But attracting private capital is enormously challenging.
Private investment in the power sector in developing coun-
tries has fallen sharply since the late 1990s, due to badly
designed market reforms, economic crisis or poor returns
on earlier investments (see Figure 5).

Poorly developed domestic financial markets are often a
major barrier to domestic investment. Another handicap
is growing constraints on their ability to borrow money in
international markets. Funds from international lending
institutions and export-credit agencies have diminished
in recent years. Exchange rate risk can also limit access to
international financial markets.

Overcoming these obstacles will not be easy. It will require
significant improvements in governance and deeper market
reforms. A key challenge will be to reform tariff structures
to make prices cost-reflective and improve revenue collec-
tion in a way that does not unduly hurt poor consumers who
are not able to afford even basic electricity services.

Even if the huge electricity investment needs which arise
in developing countries in the IEA’s reference scenario are
metin atimely fashion, there will still be 1.4 billion people
without access to electricity in 2030. It is not that no one
is trying. The proportion of the population without elec-
tricity will fall by a third in that timescale — but popula-
tion growth will maintain the absolute numbers very close

Figure 5: Private Investment in Electricity
Developing Countries, 1990-2002

50
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Billion dollars

to their present level. This is morally and economically
unacceptable and signals the need for action by industr-
ialised countries to reduce such extremes of wealth and
deprivation.

Fatih Birol is Chief Economist at the International Energy
Agency of the Organisation for Economic Cooperation and
Development (www.iea.org) in Paris, France. E-mail:
Fatih.Birol@jiea.org

! Total cumulative investment divided by cumulative world
GDP (in year 2000 dollars at market exchange rate)
between 2001 and 2030.
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Double or Quits?

The Global Future of Civil Nuclear Energy

Peter Beck & Malcolm Grimston

mong the many disputes in the field of energy, in
Amany countries none appear to be as acrimonious

as those surrounding nuclear power. Its support-
ers are confident that nuclear power will have an impor-
tant long-term future on the global energy scene, while its
critics are equally confident that its days are numbered and
that it was only developed to provide a political fig-leaf for
anuclear weapons programme. Both sides believe the other
to be thoroughly biased or stupid and there is little construc-
tive debate between them.

As the disputes rage, especially over such issues as the
management of nuclear waste, the economics and safety of
nuclear power compared with other sources of electricity,
the possible links with nuclear weapons and the attitude of
the public towards the industry, decision-making is either
paralysed or dominated by those who shout loudest. As a
result, governments, industry and the financial sector have
inrecent years found it increasingly difficult to develop pol-
icy in this field.

Deciding about future energy developments requires bal-
anced and trustworthy information about issues such as
the relative environmental effects of different options, the
safety of installations, economics and the availability of
resources. This is of particular importance now because
world energy use is expected to continue to grow signifi-
cantly during this century, particularly in less developed
countries. In the same period, global emissions of green-
house gases, especially carbon dioxide, will have to be
severely curbed. To meet both these requirements may well
involve a step change away from being able to meet grow-
ing energy needs by depending on an ever increasing sup-
ply of carboniferous fossil fuel.

To address this situation, the Royal Institute of International
Affairs undertook a two-year research project, aimed
at providing information from the standpoint of an organ-
ization with no vested interest in either the pro or the anti
camp, but close connections to both. The project has aimed

to illuminate the differences, rather than to adjudicate
among the various ‘sides’.

The question at issue is what role nuclear energy might
play in this new world. It could be expanded rapidly and it
clearly has the potential to contribute to mitigating climate
change. However, as indicated above, the industry presents
anumber of challenges. The aim of this project has not been
to come to judgments as to what role, if any, nuclear power
will or should play in future energy supplies, but rather to
expound and develop, from an uncommitted standpoint,
the arguments used by proponents and opponents of the
technology.

Nonetheless, we feel it appropriate to highlight some themes
which have emerged:

® The nuclear option will always remain ‘open’, in the
somewhat trivial sense that the technology is understood,
and records can be maintained even if no more stations are
built and existing ones come off-line. To restart such an
industry, though, would be a major and lengthy undertak-
ing, while the uncertainties and the size of the challenges
associated with the issue of energy and the environment
over the next decades are considerable and can emerge rap-
idly. It can be argued, then, that actions should be taken
now to ensure that nuclear power is available as a practi-
cal option.

® The extent to which such actions should be taken will
depend on such factors as perceptions of the size of the
energy challenges, the extent to which nuclear technology
can evolve and matters of politics and values. However,
given the timescales involved, serious consideration must
be given to what actions (if any) are required now, and in the
near future, if the nuclear option is to be kept meaningfully
open for, say, the year 2020.

® The track record of nuclear energy, so far, is a matter
of dispute between supporters and critics of the technol-
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ogy. To its supporters, nuclear power has largely fulfilled
its early promise — it now generates about one-sixth of the
world’s electricity, having been the fastest growing of the
major energy sources in proportional terms throughout the
1970s, 1980s and 1990s. It does so safely (it is among the
safest of the major energy sources, according to some stud-
ies) and without emitting significant quantities of green-
house gases. To its opponents, nuclear power has not ful-
filled its promises — in terms of economics, the failure
to find a waste management route, the potential for major
accidents and terrorist attacks, and the way the industry
has behaved towards society. They believe that a ‘second
chance’ should only be contemplated in the most extreme
of circumstances, if at all.

The reality, we suspect, lies between the extremes.

® Asregards the future, the extent to which nuclear power
will appear attractive will depend on impressions of two
main factors — the ‘environment’ in which it is operating,
and its own intrinsic features. Several elements within this
environment are largely outside the control of the nuclear
industry itself. In a future of energy shortages, disappoint-
ing performance of renewables and acute fears about cli-
mate change, for example, nuclear power would presum-
ably look more attractive than in a future of limited energy
demand, flourishing renewable industries and perceptions
that climate change is manageable.

® As noted earlier, the nuclear industry itself might be
able to take a number of steps to make itself more attrac-
tive, for instance by developing smaller and cheaper reac-
tors, but there are potential logjams. Even supposing that
acceptable technical solutions, at reasonable cost, can be
developed for the major areas of concern, it might nonethe-
less prove very difficult to reach that state of development.
For example:

€ companies might not be prepared to put in the research,
development and commercialization effort necessary to
demonstrate cheaper and safer nuclear designs without a
reasonable prospect that such designs will find a market, but
such a market may not emerge until the designs are ready.

@ development of novel waste management techniques
such as partition and transmutation may only make sense if
there is an expanding nuclear industry, but such expansion
may be impossible without new ways of managing waste.

Similar problems may be encountered with respect to
renewables, carbon dioxide sequestration and perhaps even
demand-side technologies. In order to ensure that solu-
tions to the major areas of difficulty become feasible, gov-
ernments — either alone or in international collaboration
— may have to act now, or very soon, to ensure that there
are ways of clearing these logjams by providing stimuli
for progress.

Perhaps the most difficult issue is over the construction of
demonstration plants. If private companies should prove
unwilling or unable to build such facilities, the financial
risk being too great, then, in our view, governments should
be prepared to take steps to ensure that such plants are built.
Without them much of the longer-term research effort is
likely to be wasted.

® Governments will also have to create the circumstances
in which there is a sufficient supply of suitably qualified
individuals to staff the industry and the regulatory bodies
— this is true whether the industry contracts or expands.
Governments may also have to act to ensure that sufficient
funds are being put aside to deal with waste management
and decommissioning in the long term.

@ Finally, there is the issue of how the industry can make
itself more acceptable to the public and how to involve it in
the decision-making process. As the industry has lost its
favoured position with governments, so it seems to have
lost some of its early arrogance. Considerable thought is
being given to ensuring that the public is, and feels that it
is, contributing to the decision-making process. This trend
must continue if the feeling, still prevalent in some circles,
that nuclear power is something imposed upon, rather than
a part of society, is to be overcome.

In the immediate future, it looks likely that the ‘centre of
gravity’ of nuclear activity will continue to move away from
North America and Western Europe and towards South
and East Asia. Before long, however, a new understand-
ing between the people, governments and nuclear indus-
tries in the industrialized world may be needed. Such an
understanding should open the way for proper international
appraisal of whether, and in what circumstances, nuclear
energy might make a positive contribution to meeting the
energy and environmental challenges that the world has to
face in the twenty-first century.

This article has been adapted from the Briefing Paper,
“Double or Quits? The Global Future of Civil Nuclear
Energy” issued by The Royal Institute of International
Affairs, April 2002. At the time of the paper’s issuance, the
late Peter Beck and Malcolm Grimston were Associate
Fellows with the Sustainable Development Program
at the Royal Institute of International Affairs, also known
as “Chatham House,” in London. For the complete brief-
ing paper, visit www.riia.org/pdf/research/sdp/Nuclear
Double _or Quits.pdf and for further information on
the Sustainable Development Program please visit the
Institute’s website at www.riia.org.

Double or Quits? The global future of civil nuclear energy,
2002, by Malcom Grimstone and Peter Beck, RIIA &
Earthscan Publications, London, and Brookings Inst.,
USA. ISBN 1 85383 913 2 (paper).
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by Fatimah Mohd Amin

ecent trends show that the nuclear industry is

poised for expansion for the first time in decades.

The greatest expansion is seen in Asia. Out of 15

ew nuclear power plants connected to the grid

during the period 2000-2002, 12 are in Asia. In 2002, all

new nuclear plant construction was in Asia. Besides energy

generation, nuclear technology has an important role in

meeting basic human needs — clean water, modern health
care and food security.

The expansion in the nuclear industry requires a sustaina-
ble, qualified and experienced workforce to ensure a high
level of safety and performance as well as the next gener-
ation of innovative technologies. Even where no expan-
sion is foreseen, it is vital that steps are taken to prevent
the loss of accumulated knowledge to ensure that the oper-
ation of existing nuclear facilities meets the highest safety
requirements and to prepare for decommissioning activ-
ities. Ageing of the nuclear workforce in many countries
has prompted the nuclear community to initiate various
programmes to address the issue of the ageing workforce,
which is worsened by the declining interest in the nuclear
field among the young.

In 2002, the IAEA General Conference adopted a resolu-
tion on “Nuclear Knowledge” (GC(46)/RES/11B), which
was reiterated in the 2003 General Conference (GC(47)/
RES/10B). These resolutions emphasized the importance
of nuclear knowledge management and called on Member
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States to strengthen their efforts in this activity. In response
to the resolutions, the Agency convened a consultancy
meeting to prepare the groundwork for the establishment
of the Asian Network for Education in Nuclear Technology
(ANENT).

ANENT was established in 2004 to promote, manage and
preserve nuclear knowledge and to ensure the continued
availability of talented and qualified human resources in
the nuclear field in the Asian region. The First Coordinating
Committee meeting in Febuary 2004 in Kuala Lumpur,
Malaysia, marked the official formation of ANENT.
Membership is open to universities, research centers, gov-
ernment agencies and other institutions involved in nuclear
education and training. As of April 2004, 17 institutions and
three collaborating institutions had become participating
members.

Sharing the Know-How

ANENT operates based on the principle of cooperation for
the mutual benefit of its members. The objective of ANENT
is to facilitate cooperation in education, related research
and training in nuclear technology through:

v/ sharing of information and materials of nuclear educa-
tion and training;

v/ exchange of students, teachers and researchers;
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v/ establishment of reference curricula and facilitating
mutual recognition of degrees; and

v/ facilitating communication between ANENT member
institutions and other regional and global networks.

Countries in Asia are diverse with respect to the develop-
ment and utilization of nuclear technology. Some coun-
tries have nuclear power programmes, such as Japan, the
Republic of Korea, China, India and Pakistan. Others focus
their resources on applying nuclear technology to generate
new varieties of crops, generate new industrial products and
processes, diagnose and treat diseases, and protect the envi-
ronment. A few countries that have yet to exploit nuclear
technology for power production have plans for the intro-
duction of nuclear power programmes in the near future. On
the whole, the penetration of nuclear technology applica-
tions is still below optimum in many countries in the Asian
region.

Differences in the level of knowledge and resources are
observed among countries in Asia, depending on the national
development level and usage of nuclear technology. This
diversity provides an opportunity for sharing of know-how
and experience among ANENT members. On the one hand
are countries that have well-developed nuclear power pro-
grammes that also have well-established education and
training programmes in nuclear science, technology and
engineering — they are the potential knowledge donors. For
example, there are 14 universities in Japan that offer nuclear
and related courses and six universities in the Republic of
Korea that offer courses in nuclear engineering.

On the other hand, countries that only now are planning their
nuclear power programmes need to acquire knowledge and
develop their human resources — they are the recipients.
Vietnam, for example, requires between 500-700 graduates
with nuclear engineering and related degrees to prepare for
the introduction of the nuclear power programme. At the
same time, Vietnam is very short of experienced and qual-
ified people to teach in these courses. In this case, through
ANENT, the more developed countries can provide teach-
ing staff to conduct courses in Vietnam or offer places for
Vietnamese students in their universities.

The exchange of students and teaching staff would be greatly
enhanced with the mutual recognition of degrees among
ANENT members. This in turn would accelerate capac-
ity building in the less-developed Member States. Human
resource development is also vital for the development of
innovative technologies through research and development
(R&D) activities. Significant innovation could be realized
through cooperation, networking and sharing of resources,
both for nuclear power and non-power applications.

Through ANENT, members could pool expertise and share
facilities, some of which may be beyond the affordable

reach of some countries. Basic facilities required for educa-
tion and training of the nuclear workforce such as research
reactors and accelerators require large resources to operate
and maintain. ANENT enables institutions without these
basic facilities to have access to other institutions for the
purpose of education, training and research.

The establishment of basic requirements for reference cur-
ricula could contribute towards maintaining the professional
standards of nuclear engineers and technicians. It would
enhance the mobility of the nuclear workforce as well as
widen their career opportunities. Such prospects could draw
the young and talented to take up courses in nuclear science,
technology and engineering thus overcoming, to a certain
extent, the problem of the ageing nuclear workforce.

The Way Forward

A pragmatic and stepwise approach will be adopted in
implementing ANENT activities. At the 1** Coordination
Committee meeting, five activities were identified for
implementation during the first phase beginning in 2004
and ending with the full operation of ANENT at the begin-
ning of 2006. For each activity, an Action Plan was agreed
upon and is being implemented, each being led by one lead
institution. The activities are:

Exchange of information and Korea Atomic Energy Research
materials for education and Institute (KAERTI),
training Republic of Korea

Exchange of students, teachers
and researchers

Malaysian Institute For Nuclear
Technology Research (MINT)
Malaysia

Distance learning Philippine Nuclear Research

Institute (PNRI), The Philippines

Establishment of reference
curricula and facilitating
credit transfer and mutual
recognition of degrees

Hanoi University of Technology
(HUT), Vietnam

Liaise with other networks and
organizations

Atomic Energy Authority,
Sri Lanka

The first activity that will be implemented involves taking
stock of resources and materials for education and training
in nuclear technology in the Asian region. Information and
material are to be collated and placed on the ANENT web
portal, which is expected to be fully operational by the end
of 2004. The web portal will — as a key enabling techno-
logy — play a central role for networking among ANENT
members. Member institutions could then use this informa-
tion to identify education and training institutions suitable
for placement of their staff. At the same time, a working
mechanism will be established to support the exchange of
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students, teachers and researchers, with member institu-
tions encouraged to implement exchange through bilat-
eral cooperation as a starting point for multilateral net-
working.

The exchange of students and teachers would be greatly
facilitated with the mutual recognition of degrees and
transfer of credits. Towards this end, ANENT member
institutions will exchange and evaluate existing curric-
ula and establish recommended requirements for refer-
ence curricula in nuclear science, technology and engi-
neering.

Distance learning would be one of the main approaches
used by ANENT to teach and train students from diverse
locations. Education and training materials already avail-
able will be compiled and distributed on the ANENT
website. ANENT will utilize already available material
— for example, that produced by the IAEA and other
regional networks and associations — and will only con-
sider developing new materials where none exist.

ANENT will seek to learn from experiences of other net-
works already in operation such as the European Nuclear
Education Network (ENEN) and, where appropriate,
collaborate with them. ANENT will serve as a facilita-
tor to link its member institutions with other regional
and global networks. At the 1% Coordination Committee
meeting, representatives of ENEN, the World Nuclear
University, the Asian Regional Cooperative Council
for Nuclear Medicine and the Asian School of Nuclear
Medicine were invited to share with ANENT members
their experiences in nuclear education and training.

ANENT will strive to work in synergy with IAEA activi-
ties and programmes. By focusing on education, ANENT
complements existing IAEA activities and would support
IAEA initiatives for the preservation of nuclear knowl-
edge. ANENT is a comprehensive initiative in education
and training in that it will give equal importance to energy
and non-energy technologies, thus meeting the diverse
needs in the Asian region. ANENT aspires to become
an important contributor towards national efforts in the
development of a skilled and qualified workforce that is
critical for the sustainable development of the nuclear
industry.

Fatimah Mohd Amin serves as the spokeswoman for
ANENT andworks at the Malaysian Institute for Nuclear
Technology Research (MINT). For more information on
ANENT and a full list of participating institutions, please
contact the author. E-mail: fatimah@mint.gov.my

Peter Gowin, IAEA Nuclear Knowledge Management
Unit, and Scientific Secretary of the first ANENT
Coordination meeting and K.W. Han, Republic of Korea,
contributed to this paper.

International Conference on

Strategies, Information Management and Human Resource Development
7-10 September, Saclay, France

ike any highly technical endeavor, the use of nuclear tech-

nology relies heavily on the accumulation of knowledge.
This includes technical information in the form of scientific
research, engineering analysis, design documentation, opera-
tional data, maintenance records, regulatory reviews and other
documents and data. It also includes knowledge embodied in
people — for example, scientists, engineers, technicians.

In recent years, a number of trends have drawn attention to the
need for better management of nuclear knowledge. Depending
on region and country, they include an ageing workforce,
declining student enrollment figures, the risk of losing nuclear
knowledge accumulated in the past, the need for capacity
building and transfer of knowledge, and recognition of achiev-
ing added value through knowledge sharing and networking.

In response to this growing concern, the IAEA along with the
Commissariat de 1"Energie Atomique (CEA), Government of
France will be organizing a conference to address the issue of
Nuclear Knowledge Management.

The objective is to reach a clear and common understanding of
issues related to nuclear knowledge management for sustaining
knowledge and expertise in nuclear science and technology.

The conference will provide a forum for professionals and
decision makers in the nuclear sector, comprising industry,
governments and academia as well as professionals in the
knowledge management and information technology sectors.
Aims ares:

to exchange information and share experience on nuclear
knowledge management, comprising strategies, information
management and human resource development;

to identify lessons learned and to embark on the develop-
ment of new initiatives and concepts for nuclear knowledge
management in [JAEA Member States;

to discuss the present status and future developments of the
Agency’s International Nuclear Information System (INIS).

For more information, visit the IAEA web site: www-pub.iaea.
org/MTCD/Meetings/Announcements.asp? ConflD=123

For more information on the IAEA’s knowledge management
initiative, visit www.iaea.org/km/
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Challenging Fast Track

Far more energy will have to be produced — and conserved — to power
the expanding economy and protect the environment

by Wei Zhihong

( j hina’s economy is on a fast track, with growth pro-
jected to quadruple in the first two decades of this
century. A mix of clean and affordable energy

sources will be needed to fuel and sustain development.

Since China opened to outside markets in the 1980s, the
national economy has expanded steadily, with an aver-
age annual growth rate of 9.6% in gross domestic product
(GDP) from 1980 to 2000. Development has stayed strong
in this century, and GDP grew 9.1% in 2003, the highest
rate in the past six years. For the first time, per capita GDP
topped $1000, reaching $1090 last year.

How to best manage and sustain growth is driving energy
decisions. Analyses show that China has entered a stage
of manufacturing, chemical, and heavy industrial develop-
ment that is energy intensive. At the same time, demands
for energy at home and in businesses are growing among
China’s population of 1.3 billion people. As consumption
grows, so do concerns about air, water, and land pollution in
the context of sustainable energy development.

Shortages in Boom Times

China consumes more energy than any country except
the United States. Entering this century, the country’s
energy consumption has grown from 924 million tonnes
of oil equivalent (Mtoe) in 2001 to an estimated 1080 Mtoe
in 2003.

Alongside energy growth stands energy shortages, espe-
cially in electricity generation. Electricity generation does
not sufficiently meet the demand for industrial production
and people’s daily needs in more than 20 Chinese prov-
inces, and demand exceeded supply in five of six regional
electricity grids in 2003.

It is not surprising that serious power shortages have arisen,
for a number of reasons. Firstly, over the past two years,
demand for electric power has grown at a monthly rate of
more than 15%. Meantime, new power generation capacity

Photo: Morning traffic in Beijing. Credit: Petr Pavlicek/IAEA

18 IAEABULLETIN 46/1

June 2004



has lagged greatly, with annual growth rates falling from
6.8% in 2000 to 5.3% in 2002.

Secondly, production investment has increased rapidly,
notably in energy-intensive sectors such as metallurgy,
building materials, and chemical industries to support
boom expansion of automobile and construction sectors.
Today, the production output of steel (210 million tons in
2003), coal (1400 million tons in 2002), and cement has ele-
vated China among the world’s top producers.

Thirdly, the country has experienced water shortages
in recent years, and especially in 2003. This, in turn,
has reduced hydropower generation, which previously
accounted for 16% to 20% of total electricity production.

Fourthly, China’s coal trade has been reformed in a mar-
ket-oriented economy, with the State no longer guiding coal
prices. The price for coal has risen on average between 10-
15 yuan per ton in response to demand and transportation
costs. On the other hand, the price of other thermal power
sources is still guided by the State, rather than being market
driven and responsive to coal price fluctuations. This situ-
ation hinders development of coal-fired power generation,
which accounts for 80% to 90% of Chinese electric power
production.

Energy & Economic Trends

China has a diverse energy base. The country has the
world’s highest level of exploitable hydropower resources,
third highest level of proven coal reserves, and considerable
oil and natural gas resources. Coal remains the main fuel,
accounting in 2002 for two-thirds of total primary energy
consumption. The consumption shares for oil, natural gas,
hydropower and nuclear energy were 23.3%, 2.7%, 7.7%
and 0.4%, respectively. Renewable sources, mainly wind,
solar, and geothermal energy, together accounted for 0.3%.

In terms of energy projections, the electricity shortages of
2003 focused attention on the importance of forecasting
supply and demand and steps to improve it. Energy facili-
ties need quite a long time to be built before they can serve
consumption centers and end users. Key forecasting factors
include social and economic development, such as popula-
tion, urbanization, GDP, national economic structure, and
technological progress.

Because of China’s large population pressures, there is no
doubt that China will continue to implement its family plan-
ning policy over the longer term. It is expected that popula-
tion will slowly increase from 1.26 billion in 2000 to about
1.475 billion people in 2020. More than half of the popula-
tion, or 52%, is expected to live in or near cities by 2020,
compared to 36% today.

Regarding economic development, an ambitious target was
set in late 2002 to have China’s GDP quadruple to the year

2020. To reach the target, an annual average growth rate
of GDP would be about 7.2% a year. Achieving this target
by 2020 would move China’s world GDP ranking to third
place, behind the USA and Japan, and increase per capita
GDP to US $2945, nearly three times today’s level.

In terms of technological progress, the aim is to reduce
energy intensity, particularly in primary industries. The
targets assume that energy intensity will go down continu-
ously, and decrease by 40% to 50% by 2020.

Projections in energy demand foresee that coal’s share will
decrease from 66% in 2000 to 60% in 2010 to 54% in 2020.
At the same time, cleaner energy and non-carbon energy
— especially natural gas, nuclear energy and renewable
energy — will see great development, as their combined
share in total primary energy is projected to grow from
2.9% in 2000 to 15.6% in 2020.

When Less is More

Energy conservation measures are being emphasized as
especially important factors to consider. Appeals from
research institutes and energy experts call for elevating
the energy conservation strategy to a much higher level in
national policy. Itis estimated that 60% of energy conserva-
tion potential in China exists in the industrial sector.

Since 1980, through national policies, great achievements
in energy conservation have been obtained, owing to
efforts by central and local governments, industrial
sectors, and energy end users. Studies indicate that energy-
saving measures during the period resulted in a reduction
of 773 Mtoe, and contributed to environmental protection
by cutting roughly 20 million tons of sulphur dioxide
emissions, 263 million tons of cinders, 13 million tons of
ashes and dust, and 440 million tons of carbon emissions.

The potential savings and impacts over the next two dec-
ades could be considerable. Research teams at Tsinghua
University have noted, for example, that energy use per
unit of major industrial products in China is 25% to 90%
higher, on average, than those in developed countries. It
is estimated that the energy saving potential could reach
70 Mtoe in the near term by means of technology improve-
ments. Additionally, up to 210 Mtoe could be saved from
structural adjustments in industrial and product sectors.

Realizing potential benefits will have to overcome barri-
ers arising from China’s transition to a more market-ori-
ented economy, and the establishment and implementation
of rules and legislation, including those in China’s Energy
Conservation Law promulgated in the late 1990s.

Options & Choices

Oil resources in China are very limited, and oil imports
accounted for about 30% to 40% of demand over the past
decade. The proportion is projected to reach 52% in 2020,
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China’s
Future Energy Demand

Energy demand is rising fast in China, and the mix
of energy is changing. Coal’s share of total primary
energy consumption is projected to decrease in coming
decades, with natural gas, nuclear power, and renew-
able energy sources on the rise.

Looking at nuclear power, China today operates nine
nuclear plants and has two more under construction,
based on data reported to the IAEA. Nuclear today pro-
vides about 1.4% of total electricity generation, and
plans call for building enough nuclear plants to produce
up to 36 GW of electricity by 2020.

Plans include developing advanced types of nuclear
plants. China’s Institute of Nuclear and New Energy
Technology is hosting topical meetings and workshops
in 2004 on high-temperature gas reactors (HTGRS)
which the country has developed. They include an IAEA
workshop on safety demonstration and market poten-
tial for HTGRs in September 2004 in Beijing. For more
information, visit the IAEA web pages at www.iaea.org/
programmes/ne/nenp/nptds/htgry/.

Energy Consumption

2000

Oil 24.5%

dropowe‘ 6%

vy

Coal 65.9%

2020

Oil 24.5%

Coal 54%

Source:Tsinghua University, Beijing

assuming domestic production capacity of 200 million tons
and consumption of 420 million tons.

Natural gas, nuclear power, and renewable energy sources
are the most feasible options in an energy substitution
strategy.

China’s natural gas industry is just in the initial stages,
though it grew rapidly over the past decade. Production has
doubled since 1990, to reach 32.7 billion cubic meters in
2002. Four major gas fields are developed (Shanganning,
Chuanyu, Qinghai and Xinjiang) in west China, and a few
fields operate in east China. Plans are to expand natural gas
output to up to 150 billion cubic meters by 2020, if pipe-
line construction proceeds as planned. Even then, however,
domestic gas production would fall short of the projected
demand of 220 billion cubic meters.

Alongside other initiatives, China is pursuing international
cooperation for developing and importing natural gas. An
agreement with Russia includes importing natural gas and
building a pipeline from northern Siberia to China. Work is
expected to start in 2005, with operation planned in 2010.

Nuclear power development still is in early stages, though
China started building plants in the late 1980s. Three
nuclear power stations where a combined nine units are in
operation have a total capacity of 6100 megawatts (MW).
All are located in east coastal areas, where the economy is
well developed but energy resources are poor.

Nuclear’s potential is linked to demands for easing serious
power shortages on the east coast and other areas. In 2003,
China’s National Development and Reform Commission
promulgated a long-term programme of nuclear power
development that sets a target of 36 gigawatts (GW) in total
capacity by 2020. The programme aims to help reduce
dependence on coal and contribute to a cleaner energy
structure.

In China nuclear power mainly replaces coal-fired power.
Cost comparisons in China’s east coastal regions show that
grid prices of nuclear power now are higher than for coal.
However, when the costs of installing desulphurization
equipment at coal plants is calculated, then nuclear’s price
competitiveness improves.

To reach the 2020 nuclear target, strategic measures need
to be adopted. They should address attaching priority to
development in east coastal regions; investing in the most
economic and mature nuclear reactor technologies; and
identifying the best funding approaches.

At this time, funding limitations hinder nuclear develop-
ment, since top priority is given to hydropower and other
thermal power sources. Past nuclear financing modes were
mainly dependent on domestic investment, but they are not
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suitable to the current situation. Foreign funds will become
a very important financing source, though this has raised,
and will continue to raise, issues related to such partnership
ventures, including plant ownership.

When it comes to renewable energy, the Chinese govern-
ment has paid great attention to its research and application
since the 1980s, on environmental and other grounds. Next
to hydropower, wind energy remains important. By the end
of 2002, China had built around 30 wind farms, mainly
in Xinjiang Uygur Autonomous Region, Inner Mongolia
Autonomous Region, and Guangdong province. Counting
smaller wind turbines, the total capacity from wind power
was about 485 MW.

Solar and biomass energy also have been developed, with
biomass on a larger scale. Currently the total annual output
of agricultural residues is 700 million tons (equivalent to
210 Mtoe), 51% of which is used for fuel. About 250 to 300
million tons are consumed per year in rural areas, mainly
for space heating and cooking.

Though renewable energy now plays asmallrole in China, it
is important for improving environmental quality and peo-
ple’s living standards in rural areas. New targets for pro-
duction have been set to 2010 in governmental guidelines.

Future directions emphasize improving the country’s insti-
tutional management and organization of renewable energy
development; expediting hydropower development, nota-
bly small and medium-sized projects; enhancing biomass
production and use; developing solar technologies; expand-
ing wind power to serve remote areas; and improving the
financial framework, including questions of taxation, sub-
sidies, and energy pricing for governmental and private
sector involvement.

A Challenging Future

Chinese efforts are accelerating to address environmental
protection and global climate change in the context of energy
development. Coal’s heavy use has resulted in serious con-
sequences. Air pollution is caused by emissions of sulphur
dioxide, carbon dioxide, and dust, and studies show that 85%
of sulphur dioxide and 76% of carbon dioxide emissions are
from coal combustion. China is now the second biggest car-
bon dioxide emission country in the world, and studies indi-
cate it could rise to the top in decades ahead.

Additionally, areas affected by acid rain have reached
about 40% of China, ranking the country among the three
main heavy acid rain regions, next to Europe and North
America. About one-third of coal is consumed by thermal
power plants, but only a small fraction of plants have been
equipped with desulphurization technologies.

More efforts are being made to reduce sulphur and carbon
emissions, through development of cleaner energy sources

Demands for energy at home and in business are growing among
China’s 1.3 billion people.

and technologies, improved institutional coordination , and
governmental policies and directives.

China is also actively pursuing measures in cooperation
with other countries to combat global climate change. A
white paper on population, environment, and development
— called “China’s Agenda 21” — incorporates a prior-
ity programme of concrete, operational projects. Almost
all projects are included in national or local government
plans for social and economic development. Development
of clean energy and production systems are placed in an
important position.

As China moves ahead, many issues will influence the
country’s sustainable development. The importance of
energy strategies cannot be over-emphasized. Apart from
other major strategies, such as population control, promot-
ing clean energy is the most important to curb pollution and
improve standards of living. Efforts should be focused on
energy efficiency improvements, energy substitution of coal
with natural gas and nuclear power, and renewable energy
development, especially in rural areas of the country.

Some new mechanisms, rules, and policies already are in
place to steer China’s transition from a centrally planned
economy to a socialist market economy. On the energy
front, further steps will be needed to assure a path of sus-
tainable development.

Wei Zhihong is Deputy Director of the Institute of Nuclear
and New Energy Technology, Tsinghua University in
Beijing, China. His articleis basedonamorecomprehensive
working paper presented at the Ist KEIO-UNU-JFIR Panel
Meeting of the 2Ist Century Center of Excellence Program
on Economic Development and Human Security, held at Keio
University in Tokyo in February 2004 and co-sponsored
by the United Nations University and the Japan Forum on
International Relations. The full paper is published in the
proceedings of the meeting, accessible on the Internet at
coe2l-policy.sfc.keio.ac.jp/ja/event/file/s2-6.pdf.

Author e-mail: Zhihong@dns.inet.tsinghua.edu.cn.

IAEA BULLETIN 46/1

June 2004 21



rica

‘Leapfrogging’ energy technologies
can help, and so can more investment
and partnerships for developing

., v
Africa’s abundant resources.

-

by Ogunlade Davidson

he importance of modern energy provi-

sion in African development cannot be

over-emphasised, as it is the nucleus
of socio-economic development worldwide.
However, large numbers of Africans depend
instead on firewood and charcoal, reflecting
the comparatively low level of industrialisa-
tion on the continent. Moving out of this stage
requires a substantial increase in cost-effective
and affordable energy sources, while minimising
environmental hazards and ensuring social equita-
bility and sustainability.

For Africa to be competitive, its per capita primary
energy needs to be increased. In comparison with the
rest of the world, Africans are among the smallest con-
sumers of primary energy. In addition, Africa has mul-
tiple energy technologies to satisfy the needs of 30% of
the population, in urban areas. The rural areas, where the
remaining 70% live, have limited energy choices. It must be
a priority for African governments to ensure that the rural
majority has access to the same choices as those who live
in urban areas.

Natural resources

Africa’s shares of proven reserves of coal, gas and oil at
the end of 2000 were 5.7%, 7.4% and 7.1% respectively,
according to British Petroleum data. Exploiting these
reserves at current rates, they will be depleted in 266,

82 and 27 years respectively
(see graph, next page). These
are above the world average
for coal and gas (227 and 61 years
respectively), and below for oil (39.9
years). It is worth noting that Africa’s
share of non-renewable resources will rise as

aresult of recent oil and gas finds.

Africa’s huge supply of fossil fuels, presently exploited
for exports, has to be used within the continent because as
commodity prices continue to either fluctuate or decline,
returns from such exports either dwindle or become unpre-
dictable. Developing the downstream end of such resources
so as to boost industrialisation on the continent is crucial.

Developing Africa’s fossil resources requires a strategy
that reflects the skewed distribution of these sources, hence
different approaches for the different regions. Northern
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Africa, with a large share of oil and gas, will need to exploit
these resources, as will western Africa. Central and eastern
Africa will need to include geothermal systems (as in
Kenya and Ethiopia) and major hydropower systems (as
in Uganda), as these are abundant there. Similarly, coal
should be included in southern Africa’s sustainable energy
system — especially in South Africa, which has over 90%
of the continent’s coal deposits. Fortunately, significant
technological progress is being made in developing
these resources, resulting in both improved energy and
environmental efficiency.

Renewable energy

Africa has significant renewable energy options. Being
mainly in the tropics, solar energy is quite pervasive. In
addition, agricultural production can lead to large quan-
tities of biomass, as in Mauritius where these practices
already contribute significantly to their electricity. Wind
is available in selected areas, such as Egypt, Mauritania
and Mozambique, but the most available resource in nearly
all countries is hydropower. However, the technologies for
renewable energy are not ideal.

African governments need to act
collectively in approaching
critical energy issues

Solar energy devices are generally yet to be cost effective
while wind — where the resource is available — compares
well with more conventional systems. Solar water heaters
can prove useful in certain niches such as rural areas that
are far from the national grid. The use of modern biomass in
the industrial, power production and transport industries is
supported, as waste products from agricultural processing
are good feedstock for such systems.

But it is worth noting that fossil fuels have dominated the
global energy scene for more than a century and will con-
tinue doing so for at least another generation. Any new
energy system will require substantial changes to the entire
energy infrastructure and huge capital requirements, as
will the costs involved in overcoming the obstacles posed
by vested interests.

Financing energy investments is particularly challenging
because of limited domestic capacity, which has led to the
dominance of foreign financing and continued influence
by donors and multilateral institutions. In recent years, the
most notable prescription from these institutions has been
for Africa to liberalise and privatise the energy sector, as
in the cases of Senegal, Cote d’Ivoire and Uganda. While
there are advantages in reforming the sector’s management,
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increasing access to affordable, modern energy for poorer
communities has been ignored; so has maximising indig-
enous energy resources. As a result, higher energy prices
and energy scarcity have characterised such reforms. A
departure from this vicious cycle is advisable.

The search for solutions

Effective transfer of technologies will require partnerships
among major stakeholders. African governments will have
to formulate and implement measures that will improve the
capacities of these countries to better receive technologies,
while governments of technology suppliers will need to
formulate policies that provide incentives for technology
suppliers to find such transfers attractive.

Energy technology “leapfrogging” can have a positive
impact on African countries as they move towards a more
sustainable development. Leapfrogging involves moving
from one technology to another without going through the
certain intermediate stages, such as moving from a tradi-
tional firewood stove to one using liquefied petroleum gas,
while ignoring improved charcoal and kerosene stoves.

But past experience has shown that African governments
need to act collectively in approaching critical energy
issues and must introduce institutional reforms to facilitate
regional joint ventures. Africa’s fossil fuels and renewable
energy alternatives are abundant but most of these reserves
are yet to be exploited due to the lack of capital resources,
infrastructure and institutions.

African countries can contribute their abundant energy
resources, provided the technological and financial support
systems are available, which will require significant exter-
nal assistance.

Ogunlade R. Davidson was Director of the Energy and
Development Research Centre, University of Cape Town,
South Africa. He is now a Professor at the University of
Sierra Leone in Freetown. His essay is adapted from an
article first published by Science in Africa, Africa’s first
On-Line Science Magazine, accessible on the Internet at
www.scienceinafrica.co.za. E-mail: ogunlade@sierratel.sl
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by Shunsuke Kondo

Bridging the transition to a safe & secure energy future

apan’s 52 nuclear power plants supply about a third

of the country’s electricity, becoming a safe, relia-

ble and competitive energy source. Even if nuclear

power rightfully is considered a domestic source of
primary energy, Japan’s degree of self-sufficiency in pri-
mary energy supply is only about 20%, of which 16% comes
from nuclear and the rest mostly from hydropower.

Over past years, nuclear power has contributed to the rising
percentage of electricity generation from non-fossil fuels
from 38% in 1990 to 44% in 2001. By 2010, 49% of total
generation is predicted to come from non-fossil fuels.

Japan’s environment is benefiting. Though electricity gen-
eration rose by more than 21% since 1990, associated car-
bon dioxide emissions increased less than 7%. By 2010
Japan’s electricity demand is predicted to reach 900 bil-
lion kWh. The electric utility companies are committed to
reducing the CO, emissions, and are continuing construc-
tion of four nuclear power units and preparing to build six
additional ones, though it will take more than ten years
before the completion of latter.

Expansion and growth prospects fornuclear power are weak
globally with growth predominantly centered in Asia. Of
the 36 units under construction worldwide, 20 are located in
Taiwan, China; India; Japan; and South Korea.

Why are Asian countries starting and/or increasing the use
of nuclear power? In my view, three reasons, mainly. One

is that the per capita endowment of energy resources in the
region is scarce compared with others. Nuclear power is
practically a unique energy source that contributes to mak-
ing their energy supply portfolio more attractive from the
viewpoint of energy supply security. A second reason is the
increasing recognition that we have already started to con-
front adverse environmental effects; the world cannot rec-
oncile human needs and environmental security if we con-
tinue the reliance on the burning of fossil fuel for energy
production. A third reason is the recognition that nuclear
power has reached a technical and institutional maturity.

Nevertheless Asia’s relatively positive scene does not mean
that nuclear will be a major player for future electricity gen-
erationin thisregion. According to the International Energy
Agency’s World Energy Outlook of 2002, more than half of
the new electrical generating capacity projected in Asia for
construction by 2030 will be gas-fired. New nuclear capac-
ity is projected to be about one-tenth that of natural gas.

These predictions seem to be inconsistent with the result of
long-term forecasts of energy supply and demand, including
that of the International Panel on Climate Change (IPCC)
Special Report on Emission Scenarios (SRES). This report
indicates that nuclear energy may be a major component
of the global energy supply mix in the latter half of this

Photo: Akashikaikyou Oohashi Bridge, Awajisma Island,

Japan. credit: Junichi Higo/14E4
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century to curb the accumulation of greenhouse gas in
the atmosphere.

Break of Dawn

The Japan Atomic Energy Commission (AEC) believes that
we are not at the brink of nuclear power to be a minor elec-
tricity supplier but at the break of dawn for nuclear power to
become a major player in the world. To this end, the AEC is
asking relevant administrative organizations and industries
to pursue coordinated strategic efforts, sharing the vision
that safe, economical, and reliable nuclear energy technol-
ogy will contribute as a mainstay of electricity and heat
generation technology, fostering economic growth, provid-
ing security and fuel diversity, and enhancing environmen-
tal quality in many parts of the world.

The AEC has recommended a three-tier strategy — or a
well coordinated mix of near-term, mid-term, and long-
term plan of actions. The objective of the near-term plan is
to continue the most effective utilization of existing nuclear
power plants and fuel cycle facilities.

This can be done not only by developing a broad range
of technologies that promises enhancement of their long-
term performance but also by assuring public acceptance
through accountable behavior. Actions toward this objec-
tive are, on the one hand, to promote use of the plutonium
recovered from spent fuels by reprocessing in light-water
reactors (LWRs), securing adequate interim spent fuel
storage capacity at-reactor and away-from-reactor facili-
ties, and preparing for the selection of the site for geological
disposal of vitrified high-level radioactive wastes.

On the other hand, the AEC also requests to develop and
apply advanced technologies for increased output of exist-
ing units, longer-term reliable operation of existing units,
high burn-up fuel to improve the economy of operation, and
economical dismantling of nuclear facilities and manage-
ment of radioactive wastes generated in the process, adopt-
ing risk-informed decision making of inspection and main-
tenance activities and accountability-conscious quality
management systems. These measures are essential to the
maintenance of a high level of safety, safeguards and secu-
rity, continuously improving the economy of the construc-
tion and operation of fuel cycle facilities as well as nuclear
power units. We request that these activities be promoted
with toughness, resolution, and consideration to details, as
they directly affect the performance of existing plants and
facilities and around 70% of the general public still feels
uneasy toward the safety of nuclear facilities, swayed by
widespread media coverage of any incident when it occurs.

In parallel with these kind of activities, the nuclear com-
munity should prepare relevant measures to mitigate the
effects caused by crises that hamper the sustainable use of
nuclear energy as well as implement effective measures

to prevent the occurrence of such crises. Furthermore, the
growing universality of technology now makes successful
innovation much more frequently driven by market forces.
It is thus important for the nuclear community to pursue the
environment shaping strategy that aims at realizing syn-
ergistic coexistence of nuclear reactor systems with vari-
ous industries besides the electricity industry. This entails
building networks for mutual learning, knowledge-shar-
ing, and joint deliberation, starting from those utilizing
radioactivity and radiation for industrial, medical, scien-
tific and other activities. This will serve to make the man on
the street familiar with the application of radiation, radio-
activity, and nuclear reactions.

The objectives of the mid-term plan are to develop more
economically competitive and “human-conscious” plants
that can compete with emerging non-nuclear power tech-
nologies for replacement and addition of generation capac-
ity. The need for pursuing this objective is clear. The com-
petitive operation of today’s units and facilities by no means
guarantees the adoption of the same type of plants and facil-
ities for replacement of retiring units or for the addition of
capacity.

In this age of technological innovation, deregulation of the
electricity market is sharply altering the financial land-
scape for utilities, which are no longer guaranteed a fixed
return on investment. This makes it extremely difficult
to justify the design and construction of capital-intensive
plants to stockholders. Added factors are the emergence of
innovative and “neighbor—friendly” modular power gener-
ation technologies such as renewable energy sources and
fuel cells.

Actions to be taken for pursuing this objective are to reduce
the capital cost of nuclear power plants by new designs
with, for example, innovative concepts and components; to
improve robustness of nuclear power plants in safety and
reliability by adoption of passive safety features; to mini-
mize environmental impact by reducing volumes of radio-
active waste generated during the decommissioning as well
as operation of facilities; and to improve the “human con-
sciousness” of nuclear plants by pursuing low occupational
exposure to radiation, low workloads in operation, mainte-
nance, and emergency situations.

The major investment for these activities should come
from private sectors that operate the plants and facilities.
However, government should support research and devel-
opment for actions of a long-term and/or generic nature.
This will ensure that a broad range of technologies is devel-
oped that promises to enhance the long-term performance
of various types of existing and future facilities.

We believe that the nuclear community should prepare itself
better for changes in our society. We are living in a period
of “profound transition”, according to Peter Drucker, the
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renowned policy strategist. The
evidence to support his assertion
is seen in Japanese society:

® in the discussion of future
energy demand — energy con-
sumption in Japan is predicted to
start decreasing before 2030 and
most likely at around 2020,

@ the pursuance of a “zero emis-
sion society”, which has found
momentumby Japan’s enactment
ofthe Basic Law for Establishing
a Recycling-Based Society; and

® the expansion of niche mar-
kets for distributed electricity
supply systems.

This transition forces us to
acknowledge in the strategic
plan that over the long term, not
just new but truly radically new
energy technologies are coming.
They will effectively address the
challenges of air pollution, cli-
mate change and energy sup-
ply insecurity while expand-
ing energy service worldwide.
During the second quarter of this
century many other technologies — such as photovoltaic
power, fuel cell cars, hydrogen derived from many sources
and di-methyl ether or similar synthetic fuel derived from
biomass — will become as commonplace as gasoline cars
and coal-fired power plants are today.

It is essential for the nuclear community, therefore, to con-
tinue to explore innovative nuclear energy supply system
concepts that can compete in such new energy markets. This
will make nuclear energy technology sustainable in terms
of social acceptability as well as in terms safety, economy,
environmental protection, and non-proliferation.

Preparing for the Future

Such system concepts should include nuclear reactor sys-
tems that are consistent with the pursuit of a “zero emis-
sion” society. Examples are to develop practical technolo-
gies to reduce the toxicity of high-level radioactive waste
bound for geological disposal and nuclear reactors that can
be used for the production of hydrogen as a fuel in the trans-
port sector.

We believe that the government should support explora-
tory activities for future energy systems. It is important for
the government, though, to establish a level playing field to
assure fair assessment of various options, nuclear and non-
nuclear. This serves to prevent the emergence of public mis-
trust of the government’s energy policy. International col-

Oil — most of it imported — remains Japan’s largest source of energy, but the level of
dependence is shrinking. Nuclear energy and natural gas are making up the difference.
Since the oil crises in 1973, oil’s share of energy consumption has fallen 25%, while the
combined shares for nuclear and gas have grown to top 30%.

Photo: Sendai nuclear power plant, Sendai, Japan. credit: Kyushu Electric Co.

laboration should be effectively implemented to increase
transparency and accountability — and to reduce research
and development costs.

Finally, the AEC recognizes the importance of success-
ful continuation of nuclear construction activities by fos-
tering competitive plant designs. Without progress, it will
become very difficult to maintain qualified suppliers of
nuclear equipment and components, contractor and archi-
tect engineer/engineering organizations with the person-
nel, skill, and experience in nuclear design, engineering,
and construction. Therefore we consider it our responsibil-
ity to ask concerned organizations to review the situation,
plan and execute actions to assure the availability of needed
experts in various sectors essential to the maintenance of
infrastruc-tures for regulation, construction and operation
of nuclear facilities.

These and other key aspects of nuclear knowledge manage-
ment can be effectively pursued in consultation with pro-
fessional societies, and through global collaboration among
the main institutional players. Preserving and cultivating
the “know-how” in this way will bridge the transition in the
dawn to a safe and secure energy future integrated with the
wise utilization of nuclear energy systems.

Shunsuke Kondo, Professor Emeritus of The University
of Tokyo, is the Chairman of Japan Atomic Energy
Commission. E-mail: k-shun@tkh.att.ne.jp
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he United States has the
world’s  largest nuclear
power program, with 103

plants supplying about 20% of the
country’s electricity.

But no new plant has been ordered
in the USA in a quarter of a century.
Today, a growing need for afford-
able, reliable, and emission-free
electricity is reawakening inter-
est in nuclear energy. (See box on
next page.)

Where does US public
opinion stand on
nuclear’s future?

National public opinion surveys
sponsored by Nuclear Energy
Institute (NEI) have tracked
changes in public opinion on
nuclear energy issues for 21 years,

Nuclear
Snapshots

favor the use of nuclear energy —
a record high. Also, 64% of Ameri-
cans now say that it would be accept-
able to add a new nuclear power plant
at the site of the nearest operating
nuclear power plants, up from 57% in
October 2003.

These positive changes are closely
linked to perceptions of the need for
nuclear energy. Focus groups for NEI
indicate that electricity reliability is a
leading consumer concern, especially
in the context of instability in the
Middle East region; a major black-
out in the US that affected the north-
eastand midwest in August 2003; and
the rising cost and supply volatility of
natural gas.

Previously, support for nuclear
energy — and for building more
nuclear power plants — peaked after
energy problems in California were

providing “snapshots” over time of .
where the public stands. The sur- Percep fions Of widely reported in 2001. Support for

veys are conducted by telephone energy needs d rive building more nuclear power plants
with nationally representative sam- . N increased again after the August 2003
ples of 1,000 US adults and have P UbIlC o2 ’n’?n blackout, especially in those areas
a margin of error of plus or minus ont he USA S that were affected, the northeast and
three percentage points. midwest. Between May and October

nuclear foUI'e 2003, acceptability of building new
The latest survey, conducted 16-18 nuclear reactors at the nearest exist-
April 2004 by Bisconti Research ing nuclear plant sites rose 18 per-
with NOP World, found that 65% by Ann Stouffer Bisconti centage points in the northeast (40%

Favor/Oppose Nuclear Energy, Trend in % We Should Definitely Build More Nuclear Power Plants
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to 58%) and 11 percentage points in
the midwest (55% to 66%).

On other measures, 54% in April
2004 said that new nuclear plants
definitely should be built to provide
future electricity supply, 69% were in
favor of keeping the option to build
more nuclear power plants in the
future, and 82% supported license
renewal for nuclear power plants that
continue to meet government safety
standards.

The April survey also found that 74%
agreed that government and elec-
tric companies should work together
to develop state-of-the-art nuclear
power plants that can be built to meet
new electricity demand. This ques-
tion was asked for the first time in
April to assess support in principle
for current provisions in US energy
legislation that would promote pub-
lic-private partnerships.

Perceptions of the safety of nuclear
power plants continue to be much
more favorable than in the 1980s
and early 1990s. Sixty percent rated
nuclear power plant safety high, and
19% rated safety low. A dramatic shift
in perceptions of safety in the past
decade (from 34% in 1984 to 60%
today) corresponds with measurable

Advancing

the Nuclear Option

nApril 2004, three consortiaof glo-

bal energy partners were formed
to test the US Nuclear Regulatory
Commission’s new process to
obtain a combined construction
and operating license for advanced
nuclear power plants. The con-

improvements in plant performance
and efficiency.

Also, perceptions of the nearest
nuclear power plant were quite
favorable:  reliable (82%), safe
(73%), and clean (70%). However,
residual ambivalence is seen in the
fact that 38% still feel uneasy with
the nearest plant. Also, the public is
divided about equally as to whether
the nearest plant is good or bad for the
environment.

One of the greatest challenges to the
nuclearenergyenterpriseistoincrease
awareness of the environmental ben-
efits of nuclear energy. Only 27%
rated nuclear energy “one of the best”
sources of electricity for air quality
protection. However, of five consid-
erations in the way electricity is pro-
duced — reliability, price, adequate
supply, energy independence, and air
quality protection — air quality pro-
tection was rated most important.

Ann Stouffer Bisconti is President
of Bisconti Research, Inc., a pub-
lic opinion research group based
in  Washington, DC. Results
of surveys are reported on the
web site of the Nuclear Energy
Institute at www.nei.org. Author
E-mail: ann@bisconti.com

sortia include a total of 19 leading
energy companies and reactor ven-
dors from the US, Japan, France, and
Canada. No commitment is being
made to build a nuclear unit at this
time.

The new streamlined licensing proc-
esswasestablishedin 1992 bythe US
Congress and includes putting pub-

Most Important Considerations

for the Way Electricity is Produced

“I am going to read to you five

Q considerations for the way
electricity is produced, and I'd [
50 like you to tell me which one is
most important to you.”
40 [
e T ]
Fl
0-

Percent
w
S

None/
not sure
Adequate

supply
Reliability

Air quality
protection

[
g
s
52
v o
C Qo
w o
el
£

Favorability to the Use of
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licparticipation atthe frontend of the
process where it is most meaningful.
Successfully testing the process can
reduce some business uncertainty
for companies interested in build-
ing new nuclear plants.

The consortia plan to complete the
licensing application and submit it
the NRCin 2008.
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Staff Report
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Nuclear EnergyAmong Choices Facing the Bigger EU

ive of the ten countries
thich officially joined

the  European  Union
(EU) on 1 May 2004 — Czech
Republic, Hungary, Lithuania,
Slovakia and Slovenia — rely on
nuclear energy to provide a fourth or
more of their electricity needs, based

on the ITAEA’s nuclear databanks.

Intotal, they have 19 operational reac-
tor units. Their accession means that
13 outof the 25 EU member states pro-
duce electricity using nuclear power,
and the total number of operational
reactor units in the EU now tops 150.

(zech Republic

Six nuclear plants are operating, two
at Temelin and four at Dukovany, col-
lectively supplying about a fourth of
the country’s electricity.

Hungary

Four nuclear plants are operating
at Paks, supplying about 33% of the
country’s electricity.

Lithuania

Two nuclear plants are operating at
Ignalina, supplying about 80% of the
country’s electricity.

Slovakia

Six nuclear plants are operating at
Bohunice and Mochovce, collectively
supplying about 57% of the country’s
electricity.

Slovenia

One nuclear plant is operating at
Krsko, supplying about 40% of the
country’s electricity.

The new countries will add to the
overall use of nuclear energy by
nearly 450 million people in the
expanded EU. Before the expan-
sion, about one-third of the world’s
nuclear-generated electricity was
consumed in the EU. Nuclear was
also the community’s largest single
energy source for electricity gener-

ation, ahead of coal at 29% and gas
at 15%. As noted at a recent Euro-
pean energy conference attended
by IAEA Director General
Mohamed FElBaradei, nuclear’s
future is mixed and countries
face important choices. Besides
the five new EU countries, eight
others operate nuclear power plants
— Belgium, Finland, France,
Germany, Netherlands, Spain,
Sweden, and the United Kingdom.
Of these, four (Sweden, Germany,
Belgium and the Netherlands) have
introduced phase-out programmes,
while Finland plans to build more
nuclear plants.

At the European energy conference,
Dr. ElBaradei outlined three criti-
cal challenges facing nuclear power’s
future in Europe and other countries
— clear global and national strate-
gies for the management and disposal
of spent fuel and radioactive waste;
high levels of nuclear safety perform-
ance; and upgraded nuclear security.

The TAEA places high priority on
addressing the safety of nuclear
power plants in the European region,
as elsewhere. The EU additionally
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Nuclear Energy Status in the EU, 2003
NPPs Nuclear Share of
In Operation  Total Electricity
(%)
LITHUANIA 2 799
FRANCE 59 777
SLOVAKIA 6 57.4
BELGIUM 7 55.5
;' s - SWEDEN 11 49.6
i SLOVENIA 1 40.4
% 5 LTHUANA BULGARIA 4 377
HUNGARY 4 32.7
CZECH REPUBLIC 6 31.1
GERMANY 18 28.1
FINLAND 4 27.3
UK 27 23.7
SPAIN 9 23.6
ROMANIA 1 9.3
NETHERLANDS 1 4.5
‘anticipated membership date: 2007
Source: IAEA, May 2004

has issued a package of safety and
related measures to cover the future
development of nuclear energy in the
enlarged union. Global cooperation
on nuclear power and safety issues
includes expert peer reviews, the
exchange of operating experience,
and legal conventions.

All five new EU countries with
nuclear plants, for example, have
joined the international Nuclear
Safety Convention that sets bench-
marks linked to IAEA safety
standards. Each filed national
reports at the last review meeting
in 2002.

While EU enlargement means
increased nuclear-generating capac-
ity, it also means the shut-down of
some reactors as negotiated in the
terms of EU accession. Lithuania
must close its two units by 2005 and
2009 respectively, while Slovakia

must close down two of its six units
— in 2006 and 2009 — although it
has another two under construction.
Bulgaria, which is lined up to join the
EU in 2007, faces similar shut-downs
as part of its accession deal.

Regarding nuclear safeguards —
which are geared to verifying State
pledges for the exclusively peace-
ful use of nuclear energy — the
five new EU countries with nuclear
power plants are members of the glo-
bal Nuclear Non-Proliferation Treaty
(NPT) and have safeguards agree-
ments with the TAEA. They also
have signed or ratified Additional
Protocolsthat grant IAEA safeguards
inspectors broader rights of access to
sites and information.

EUBackground
The new EU countries have expanded
the EU’s membership from 15 to 25.

The new members are Poland, the
Czech Republic, Slovakia, Hungary,
Estonia, Latvia, Lithuania, Slovenia,
Malta, and Cyprus. Romania and
Bulgaria are also expecting to join
in 2007.

The EU was founded as the European
Economic Community (EEC) by the
Treaty of Rome in 1957 to promote
economic and political integration
in Europe. The EEC has expanded
from its original six members
(Belgium, France, Germany, Italy,
Luxembourg, and the Netherlands) to
include the United Kingdom, Ireland,
and Denmark in 1973; Greece in
1981; Spain and Portugal in 1986;
and Austria, Finland, and Sweden
(former members of the European
Free Trade Association) in 1995.

For more information, please visit:
www.iaea.org/NewsCenter/News/2004/
energy _eu.html
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IN BLACK & WHITE

MEDIA’S ROLE IN SHAPING PUBLIC OPINION

the newspaper’s role is impor-

tant and critical in shaping citi-
zens’ opinions on nuclear power and
other issues. Citizens acquire knowl-
edge on current issues in their society,
nation, and the world through news-
papers. Today, television and internet
media is increasingly becoming more
popular among citizens, but newspa-
per media continues to affect intellec-
tual citizens, policymakers and think

l n a modern, democratic society,

by Choi Yearn-hong

e T T

tanks. Therefore, assessing major
daily newspaper editorials covering
nuclear issues and affairs is neces-
sary for their sound bridging between
nuclear science and engineering and
the public. Bridging the two cultures,
science and humanities, is an enor-
mous task for modern democratic
society.

Ultimately, the public’s understand-
ing of nuclear issues should be healthy

and sound. In a democratic society,
citizens cast their votes for the pub-
lic servants who they agree with most
and for who they believe will influ-
ence and change public policy. The
citizens also look to their represent-
ative government to bring light to
issues in the good of public interest. If
they are not well equipped intellectu-
ally for societal issues, their choice of
government representatives and sup-
port for certain policy issues can be
dangerous. This jeopardizes the suc-
cess of a modern democracy.

The social implications of risk and the
public’s understanding of public chal-
lenges to modern society and tech-
nology have been seriously discussed
in the United States and European
nations. South Korea is starting to
discuss the public’s understanding
of science and technology issues,
including nuclear power plant safety
and nuclear waste disposal.

Many daily newspaper editorials on
nuclear issues were concentrated
on nuclear weapons, non-prolifera-
tion, arms reduction talks, and weap-
ons testing bans. The US editorials
covered the US-Russia arms reduc-
tion talks and implementation of the
treaty, North Korean nuclear weapons
program, nuclear conflict between
India and Pakistan, emerging nuclear
power in Iran and Iraq, nuclear lab
and spy infiltration of US nuclear sci-
ence and development information,
and TAEA inspection and its role for
world peace. The South Korean edi-
torials covered extensively North
Korea’s suspected nuclear weapons
program, long distance missiles, and
Japan’s possible nuclear armament.
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Concentration on nuclear arms is
understandable. The mass destruc-
tion of human civilization is feasible
with a possible nuclear war, or human
mishap at nuclear facilities. Concern
for nuclear energy, nuclear power
plant safety, nuclear waste manage-
ment, nuclear medicine, and nuclear
research and development issues are
scarce, because they are, unlike the
nuclear arms issue, not at the forefront
of concern. This research outcome
shows the unbalanced approach by
newspaper editorial writers onnuclear
issues. Readers of newspaper editori-
als can be influenced by the concen-
tration on the nuclear weapons issue,
and scarcely other issues, resulting in
the public’s understanding of nuclear
issues to be quite skewed.

The US editorial writers defended
the scarcity of nuclear issues outside
nuclear arms issue saying, “There has
been no new construction of nuclear
power plants since Three Mile Island.
Nuclear power plant safety has been
long proven, so that there is no crit-
ical issue. Editorials are basically
comments on current issues. There
are no current issues. That is why.”
Some writers have also claimed that
they were influenced by the anti-nuke
environmentalists.

In interviews with more than a dozen
editorial writers, I asked a couple of
questions: “Is the newspaper edu-
cating the public?”” and “Don’t you
think the newspaper editorials should
take a balanced approach toward
various nuclear issues?”’ The first
answer was, “Yes, it does.”” The sec-
ond answer was, “Yes, they should.”
These answers are normative. Mr.
JW. Anderson, a former Washington
Post editorial writer and journalist-
in-residence at Resources for the
Future, an environmental think-tank
in Washington, told me, “The news-
paper’s role as the public educator has
been diminishing. Its role is becom-
ing more as that of entertainer like
television. Education belongs to the
schools and colleges. Don’t you think
so?”” He added, “All editorial writ-
ers attempt to approach evenly on the

issues. However, they have their own
views and they reflect the newspa-
per’s image.”

A majority of editorial writers
accepted the educational experiences
for a better understanding of nuclear
science and technology as a part of
science policy and/or energy pol-
icy. Some frankly told me they were
not experts on nuclear issues. They
learned things at news sites, in the
street or in the field. Their educational
backgrounds were diverse. Some
studied humanities, some social sci-
ences, and very few the natural sci-
ences and engineering. They were
mainly journalists.

Harvard, Indiana and Missouri jour-
nalism schools have educated many
of the US and foreign journalists,
including Korean reporters, edito-
rial writers, and newspaper executive
directors. The Korean colleges and
universities should create similar pro-
grams to educate journalists.

The newspaper’s role as a bridge
between science and the public is not
particularly visible or conspicuously
evident. Their role is subdued to pop-
ulism. Anti-nuclear environmental
movements are persuading or forc-
ing the newspaper’s role as a mid-
dle-of-the-road mediator or fair and
objective educator. Newspaper’s role
as a bridge may be abandoned in the
future under popular trends. Korean

Credit: D.Calma/ IAEA

newspapers report on German and
Scandinavian nations’ decision to
seek alternative energy sources over
nuclear power. They do not report on
China, India and other Asian nations’
search for nuclear power. They do not
report on how much energy can be
possibly generated from alternative
energy sources such as solar, wind or
tides in Korea in next 10 or 20 years.

The US reliance on nuclear power is
about 10 percent of its total energy
consumption. However, South Korean
reliance on nuclear power is about
50 percent of all electric power con-
sumption. South Korea’s future eco-
nomic development and energy policy
should more seriously and frequently
be discussed in the newspaper opin-
ion pages. A more realistic approach
toward nuclear energy policy should
be discussed in depth.

Choi Yearn-hong is a poet, Professor
at University of Seoul and a col-
umnist for The Korean Times. Choi
Yearn-hong is one of a group of
Jjournalists who participated in the
Journalist Seminar in the margins
of the International Conference
on Fifty Years of Nuclear Power
in  Obninsk, Russia organized
by the IAEA and hosted by the
Government of Russia in June 2004.
This editorial first appeared in
The Korean Times in March 2004.
E-mail: yhc@uos.ac.kr
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“TheContMIGEINES

Managing nuclearwaste goes far beyondthe sc
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n the early years of this new millennium our world

is changing dramatically. This is a time of blinding

technological change, increasingly interconnected
economies and growing alienation between citizens and
their institutions. A sustainable world is not an unreachable
goal, but any critical environmental, social or economic
analysis would certainly raise questions about our current
trajectory.

The issue of the long-term management of nuclear waste
illustrates well the conundrum that society faces. It is an
issue that embodies scientific complexity and uncertainty.

It inspires fear and insecurity and polarizes citizens. It is
very long-term in character, raising questions of inter-gen-
erational equity quite inconsistent with the time frames
of elected governments. It raises discussion of trade-offs:
energy sufficiency versus significant financial investment
and long-term security. In sum, it is an issue that requires
much better understanding of resilience, vulnerability and
the dynamic interaction between nature, technology and
society.

Questions of environmental protection are among those
raised for waste management.

IAEA BULLETIN 46/1

June 2004 33



All nuclear nations have faced significant challenges in
their quest for an acceptable approach for the long term
management of the nuclear waste they generate. The story
behind that fact illustrates the degree to which the nuclear
industry is being shaped by factors much beyond the scien-
tific and technical. Social, ethical and economic considera-
tions are now being recognized as legitimate aspects of the
public policy process.

Radioactive waste decisions,
once considered
the exclusive purview
of governments and
the nuclear community,
are now clearly
in the public domain.

Of 32 nations that harness nuclear energy to generate elec-
tricity some have declared, or even legislated, that deep
geological disposal is their ultimate intent. However, few
have progressed to the point of final repository site selec-
tion. Over the past decade a number of national manage-
ment programs have had to be reigned in and re-thought,
put on hold, or even abandoned, in the face of public oppo-
sition and activist electorates. Radioactive waste deci-
sions, once considered the exclusive purview of govern-
ments and the nuclear community, are now clearly in the
public domain.

In Canada there may not have been marches in the streets,
but the experience was not dissimilar to what happened
elsewhere. Interveners made it clear that social acceptabil-
ity is as important as technical safety.

The Process in Canada

By the late 1980s extensive scientific work had been done
by Atomic Energy of Canada Ltd. (AECL) on a concept for
geological disposal of used nuclear fuel deep in the plutonic
rock of the Canadian Shield. The concept was put to an
environmental assessment panel for public review. After a
nine-year study the Seaborn Panel concluded that, on bal-
ance, from a technical perspective, the safety of the AECL
concept had been demonstrated but, from a social perspec-
tive it had not. Just as had happened in many other coun-
tries, Canadian nuclear waste producers were sent back to
the drawing board.

The Nuclear Waste Management Organization (NWMO)
was established in late 2002 in response to federal legisla-
tion requiring Canadals nuclear energy corporations to cre-

ate an organization to investigate and develop an approach
for the long-term management of their used nuclear fuel.
An independent Advisory Council acts as a guarantor of
the public interest. The companies were also required to put
in place trust funds to ensure that the money will be availa-
ble to finance the nuclear waste management approach ulti-
mately adopted by the government.

The NWMO has been given three years to study, at a mini-
mum, three approaches including deep geological disposal,
storage at the nuclear reactor sites and, centralized stor-
age, either above or below ground. We must examine the
risks, costs and benefits, develop implementation plans and
consult with Canadians. Once the Government of Canada
takes a decision on our recommendations the NWMO will
be responsible for implementation.

It is reasonable to ask, [What will make this attempt any
different than those of the past? [ 'The answer may lie in our
search to understand the deeply held values of citizens and
to review our options through a multi-dimensional lens that
is in part shaped by citizens themselves.

Sustainable development is our conceptual underpinning.
We see as our purpose, to develop collaboratively with
Canadians a management approach that is socially accept-
able, technically sound, environmentally responsible and
economically feasible.

Our approach includes a focus on broad engagement of
society; a comprehensive (not just technical) review; a
study built around three milestone documents so that we
could learn together with citizens [ first about the frame-
work for the study itself, then the assessment and finally the
recommendations and implementation plan. We provide a
forum for recognizing divergent viewpoints and seeking
common ground.

From Dialogue to Decision

Our journey from dialogue to decision is well under-
way. Our first discussion document [Asking the Right
Questions? The Future Management of Canadals Used
Nuclear Fuell]defines the problem, communicates poten-
tial choices and poses a way of assessing the alternatives.
Key questions have emerged from our preliminary con-
versations with a broad cross-section of Canadians. They
brought perspectives and ideas that were instrumental in
advancing our knowledge and understanding. We listened
and learned.

Scenario workshops helped us imagine the future.
Workshops with environmental interests, representatives
of aboriginal communities and those with technical and
scientific expertise contributed insights about expecta-
tions and concerns, the knowns and unknowns and sug-
gested possible ways forward. Papers were commissioned

34 IAEA BULLETIN 46/1

June 2004



to capture the current state of knowledge on a broad range
of technical matters as well as evolving concepts related to
our work. And of course we benefited from the experiences
of other countries around the globe. Throughout, a panel of
ethicists reminds us of the ethical implications of our proc-
ess and thinking.

Ours is a work in progress. Two interrelated tracks of
activity are underway: an assessment which thoroughly
examines the options and an engagement program through
which we are testing our initial observations and refining
our thinking. This iterative process of seeking input and
exposing our evolving ideas will continue until our task is
completed.

A multidisciplinary assessment team has developed an
assessment methodology thatbuilds on the framework iden-
tified by citizens. It is being applied to each of the alterna-
tives, identifying the risks, costs and benefits and describ-
ing the social, economic and ethical considerations associ-
ated with each of them. The team is also testing the robust-
ness of different approaches against different time frames
contemplated in the earlier scenarios workshops. All of this
work will be shared with the public for review before rec-
ommendations are developed.

The core of our engagement program is our web site. It
is becoming a significant repository of information and
an active venue for engagement and exchange. It offers
simple polls and short surveys, invites more compre-
hensive electronic submissions and will host moderated
[e-dialogues.[]

To be able to choose
theright technical solutions
we must first ask
what requirements
the technology
has to live up to.

An innovative National Citizens[/Dialogue has brought
together a representative sample of citizens in 12 commu-
nities across Canada to learn about nuclear waste in a group
setting and think through their views and expectations for
its long-term management. In considering the key issues
and trade-offs we are trying to identify and understand the
core values of the general public.

Additionally, dialogues tailored to the specific needs and
requirements of aboriginal peoples, communities that cur-
rently store used nuclear fuel and organizations active in
social and environmental matters have been organized.

Meeting the Challenge

There are no [Tight[lanswers to many of the ethical ques-
tions. How do we accommodate the desires of the current
generation while recognizing that the decisions we make
now may affect the lives of our children, their children and
many generations to come? How heavily should we rely
on emerging technologies? What forms of institutions and
governance inspire trust and confidence?

How we approach
this challenging
public policy issue
will say a lot
about ourvalues
and priorities as a society
— how we wantto live.

These questions and more are fundamental to meeting the
challenge of managing used nuclear fuel in an appropri-
ate and acceptable manner. To be able to choose the right
technical solutions we must first ask what requirements the
technology has to live up to. Despite the fact that scientific
and technical research into waste management options has
been going on for decades a solution has eluded us. Perhaps
that is because there has been no agreement on the societal
values we wish to protect. Perhaps also because we have
been arrogant in our assumptions that expertise resides
only in the minds of a select few.

Within Canada and internationally, the landscape against
which our study is being conducted is shifting. Issues of
energy policy, security, health and safety, environmental
protection, and good governance are prominent on the pub-
lic agenda.

How we approach this challenging public policy issue will
say a lot about our values and priorities as a society [ | how
we want to live. Fundamentally it is about developing a con-
tract between science and society: a contract that allows us
to benefit from technology while managing the risks and
respecting the values of Canadians.

Elizabeth Dowdeswell is President of Canadals Nuclear
Waste Management Organization (Www.nwmo.ca).
She has had an extensive career in government, edu-
cation and international affairs. From 1993 to 1998
she served as Executive Director of the United Nations
Environment Program. Before joining the United
Nations, Ms.Dowdeswell was Canadals Assistant Deputy
Minister of Environment from 1989 to 1992, responsi-
ble for the national weather and atmospheric agency.
E-mail: edowdeswell@nwmo.ca
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Sweden’s Plans for Nuclear Wé\sté ol Wi
by Claes Thegerstrom

ignificant progress in the area of nuclear waste man-

agement has been made in several countries during

the last few years. Siting decisions for deep reposi-
tories were taken in Finland — with almost unanimous sup-
portinthe national parliament as well as locally — and in the
USA where the Yucca Mountain project enjoyed a majority
vote in the US Congress. In Sweden, the final phase of the
voluntary siting process has commenced with site investi-
gations in two municipalities. In France, work on the under-
ground research laboratory (URL) at Bure is progressing.

Several other countries have experienced difficulties or sig-
nificant delays in their programmes. This means that while
many countries still have a long way to go in order to arrive
at concrete decisions about implementation of deep dis-
posal, some countries such as Finland and Sweden are now
approaching the licensing phase. In the case of Sweden, we
plan to be able to start the licensing of the deep disposal sys-
tem within the next few years.

The Swedish System

SKB, the Swedish Nuclear Waste Management
Organization, has developed a system that ensures the safe

handling of all kinds of radioactive waste from Swedish
nuclear power plants for the foreseeable future. The corner-
stones of this system are:

@ A central interim storage facility for spent nuclear fuel,
called CLAB, which has been in operation since 1985.

@ A final repository for short-lived, low and intermediate
level waste (SFR), which has been in operation since 1988.

@ A shipping transport system (M/S Sigyn) which has been
in operation since 1983.

The missing link in the system is the final approval of a
method, and the location of a site, for the final disposal of
high-level waste, i.e. the spent fuel, as well as a final reposi-
tory for long-lived intermediate waste.

The plan for the final disposal of spent nuclear fuel is
to encapsulate it in durable copper canisters and place

Air photo of the Aspo Hard Rock Laboratory — one of
Sweden s laboratories built to research all the processes in-
volved in deep repository storage. Credit: SKB
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The Swedish System
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tory. It was judged necessary to create
a participatory and voluntary process
in order to achieve such understand-
ing. This approach was well supported
by almost all the stakeholders.

In the year 2000, SKB presented an
integrated account of the methodology
for final disposal of spent nuclear fuel,
the selection of sites and programme
for the site investigation phase. The
proposal was to proceed with site
investigationsinthree ofthe communi-
ties where feasibility studies had been
made. After a review by the regulatory
agencies, the Swedish Government
in 2001 endorsed SKB’s proposal.
The municipalities of Osthammar and
Oskarshamn approved SKB’s plans to
proceed with site investigations, while
the municipality of Tierp rejected fur-
ther participation in the siting proc-
ess.

2002

2003
2004
2005
2006
2007
2008
2009
2010

2011

The goal of the site investigation phase
is to obtain a permit to build the deep
repository for spent nuclear fuel. The
permit applications will be based on
broad supporting documentation. The
investigations of the rock serve as a
basis for configuring the underground
units of the deep repository. These
results will also influence the posi-
tioning and layout of the surface units

2012

2013

2014

2015

2016

2017

Deposition of the repository and provide input
permit deep .
repository for assessment of the environmental

impact.

Much experience has been gained by
SKB and others over the past 25 years
of managing and communicating the

it (embedded in betonite clay) in a deep repository
approximately 500 metres down in the bedrock (the
KBS-3 method). The work on research, development and
demonstration of deep geological disposal of spent fuel has
been an intensive one lasting for more than 20 years.

Site Investigations and Stakeholder
Involvement

Actual siting work on the deep repository began in the early
1990s. SKB concluded that the strong political power of
municipalities in Sweden concerning local issues and the
special character of the nuclear waste issue will by necessity
lead to a need for local understanding and support for the
project in order to be able to construct and operate a reposi-

nuclear waste programme. They can be
summarized as follows:

@ Ttisnecessary to be clear and open, and it is vital to care-
fully define the problem to be discussed. Communication
should concentrate first on why (sharing the problem) and
then on #ow nuclear waste should be managed.

@ Words cannot replace action. Trust or distrust will depend
mainly on how an organisation is seen to behave. Thus pri-
ority should be given to actions — they speak louder than
words. Visits to operational sites are important because peo-
ple seldom disbelieve what they see with their own eyes,
and practical demonstrations of how spent fuel can be han-
dled — like in CLAB, the central interim storage facility —
help to enhance confidence in future plans.
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@ It is important to maintain a constant dialogue with
all stakeholders and the general public. Trust must be
based upon continuity and an open discussion of all
issues. Also difficulties and potential problems should be
actively communicated to the public and the press by the
implementer.

@ We live in a global village. Events and debates in one
country can be picked up literally within seconds by the
media in another country. Thus there is amutual dependence
between waste management programmes. For instance, the
progress made in neighbouring countries like Finland and
Sweden has provided a mutual support between these two
programmes. Thus the decision, in principle, in Finland on
deep geological disposal (KBS-concept) at Olkiluoto has
been most helpful in the Swedish debate. On the other hand
some of the international discussions on international or
multinational repositories have posed difficulties because
such discussions — if they are not well structured — have
created doubts about the possibilities of local municipalities
to stay in control of the types and origins of the waste to be
disposed of in their area.

Multinational Co-operation

However, if it is well structured and focuses on the devel-
opment of a common basis of knowledge, international co-
operation is important and rewarding. For a good number
of years, the close international co-operation and co-ordi-
nation in R&D as well as safety principles within IAEA and
other international fora has been extremely valuable.

I would like in particular to also emphasise IAEA’s Joint
Convention on the Safety of Spent Fuel Management and on
the Safety of Radioactive Waste Management. It provides
clear statements about the need for well-defined national
waste management strategies and programmes as well as
underlining that each country has a responsibility for its
nuclear waste. The fact that it requires the presentation and
international review of the programme documents will be
a significant tool in helping all Member States define and
develop their nuclear waste management plans.

Increased International Consensus

On the whole, the nuclear waste management arena is now
characterized by positive trends and increased effort. When
more people are pulling in the same direction, development
gathers pace. | believe that there now is a trend towards
focusing on national programmes and an increase in con-
sensus, and [ would especially like to emphasize the fol-
lowing issues:

@ There is an increased consensus that deep geological
deposits are required. There are certainly different opinions
as to how long spent nuclear fuel or reprocessed nuclear fuel
should be keptin intermediate storage. But there is increased

consensus that, in the end, long-term safety is found through
deep geological disposal.

@ The multi-barrier principle has gained broad support.
Different countries have different geological requirements,
which in turn demand varying technical solutions. Despite
this, there is a common view that robust safety is a matter of
deep geological storage, reinforced with several technical
and natural barriers.

@ The importance of stakeholder involvement is becoming
more and more self-evident. Dialogue and transparency is
essential for a fair and successful decision process. This can
be as much of an important and difficult task as the ques-
tions concerning geology and technology.

@ There is also an increased consensus that focused efforts
for implementation of long-term safe disposal should not be
postponed to future generations. Even with present nuclear
waste management plans, the work from construction of a
nuclear reactor to a closed final repository will involve three
generations.

@ And finally, we are happy to note that there is an increased
consensus that each country should take care of its own
waste. If one chooses to co-operate with other countries,
this should be made in a clear and transparent way and on a
voluntary basis between countries interested in and open to
possibly becoming the host of a multinational solution.

Concluding Remarks

The spent fuel disposal programmes in several countries,
including Sweden and Finland, are approaching the phase
of industrial implementation. At present there is a stable sit-
uation both in terms of scientific/technical capabilities to
move forward and a broad social trust and confidence in the
programmes. Thus, a real breakthrough is possible within
the foreseeable future. This would mean that more than 25
years of investment in scientific/technical work, communi-
cation and confidence-building could bear fruit.

This is a golden opportunity to provide concrete results and
all efforts are now focused on really making use of it when
the resources, the know-how and the commitment needed
is available. Among the key components for success are a
continuous, high quality of scientific/technical work and a
broad and open dialogue with all stakeholders.

Claes Thegerstrom is the President of SKB, the Swedish
Nuclear Fuel and Waste Management Co. He has worked
with nuclear waste and environmental protection matters
since the 1970s both in Sweden and internationally. He is a
member of CNE, the French National Scientific Evaluation
Committee. E-mail: claes.thegerstrom@skb.se. For more
information on SKB, please visit: www.skb.se.
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Innovative “fast” nuclear power plants may be a strategic imperative

uclear power needed 50 years to gain the same
N position in global energy production as the one

achieved by hydropower over hundreds of years.
All those years, proposals for new reactor concepts would
come up every now and then alongside mainstream reac-
tor technologies. In the nuclear-friendly 1960s and 1970s,
some of those “innovative” concepts even led to demonstra-
tion or pilot projects.

Yet for all the diversity of new ideas, nuclear power entered
the new century still moving in a rut of older mainstream
technologies. Most were devised at the dawn of nuclear
engineering, when reactors for production of weapon-grade
isotopes and reactors for nuclear submarines propelled
development.

Unless we understand the reasons why innovative technolo-
gies failed to make any appreciable progress way back then,
it is impossible to answer the question of whether there is a
need for them now or in the foreseeable future.

Few people, perhaps, may remember that nuclear power was
not brought into existence by energy deficiency. Its advent
was caused by the Second World War and the associated
pressing necessity for increasing the power of weapons.
Once the war ended, nuclear plans were fuelled by the inten-
tions of both weapons designers (e.g., Russia’s I. Kurchatov
who initiated construction of the world’s first nuclear power
plant in Obninsk and US politicians led by President Dwight
Eisenhower’s “Atoms for Peace” Initiative in 1953) to
counterbalance the military effort by encouraging peaceful
nuclear applications.

‘Wingd

The Changing Context

Today, energy demands still are largely met by fossil fuels,
as they were at the outset of nuclear development. In recent
decades, zealous supporters of nuclear power have repeat-
edly referred to the imminent shortages of fossil fuels,
though this gloomy prospect will not threaten humanity for
another 100 years. That means potential shortages are not
the only — or predominant — factor to encourage active
search for alternative sources of energy.

Other factors have come more in play. One is the chang-
ing environmental context. At the end of the last century,
acute environmental awareness demanded a closer look
at “green” energy solutions. Nuclear power was assessed
and shown to have advantages in terms of environmental
protection over the majority of other energy technologies.
However, the political enthusiasm of the Kyoto Protocol
proponents has recently dropped so low that, with even
more convincing evidence of the greenhouse effect haz-
ard, reasons may still be found for taking the problem of
greenhouse gas emissions off the priority list. Given the
current 6 % share of nuclear in the total energy balance, it
is quite reasonable to expect that the overall contribution
of the so-called alternative sources (wind, solar, tidal, bio-
mass, geothermal and other forms of energy) may well lead
to expulsion of nuclear without noticeable losses to global

energy supply.

Another factor is the evolving political framework. In the
early period of nuclear power, it was assumed that the com-
mercial industry would develop in the context of bipolar
possession of nuclear weapons (NATO with the USA at
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the head versus the Warsaw Treaty led by the USSR). As
it turned out later, weapons-related technologies would not
be confined to the circle of five States declared to belong to
the nuclear club. Instead, the problem of non-proliferation
acquired a more acute significance compared to develop-
ments influencing energy technologies. This was especially
so in the context of the energy-saving drive and newly found
oil and gas fields — including offshore deposits — which
brought down the price of fossil fuels to record-breaking
levels.

There is still much room for analysing why nuclear power
not only fell far short of reaching generation levels pro-
jected in the 1970s, but also why it is very likely to keep
losing its share on the energy market during the next 10
to 15 years. Such an analysis has been done in Russia and
other countries. With such an approach, the requirements
imposed on nuclear power are not subject to normal con-
siderations of the market alone, and nuclear power itself
should not be treated as a conventional sphere of commer-
cial activities (as was persistently suggested in the previ-
ous decade).

Nuclear’s “Second Wind”

The important point is that the necessity for innovative
nuclear technologies needs to be assessed in the changing
context. Itis important to examine the possible conditions
that may cause a demand for nuclear power and the circum-
stances under which the technology may gain its “second
wind”. For some countries, such as France and Japan, the
lack of their own oil or gas resources is in itself a sufficient
motive for keeping nuclear in the energy mix. Others may
seek diversification of the energy sector or self-sufficiency
in energy as a high priority.

Safe nuclear power is also capable of producing hydrogen,
for example, and doing it in a profitable way. This use would
allow reducing consumption of fossil fuels in electricity
generation in the future, thereby saving these resources for
other, more expedient applications in transport and energy-
intensive industries. Even today, this may be an attractive
option for some strong economies.

It is important to examine the possible
conditions that may cause a demand
for nuclear power and the circumstances
under which the technology may gain its
“second wind”.

Yet paradoxical as it may seem, nuclear’s second wind could
be fuelled by rising costs and concerns over weapons pro-
liferation and how to manage risks. Until nuclear weapons
are totally banned and eliminated, proliferation will remain
a risk demanding tight controls to keep nuclear materials
and technologies from falling into the wrong hands. Right
now, efforts to maintain and develop nuclear technologies,
the associated expertise and industrial facilities for the sake
of nuclear weapons alone is by far a greater social and eco-
nomic burden in terms of public spending than if this know-
how were channelled and shared for energy production.

In Russia, for instance, activities to remedy the conse-
quences of nuclear-weapons programmes are estimated at
tens of billions of dollars, which are yet to be found in the
national budget. Meanwhile, reasonable implementation of
the strategy for dynamic nuclear power development to the
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year 2050, already endorsed by the Russian Government, is
a way to avoid diverting these weapons-related funds from
other sectors of social demand.

In my view, the way forward is to develop advanced nuclear
power plants based on technologies that help deter the spread
of nuclear weapons. Large-scale nuclear power should be
built upon innovative reactor designs and fuel processes that
can provide technological support to the nuclear non-prolif-
eration regime, while helping to meet the world’s electric-
ity needs.

“Fast” Nuclear Plants

On non-proliferation and other grounds, designs for fast
neutron reactors offer the most promising option (See box,
Fast Reactors). They would burn uranium-238 alone and,
hence, allow eliminating uranium enrichment and separa-
tion of weapons-grade plutonium from the set of fuel-cycle
technologies now used for nuclear power operation. Unlike
earlier types, these fast reactors will have no fuel blanket
where weapons-grade plutonium could be produced.

This option enables nuclear power development to become
more technologically detached from the production of mate-
rials useable for weapons. It further would support other
elements of the non-proliferation regime, including politi-
cal and legal arrangements, such as inspections. These could
be considerably facilitated, for example, by using satellite
systems to watch the configuration of fuel-cycle buildings.

With such an approach, States now shouldering the cost bur-
dens of nuclear proliferation could channel efforts differ-
ently. They could define the optimal conditions for sharing
the advantages of innovative nuclear energy technologies
with countries that have no nuclear weapons and, at the
same time, feel a pressing need to develop their own energy
production systems.

So, forexample, while providing maximum access tonuclear
technologies, nuclear States could address the non-prolifer-
ation problem, at first, by arranging — all on their own —
energy production in needy regions of Asia and Africa. The
use of nuclear energy, subsidised in its early development
period in these regions, would be essentially non-commer-
cial, and based on international assistance. The initiative
thus might become a crucial factor in stabilising the political
situation in areas of international conflicts — both known
today and likely to appear in the future. At the same time,
this initiative would fit excellently into the currently prac-
tised “design-build-operate” approaches and may well turn
into major business for State-owned or international corpo-
rations as energy markets develop.

In my view, the way forward is to develop

advanced nuclear power plants based on

technologies that help deter the spread of
nuclear weapons.

Can Nuclear Meet the Needs?

If nuclear power is to be considered as a strategic imper-
ative for global economic and security, it is necessary to
have a clear idea of its potential. Based on today’s reac-
tors and using an open fuel cycle (without reprocessing),
nuclear power would use up the available reserves of rea-
sonably priced uranium towards the end of this century.
The total capacity of nuclear power plants would not rise
much higher than the current level of about 350 GWe. By
reprocessing and reusing fuel in thermal reactors, as prac-
ticed in some countries, a 15 to 20% increase in total power
output could be attained. If thorium were used as fuel in
addition to natural uranium, nuclear’s potential contribu-
tion could be doubled at the most.

Fast Reactors

ast reactors are not new, but their development is

breaking new ground. Initially they were designed
and configured to both consume and produce fuel.
Such “breeder” reactors burn uranium fuels and breed
plutonium that can be reprocessed and recycled to fuel
reactors anew. France, Russia, Japan and other coun-
tries developed fast breeder reactors, though only a
few generate electricity commercially today. Russia’s
BN-600, for example, has been supplying electricity to
the grid since 1981.

Today’s commercial nuclear plants mainly are “thermal”
reactors that may or may not include fuel reprocess-

ing. In basic terms, “fast” and “thermal” refer to what's
happening inside the reactor core. In all types of reac-
tors, the fission, or chain reaction, that generates heat is
kept going by the energetic collision of neutrons with
the fuel. In a thermal reactor, the neutrons are slowed
down to what physicists call “low energy” by a modera-
tor, such as graphite or water. In a fast reactor, the neu-
trons from the chain reaction are not slowed down and
stay at “high energy”.

For more technical information about fast reactors and
what countries are doing, visit the IAEA’s nuclear energy
web pages at www.iaea.org.
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The projected picture changes significantly if fast reac-
tors are deployed and a closed fuel cycle is followed so that
spent nuclear fuel is reprocessed and recycled for energy
use. Nuclear then could provide all of the required increase
to electric power production foreseen during the next few
decades by the World Energy Congress (WEC). At a later
point, nuclear would even be able to do away with con-
straints on fuel resources. The requirements of the Kyoto
Protocol would be met automatically in this case and the
greenhouse gas emissions of the power industry could be
fixed at any predetermined level.

If large-scale nuclear power is to be
considered as a realistic option, there is
no escape from the conclusion that the
foundation of the industry should be
formed by fast reactors.

In recent years, the pessimism of the 1990s has given way
to some tendencies towards reinstating nuclear power
among the priorities of energy strategies in a number of
large countries, such as China, India, Iran, and Russia. The
National Energy Policy of the USA also is quite sympto-
matic in this respect. Nevertheless, whatever the motives
for nuclear power revival may be, the primacy of non-pro-

liferation will remain an invariable priority of international
politics. If large-scale nuclear power is to be considered
as a realistic option, there is no escape from the conclu-
sion that the foundation of the industry should be formed
by fast reactors. Down the line, successful solution of the
problem of controlled thermonuclear fusion may only add
to nuclear’s capabilities to meet ever-increasing global
energy demands.

Safety & Waste

Beyond energy and proliferation concerns, the issues of
nuclear plant safety and radioactive waste disposal are
important to consider.

On the waste front, the nuclear engineering expertise built
up throughout the years has helped find very efficient ways
of radioactive waste disposal. These include various meth-
ods of sealing it off from the environment and burying it in
carefully chosen geological formations. It is always a prob-
lem, however, to demonstrate safety of any storage facil-
ity — let alone a spent fuel repository — for a geologically
meaningful span of time. This points to the need to develop
a fuel cycle that does not add to waste problems, but mini-
mizes them.

A nuclear electricity system based on fast reactors and a
closed fuel cycle would make it possible to achieve what has

42 |AEA BULLETIN 46/1

June 2004



been called “radiation-equivalent management” of nuclear
materials. This management involves a process known as
“transmutation” of minor actinides and fission products that
is being developed as an alternative strategy for reducing
and managing long-lived radioactive waste. With a closed
fuel cycle for fast reactors, for example, the total activity of
nuclear waste would approximate that of mined ore in no
more than 150 to 200 years. This is certain to influence pub-
lic perceptions of waste management.

Regarding plant safety, I cannot but acknowledge impres-
sive achievements in the safety improvement of existing
nuclear plants, through the use of probabilistic safety assess-
ments and other measures. However, if we pursue the right
innovative nuclear technologies, reactors can be developed
that present no chance of severe accidents by virtue of their
design, physics and materials. The advantages of such facil-
ities may prove decisive in the public choice.

Such reactors have been referred to recently as “natural
safety facilities”. They would rely for their safety on laws
of nature, rather than on additional engineered safety bar-
riers and extra personnel. For instance, fast reactors can be
designed so that their physics would exclude the possibility
of serious accidents such as occurred at Chernobyl in 1986
or at Three Mile Island in 1979. (The differences are illus-
trated in Figure 2.)

Global Cooperation & Support

On various grounds then, fast reactors could open up new
opportunities for assuring nuclear power’s competitive-
ness. To serve strategic interests for energy and non-pro-
liferation goals, national and international support will be
needed for this new chapter in nuclear power development.

Many studies have analysed and defined the basic safety,
economic and associated requirements for innovative
reactor technologies. These are fundamentally different
requirements from those of the 1960s and 1970s. The new
requirements were translated into the key principles laid
down in the Strategy of Nuclear Power Development in
Russia in the first half of the 21% Century and were cited
by the Russian President in his Initiative for International
Cooperation announced at the UN Millennium Summit in
New York in September 2000.

TheIAEA General Conferencein2000 additionally gaverise
to the so-called INPRO programme (International Project
on Innovative Nuclear Reactors and Fuel Cycles), through
which many countries are collaborating (see “Fuelling
Innovation” in this Bulletin edition). Recent statements of
IAEA Director General ElBaradei are largely in accord with
President Putin’s global initiative.

Inparallel, changes in the political attitudes towards nuclear
energy, reflected in the US National Energy Policy, drove

some countries to join forces through the Generation IV
International Forum (GIF) for developing advanced nuclear
reactors. Six reactor concepts, including fast reactors, have
been selected for more detailed review before a final deci-
sion is made.

To serve strategic interests for energy
and non-proliferation goals, national and
international support will be needed for
this new chapter in nuclear power
development.

Incidentally, such work was carried out in Russia in the last
decade and led to the choice of a lead-cooled fast reactor
whose engineering design is in detailed development. The
project is in a very advanced stage, and a site has been cho-
sen in the Urals for possible construction of a demonstration
plant. During the same period, R&D efforts were completed
to support the approach of radiation-equivalent manage-
ment of nuclear materials. The findings of the studies could
serve as a basis for comparison with other reactor concepts
and approaches to fulfilment of fuel cycle objectives.

The review of progress through INPRO and GIF has shown
that the two could be coordinated, provided that the final
goal is harmonised and defined as development of eco-
nomically competitive large-scale nuclear power based
on a closed fuel cycle and proliferation-resistant technolo-
gies. Inlight of rising interest in new approaches for nuclear
power, it may be expedient to join INPRO and GIF activi-
ties to reach their common objectives through international
cooperation. Successful implementation of the International
Thermonuclear Experimental Reactor (ITER) fusion
project, even though it comes ahead of the actual need for
such facilities, is an excellent example of efficient coopera-
tion in tackling the most challenging engineering tasks.

Cheap electricity produced by innovative nuclear power
plants is an attractive basis for future economic develop-
ment. It can help efforts to eliminate the oppressive dis-
parity in regional standards of living and, ultimately, help
resolve the basic reasons underlying political tensions and
international conflicts.

Evgeny  Adamov served as Minister of the Russian
Federation for Atomic Energy from 1998-2001, and
has been an Adviser to the Chairman of the Russian
Government since 2002. Full references and further
technical details may be obtained from the author.
E-mail: avde@nikiet.ru
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Fuelling Innovation

Countries look to the next generation of nuclear power

by Judith Perera

initiatives looking at the prospects for the medium-

and long-term development of nuclear energy. These
include: the US-led Generation IV International Forum
(GIF), the TAEA’s International Project on Innovative
Nuclear Reactors and Fuel Cycles (INPRO), and the
European Michelangelo network for competitiveness
and sustainability of nuclear energy in the EU (Micanet).
There have also been two major studies — a joint investi-
gation by the IAEA together with the OECD’s International
Energy Agency (IEA) and Nuclear Energy Agency (NEA),
Innovative Nuclear Reactor Development; Opportunities
for International Co-operation; and an interdisciplinary
study by the Massachusetts Institute of Technology (MIT)
on The Future of Nuclear Energy.

The past few years have seen several multinational

All these cover much of the same ground, looking at inno-
vative nuclear systems including reactors and fuel cycles.
But, while they were prompted by the same set of underly-
ing imperatives, they also differ to some extent, not least in
the importance they attach to the nuclear fuel cycle. GIF and
INPRO are two initiatives where enhanced international co-
operation could emerge.

GIF Initiative
GIF is essentially a US initiative. In 1997, the President’s
Committee of Advisors on Science and Technology

INPRO BOTH GIF
Members INPRO & GIF Members
Argentina Argentina Argentina

Brazil Brazil Brazil
Bulgaria Canada Canada
Canada France France

China Republic of Korea Japan

Czech Republic South Africa Republic of Korea

France Switzerland South Africa
Germany Organisational Member: Switzerland

India European Commission United Kingdom

Indonesia United States
Republic of Korea Organisational Members:
The Netherlands FORATOM
Pakistan European Commission

Russian Federation
South Africa
Spain
Switzerland
Turkey

Organisational Member:

reviewed national energy R&D and drew up a programme
to address energy and environmental needs for the next cen-
tury. This noted the importance of assuring a viable nuclear
energy option to help meet future energy needs including
properly focused R&D to address the principal obstacles to
achieving this option including spent nuclear fuel, prolifera-
tion, economics, and safety. In response the US Department
of Energy (DOE) initiated the Nuclear Energy Research
Initiative (NERI) to address technical and scientific issues
affecting the future use of nuclear energy in the US. In 1998,
DOE established the independent Nuclear Energy Research
Advisory Committee (NERAC) to provide advice to the
Secretary and to the Director, Office of Nuclear Energy,
Science, and Technology (NE), on the DOE civilian nuclear
technology programme.

GIF focuses on the collaborative development and demon-
stration of one or more fourth generation nuclear energy sys-
tems that could offer advantages in economics, safety and
reliability, sustainability, and could be deployed commer-
cially by 2030. The aim is to share expertise, resources, and
test facilities to improve efficiency and avoid duplication.
(See table for GIF members.)

The National Energy Policy (NEP), issued in May 2001 by the

Vice President’s National Energy Policy Development Group,
supports the expansion of nuclear energy as a major compo-
nent necessary to meet growing US energy requirements. In
September 2002 the NERAC Subcommittee on Generation
IV Technology Planning issued the Technology Roadmap for
Generation IV Nuclear Energy Systems. In coordination with
GIF, six innovative reactor concepts were selected for further
collaborative research and development with the supporting
fuel cycles alnd also to serve as focus areas for innovative
NERI-sponsored R&D projects. They include:

D Gas-Cooled Fast Reactor (GFR) — a fast-neutron-spec-
trum, helium-cooled reactor and closed fuel cycle;

D Very-High-Temperature Reactor (VHTR) — a graphite-
moderated, helium-cooled reactor with a once-through ura-
nium fuel cycle;

D Supercritical-Water-Cooled Reactor (SCWR) — a high-

European Commission temperature, high-pressure water-cooled reactor that oper-

INPRO status as of June 2004. Observers from Euratom, the IAEA, and the Nuclear Energy Agency participate in GIF meetings. at es ab ove th e th ermo dyn ami c Criti C al p Oint Of W at er;
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D Sodium-Cooled Fast Reactor (SFR) — a fast-spectrum,
sodium-cooled reactor and closed fuel cycle for efficient
management of actinides and conversion of fertile uranium;

D Lead-Cooled Fast Reactor (LFR) — a fast-spectrum lead
of lead/bismuth eutectic liquid metal-cooled reactor and a
closed fuel cycle for efficient conversion of fertile uranium
and management of actinides;

D Molten Salt Reactor (MSR) — produces fission power in
a circulating molten salt fuel mixture with an epithermal-
spectrum reactor and a full actinide recycle fuel cycle.

They are expected to be deployable within the next three
decades. Comparative advantages include reduced capital
cost, enhanced nuclear safety, minimal generation of nuclear
waste, and further reduction of the risk of weapons materials
proliferation. Work has started on four of the selected sys-
tems. The goals set for Generation IV nuclear energy sys-
tems are:

D Sustainability: meet clean air objectives and promote
long-term availability of systems and effective fuel utiliza-
tion for worldwide energy production; minimise and man-
age nuclear waste and reduce long-term stewardship;

D Economics: offer life-cycle cost advantage over other
energy sources; offer level of financial risk comparable to
other energy projects;

D Safety and Reliability: excel in safety and reliability; have
a very low likelihood and degree of reactor core damage;
eliminate the need for offsite emergency response;

D Proliferation Resistance and Physical Protection: represent
a very unattractive and the least desirable route for diversion
or theft of weapons-usable materials, and provide increased
physical protection against acts of terrorism.

GIF studies have defined four classes of nuclear fuel cycle
including once through, with partial recycle of plutonium,
with full plutonium recycle, and with full recycle of transu-
ranic elements. These were modelled over a century based on
nuclear energy demand projections developed by the World
Energy Council and the International Institute for Applied
Systems Analysis.

The once-through cycle was shown to be the most uranium
resource-intensive generating the most waste in the form of
spent fuel, but the wastes produced are still small compared
with other energy technologies. Uranium resources are suf-
ficient to support a once-through cycle at least until mid-cen-
tury. However, the limiting factor is the availability of repos-
itory space. This becomes an important issue, requiring new
repository development in a few decades. In the longer term,
beyond 50 years, uranium resource availability also becomes
a limiting factor.

Systems that employ a fully closed fuel cycle can reduce
repository space and performance requirements, although
costs must be held to acceptable levels. Closed fuel cycles
permit partitioning of nuclear waste and management of each
fraction with the best strategy. Advanced waste manage-
ment strategies include transmutation of selected nuclides,
cost effective decay-heat management, flexible interim stor-
age, and customised waste for specific geologic repository
environments. They also promise to reduce the long-lived
radiotoxicity of waste destined for geological repositories
by at least an order of magnitude by recovering most of the
heavy long-lived radioactive elements.

Various reactors could also be combined in symbiotic fuel
cycles including combinations of thermal and fast reac-
tors. Actinides from the thermal systems can be recycled
into fast systems, reducing actinide inventories worldwide.
Improvements in the burn-up capability of gas- or water-
cooled thermal reactors may also contribute to actinide man-
agement in a symbiotic system. Thermal systems may also
develop features, such as hydrogen production in high-tem-
perature gas reactors or highly economical light water reac-
tors as part of an overall system offering a more sustainable
future.

GIF studies also found that nuclear energy is unique in the
market since its fuel cycle contributes only about 20% of its
production cost. They further suggested that adopting a fuel
cycle that is advanced beyond the once through cycle may be
achievable at reasonable cost.

International Project: INPRO

INPRO was initiated in 2000 in a resolution adopted by
IAEA Member States to ensure that nuclear energy will be
available, as a sustainable resource, to help to fulfil energy
needs in the 21st century. In order for nuclear energy to play
a meaningful role in the global energy supply, innovative
approaches will be required to address concerns about eco-
nomic competitiveness, safety, waste and potential prolifer-
ation risks. Accordingly, INPRO takes a somewhat longer-
term perspective than the other initiatives and is the only
one which addresses the problems from the point of view of
potential users in developing countries by identifying their
specific needs. INPRO defines “users” as including a broad
range of groups including investors, designers, plant opera-
tors, regulatory bodies, local organisations and authorities,
national governments, NGOs and the media as well as end
users of energy.

INPRO seeks to bring together all interested [AEA Member
States, both technology holders and technology users, to con-
sider jointly the international and national actions required
to achieve desired innovations in nuclear reactors and fuel
cycles. These should use sound and economically compet-
itive technology based — as far as possible — on systems
with inherent safety features that minimise the risk of pro-
liferation and any impact on the environment. The aim is to
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create a process that involves all relevant stakeholders and
that will have an impact on, draw from, and complement the
activities of existing institutions, as well as ongoing initia-
tives at the national and international level.

The scope of INPRO covers nuclear reactors and fuel cycle
facilities expected to come into operation in the future
together with the associated fuel cycles. While INPRO con-
siders a 50-year time scale for the necessary analysis, this
does not mean that the technologies will be implemented
during this time. However, a mixture of current, evolution-
ary, and innovative designs is expected to be brought into
service and co-exist within this period. INPRO has not yet
addressed any specific technologies.

In2001-2003,under Phase 1 A,INPRO produced sets of Basic
Principles (BPs), User Requirements (URs) and Criteria to
compare different concepts and approaches with respect to
the key issues in the debate concerning the future role of
nuclear energy — economic competitiveness, safety, waste,
proliferation, security and physical protection, and sustaina-
bility. It not only focussed on technological requirements but
also made recommendations on institutional, legal and vari-
ous infrastructure issues, mainly in the context of the proc-
ess of continuous globalisation. This phase ended in June
2003, having established a methodology and guidelines to
assess different concepts and approaches.

Phase 1B, which began in July 2003, includes the validation
of the INPRO methodology through case studies and exami-
nation of innovative nuclear energy technologies made avail-
able by Member States. This examination will be performed
by members on the basis of BPs, URs, criteria and methodol-
ogy established during Phase 1A. It will also include prelim-
inary collection of information on innovative reactors and
fuel cycles. Six INPRO Member States offered to carry out
National Case Studies by applying the INPRO methodology
to selected national INS:

D Argentina: CAREM-X system including CAREM reac-
tor and SIGMA fuel enrichment process.

D India: APHWR reactor and fuel cycle including a FBR
and an ADS for transmutation of waste.

D Republic of Korea: DUPIC fuel cycle technology.

D Russian Federation: nitride-fuelled BN-800 reactor fam-
ily and adjacent fuel cycle in the equilibrium state.

D China: Pebble Bed High Temperature Reactor.

D Czech Republic: Molten Salt Reactor (concept chosen by
Generation IV International Forum (GIF).

In addition, several teams consisting of individual experts
areperformingcase studies, which cover thosetechnologies

not addressed by the National Case Studies, in order to
obtain a validation of the Methodology as complete as
possible.

Final results of these studies and several case studies will
be reported to the 7th meeting of the INPRO Steering
Committee in late 2004. Innovative nuclear reactor and fuel
cycle concepts will then be assessed against the require-
ments and criteria selected. Drawing on the results from the
first phase, Phase 2 will look at available technologies and
the feasibility of starting an international project.

INPRO has hitherto depended on the political, financial and
technical support accorded by ITAEA Member States (in
particular Russia, which provided the major financial support
for project), but from 2004 funding is partly included in the
IAEA regular budget. (See table for INPRO members.)

The key feature of INPRO’s methodology is the informa-
tion it provides about the potential of nuclear energy and the
consequences of its use. It takes into account the develop-
ment options for society and its energy requirements as well
as the associated expenditure in terms of effort, resources
and time. This will provide INPRO members with a tool to
help in identifying and assessing the components needed
for a future nuclear energy system, such as reactors, waste
processing facilities, fuel fabrication and recycling facili-
ties. It will also assist States to identify the research, devel-
opment and demonstration (RD & D) required to improve
existing components for future application and to develop
new components as required.

In the area of economics, INPRO considers four market sce-
narios covering possible future developments. These are
characterised by various levels of globalisation and region-
alisation and differing views of economic growth versus
environmental constraints. Provided innovative nuclear
energy systems (INS) are economically competitive, INPRO
believes they can play a major role in meeting future energy
needs. But to keep the total unit energy cost competitive, all
component costs (capital costs, operation and maintenance,
fuel, etc) must be considered and managed. Limits on fuel
costs imply limits on the capital and operating cost of fuel
cycle facilities, including mines, fuel processing and enrich-
ment, fuel reprocessing and the decommissioning and long-
term management of the wastes from these facilities.

Regarding sustainability, INPRO has set two basic princi-
ples, one related to the acceptability of environmental effects
caused by nuclear energy and the second to the capability of
INS to deliver energy in a sustainable manner in the 21st cen-
tury. Protection of the environment is seen as fundamental,
and to be sustainable the system must not run out of impor-
tant resources (such as fissile/fertile material or water) part
way through its intended lifetime. The system should also
use them at least as efficiently as acceptable alternatives,
both nuclear and non-nuclear.
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Regarding safety, INPRO Principles and Requirements are
based on extrapolation of current trends and seek to encom-
pass the potential interests of developing countries and
countries in transition. For nuclear reactors, the fundamen-
tal safety functions are to control reactivity, remove heat
from the core, and confine radioactive materials and shield
radiation. For fuel cycle installations, they are to control sub-
criticality and chemistry, remove decay heat from radionu-
clides, and confine radioactivity and shield radiation. The
development of INS should be based on a holistic life cycle
analysis taking into account the risks and impacts of the inte-
grated fuel cycle.

The safety of waste management involves different time
scales and, in many cases different source terms and path-
ways, compared with nuclear installations. The existing nine
principles already defined by the IAEA for the management
of radioactive waste have been adopted by INPRO without
modification.

As the demand for electricity is expected to grow mainly
in developing countries, INPRO believes particular atten-
tion should be paid to these countries. For countries that
need only a small number of nuclear power plants it would
not be rational to develop a fully capable domestic supply
structure. Internationally operated companies could provide
most of the necessary infrastructure for the construction and
operation of nuclear power systems and could supply a val-
uable service.

Need for Global Co-operation

There is a general consensus on the need for international
efforts to develop new nuclear technologies. Establishing
some kind of co-operation between existing projects has
been discussed and is progressing.

GIF technology goals and INPRO user requirements have
many similar or identical statements relating to econom-
ics, safety, environment, fuel cycle and waste, proliferation
resistance, and sustainability. Approaches for screening and
selecting candidate innovative concepts also appear to be
quite similar. However, there are some significant differ-
ences:

D GIF is already in the phase of initiating R&D, while
INPRO has only just completed formulation of its user
requirements;

D GIF mainly addresses the demands of a few industri-
ally-developed countries, while INPRO offers a more in-
depth consideration of nuclear power in general, taking into
account country and region specifics;

D INPROisexpected to involve a broader spectrum of tech-
nology proposals for innovative reactors and nuclear fuel
cycles, which would meet the demands of nearly all coun-
tries — and not just nuclear stakeholders.

D INPRO also seeks to address issues beyond technological
requirements, particularly the possible advantages of inter-
national cooperation in establishing the necessary infra-
structure for individual countries, as well as innovations in
legal and institutional structures. INPRO is ready to con-
sider the needs of developing countries in this regard.

D GIF limits its consideration to separate nuclear energy
systems with reactors of different types and accompanying
fuel cycles.

D INPRO considers that the combinations of such systems
should be tailored to different scenarios of nuclear power
development at national, regional, and global levels.

GIF and INPRO have the basis for closer co-operation since
the focus of their efforts is different. GIF members are
mainly the holders of technologies and GIF is considering
very complex technologies. However, INPRO sees Asia as
the future market for nuclear, including developing coun-
tries, where more simple but reliable systems are needed.
INPRO includes members from developing countries and so
can better understand their needs and requirements.

Theroleofinnovationasacrucial factortothe future ofnuclear
was highlighted at the IAEA’s International Conference
on Innovative Technologies for Nuclear Fuel Cycles and
Nuclear Power held in Vienna in June 2003. The chairman
of India’s Atomic Energy Commission, Dr. Anil Kakodkar,
stressed the importance of nuclear as part of a diversified
energy mix. However, he said there was an underlying con-
flict between the developing and developed world concern-
ing nuclear power. Many developing countries believed that
non-proliferation measures had been used largely to prevent
a meaningful technology transfer, he said.

Atthe IAEA General Conference in September 2003, States
adopted a resolution stressing the need for international
collaboration in developing innovative nuclear technology
and high potential and added value that could be achieved
through collaborative efforts. It also stressed the importance
of identifying synergies with other international initiatives
on innovative nuclear technology development.

It is clear that a more collaborative multinational approach
is evolving, though some obstacles remain to be resolved.
As developments unfold, co-ordination between INPRO and
GIF could soon begin.

Judith Perera has 15 years experience as is a writer, editor
and consultant on nuclear energy and related areas. This
article is adapted from her report in the January 2004
edition of Nuclear Engineering International. E-mail:
JudithPerera@aol.com. For more information onthe IAEA’s
work through INPRO see www.iaea.org/INPRO/
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South Africa’s
Nuclear Model

A small and innovative reactor is seen as
the model for new electricity plants.
The project is nearing the starting blocks.

by Tom Ferreira
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Ithough nuclear power generation has by far the best
safety and environmental record of any technology
in general use, it has for many years been unable to

make any meaningful inroads into the wall of negative per-
ceptions that have arisen against it.

But sentiments are changing rapidly on a global scale. The
flare-up of oil prices is a sobering reminder of the volatility
in the energy market, the exhaustibility of fossil fuels and
the urgent need for stable, reliable, non-polluting sources of
electrical power that are indispensable to a modern indus-
trial economy.

Today, new types of nuclear plants are prized, and South
Africa is moving ahead. The State energy provider, Eskom,
is internationally regarded as the leader in the field of the
Pebble Bed Modular Reactor (PBMR) technology, a “new
generation” nuclear power plant.

A decision on the PBMR project’s future is on the near hori-
zon (see box, The PBMR Nears the Starting Blocks.) Should
approvals be received in the coming months to proceed to
the project’s next phase, construction of the PBMR dem-
onstration plant will start in 2006, in which case the reactor
will start in 2010 and handed over to the client, Eskom, in
2011. Eskom has conditionally undertaken to purchase the
first commercial units.

o

Pebble bed reactors are small, about one-sixth the size of
most current nuclear plants. Multiple PBMRs can share a
common control center and occupy an area of no more than
three football fields.

More specifically, the PBMR is a helium-cooled, graphite-
moderated high temperature reactor (HTR). The concept is
based on experience in the UK, United States and particu-
larly Germany where prototype reactors were operated suc-
cessfully between the late 1960s and 1980s. Although it is
not the only high-temperature, gas-cooled nuclear reactor
being developed in the world, the South African project is
internationally regarded as a frontrunner. The South African
PBMR includes unique and patented technological innova-
tions which make it particularly competitive.

Mr. Nic Terblanche, Chief Executive of PBMR (Pty) Ltd,
says that the commercial reactors would be sized to pro-
duce about 165-MWe each. To maximise the sharing of sup-
port systems, the PBMR has been configured into a variety
of options, such as an 8-pack layout. “This is the most cost
effective layout and allows the modules to be brought on
line as they are completed,” he says.

The concept allows for additional modules to be added in
accordance with demand and to be configured to the size
required by the communities they serve. It can operate in iso-
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The PBMR Nears
the Starting Blocks

SouthAfrica’s Eskomhastwo partnersinthe PBMR
project, namely the Industrial Development
Corporation (IDC), and British Nuclear Fuels. The
partners have all expressed a desire to proceed to the
detailed design and construction phase. This phase
involves construction of a demonstration reactor at
Koeberg near Cape Town and an associated fuel plant
at Pelindaba near Pretoria, where fuel for Koeberg
used to be manufactured.

So far, the project’s detailed feasibility study, basic
design and business case have been completed and
the project team is ready to move to the construc-
tion phase once the various approvals are received.

Eskom is currently awaiting the final verdict on
the Environmental Impact Assessment (EIA) from
the Minister of Environmental Affairs and Tourism
(DEAT) following an initial positive Record of
Decision (RoD) on the EIA reports in June 2003. The
DEAT found the project was, with some conditions,
acceptable from an environmental impact point of
view.

Subsequent to the positive RoD, interested and
affected parties were granted two months to lodge
appeals with the Minister of Environmental Affairs
and Tourism. The appeal period ended in August
2003 and the Minister is currently reviewing the
appeals.

Inadditiontothefinalverdictonthe EIAandapproval
by the investors, proceeding to the next phase (build-
ing of ademonstration module and fuel plant), is still
subject to the issuing of a construction license by
the South African National Nuclear Requlator and
approval by the South African Government.

The project seems to be strongly supported by
President Thabo Mbeki and his government. In fact,
a South African delegation led by the Department
of Trade and Industry met with senior executives
of Areva and Framatome in Paris earlier this year
to negotiate possible French participation in the
project. Areva is one of several international compa-
nies who have shown an interest in getting involved
in the US 513 billion project.
L -y -
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Design view of the PBMR module concept.

lation anywhere, provided that there is sufficient water for
cooling. Dry cooling, although more expensive, is an option
that would provide even more freedom of location.

Developments Marking Progress

An exciting new development is PBMR (Pty) Ltd’s inten-
tion to submit a proposal for the US$ 1.1-billion hydrogen
production project at the Idaho National Environmental
and Energy Laboratory in the USA. The hydrogen initiative
calls for a plant that can generate both electricity and high
temperature process heat. Initial conceptual layouts show
that, with minor modifications, the current PBMR power
plant can meet this requirement.

Participation in the hydrogen project offers clear benefits
that can act as a catalyst for the early commercialization of
the PBMR technology in the USA. This would lead to the
reactor becoming the preferred route as far as HTR technol-
ogy is concerned.

The PBMR concept is based on the philosophy that new
reactors should be small. The reactor consists of a verti-
cal steel pressure vessel lined with graphite bricks. It uses
silicon carbide coated particles of enriched uranium oxide
encased in graphite to form a fuel sphere or pebble, each
containing about 15,000 uranium dioxide particles. Helium
is used as the coolant and energy transfer medium.

The project achieved a major engineering milestone with
the successful starting up of a test rig of the PBMR power
conversion system. The test rig represents the first closed-
cycle, multi-shaft gas turbine in the world. The model
was designed and built by the Faculty of Engineering at
Potchefstroom University near Johannesburg, with techni-
cal input from the PBMR project team.

The South African Nuclear Energy Corporation, which is
under contract from PBMR (Pty) Ltd to develop the fuel
manufacturing capability, is in the meantime making good
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progress. Its focus is on developing the exacting produc-
tion techniques required for the manufacture of complete
fuel spheres.

Demonstrating Safety

The design’s fundamental concept is aimed at achieving a
plant having no physical process that could cause a radia-
tion hazard beyond the site boundary. In addition, the peak
temperature reached in the core during the transient is not
only below the demonstrated fuel degradation point, but
also far below the temperature at which the physical struc-
ture is affected. This will preclude any prospect of a core
melt accident.

The safe design was proven during a public and filmed plant
safety test at the German AVR power plant, on which the
PBMR reactor core concept is based. The Germans stopped

Diameter 60mm

#Pyrolytic Carbon
Fuel sphere

-'_ ~Silicon Carbite Barrier Coating
Inner Pyrolytic Carbon

Half section Porous Carbon Buffer

Diameter 0,92mm

Coated particle 2
Diameter 0,5mm

Uranium Dioxide Fuel

The uranium fuel spheres or pebbles are 60 mm in diameter,
which is slightly smaller than a tennis ball. On the right are the
coated particles, which are abouts Tmm in diameter. A coated
particle consists of a kernel of uranium dioxide surrounded by
four coating layers.

the flow of coolant through the reactor core and left the con-
trol rods withdrawn just as if the plant was in normal power
generation mode.

It was demonstrated that the nuclear reactor core shut itself
within a few minutes. It was subsequently proven that there
was no deterioration over and above the normal design fail-
ure fraction of the nuclear fuel. This proved that a reactor
core meltdown was not credible and that an inherently safe
nuclear reactor design had been achieved.

“We’re trying to change the nuclear culture,” says Phumzile
Tshelane, General Manager Corporate Services of PBMR
(Pty) Ltd. “If the PBMR demonstration module proves to be
technically and commercially viable, it could dramatically
boost the prospects of nuclear energy on a global scale, ful-
filling at last the dream of a non-polluting power source that
is safe, competitive and perhaps even popular.”

Tom Ferreira is Communication Manager of PBMR (Ltd.)
in South Africa (https.//www.pbmr.com).
E-mail: commsmanager@pbmr.com
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Joining Forces for Innovation

outh Africa already operates two conventional
Snuclear power plants at Koeberg, which together
supply about 6% of the country’s electricity, including
most of nearby Cape Town'’s needs. Electricity demands
are expected to keep rising in years ahead. About 60%
of South Africans today have access to electricity, com-
pared to 30% a decade ago. Nuclear and renewable
sources of energy helped fuel the growth, though coal
remains the dominant power source, generating 90% of
all electricity.

Pebble bed reactors are not new to the nuclear world,
though technological innovations now are helping to
bringthem tomarket. If built, South Africa’s PBMR would
be the largest commercial example of the technology.

Both Germany and China have developed PBMRs, and
research and development is intensifying in the United
States, China and other countries. Recently, researchers
at the Massachusetts Institute of Technology (MIT) in
the USand Tsinghua University in Beijing, Chinaformed a
partnership to collaborate on PBMR development under
aninternational agreement between the US Department
of Energy and the China Atomic Energy Authority.

For the past six years, MIT and Tsinghua research teams
have been working independently on studies of the reac-
tor. Their joint work now sets up ways for the research
teams to exchange technologies and ideas.

“The agreement provides an incredible opportunity
for bringing the world together on this promising
technology,” says Professor Andrew Kadak of the
Department of Nuclear Engineering, who leads the MIT
research and was instrumental in the three-year effort
to get the agreement signed. He is now contacting other
pebble-bed researchers in the United States, Europe,
South Africa and elsewhere to develop mutual topics of
interest. The aim is to form an international effort that
will go far beyond the MIT/Tsinghua collaboration and
build on worldwide interest in the technology.

One focus of interest is a “plug-and-play” approach
to building components of pebble bed reactors. If
competitive, researchers say such small, modular plants
will be attractive not only to the US market but also to
China and other rapidly developing countries that have
widely dispersed populations.
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Safety For

All

the new INSAG

by Richard Meserve & Kenneth Brockman

for an advisory committee to the IAEA in the area of

nuclear safety. The group that was subsequently char-
tered was called the International Nuclear Safety Advisory
Group (INSAG). The nuclear community knew it over the
years for the sage counsel and advice that it provided to, and
through, the Agency. Between 1985 and 2002, INSAG mem-
bership ranged from 13 to 15 experts from around the world.
Individuals whose names are synonymous with a commit-
ment to nuclear safety led the group during these years,
including Messrs. A.P. Vuorinen (Finland), H.J.C. Kouts
(USA), Z. Domaratzki (Canada), A. Birkhofer (Germany),
and A. Baer (Switzerland).

In 1985, the IAEA Director General identified the need

Over these 17 years, INSAG produced numerous studies
that provided the foundation for advances in nuclear safety.
These studies included evaluations of design and opera-
tional safety at nuclear power plants, consideration of the
impacts of radiological exposures, and the examination of
how best to develop and maintain a proper safety culture.

While INSAG publications were recognized throughout the
nuclear community as authoritative and insightful reflec-
tions on topics relating to nuclear safety, some believed the
Group was limited by its charter obligation to provide advice
solely to the IAEA. Other international groups of experts,
most notably the International Commission on Radiological
Protection (ICRP), evolved with much broader responsibil-
ities. As result, the organization and Terms of Reference for
the ICRP were seen to provide a model to emulate if one
wanted to have an expert group that could serve all con-
cerned stakeholders. It was in response to this desire that the
current INSAG was chartered.

i
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Mr. Brockman and Dr. Meserve at the press briefinigrin Vienna
announcing INSAG’s formation.

The New INSAG

While the acronym INSAG has been retained, the proper
full name for the group has been subtly, but significantly
changed. No longer is the Group an advisory group; now
INSAG stands for the International Nuclear Safety Group.
This change captures the fact that INSAG is no longer an
advisory organ for the Director General and the Secretariat,
butinstead has been convened to serve all parties concerned
with nuclear safety issues — non-governmental organiza-
tions, regulatory authorities, the nuclear industry, the public
and the media. The opening statement from the new Terms
of Reference for INSAG states that “INSAG will provide
recommendations and opinions on current and emerging
nuclear safety issues to the IAEA, the nuclear community
and the public.”
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While the audience for the new INSAG has expanded, the
issues that it will address are now more sharply focused.
Given the fact that groups such as the ICRP are operating
in areas relating to radiation safety, the new INSAG has
been asked to focus on the “safety of nuclear installations
— nuclear power plants, research reactors, and other fuel
cycle facilities.” This narrowing of the areas of concern is
not intended, however, to be excessively restrictive. The
Director General, in his comments to the group, emphasized
that he expected INSAG to approach safety with the wid-
est of perspectives and to be an internationally recognized
body that could be called upon to consider any safety issue
that were to arise at a nuclear installation in an objective and
comprehensive fashion.

The new group is chaired by Dr. Richard Meserve, recently
Chairman of the United States Nuclear Regulatory
Commission and now President of the Carnegie Institution.
Four of the other members served on previous INSAGs
— Mr. A. Abagyan (Russia), Mr. A. Alonso (Spain),
Mr. A. Birkhofer (Germany) and Mr. S. Matsura (Japan).
The other members bring skills from around the globe —
Z. Dutra (Brazil), L. Echavarri (OECD/NEA), S. Harbison
(United Kingdom), T. Hill (South Africa), C. Kang (South
Korea), J. Laaksonen (Finland), A. Lauvergeon (France),
J. Ronaky (Hungary), S. Sharma (India), J. Tian (China)
and D. Torgerson (Canada).

The members were selected both because of their technical
expertise and because of their personal and professional
commitment to safety. These individuals represent all of
the institutions and facilities involved in ensuring nuclear
safety — the power reactor industry, operators of fuel
cycle facilities, regulatory authorities, non-governmental
organizations, and research and academic institutions.
The IAEA serves as a Secretariat for the group, providing
it with logistical support and a venue at which to conduct
activities. The Director General appoints the members, and
the Division of Nuclear Installation Safety serves as the
support organization.

The Top Five

To date, INSAG has identified five issues that require the
group’s immediate focus and attention. First, at the request
of the Director General, the Chairman of INSAG, with
assistance from the group, will develop a periodic report
presenting an opinion on the State of Nuclear Safety. It
is anticipated that the first report will be available for the
General Conference of the IAEA in September. Second,
INSAG will consider the concept of a Global Nuclear
Safety Regime, and the challenges arising from the interna-
tional and intercultural aspects of today’s nuclear industry.
Third, the group will look at Safety Principles, seeking to
determine how best to apply risk insights in the regulatory,
design and operational decision-making processes. Four,
INSAG will examine Operational Safety, a significant area

Past INSAG
Safety Reports

The IAEA has issued a collection of reports on
nuclear safety under the INSAG framework. They
include the world’s first authoritative account of
the 1986 nuclear accident at Chernobyl, and an
update issued in 1993.

Other reports have focused on topics including
basic safety principles; safety culture; regula-
tory decision-making; knowledge management;
safe management of radioactive sources; and
the defence-in-depth approach to nuclear plant
safety.

Many of the reports are issued in non-English lan-
guage editions, including Russian, Spanish, and
French, and can be downloaded on the Internet.
For more information, check the Publications
pages of the Agency’s public web site at
www.iaea.org, and enter the word “"INSAG” in the
search function.

of focus for the previous INSAGs. To properly serve the
public, INSAG recognizes that it must consider whether
the current fleet of nuclear installations have been designed
and are being operated in a manner that ensures, to the
greatest extent reasonable, the protection of the health and
safety of the public and the environment. Finally, INSAG
will consider how best to address the issue of Stakeholder
Involvement. The Terms of Reference for the new INSAG
have expanded its audience, and the group will focus signif-
icant effort on how best to involve all concerned stakehold-
ers and how best to communicate with them.

The INSAG meets twice per year. However, the individ-
ual members work extensively on their own time during
the intervening periods. Both individually, and as a group,
INSAG seeks to ensure that all countries that choose the
nuclear option have properly addressed safety issues. More
importantly, INSAG stands ready to serve the world com-
munity as an authoritative adviser that is both technically
competent and committed to the paramount importance of
safety in nuclear facility design and operation.

INSAGs Chairman, Richard A. Meserve was appointed
the ninth president of the Carnegie Institution in
December 2002. He assusmed the presidency in
April of 2003, after stepping down as chairman of
the US Nuclear Regulatory Commission (NRC).

Kenneth Brockman is Director of the IAEA Division of
Nuclear Installation Safety. E-mail:K.Brockman@iaea.org
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& the new agenda

by Vladimir A. Orlov

eapons of mass destruction (WMD) are a seri-

s }‘ / ous international concern and have been at least

for nearly a century. After World War 1, the

Geneva Protocol of 1925 prohibited the use of chemical and

biological warfare. The advent of nuclear weapons, with

their extraordinary destructive capacity, made the prolif-

eration of WMD an even greater concern after the Second
World War.

Moreover, during the post-Cold War period the dangers
of proliferation of WMD have increased due to regional
tensions, the dissolution of the Soviet Union (and result-
ing looser controls over weapons scientists and dangerous
materials), and the ready availability of sensitive technolo-
gies. More than ten States have active WMD-related pro-
grammes, and probably about ten more have capabilities to
start them.

At the same time, non-State actors (transnational organ-
ized criminal communities and international terrorist net-
works) today are seen as playing an increasingly active
role in unauthorized access to and proliferation of sensitive
materials, technologies, and weapons. After 9/11, the risk
of such actors using WMD components as a tool for black-
mailing governments has become a real scenario, still with
low probability but with highly significant— and disastrous
consequences.

The international community has responded to problems and
challenges in two major ways. The first has been the elabora-
tion of multilateral international treaty regimes intended to
prevent the proliferation of WMD. These include the Treaty
on the Non-Proliferation of Nuclear Weapons (NPT), the
Chemical Weapons Convention (CWC), and the Biological
and Toxin Weapons Convention (BWC). The second

King

approach has been the formation of non-treaty arrange-
ments, generally known as “suppliers’ clubs”, aimed at pre-
venting the proliferation of technologies and equipment that
could be used by a “proliferant” State or non-State actor
to develop WMD and/or delivery systems (e.g., ballistic or
cruise missiles) associated with such weapons. These organ-
isations are: the Australia Group (chemical and biologi-
cal technology); the Zangger Committee and the Nuclear
Suppliers Group (nuclear); and the Missile Technology
Control Regime (MTCR).

A particularly important role in detecting non-compliance
to nuclear non-proliferation is played by the International
Atomic Energy Agency (IAEA). Its inspection mechanism
has proved to be efficient and balanced even in such com-
plex situations as Iraq.

For various reasons, these treaty and non-treaty regimes
have been under severe stress in recent years. The situa-
tion demands a new international agenda of action against
the proliferation of WMD. For example, within the NPT
regime, nuclear-weapon States and non-nuclear weapon
States frequently disagree over Treaty commitments to
negotiations regarding nuclear disarmament and to provi-
sions to prevent the diversion of nuclear materials to nuclear
weapons purposes. The Indian and Pakistani nuclear
weapon tests of 1998, the de facto nuclear weapon status of
Israel, and the North Korean nuclear weapons programme
also pose significant challenges to the NPT.

Meanwhile, States parties to the BWC have not achieved
consensus on a legally binding protocol to provide the con-
vention with a “verification” mechanism. Despite conclu-
sion of the CWC — which mandates the elimination of an
entire class of WMD and establishes an international organi-
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sation and detailed verification regime to ensure compliance
— many countries are suspected of possessing chemical
weapons programmes. Issues of compliance are essential,
and the failure to address non-compliance in a satisfactory
manner is perceived as undermining the viability of the non-
proliferation regime.

The growing perception that these mechanisms have been
inadequate to constrain the proliferation of WMD technol-
ogy and the development of increasingly longer-range mis-
siles has led to alternative approaches. On the one hand,
there has been a cooperative international approach to assist
countries in the former Soviet Union that have technical
and/or financial difficulties living up to their non-prolifera-
tion commitments. On the other hand, the US has also begun
to place greater emphasis on deterrence and defence against
these threats, as evidenced by robust programmes for coun-
ter-proliferation, such as the 2003 Proliferation Security
Initiative.

The Group of Eight countries (G-8) has become an increas-
ingly important forum for discussing WMD proliferation,
notably its prevention and measures aimed at coopera-
tive threat reduction in different regions of the globe, start-
ing with the former Soviet Union. In June 2003, the G-8
launched a Global Partnership Program Against the Spread
of Weapons and Materials of Mass Destruction. Since then,
cooperative approaches towards proliferation prevention
have demonstrated their efficiency, though much more
work must be done.

The Threats of lllicit Nuclear Trafficking

The last decade of the 20th century put on the agenda
new non-traditional threats to the international regime
of nuclear non-proliferation. Among the most serious are
illicit trafficking in nuclear material and nuclear terrorism.
The emergence of these threats, which are no longer hypo-
thetical but real, were magnified by the terrorist attacks of
September 2001.

The threats are determined by similar factors. In the 1960s
and later, development of nuclear explosive devices required
titanic efforts of an entire State and it was a large-scale and
expensive program. Nowadays it is much easier due to sci-
entific and technological progress and more widely spread
knowledge and technology.

Political shifts in the post-Cold War world also play a role.
Small but ambitious States find it more difficult to achieve
their foreign policy objectives, since they can not as easily
play one superpower off another. Additionally, as the super-
powers have loosened control over regional conflicts, bel-
ligerents have more temptation to gain added military and
political frumps, e.g. with acquisition of WMD. Finally, in
most cases, national governments have become less radical
and, hence, some groups and political activists try to pur-

sue their goals independently and not through established
power institutions.

Other reasons for illicit nuclear trafficking and nuclear ter-
rorism are:

> The release of a considerable number of weapons-grade
nuclear materials resulting from the global process of
nuclear arms reduction.

> The aggravating conditions of obtaining nuclear materi-
als for non-nuclear weapon States, who are found or sus-
pected of secretly developing their own military nuclear
programmes because of restrictions imposed through inter-
national systems of export control.

> The growing number, influence and increasing financial
capabilities of non-State actors in international relations,
such as terrorist groups, transnational organized crime
groups, ethnic separatist movements, and extremist reli-
gious cults.

The difficulties in adequately responding to such non-tra-
ditional challenges are not a headache for one State but for
all States, and especially those that possess and must con-
trol nuclear weapons or complex nuclear enterprises. At the
same time, it is obvious that the risk of illicit nuclear traf-
ficking and unauthorized access to weapons-usable nuclear
materials or nuclear weapons with terrorist purposes is con-
siderably high in two States, namely the United States and
Russia. They possess the largest stockpiles of nuclear weap-
ons and nuclear materials, sensitive from the standpoint of
non-proliferation, and they are engaged in a dynamic proc-
ess of nuclear arms reduction.

What is Nuclear Trafficking?

The illicit trafficking in nuclear material is intra- or inter-
border movement of nuclear materials that are sensitive
from the point of non-proliferation (i.e. uranium with 20%
enrichment and higher and plutonium, as well as related
fuel cycle facilities that might be accessed illegally). Thus,
it is mostly the matter of stealing 20% (or higher) enriched
uranium and plutonium from nuclear fuel cycle enterprises.
Once stolen, the material can be left within the country of
origin (i.e. pure theft) or illegally transported to another
State (i.e. nuclear smuggling). The latter is the most danger-
ous from the point of non-proliferation.

The theft and smuggling of nuclear materials can pursue
different goals. One is commercial, that is, resale to the
third party with the purpose of obtaining personal financial
profits. Another is terrorist, namely the malevolent use of
stolen nuclear materials for terrorism or blackmail. In the
case of nuclear material smuggling there is a high possibil-
ity that those who acquired nuclear materials from the thief
will later use it for developing a military nuclear programme
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IAEA Tracks lllicit Trafficking of
Nuclear & Radioactive Material

s of December 2003, the IAEA's lllicit Trafficking

Database contains 540 confirmed incidents involving
illicit trafficking in nuclear and other radioactive materials,
which have occurred since | January 1993. Several hun-
dred additional incidents (344) that have been reported
in open sources, but not confirmed by States, are also
tracked in the IAEA database but are not included in the
following statistics. The majority of these confirmed inci-
dents involved deliberate intent to illegally acquire, smug-
gle, or sell nuclear material or other radioactive material.
The database also includes some incidents where actions
may have been inadvertent, such as accidental disposal or
the detection of radioactively contaminated products.

lets; natural uranium in a variety of forms and purity;
depleted uranium, usually in the form of shielding mate-
rial in containers of the type used to ship or store radioac-
tive sources; and thorium in various forms including ore.
While the quantities of these lower-grade materials that
have been stolen or seized to date have been too small to
be significant for nuclear proliferation, these cases some-
times are indicative of gaps in the control and security of
nuclear material.

Other Radioactive Material

As of December 2003, the IAEA database includes 335
confirmed incidents since | January 1993 that involved

Of the 540 confirmed illicit traffick-
ing incidents about 41% involved
nuclear material, and 62% involved
radioactive material other than
nuclear material. (These figures
total morethat 100% because some
incidents involved both nuclear and
other radioactive materials. )
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Incidents with
Nuclear Material
As of December 2003, the IAEA
database includes 182 confirmed
incidents since | January 1993 that
involved nuclear material.
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Weapons-usable nuclear material. Ofthese 182 incidents
with nuclear material, less than 10% (18 incidents) involved
highly enriched uranium (HEU) or plutonium, materials
that could be used for the fissile core of a nuclear explo-
sive device. During the first half of the 1990s, quantities
of a kilogram or more of HEU were seized in a few cases,
and in one case about 0.3 kg of plutonium (Pu) was seized.
By contrast, no confirmed theft or seizure since 1995 has
involved more than 1% or 2% of what would be needed
for constructing a nuclear bomb. These small quantities
are not grounds for complacency, however. Even when
small quantities of such material are seized, the question
remains whether they might have been samples of larger
quantities available for illicit sale. Another concern is that
trafficking in such materials might occur undetected.

Lower-grade nuclear materials. The overwhelming
majority of confirmed nuclear trafficking involved lower
grade materials. These include: low-enriched uranium
(LEV), usually in the form of nuclear reactor fuel pel-

radioactive material other than nuclear material. In most
of the cases, the trafficked radioactive material was in the
form of sealed radioactive sources. However, some inci-
dents with unsealed radioactive samples, or radioactivily
contaminated materials such as contaminated scrap metal,
also have been reported to the illicit trafficking database
and are include in the statistics. Some States are more
complete than others in reporting incidents, and open-
source information suggests that the actual number of
cases is significantly larger than the number confirmed to
the IAEA.

Radioactive sourcesinvolvedin confirmed trafficking dem-
onstrate a wide range of activity levels. The vast majority
of them have been too weak to cause serious health prob-
lems if used for malicious acts.

For more information on nuclear security, see the IAEA’'s web
pages at www.iged.org.

IAEA BULLETIN 46/1

June 2004 55



of a State striving for possession of nuclear weapons. At the
same time, the buyer may represent a State or a non-State
actor willing to acquire nuclear weapons, and after purchas-
ing, it will be the buyer who will carry out contraband sup-
plies of nuclear materials.

In most cases, information about nuclear theft or nuclear
smuggling shows that most trafficking involves radioac-
tive substances that are not nuclear materials and cannot be
used to produce nuclear weapons. These are primarily nat-
ural uranium and uranium dioxide, and sources of ionizing
radiation. Sometimes they were intended for resale inside
the country where the materials were obtained, sometimes
for smuggling abroad. Such cases pose no threat from the
point of non-proliferation, though they do raise fears and
concerns over what have been called “dirty bombs”.

The problem of analyzing illicit nuclear trafficking is com-
plicated by the considerable amount of confidential, unver-
ified, or exaggerated information. To a certain extent, the
mass media sensationalize reports, and journalists are not
always professional enough to explain to the readers the
difference between highly enriched and depleted uranium,
for example. In some cases, the problems of illicit traffick-
ing are the targets for political and diplomatic games or the
objects of undercover campaigns by intelligence services
themselves.

Russia is often identified in the world press as a source of
illicit nuclear trafficking. The reason for this was the col-
lapse of the USSR and the suspicions of insufficient physi-
cal protection of nuclear materials and weakness of control
systems. The first wave of information about nuclear smug-
gling from Russia dates back to 1992, and many reports
were discredited or proven false.

It would be a mistake to connect the problem of illicit nuclear
trafficking with any particular state (including Russia). At
the same time, it would be wrong to say that there was no
illicit nuclear trafficking in Russia, as some officials did in
the early 1990s. The problem exists and it is universal. One
cannot preclude, for example, that some weapons-usable
materials have been smuggled from Western Europe and
North America to Pakistan and Israel.

More Cooperation Needed

As stated by the G-8 leaders at the Moscow Nuclear Safety
and Security Summit as early as 1996, illicit trafficking
in nuclear material poses a global proliferation risk and a
potential danger to public health and safety. The criminal
diversion of nuclear material could assist States or terror-
ist groups to bypass the carefully crafted controls of the
international nuclear non-proliferation regime and permit
them to construct or otherwise acquire a nuclear or radio-
logical weapon. The G-8 leaders admitted that the majority
of cases, so far, had involved only small amounts of fissile

material or material of little use for weapons purposes, and
many apprehended nuclear traffickers had been swindlers
or petty thieves. Nevertheless, cases of illicit nuclear traf-
ficking continue to occur. (See box, IAEA Database on Illicit
Nuclear Trafficking.)

Efforts to prevent illicit trafficking in nuclear material are
being reinforced. They include strengthening the first line of
defense, i.e. safe and secure storage of nuclear materials and
efficient measures of protection, control and accounting to
prevent proliferation. They will also need to involve tight-
ening of national export control systems.

International cooperation in this area, sensitive from the
point of national security, has its limits. It is understood,
however, that without international cooperation, the prob-
lem ofillicit nuclear trafficking, when involving more than
one State, cannot be solved. For instance, in the framework
of international cooperation to prevent illicit nuclear traf-
ficking, the G-8 established the Non-Proliferation Experts
Group to coordinate its efforts with a range of intelligence,
customs, law enforcement and other agencies.

The international community’s response additionally should
draw upon the existing instruments and organizations of the
nuclear non-proliferation regime. These include univer-
sal adherence to the NPT and the Principles and Objectives
agreed at the 1995 NPT Review and Extension Conference,
and to the Convention on the Physical Protection of Nuclear
Material, as well as application of the recommendations
on physical protection made by the IAEA and the Nuclear
Suppliers Group (NSG).

Cooperation within the framework of the Zangger
Committee and the NSG is particularly important in the
struggle against illicit trafficking. The IAEA plays a special
role in international cooperation and has adopted an action
plan supporting its programme to prevent illicit traffick-
ing and nuclear terrorism. Recent proposals by the IAEA
Director General for greater and more concerted action for
stronger controls over nuclear materials are a sign of the
challenges before the international community. They merit
proactive and urgent attention.

Viadimir Orlov is the founding Director of the Moscow-
based PIR center for Policy Studies in Russia. In 2001-2002
he served as a consultant to the United Nations. In 1994 and
in 2001-2002 he was a visiting scholar and Senior Research
Association at the Center for Non-proliferation Studies,
Monterey Institute of International Studies. He joined the
Geneva Centre for Security Policy in January 2004 as a
Faculty Member. Author s e-mail: V.Orlov@gcsp.ch

Parts of this essay are drawn from his work at the Geneva
Centre for Security Policy in April 2004, and from a paper
he authored on illicit nuclear trafficking.
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Strengthening Nuclear Security in a Changing World

by Tomihiro Taniguchi & Anita Nilsson

rotection against nuclear terrorism is one of the
critical issues facing the international community
today. New and challenging security dimensions
must be met.

During the Cold War, the main international security
concern was the fear of a nuclear war and the spread
of nuclear weapons. The post-Cold War era presented
new security challenges, which recognized the need to
strengthen the international regime of physical protection
of nuclear materials.

In the post-9/11 period, threat perceptions include the
potential terrorist use of an improvised nuclear explosive
device, the use of aradiological dispersal device (RDD) and
attacksagainstnuclear facilities, i.e. sabotage. These threats
point to the need for an overall strengthening of the global
nuclear security regime with attention to “weak links” that
may offer soft targets for terrorists or criminals.

This article discusses some of the basic concepts and devel-
opments in the field of nuclear security; the legacy of the
Cold War and the rise of new challenges to the global
nuclear security agenda in the post-Cold War and post-9/11
periods; and efforts of the IAEA to strengthen the global
nuclear security regime. The IAEA is filling an important
and expanding role, yet more measures are needed.

The Evolving Context of
Nuclear Security

The Cold-War Period

During the height of the Cold War, “nuclear deterrence”
and “nuclear proliferation” dominated the global nuclear
security agenda. In their national security strategies, States
considered calculable threats of high-intensity and low-
probability — nuclear conflicts based upon the predict-
able rational behavior of known State-level adversaries
(also known as “rational actor theory”). A bi-polar security
structure gave rise to the “nuclear deterrence” doctrine.

Concerns that additional States would acquire nuclear-
weapon capability (“horizontal” proliferation) led to
the conclusion of the Treaty on the Non-Proliferation of
Nuclear Weapons (NPT) in 1968. While the Treaty prohib-
ited non-nuclear weapon States parties to acquire nuclear
weapons, “vertical” proliferation involving the develop-
ment and deployment of more sophisticated nuclear weap-
ons continued among the five nuclear-weapon States.

The NPT, which has now been in force for more than three
decades, is one of the most successful international treaties.
Inthe 1960s, it was feared that the number of nuclear-weapon
States could rise to 20 and above, but due in large part to the
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NPT, that number has been curtailed to about eight States.
While the nuclear disarmament forecast under Article VI
of the Treaty has not yet been achieved as expected, bilat-
eral disarmament treaties and the voluntary reductions of
nuclear weapons have lessened the global stockpiles of
nuclear weapons from their Cold War heights.

The Post-Cold War Period

The end of the Cold War was marked by a shift from a bi-
polar structure of global security to more complex interna-
tional relations. An increased risk for low-intensity national
andregional conflicts emerged withnew and more dispersed
threats involving a larger number of actors: criminals or
terrorists, which operate with trans-border networks.

The discovery in the early 1990s of clandestine nuclear pro-
grammes in Iraq and the Democratic People’s Republic of
Korea (DPRK) prompted the development and adoption of
the Model Additional Protocol to safeguards agreements.
In addition, the disintegration of the Soviet Union resulted
in alarger number of States being left with nuclear weapons
on their territories, and having responsibility for nuclear
material. Also, dismantling of nuclear weapons resulted in
large quantities of weapons-grade nuclear material in stor-
age facilities.

The many cases of illicit trafficking in nuclear materials
triggered an awareness of the need to strengthen the inter-
national physical protection regime. In 1999, the IAEA
Director General, inter alia, convened an open-ended group
of experts to examine the need to strengthen the Convention
on the Physical Protection of Nuclear Material (CPPNM).
The work was completed in 2003, when a report containing
a number of proposals to strengthen the Convention was
submitted to the TAEA Director General.

The Post 9/11 Period

The events of 9/11 in the USA demonstrated a new scale,
dedication and organization of terrorist groups, which
prompted the international community to re-evaluate the
threat posed by terrorism, including potential threats to
civilian nuclear programmes. The willingness of terrorists
to sacrifice their own lives in the attempts to cause wide-
spread death and destruction has prompted new nuclear
security awareness.

While the threat that terrorists will acquire a nuclear
weapon or related materials remains the most grave, the
threat of a radioactive dispersal device (RDD) or sabo-
tage of a nuclear facility or transport must also be seri-
ously considered. The potential consequences of sabotage
with a release of radioactive substances that could affect
neighbouring countries point to a transnational dimen-
sion of nuclear security, contrary to the perception during
the Cold-War period.

Thus, nuclear security in the post-9/11 period must con-
sider the potential of: a) the theft of a complete nuclear
weapon; b) the theft of nuclear material for the purpose of
constructing a crude nuclear explosive device with or with-
out the active involvement of a State; c) the theft of nuclear
and other radioactive materials to construct an RDD; and
d) attacks or sabotage directed against a power reactor, a
fuel cycle facility, a research reactor or a nuclear transport.

The prevention of such events requires strong actions at
the international, regional, and national levels. An inter-
nationally accepted and consistently and comprehensively
implemented nuclear security regime in broad partnerships
should make malicious acts very difficult to pursue.

What is the IAEA Doing?

The IAEA has adopted an integrated multi-track approach
to assisting States in strengthening their nuclear secu-
rity systems through a comprehensive Plan of Activities
for Protection Against Nuclear Terrorism. The Plan cov-
ers measures to prevent, detect, and respond to malicious
acts involving nuclear and other radioactive materials. It
embraces advisory, evaluation, and training services, as
well as legislative and technical support.

IAEA Nuclear Security Plan

The TAEA’s mandate, technical competencies, extensive
experience, and global reach make it a well-suited interna-
tional organization to effectively assist States in improv-
ing their nuclear security systems. To confront the post-
9/11 nuclear security threats and to provide nuclear secu-
rity assistance to States, the ITAEA Board of Governors, in
March 2002, approved a Plan of Activities for Protection
Against Nuclear Terrorism and assigned the highest prior-
ity to its coherent and effective implementation. The Plan
covers three lines of defense: prevention, detection and
response, supplemented with activities in support of infor-
mation management and co-ordination.

The implementation of the Plan was estimated to require a
minimum of $36 million to be funded largely through vol-
untary contributions made to an extrabudgetary Nuclear
Security Fund (NSF). As of January 2004, over $27 million
had been pledged by 24 Member States and one organiza-
tion, of which almost $18 million has been received. In addi-
tion, Member States provide substantial in-kind assistance
including equipment, and the use of facilities, services, and
cost-free experts for the implementation of the Plan.

The main features of the Plan include:

@ Evaluation of need. Atthe core of the Plan is the assess-
ment of States’ needs for improved nuclear security. Since
2001, the IAEA has carried out over 60 advisory and eval-
uation missions to help States identify and remedy their
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nuclear security needs. The purpose of missions under the
newly established International Nuclear Security Advisory
Service is to address States’ needs across the entire spec-
trum of nuclear security related activities. The recommen-
dations generated as a result of these missions provide the
basis for subsequent targeted, nuclear security assistance,
through TAEA programmes or through bilateral support.
As a consequence, a joint, long-term workplan for improv-
ing security in the host State may be created for implemen-
tation in partnerships between the host country, the ITAEA
and bilateral programmes.

® Education and training. Strengthening nuclear secu-
rity requires well-prepared staff. The IAEA assigns high
priority to training, which it offers in an international,
regional, and national context, depending on the subject
areas. Several topics are suitable only in a national setting,
such as workshops on design basis threat methodology, due
to the sensitivity of security-related information and top-
ics. Since 2001, the IAEA has conducted over 80 training
courses, seminars, and workshops, which have had a pos-
itive impact on development of national cadres of nuclear
security specialists in States.

® Supporting legal instruments. The Agency works hard
to bring about universal adherence to, and implementa-
tion of existing international legal instruments relevant to
the enhancement of protection against nuclear terrorism,
e.g. the Convention on the Physical Protection of Nuclear
Material (CPPNM), the Code of Conduct for the Safety and
Security of Radioactive Sources, and safeguards agree-
ments and additional protocols.

To support the implementation of these instruments, the
Agency develops and provides guidelines and recommen-
dations. In addition, supporting technical documents have
been developed on a range of security related topics. They
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include design basis threat methodology, vital area identi-
fication, categorization of radioactive sources, security of
sources, functional specification for detection instruments,
the protection against sabotage againstnuclear facilities, the
due consideration of an “insider” threat, information tech-
nology security at nuclear installations, and preparedness
and response to malicious acts involving nuclear and other
radioactive material. The IAEA Nuclear Security Series of
documents will provide a vehicle to reach a broader audi-
ence for publications in nuclear security.

@ Co-ordination and cooperation. International coop-
eration is essential for identifying best practices to com-
bat nuclear terrorism and proliferation, knowledge sharing,
resource allocation, information exchange and early warn-
ing. By working in co-ordination with States and groups
of States, such as the European Union, which also provide
bilateral security support, the Agency facilitates the provi-
sion of physical protection equipment upgrades, as well as
of equipment for accounting, and detection of nuclear smug-
gling. To further support the combating of illicit nuclear
trafficking, the IAEA provides nuclear forensics support
to Member States for the characterization of confiscated
material through dedicated laboratories around the world,
and for the upgrading of tools for the detection of radioac-
tive materials in trafficking.

International IAEA conferences such as the International
Conference on the Security of Radioactive Sources held in
Vienna, Austria (the Hofburg Conference) in 2003, and on
National Infrastructures for Radiation Protection held in
Rabat, Morocco, are effective means of addressing urgent
topics in an international setting. In 2005, an international
conference on nuclear security as a whole will be con-
vened as well as an international conference on the safety
and security of radioactive sources as a follow-up on the
Hofburg conference in 2003.

To enhance co-ordination at an international level,
the TAEA participates in the meeting of the UN
Security Council Counter-Terrorism Committee,
and works closely with a number of international
organizations, including Interpol, Europol, and
World Customs Organization, in a wide range of
areas for nuclear security.

Building a Robust Regime

The global nuclear security regime, which is at an
early stage of its development, should be strength-
ened. This process should include both tackling the
“hot spots” and eliminating “weak links.”

Emphasis is on achieving an effective comprehen-
sive global nuclear security framework that will

At an IAEA training course in Cyprus, participants learn about ways to combat S€rve as a reference point for States’ efforts and for

illicit trafficking in radioactive materials.

the Agency’s support. Due consideration must be
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A Comprehensive Approach to Security

he IAEA has adopted a broad conceptual approach

to nuclear security by pursuing “the means and

ways of preventing, detecting, and responding
to sabotage, theft and unauthorised access to or illegal
transfer of nuclear material and other radioactive sub-
stances, as well as their associated facilities.”'

While in the past, matters related to nuclear safety,
safeguards and, in particular, nuclear security, were
each dealt with separately, recent developments have
unfolded their overlaps and potential synergies. The
2003 TAEA General Conference? acknowledged such
linkages and noted, infer alia, that strengthening the
safety of radioactive sources contributes to enhanced
security of such sources. It further noted that safeguards
agreements, additional protocols, as well as States’ sys-
tems of accounting for and control of nuclear materials,
contribute to preventing illicit trafficking, deterring and
detecting diversion of nuclear materials.

Both developed and developing countries depend on the
continued availability of nuclear energy and on the day-
to-day access to radioactive materials used in medicine,
agriculture and industry. Continued peaceful uses of
nuclear and radioactive substances are essential for sus-
tainable development.

It has long been widely recognized that the develop-
ment and use of nuclear technology require due consid-
eration to human health and safety. There is now a grow-
ing awareness that these activities also require adequate
security to protect them from malicious acts. Nuclear
security and sustainable development, therefore, respec-
tively serve each other’s needs and are important mutual
prerequisites. An increased focus on and support for the

given to international and regional cooperation in efforts to
protect against nuclear terrorism. It is essential that issues
of nuclear non-proliferation, nuclear safety and nuclear
security be dealt with on a comprehensive and integrated
basis in order to achieve maximum success for the peace-
ful, safe, and secure use of nuclear technology.

Major Challenges

There is an urgent need to evaluate and strengthen the glo-
bal nuclear security regime. Embedded in such an effort is
the worldwide need to secure nuclear and other radioac-
tive materials in non-weapon, non-nuclear use. The many
storages of research reactor fuel containing highly enriched
uranium, which can be used in an improvised nuclear explo-
sive device must be seen in the perspective of the potential
consequences should these materials come into the wrong
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process of sustainable development and equitable socio-
economic relations could have positive impact on efforts
to address the root causes of terrorism and thus alleviate
threats against peaceful nuclear activities.

'IAEA working definition of nuclear security adopted by
the IAEA Advisory Group on Nuclear Security.

’IAEA General Conference Resolution, “Nuclear and
Radiological Security: Progress on Measures to Protect
against Nuclear and Radiological Terrorism,” GC(47)/
RES/8, September 2003.

hands. Furthermore, many research establishments with
research reactors, laboratories and waste handling facili-
ties require that much more attention be given to security.

The security of transport of nuclear and radioactive mate-
rials presents additional issues of concern to the interna-
tional community. These questions are further compli-
cated by the materials that present both a radiological and
a chemical hazard. The privatisation of the nuclear power
industry, the construction of new generations of nuclear
power reactors, as well as of other nuclear fuel cycle facili-
ties, compel expanded security-related responsibilities for
the private sector.

It is also clear that robust, tight and internationally accepted
nuclear security, which subscribes to a graded-recommen-
dations approach based on risk and potential consequences,
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is imperative to sustainable development, of which the day-
to-day benefit of nuclear energy and nuclear applications is
an integral part.

The Holistic Approach

Global nuclear security requires a multi-track and holistic
approach. It includes efforts to prevent the spread of
weapons of mass destruction and related material; the
protection of sensitive equipment and technologies; control
of radioactive sources from cradle to grave, the detection
of malicious acts involving nuclear and other radioactive
materials, and emergency and incident preparedness
to respond to and mitigate the consequences of any
such acts.

Building a Global Nuclear Security Regime

The top tier of a global nuclear security regime consists of
the CPPNM and the Code of Conduct for the Safety and
Security of Radioactive Sources. Safeguards agreements
and additional protocols are recognized for their contri-
bution to nuclear security. Likewise, the Convention on
Nuclear Safety, the Convention on the Early Notification ofa
Nuclear Accident, the Convention on Assistance in the Case
of a Nuclear Accident or Radiological Emergency, and the
Joint Convention on the Safety of Spent Fuel Management
and on the Safety of Radioactive Waste Management are
recognized as important components of the institutional
framework.

It is noted that the CPPNM is one of the twelve conventions
that have been identified to contribute to the prevention of
terrorism, and therefore, a strengthened CPPNM will sig-
nificantly reinforce the global nuclear security regime. The
proposals made by the open-ended group of legal and tech-
nical experts to amend the CPPNM contain broadening of
its scope to include: protection of nuclear material in use,
storage and transport, and the protection of nuclear facilities
against sabotage. Further, universal implementation of the
Code of Conduct on the Safety and Security of Radioactive
Sources will also strengthen the nuclear security regime.

The global security regime is only as good as its weak-
est link. Eliminating the “weak links” requires the utmost
attention. It is essential to work toward the creation of a
critical mass of intellectual and institutional resources
in States, which will be able to provide the competencies
required to establish and sustain robust nuclear security
systems and facilitate their implementation. Cooperation
among relevant national authorities is key to forming effec-
tive national networks. Enhanced interaction between gov-
ernments and non-governmental institutions will facilitate
the exchange of new ideas and increase public awareness
of threats to nuclear security of the nations. Effective inter-
governmental networks will support a constructive nuclear
security dialogue.

The Agency will work towards establishing longer-term
relationships with countries to provide assistance and sup-
port in their efforts to improve their nuclear security sys-
tems to reach the anticipated holistic goal of strength-
ened nuclear security. Through longer-term goals and
work plans, the coordination of resources available to the
Agency, as well as in bilateral and multilateral support pro-
grammes, will be facilitated. The nuclear security relevant
recommendations and guidelines developed by the IAEA
will provide the necessary reference points for the States
when establishing their own goals for nuclear security in
their countries.

Building an effective global nuclear security regime
requires a concerted action by all States. Therefore, the
IAEA invites all States to join in efforts to strengthen
nuclear security at international, regional, and national lev-
els by making the best use of the Agency’s nuclear security
related services and by contributing financial and in-kind
resources. It’s essential that issues of nuclear proliferation
and the secure and safe use of nuclear technology be dealt
with in a comprehensive and synergistic manner in order to
achieve maximum success.

Is Enough Being Done?

The international community has taken important steps to
make it much more difficult for any terrorist and/or crimi-
nal to use nuclear and radioactive materials to cause death,
destruction and panic.

Yet, is enough being done? The consequences of an explo-
sion of one crude nuclear device would be catastrophic,
and the consequences of the sabotage of a nuclear facil-
ity may forever halt the development of nuclear technol-
ogy for peaceful purposes and thereby hamper socio-eco-
nomic development. Although an RDD may not cause mass
destruction, the disruption and panic caused by the explo-
sion of such a device and the unavoidable, likely vast con-
tamination of and effect on the environment are likely to
have unforeseeable consequences.

The Chernobyl catastrophe 18 years ago awakened the
world to the fact that the global nuclear safety regime must
be strengthened. The international community has now a
window of opportunity to take proactive measures to pre-
vent any catastrophic nuclear malicious event that may halt
the future use of nuclear technology for the benefit of man-
kind. There is no room for complacency.

Tomihiro Taniguchi is IAEA Deputy Director General
and Head of the Department for Nuclear Safety and
Security. Anita Nilsson is Head of the Department’s Office
of Nuclear Security. E-mails: T.Taniguchi@iaea.org;
A.Nilsson@iaea.org.
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Staff Report

Return to Sender

Upgrading the Safety & Security of Research Reactors

ow the world’s nuclear research reactors are
Hfuelled makes a difference. In fact, the type of

fuel they use has become a serious concern on
safety and security grounds. A focal point is fresh and
spent highly enriched uranium (HEU) fuel that remains on
site at many shut down research reactors, says the [AEA’s
Crosscutting Co-ordinator for Nuclear Research Reactors,
Mr. lain Ritchie.

Since 1993 the Agency has worked to help countries upgrade
safety and security at research reactors, particularly at shut-
down reactors that have no plans for decommissioning and
decontamination. The problems are significant, funds lim-
ited, and the work ever growing.

Spent Fuel at Reactors

Researchers have long used small nuclear reactors as
engines of discovery for everything from lifesaving cancer
treatment to electronic gadgetry. But the use and future of
research reactors is radically changing in a more economi-
cally competitive, and safety-conscious world.

Historically, HEU was the fuel of choice to power research
reactors. It is also a key safeguarded material that can be
processed and used to make anuclear weapon. Mostresearch
reactors are located in nuclear-weapon States, but some are
in countries yet to conclude safeguards agreements with
the Agency.

“To have to imagine that all this spent fuel, in all these lit-
tleresearch reactors, is scattered all over the world is crazy,”
says Mr. Allan Krass, Physical Science Officer, US State
Department. “We know of a number of countries where the
economy is in intensive care, the political situation is com-
pletely unstable and yet they have a research reactor with a
spent fuel pool,” Mr. Krass said.

In the past, the US supplied the bulk of HEU fuel and reac-
tors in North America and the Asia Pacific, while the former
Soviet Union supplied enriched fuel and HEU reactors to
Eastern Europe. There are various “take back” initiatives
underway to return this spent fuel to the countries of origin
for safe disposal.

“There is no country that enjoys taking back spent fuel
— it’s a political headache. Yet it is irresponsible to just

La Reina research reactor in Santiago, Chile.

imagine that you can leave that where it is indefinitely,”
Mr. Krass said.

In some cases stocks of highly radioactive spent fuel are
stored in an unsafe manner, corroding away. In other
instances, spent fuel had been building up for years, for
longer periods, and in large quantities, than originally
planned. About one-third of all spent research reactor fuel
is HEU spent fuel. The IAEA’s research reactor database
reveals the extent of the spent fuel problem:

€ 12,850 spent fuel assemblies of US origin still at research
reactors abroad. Most are eligible to be returned under the
US “take back” program, as long as they are discharged
before 13 May 2006.

@ 24803 spent fuel assemblies originally enriched in
the former Soviet Union still at research reactors abroad.
A Tripartite (IAEA, Russian Federation, US) Initiative to
repatriate this fuel is expected to begin this year.

Of'the 382 shut down research reactors worldwide, less than
half are decommissioned. The IAEA’s focus is on the 27
shut down research reactors in developing Member States.

“Of the 27 in question, those with safety concerns and seri-
ous spent fuel problems are well known to us and we are try-
ing to improve maters,” Mr. Ritchie said. Of particular pri-
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ority, reactors that have been shut down for more than a year
with no plans for decommissioning; and reactors or spent
fuel storage pools housing leaking fuel assemblies or exotic
fuels that require special management.

The Agency’s work in this area includes:

€ Enhancing the safety of facilities and spent fuel storage,
including support for the return of fuel to the country of
origin;

@ Correcting institutional shortcomings through training
and guidance, and providing limited monitoring equipment
in chronic cases;

@ Identifying and supporting upgrades to physical security
at vulnerable sites;

€ Developing long-term measures to improve security and
creating a common safety culture. This includes encourag-
ing States to sign on to the new Code of Conduct on the
Safety of Research Reactors that goes before the TAEA
General Conference in September 2004.

Fresh Fuel at Reactors

Stocks of unused, fresh HEU fuel also become a liability
when a research reactor shuts down. Fresh HEU fuel —
material not yet used in a nuclear research reactor — is low
in radioactivity. This makes it far easier for a thief to trans-
port than the highly radioactive spent fuel wastes.

“What we are talking about is weapons-grade material that
is not self-protecting - material that is not so radioactive that
people can’t just pick it up and carry it away,” Mr. Krass
said.

The IAEA is helping Member States to transfer unwanted
fresh HEU stocks back to the country that supplied it. In
August 2002 it helped transfer 45 kilograms (enough fissile
material to make two nuclear bombs) from Serbia and
Montenegro back to Russia, to be blended down to low-
enriched uranium (LEU) that cannot be used in a nuclear
weapon. Most recently it assisted Libya in March 2004.
In December 2003 it assisted Bulgaria and in September
2003, Romania. More return shipments are planned in
other countries.

Stop HEU Trade

Currently about 130 research reactors around the world still
run on weapons-grade HEU. In an article “A Safer World”
published in The Economist, IAEA Director General
Mohamed ElBaradei called for an end to trade in HEU.

“Existing facilities around the world that use high-enriched
uranium applications — for example, to produce medical

Staff Report
Code of Conduct

he Code of Conduct on the Safety of Research Reactors goes before
the IAEA General Conferencein September2004foradoption, having
been approved by the Board of Governors at its March 2004 meeting.

The Code establishes “best practice” guidelines for the licensing,
construction and operation of research reactors. At its core, “the safety
of the public, the environment and the workers,” said IAEA Director of
Nuclear Installation Safety, Mr. Ken Brockman.

Research reactors were excluded from the Convention on Nuclear Safety
when it was drawn-up in the early 1990s. The need for an overarching
Code of Conduct came toa head inaresolutionat the 2000 IAEA General
Conference, prompted by safety concerns as many of the worlds’ research
reactorsapproachedtheendoftheiroriginally plannedlifespans. Increased
fears of terrorist threats following the |l September 200l attacks
in the United States also helped to fuel desire for a Code of Conduct,
Mr. Brockman said. Just less than half of the world’s 272 research
reactorsstilloperate using highly enriched uranium—akeyingredientfora
nuclear bomb.

The Code is a non-binding international legal agreement, where States
determine their own level of commitment to its guidance. The Code
was derived from more detailed international standards that have been
promulgated for the safe day-to-day operation, construction, shutdown
and decommission of research reactors, Mr. Brockman said. “It will pave
the way for the continued evolution of these standards,” he said.

The Agency has already carried out numerous safety and security
missions at research reactors which, among other things, has helped to
improve the security infrastructure at reactors.

radioisotopes — should continue, gradually but irreversi-
bly, to be converted to low-enriched processes.”

The Agency is helping countries do exactly that. It actively
supports them to convert their research reactors from burn-
ing HEU to LEU. In conjunction with the US “Reduced
Enrichment for Research and Test Reactors” (RERTR)
programme the Agency is helping to reduce and even-
tually eliminate international commerce in HEU for
research reactors.

So far 29 reactors have been fully converted to LEU and a
further seven are in the process of converting. Countries
seeking IAEA assistance include Brazil and Romania.

Safety and security is a twin challenge of rising proportions
as more and more research reactors are shut down or decom-
missioned this decade. The TAEA stands ready to help but
with limited resources improvements come slowly, says Mr.
Ritchie. Signs fortunately are pointing to more international
support and co-operation in months and years ahead.

— Kirstie Hansen, IAEA Division of Public Information.
For more information see the feature series on the IAEA
web site www.iaea.org.
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Challenges & Lessons Learned from Nuclear Inspectiomns

by Jacques Baute

nder a dramatic and far-reaching global spotlight,

l | the International Atomic Energy Agency’s experi-

ence in [raq reached a turning point in March 2003.

Its nuclear inspection team — together with teams of the

United Nations Monitoring, Verification and Inspection

Commission (UNMOVIC) and the rest of the UN organ-

isations operating in Iraq — had to withdraw ahead of

announced military operations. The diplomatic route to
disarming Iraq had reached an impasse.

Today, international inspection teams tracking weapons of
mass destruction (WMD) programmes in Iraq work in the
wings, ready to resume operations in Iraq at the UN Security
Council’s call. The mandate of international inspection
stands, with the IAEA’s Iraq Nuclear Verification Office
(INVO) in Vienna in charge of the nuclear file.

The TAEA’s nuclear inspection and verification experience
in Iraq stretches over a span of three decades, addressing
activities from the mine to the weapon. Agency inspectors
led the discovery and dismantlement of Iraq’s secret nuclear
weapons programme in the 1990s, and after the 1990s round

of inspections had stopped, they had found no evidence, up
to March 2003, that the programme had been revived since
1998.

Since the first Iraq inspections under Security Council man-
date in early 1991, the road of nuclear verification in Iraq
has proved to be long and hard, and valuable lessons were
learned that have benefitted the international community
and strengthened the IAEA inspectorate. This article high-
lights the TAEA’s extensive experience in Iraq, the main
challenges, and selected key lessons drawn from them.

Limits & Loopholes: The Early Years

Much is known in the nuclear verification community about
the limitations of IAEA safeguards in the 1980s and of the
corrective steps that were taken. Until then, the nature of the

Photo: The remains of facilities used for Iraq’s clandes-
tine nuclear weapons programme. (Iraq, 1991-1998).
Credit: Action Team 1991-1998/IAEA
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traditional approach, thought to be adequate by the interna-
tional community, had enough loopholes for Iraq to begin a
clandestine nuclear weapons programme and remain unde-
tected for a decade.

It is unfortunate that in some arenas some continue to por-
tray the early safeguards limitations as an indicator of the
IAEA’s inability to provide credible assurance of a State’s
adherence to its obligations under non-proliferation agree-
ments. Iraq had joined the global Nuclear Non-Proliferation
Treaty (NPT) in the 1970s as a non-nuclear-weapon State
and had concluded the required NPT safeguards agreement
with the Agency.

Back then, it seemed that the international community was
convinced that NPT non-nuclear-weapon States would
remain committed to their pledges, and thus, the Agency’s
role would simply be the verification of the State’s declared
nuclear materials and installations. The mistake of the whole
community was not to acknowledge that a meaningful veri-
fication system must implement measures aimed at detect-
ing if a State was trying to deceive the system via the con-
duct of undeclared activities.

Addressing these loopholes — i.e. developing the lessons
learned of the initial discovery of Iraq’s undeclared pro-
gramme under the tougher inspection regime mandated by
the Security Council in the 1990s — was the main objective
ofthe IAEA’s programme for strengthening safeguards, and
ultimately led, in 1997, to the adoption of the Additional
Protocol to NPT safeguards agreements. The Protocol gave
TIAEA inspectors more authority, broadening the scope of
information and access that States had to provide to the
TAEA for nuclear safeguards and verification.

If inspectors had such authority in 1991, for instance, Iraq
would not have been able to develop most of its clandestine
activities in undeclared buildings at its Tuwaitha Nuclear
Research Centre, as turned out to be the case. Had the
Agency been able to put together and analyse information
from an extended declaration required from the inspected
country, from the quite numerous open sources in the late
1980s, and from information from other States, they would
have known more about Iraq’s apparent intentions and the
world would not have waited for Iraq’s invasion of Kuwait
before zeroing in on the clandestine nuclear programme.

Detection & Deception: On the
Weapons Trail 1991-95

The adoption of resolution 687 by the UN Security Council,
in April 1991, was an important milestone. In this cease-fire
resolution of the first Gulf war, the Agency was requested
to map out and neutralise Iraq’s nuclear programme and
ensure [raq’s compliance with its NPT and resolution-related
obligations through a far-reaching and ongoing monitoring
and verification system.

Could a verification body dream of better conditions than
being provided unconditional access to any individual, doc-
uments and technology that would help strengthen the con-
clusions? But despite such excellent conditions, our job was
still far from easy.

The challenge at that time started with a learning phase —
learning about Iraq’s covert programme, including its most
sensitive aspects, its weapons development; learning how
to use the tremendous rights provided by the resolution; and
learning how to team with UNSCOM, the United Nations
Special Commission on Iraq. UNSCOM was tasked with a
similar mandate for chemical and biological weapons and
missiles and was requested to provide “assistance and coop-
eration to the Agency” (a vague definition, at best, to pre-
vent possible variations on the understanding).

For the IAEA, one challenge was establishing the right
structure for tackling Iraq’s nuclear file. The first— perhaps
too modest — response was to start with an [AEA Action
Team made up of three professionals, reporting directly
to the Director General, relying on the roster of inspectors
from the Department of Safeguards, and calling on Member
States to provide the expertise not readily available in-
house. Gradually, however, the team grew in order to meet
the challenges and, by December 2002, had become the Iraq
Nuclear Verification Office (INVO) with more than 20 pro-
fessional staff members.

Perhaps the biggest misconception was the time the “Iraq
project” was expected to last. The timeframe cited by the
Security Council in resolution 687 was expressed in days.
Apparently, it was generally expected that the task could be
completed in no more than a few months. As a result, the
team went through a serious struggle when, at the end of
1993, a major turnover of personnel occurred, leaving only
the Action Team leader to provide continuity. Newcomers
had to rebuild the institutional knowledge with an inno-
vative attitude. Major effort was made to develop a team
approach, with a high priority in securing vital information
through advanced structured databases, avoiding unneces-
sary restriction to information circulation, unless its sensi-
tivity demanded a strict “need to know” approach.

That lesson, learned the hard way in 1994, was certainly a
pillar of the success of the Agency’s resumption of activi-
ties in November 2002. By then, staff turnover had once
again led to a situation where INVO’s Director was almost
the only survivor of the senior staff involved in the preced-
ing four (1994-98) years of inspections.

As TAEA inspections moved on in 1991, it became clear
that Iraq’s initial reaction certainly did not match the expec-
tation in terms of transparency set by the Security Council.
During the first months of inspections, Iraq’s obvious objec-
tive was to hide as much as possible of its past programme.
Unannounced intrusive inspections, in an attempt to cir-
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cumvent concealment actions — such as Iraq’s cleanup of
enrichment facilities and its efforts to hide sensitive infor-
mation from inspectors — became a powerful tool that
forced Iraq to readjust its approach, and reveal some of its
programme components by the summer of 1991. The extent
of Iraq’s clandestine programme was broadly uncovered,
well before Iraq’s forthcoming (and revised) declaration
in 1995.

This was due to various inspection techniques, including for
instance particle analysis of swipe samples, that has become
since then one of the most effective verification tools in the
nuclear area. Other factors behind the progress made were
the realization of Member States that sensitive informa-
tion provided to the Agency can lead to dramatic discover-
ies, the thorough and professional approach of experienced
safeguards inspectors mixed with experts in non-traditional
areas, and the development of systematic and comprehen-
sive analytical approaches, in particular to gain understand-
ing of the depth of Iraq’s procurement effort during the
1980s.

The Agency’s mandate for the destruction, removal or ren-
dering harmless of Iraq’s proscribed materials, equipment
and facilities was practically completed by early 1994
(but not in 45 days as foreseen in Security Council reso-
lution 687). At that time, there was no more weapon use-
able material, i.e. plutonium or high-enriched uranium
(HEU), left in the country, no single use equipment was
intact (even dual use items linked to the prohibited pro-
gramme were destroyed) and all buildings with dedicated
features had been destroyed. Even facilities that Iraq had not
yet acknowledged as being linked to prohibited activities
were destroyed, such as Al Atheer, the weaponisation cen-
tre, denied to be such until the summer 1995.

In August 1994, after having operated for three years on a
campaign mode (sending teams of inspectors from head-
quarters for inspections that were limited in time), the
Agency began its permanent presence in Baghdad. Fully
unannounced inspection subsequently became the order of
the day. The Agency had the possibility to inspect anyplace,
at anytime, which proved to be a far more effective inspec-
tion regime.

Conclusions & Credibility: The
Coherent Picture Emerges 1995-98

An important event occurred in August 1995 through the
departure from Iraq of General Hussein Kamel - the Iraqi
President’s son-in-law and former supervisor of all WMD
programmes. Iraq pre-empted his expected revelations by
coming forward with additional declarations. In partic-
ular, Iraq provided details on its attempt to recover HEU
from reactor fuel and handed over large quantities of doc-
uments related to the centrifuge enrichment and weapon-
isation areas. Additionally, the counterpart demonstrated

a level of transparency that was unseen until that point in
time. Because we had fully understood Iraq’s documenta-
tion procedures, we completed our collection of original
Iraqi documents by convincing the counterpart that pro-
viding the missing original reports was inescapable. They
gained access to all relevant Iraqi personnel, while, prior
to August 1995, Iraq had tended to give us access only to a
“spokesperson” in the relevant technical areas.

Follow-up on Iraq’s most damaging concealment action —
the unilateral destruction of equipment and documents in
the summer of 1991 — was implemented. This led to a cam-
paign of digging in the desert to recover and take inven-
tory of what had been hidden. Member States, or, more spe-
cifically, those communities in Member States that worked
closely on the “Iraq case”, also became more supportive.
They had finally realised that the IAEA inspection team was
strong in its technical approach, reliable in handling sensi-
tive information, and that the IAEA had become the most
knowledgeable organisation on Iraq’s past programme and
remaining capabilities. A tremendous amount of informa-
tion of all kinds began to flow to us, allowing the team to
become confident that, as all sources of credible information
were being consistent, we had reached an accurate under-
standing of Iraq’s nuclear past programme and remaining
capabilities.

The lesson to be learned from that period is the following:
It is possible for a nuclear verification body to provide the
international community with an accurate estimate of the
past and present situation provided that:

@ the inspection team is technically strong and thorough, in
particular inits analysis of documentation down to a detailed
level and in its dealings with all relevant personnel;

@ the team remains politically independent, i.e. relying on
facts only, away from bending to political pressure;

€ Member States are supportive of its action, both politi-
cally through the support of the Security Council and tech-
nically through the provision of information and expertise;

@ the inspected State fulfils the verification body’s requests.

Although, accuracy can never be 100%, by the end of the
1990s the world had a clear “coherent picture” of what was
Iraq’s nuclear programme. It was documented in compre-
hensive reports to the UN Security Council.

Unfortunately, one of the key problems, in retrospect, was
that the Agency’s approach and results remained unpubli-
cised. In 1997-1998, only UNSCOM, and its problematic
relations with Iraq, was reported in the media. In view of
this lack of publicity, along with the fact that four years had
passed during which, in capitals, many of the staff deal-
ing with the Iraq file had moved on, it was hardly surpris-
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ing that, by 2002, many people, including policy makers,
were more inclined to consider worrisome declarations on
major television networks than thorough but rather lacklus-
tre, technical reports to the Security Council. The promoters
ofthe “inspections do not work™ line could easily surf on the
majority’s short and selective memory.

The key lesson for the Agency was that it should not only
successfully fulfil its mandate, but also make better use of
the media to convey its achievements to the public and deci-
sion makers.

Blindspots & Skyshots:
The Inspection Gap 1998-2002

In the fall 0f 2002, the world had not yet come to grips with
the ramifications of nearly four years without inspections
on the ground in Iraq, following operation Desert Fox in
mid-December 1998. Consequently, as the “experimen-
tal results” normally provided by field activities were no
longer available, every possible speculation, including the
most pessimistic interpretation of fuzzy intelligence or worst
case scenarios extrapolated from procurement attempts,
were taken at face value.

Four years without inspections is certainly of significance
in the development of a nuclear programme, especially con-
sidering what Iraq was able to do in the four years between
1987 and 1990. On the other hand, it is clear that, contrary to
what was possible during the 1980s and early 1990s, sanc-
tions were in place.

Moreover, there is no comparison of Iraq’s available assets
at the end of 1986 and the situation at the end of 1998. In the
absence of inspections, high-resolution commercial satel-
lite imagery which became available at the end 0f 1999, pro-
vided a useful tool to try to remain in contact with the real-
ity in the field (it is now widely used to prepare safeguards
inspections worldwide). Overhead imagery had been uti-
lized by the Agency in Iraq since 1991, in the form of photo-
graphs from U2 planes. Unfortunately, while allowing us to
prepare well for inspections, imagery, as expected, proved
to be far from sufficient to assess the existence or absence of
nuclear activities.

The use of human intelligence proved to be an even greater
challenge, given the possibility for anyone to embellish, if
not create stories that end up being unverifiable. How many
of the concerns raised by defector’s reports, or as the result
of imagery observations, could have easily been resolved
had inspectors been in the field?

Moreover, while it is difficult to measure the deterrence
induced by an inspection regime, the broad conditions pro-
vided by Security Council resolution 687 and other resolu-
tions, together with their implementation aimed at optimis-
ing inspection effectiveness, were clearly providing a level

IAEA Inspectors assess the ruins of a facility used to produce
highly enriched uranium. (Irag, 1991-1998)

of deterrence quite effective in preventing any prohibited
activity of significant scale.

The adoption of Security Council resolution 1409, in May
2002, provided the Agency with a new mandate, resulting
in developing a novel type of advanced experience: The
process of reviewing all contracts to export goods to Iraq in
order to identify what items might be of relevance for a hid-
den nuclear programme would allow the Agency to build
an understanding of procurement networks, reflect on what
items would be choke points and identify areas of possi-
ble concerns, based on the procurement of humanitarian or
infrastructure rehabilitation goods.

But again, even that detailed information, compiled with
clandestine procurement attempts, was far from enough to
assess what was actually occurring in the country.

The Last Round:
Under the Magnifying Glass 2002-03

The last period of inspections, between November 2002
and March 2003, was of a quite different nature, with regard
to global attention and what seemed to be at stake. Some
perceived that war or peace were now firmly resting on the
shoulders of the IAEA and UNMOVIC inspectorates.

While it was clear that the decision would ultimately not be
inthe hands of the inspectorate but in those of the of Security
Council members, it was vital that the Agency do its best to
provide the Council with all possible facts and reliable con-
clusions in a timely fashion to support its decisions.

The IAEA relied on four years of preparation, including its
comprehensive databases on sites, equipment and person-
nel, its refined “coherent picture”, and former inspectors to
benefit from the experience accumulated before December
1998. Thus, the Agency was able, within three months, to
address most of the concerns raised by Member States.
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IAEA, UN Inspections in Iraq Worked

destruction programmes worked, Newsweek magazine

reported in February 2004. The magazine cites the
record of international inspections and of the US-led Iraq
Survey Group, whose past leader, David Kay, reported his
findings.

IAEA and UN inspections of Iraq’s weapons of mass

Newsweek's Fareed Zakaria writes:

“We were all wrong,” says weapons inspector David Kay.
Actually, no. There was one group whose prewar esti-
mates of Iraqi nuclear, chemical and biological capabili-
ties have turned out to be devastatingly close to reality —
the U.N. inspectors. Consider what Mohamed ElBaradei,
head of the U.N. nuclear agency, told the Security Council
on March 7, 2003, after his team had done 247 inspections
at 147 sites: “no evidence of resumed nuclear activities...
nor any indication of nuclear-related prohibited activities
at any related sites.” He went on to say that evidence sug-
gested Iraq had not imported uranium since 1990 and no

On 7 March 2003, Director General Mohamed ElBaradei
told the Security Council that the IAEA had found no evi-
dence or plausible indication of the revival of a nuclear weap-
ons programme in Iraq. However, he added that more time
was still needed for the Agency to complete its investiga-
tions on whether Iraq had attempted to revive its nuclear pro-
gramme between 1998 and 2002. Neither the changes in Iraq
over the past year nor the investigations by the Iraq Survey
Group set up to complete Iraqi disarmament have done any-
thing to contradict the Agency’s assessment of the situation.
However, conclusions should certainly not be drawn before
the TAEA team has had a chance to complete its assessment,
once the Security Council revisits its mandate, as foreseen in
resolution 1483 and 1546, and teams can return to Iraq.

As highlighted in major newspapers and magazine edito-
rials, the IAEA seems to have been right in its assessment
of Iraq’s nuclear capabilities. In my view, this was no coin-
cidence, but the result of a well thought out and reliable
approach. It is the Agency’s role to provide the international
community, in a timely fashion, with facts and conclusions
when, and only when, they become indisputable, and to
inform them about uncertainties as long as they exist.

This is what the IAEA’s Iraq teams did routinely, but more
spectacularly in October 1997 and March 2003. The fact
that the Agency has 137 Member States forces it to put great
distance from any single political agenda and its associated
pressure (which is not the case for national analysts who, at
a given point in time, may feel under the pressure, explicit
or implicit, from a single political line).

But if the ethics of the approach provide the framework for
the work, it does not provide the end product. The method-

longer had a centrifuge program. He concluded that Iraq’s
nuclear capabilities had been effectively dismantled by
1997 and its dual-use industrial plants had decayed. All
these claims appear to be dead-on, based on Kay’s find-
ings... The real lesson is that international bodies like
ElBaradei’s can work.

The magazine features an interview with IAEA Director
General ElBaradei on the role of ITAEA and international
inspections.

“I think the sanctions worked, and more importantly, the
inspections worked,” Dr. ElBaradei says. “A combination
of sanctions and inspections managed to disarm Iraq.”

Dr. EIBaradei underlined the importance of having IAEA
and international inspectors return to Iraq. “We still have
arequest by the Security Council to verify that Iraq has no
nuclear weapons.”

ology that leads to the “credible assurance” that the interna-
tional community expects from the verification body relies
first on assembling top quality personnel, whose contribu-
tion is required to be disconnected from any “a priori” belief
that would lead to preconceived conclusions. Experts must
be of geographical diversity, and redundancy of expertise
is certainly mandatory in sensitive areas, again to avoid
unwanted bias. Then, it is fundamental to remember that the
information that leads to a conclusion cannot be limited to a
declaration taken at face value, “the last HUMINT” (human
intelligence) or the “last sample analytical result”. Rather,
it has to include data that is as comprehensive as possible in
nature, origin and time. Another key parameter is certainly
to keep in mind one’s own limitations, to avoid excessive
extrapolating far from the facts and forgetting the inherent
presence of uncertainties.

Of course, no verification is meaningful, unless the inspec-
tors have, on a continuous basis, the appropriate level of
authority that enables drawing credible conclusions while
limiting the uncertainties. Absence of inspections, like in
Iraq from 1999-2002, turns the whole community blind.
Providing the IAEA inspectorate with the right level of
authority (even short of the dream conditions as in Iraq) is
a win-win situation. It benefits the international commu-
nity, which receives the level of assurance it seeks, and also
the inspected party, which is given the opportunity to dem-
onstrate the reality of its compliance. As proven in Iraq,
inspections work, and they have no substitute.

Jacques Baute is the Director of the IAEA'S Iraq Nuclear
Verification Office. E-mail: J.Baute@jiaea.org.
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by Bonnie Azab Powell

peaking on the anniver-
Ssary of the United States’

invasion of Iraq, origi-
nally declared as a pre-emp-
tive strike against a madman
ready to deploy weapons of
mass destruction (WMD), the
man first charged with find-
ing those weapons said that the
US government has “the same
mind frame as the witch hunt-
ers of the past” — looking for
evidence to support a foregone
conclusion.

“There were about 700 inspec-
tions, and in no case did we find
weapons of mass destruction,”
said Hans Blix, the Swedish
diplomat called out of retire-
ment to serve as the United Nations’ chief weapons inspec-
tor from 2000 to 2003; from 1981 to 1997 he headed the
International Atomic Energy Agency (IAEA). “We went to
sites [in Iraq] given to us by intelligence, and only in three
cases did we find something” — a stash of nuclear docu-
ments, some Vulcan boosters, and several empty warheads
for chemical weapons. More inspections were required to
determine whether these findings were the “tip of the ice-
berg” or simply fragments remaining from that deadly ice-
berg’s past destruction, Blix said he told the United Nations
Security Council. However, his work in Iraq was cut short
when the United States and the United Kingdom took disar-
mament into their own hands in March of 2003.

Blix accused US President George W. Bush and UK Prime
Minister Tony Blair of acting not in bad faith, but with a
severe lack of “critical thinking.” The United States and
Britain failed to examine the sources of their primary intelli-
gence — Iraqi defectors with their own agendas for encour-
aging regime change — with a sceptical eye, he alleged.

Hans Blix spoke with veteran CNN war correspondent
Christiane Amanpour at the University of California,
Berkeley on 17 March 2004 as part of the Media at

War Conference.

Viewpoint

Hans Blix speak to CNN’s Christiane Amanpour on Disarming Iraq

In the build-up to the war,
Saddam Hussein and the Iraqis
were cooperating with UN
inspections, and in February
2003 had provided Blix’s team
with the names of hundreds of
scientists to interview, indi-
viduals Saddam claimed had
been involved in the destruc-
tion of banned weapons. Had
the inspections been allowed
to continue, Blix said, there
would likely be a very differ-
ent situation in Iraq today. As
it was, America’s pre-emptive,
unilateral actions “have bred
more terrorism there and else-
where.”

Blix has written a new book,
Disarming Iraq, about the events leading up to the war.
During that period he was lambasted by both doves and
hawks: by the former for failing to state unequivocally that
Irag had no WMD, and by the latter for failing to find them.
As he explained, part of the problem was that he himself had
believed the weapons probably existed. “I’mnot here to have
gut feelings,” he said. “But yes, in December 2002 I thought
Saddam had weapons of mass destruction.” Still, “the objec-
tive was to inspect effectively and to report objectively.”

The important thing to remember, Blix said repeatedly,
was that Saddam was cooperating with the inspections,
despite the difficulties they create for a leader. “No one likes
inspectors, not tax inspectors, not health inspectors, not any
inspectors,” Blix chuckled. Not only did Saddam have to
endure the indignity of submitting to searches of his pal-
aces, he explained, but the dictator also harbored the valid
fear that the inspectors would pass on their findings of con-
ventional weapons to foreign intelligence agencies, provid-
ing easy future targets.
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IAEA Director General ElBaradei, Dr. Hans
Blix and Mr. Al Saadi of Iraq respond to press
questions in October 2002 in Vienna. 2002.

Blix tried hard to reassure the Iraqis about this concern.
“Inspectors shouldn’t be intertwined with intelligence,”
he emphasized. “There should be only one-way traffic: the
intelligence groups give the inspectors tips on where to look,
but they understand that there is no quid pro quo.”

CNN’s Christiane Amanpour brought up how Blix’s cred-
ibility as an inspector had been attacked by Vice President
Dick Cheney, among others, for his failure as head of the
IAEA to detect Iraq’s advanced nuclear weapons program,
discovered only after the end of the 1991 Gulf War. Blix
accepted responsibility for that failure, and said that the sys-
tem of inspections had been vastly improved since then.

“Cosmetic inspection is worse than no inspection at all,
because it can lull people into a false sense of security,” he
allowed. IAEA practiced a weak form of inspection until
1991, he explained, one that had been designed in the 1970s
to check countries like Germany for compliance with non-
proliferation laws, not for totalitarian regimes trying to build
weapons in secrecy. As a result of the 1991 failure in Iraq,
the IAEA had launched a systematic change in its protocols
that were formally adopted in 1997.

The primary difficulty with looking for weapons of mass
destruction in Iraq, said Blix, was the “problem of prov-
ing the negative. For example, how can you prove that there
is not a tennis ball in this room? Or that there is no anthrax
in all of Iraq?” The United States and the United Kingdom
wanted black-and-white answers, and instead they got “lots
of shades of gray in the reports.”

What Blix’s inspectors had needed was more time, he
emphasized. The Bush administration should have halted
its military build-up in the area at 50,000 troops, the point at
which the Iraqis had become much more cooperative, pro-
viding the lists of scientists and bureaucrats to Blix’s team.

UN Inspectors and staff prepare for the
resumption of inspectioninliraqg, 18 November
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Inspectors in Irag prepare to set out for
another day of inspections in January 2003.

“Given time, we would have been able to interview the
many people who destroyed weapons of mass destruction
after 1991, he told Amanpour.

Amanpour asked why, if those weapons had been destroyed,
would Saddam have continued to let the world believe he still
possessed them at the risk of losing his country? Blix sur-
mised that the bluffing was a cheap and effective deterrent.
“[The Iraqis] didn’t mind the suspicion from the neighbours
— it was like hanging a sign on the door saying ‘Beware of
the dog’” when you don’t have a dog,” he speculated.

Butinstead the Bush administration continued to pour troops
into the area, an ominous presence portending war. “Once
they got to 250,000 troops sitting in the hot desert sun, there
was a momentum built up that couldn’t be halted,” said
Blix.

Amanpour pressed him to identify the source of that
momentum — in effect, why did the US invasion of Iraq
seem in retrospect such a foreordained action? Partly it was
because, despite the lack of evidence for remaining WMD,
the Bush administration continued to believe in them, Blix
said. Although he places some of the blame on a failure of
US intelligence processes — the Pentagon relied too much
on its own “silo” of sources rather than more heavily vet-
ted intelligence from the CIA and the State Department, as
has been documented extensively by Seymour Hersh in the
New Yorker — the real problem was the lack of “critical
thinking,” he argued.

“Inacademia, when you write your thesis, you have an oppo-
nent on the faculty and you must defend it. And in a court,
there is cross-examination from the prosecutor,” said Blix.
But in the intelligence arena, because of the confidentiality
ofthe subject matter, it is difficult to find those who will play
devil’s advocate. The Bush Administration, he said, did not
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Dr. ElBaradei conferring with Dr. Blix
and UN Secretary General Kofi Annan in
the margins of the UN Security Council
meeting, 5 February 2003, New York.

New York.

try. “They took away the question marks [in the reports] and
put in exclamation points instead!”

Blix did not rule out that even if inspections had been
allowed to continue, military intervention in Iraq might
still have been necessary. “I am not a pacifist,” he said.
But he is a lawyer and a diplomat, and he believes that it
was the responsibility of the Security Council to uphold
its own resolutions regarding Iraq, not the responsibility
of one or two Council members acting alone. Had Iraq
resisted further inspections, or had they turned up evidence
of another nuclear weapons program — the area Blix said
that sanctions and inspections had been most effective in
squelching — Security Council members Russia and China
would most likely have voted for military action, giving it
international legitimacy.

Blix speculated that the Bush administration’s real motiva-
tion for invading Iraq was in reaction to the terrorist attacks
of September 11, 2001. “The US was attacked on its own
soil. I was here; it was like an earthquake in this country,” he
said. “It was as if Afghanistan was not enough.”

Amanpour asked Blix to respond to a statement by Ahmed
Chalabi, the Iraqi defector who along with affiliated sources
provided much of the faulty WMD intelligence. “We were
heroes in error. Saddam is gone, the Americans are in
Baghdad, and that’s all that matters,” she quoted Chalabi as
having said. Blix called it a “cynical” statement, yet admit-
ted that he was troubled by the idea that had he been allowed
to continue his inspections, Saddam would probably have
remained in power.

How to deal with such tyrants and failed States is the big-
gest challenge facing the world, Blix stated, echoing many
other prominent diplomats and thinkers invited to speak by
the Journalism School in the months past. He claimed that a

UN Security Council’s briefing on the progress of
weapons inspections in Iraq, 14 February 2003,

US Secretary of State, Colin Powell, Dr. EIBaradei
and Dr. Blix briefing the UN Security Council on
Iragi cooperation, 7 March 2003, New York.

global shift had occurred in the world’s tolerance for geno-
cide such as had occurred in Kosovo or Rwanda. Thanks in
part to media attention, which brought the world’s citizens
closer to one another, he said he thought such acts would
no longer be considered protected by State sovereignty, and
that humanitarian intervention would be more common.

In a press conference shortly before his interview with
Amanpour, Blix had elaborated on this topic, citing the
need to use the “carrot as well as the stick.” Ironically, the
man whose name is synonymous with the world’s fears of
nuclear, biological, or chemical annihilation says he has
other concerns on his mind.

“Part of the hype is that proliferation of weapons of mass
destruction is the ‘greatest existential threat” — as [ think
Tony Blair put it,” he said. “But to my mind, the North—
South divide [between developed and emerging countries],
the fact that hundreds of millions of people go hungry, the
effects on the global environment, are just as big a threat,”
said Blix. “I personally am more worried about global
warming than I am about WMD.”

Copyright UC Regents 2004, courtesy of UC Berkeley
News Center. E-mail: bap@pa.urel.berkeley.edu.

The university’s Graduate School of Journalism and the
Human Rights Center organized the three-day *“Media
at War” conference to foster discussion of the chal-
lenges that US, European, and Middle Eastern report-
ers faced when covering the Iraq war for the past year,
and to raise issues they should keep in mind as they report
on the ongoing occupation, upcoming international war-
crimes trials, and the country s anticipated regaining of
sovereignty. For a complete webcast of the interview visit:
webcast.berkeley.edu/events/details.html?event id=132
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The IAEA is a leading publisher in the nuclear field.

Its scientific and technical publications cover fifteen
subject areas. They include proceedings of major
international conferences, as well as international
guides, codes, and standards. Read more about
recently published and upcoming books on the IAEA’s
web pages at www.iaea.org/Publications/

History of the International Handbook of Nuclear Law
Atomic Energy Agency:
The First Forty Years
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Advances in Destructive Standards and Codes
and Non-Destructive of Practice in Medical
Analysis for Environmental Radiation Dosimetry
Monitoring and Nuclear

Forensics

The IAEA’s major conferences and symposia in
2004 cover a range of topics. For updates on them
and other meetings, check the IAEA’s web pages at
www-pub.iaea.org/MTCD/Meetings/Meetings2004.asp

International Symposium on Quality Assurance for
Analytical Methods in
Isotope Hydrology

25-27 August, Austria

International Conference on
Nuclear Knowledge, Strategies,
Information Management and
Human Resource Development

6-10 September, France

International Conference on
Topical Issues in Nuclear Installation Safety

|8-22 October; China

International Conference on
Isotopes in Environmental Studies
— Aquatic Forum 2004

25-29 October, Monaco

20th IAEA Fusion Energy Conference

I-6 November, Portugal

International Symposium on the Disposal of
Low-Activity Radioactive Waste

| 3-17 December, Spain

Nuclear Energy’s

To the hip-swaying beat of Lipps’ “Funkytown”,
the French energy giant AREVA unveiled its new
global ad campaign. Nuclear energy never looked
this funky nor this accessible. AREVA, an energy
leader, has tackled the challenge of finding ways
of explaining what it does without becoming too
technically complex. As the creative director
noted, “We focused our initial research on a style
that supports the brand well and that’s different
enough to hold people’s interests.” The look they
settled on is almost comic-strip in style. Education
aids, diagrams and illustrations frequently seen in
schoolbooks inspire the 45-second TV spots and
print ads. The ads aims to recreate this educational
atmosphere — but with flair. “This approach lends
acertainrhythmtothe TV ads as a whole and gives
people a real insight into AREVA’s activities.” Who
knew uranium mining could be this fun?

If you missed the ad, take a look on-line:
wWww.areva.com
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