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Evolution of the Projected World Nuclear Capacity for the Year 2000 and of the Installed
Capacity, 1960-2002, in GWe
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For 28 years, until 1972, ...
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Thank you Mr. Chairman. If | could just make a brief comment on this. I do believe it is

a fundamental issue, but | also do believe that what has been clarified over the last 20
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years is that it is not so much a technological question, it is an organizational question
and it is a policy implementation question. One example: | do believe that the key
approach is energy services. We need light, we need cold and warmth, we need
mobility,

we need communication. Nobody needs energy, we need energy services. And | think it
is very surprising in the end that the technological potential for energy efficiency is far
from being achieved by current policy so it is a matter of policy implementation rather
than limits of technological scale.
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I could just make a brief comment on Germany. | think there is a misunderstanding in
two ways. The first one is: it is the conservative government that launched the wind
power program not left wing government. The wind power program has been launched
with the introduction of a specific law that favored renewable energy and guaranteed
payment and that is what was introduced by the Kohl government in 1991 so it is not

Schroeder that launched that program.

The idea that a change of government would reintroduce a re-change of policy is sort of
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a very conservative way of looking at policy making. | do believe that the key question
is that the vast majority of the population in Germany is absolutely opposed to
overturn the phase-out law and that is going to be key for the next government that

comes in.

98.2
45.2 46 19.5

2002 156

20

35 36

22



10 15

70%

100%

First of all the question of pipelines. My understanding is there might be a pipeline
actually coming from Russia to Japan. Whether this goes to China or it goes to Japan is
obviously not quite decided yet, but there are projects. Well, if we look at the costs and
we are comparing with that of plutonium, I don’t think that is the key. The key

question is not the cost.
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However, it is obvious that the situation, the geopolitical situation, is totally different
in Japan from any other European country. You used the argument saying, “"Well,
Germany is phasing out nuclear power but imports nuclear electricity from France and
therefore just substitutes dependence.” Maybe what you should know is that both
countries, France and Germany, have a huge overcapacity for generating electricity.
And the fact that electricity is being exported to Germany has nothing to do with the
need, but has to do with price.

In fact, the possibility to export for very low prices is because the calculation is that we
have so much capacity so it is only a question whether it stands still or not. France is
the only country in the world that shuts nuclear reactors for the weekend, because they
are not needed. So your cost calculation is very different in that situation so you can
dump it on the markets of your neighboring countries.

The term flexibility is just the opposite of the plutonium economy. The plutonium
economy is a system and that | think is in fact the problem, the key problem why it will
never work. The plutonium economy will never work. Because it is not a problem not a
guestion of a machine or two machines, or one side or two sides, but it is a question of
time. It needs a very sophisticated entire system of a large number of facilities
perfectly functioning without any serious problem in order to function. And then the
efficiency degrees, which are given, are still not obtained.

A final sentence on flexibility. What | mean by flexibility is a short-term capacity to
adapt to situations and the more you get into a globalized and liberalized market
situation, utilities will like that. They will like decisions that can be taken not with
running times, lead times of 10, 15 years but with lead times of two or three years like
with gas turbines. And the technological development that is taking place in that area
is absolutely spectacular and it is being forecast that, technologically speaking, gas
turbines will reach beyond 70% efficiency that is twice as much as a nuclear power
plant. And finally, the whole idea of independence is quite funny when you have to

import a 100% of the uranium that you actually burn in a nuclear reactor.
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To stick to the example of France: The French nuclear program, the largest in Europe,
has been *“sold” to the public, as you say, as countering the oil shock crisis. The
situation in France in 1973 was very different from Japan. You realize that the amount,
the share of oil that is going into electricity was very low then. It was less than 13% in
France in 1973. So, as you can see here, the final oil consumption by sector in France.
The largest sector in 1973 was the transport sector already. So if you want to control

independence on oil, you have to work on the transport sector first.
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Thank you Mr. Chairman for this kind introduction. Thank you very much also for giving
me the opportunity here to speak.

Let me make one little correction that | used to be the executive director of Wise-Paris,
but | quit that position last year so I am working now as an independent consultant. But
as you can see from the overhead material | still continue to work for WISE-Paris that
produces those wonderful graphs.

I would like to touch upon two issues, which | believe should be looked at separately: One
is the overall analysis of the nuclear sector and the other one is the plutonium sector.

I am a strong believer in system analysis. | think that it is very important to look into the
global systems rather than taking out one particular aspect. The same way | do believe it
is fundamental to look internationally and not only national and to try to do trend
analysis, so not only to look at the picture, like a photography, but to look at the movie to
understand what actually happened and what brought you to the picture. | am going to
try to do a little movie show on international nuclear policy. Also | believe it is very

important to agree before discussion on some very basic facts.

[Evolution of the Projected World Nuclear Capacity for the Year 2000 and of the
Installed Capacity, 1960-2002, in GWe]
So this is to start with the projections of installed nuclear capacity worldwide. So as you
can see here in 1974 was the peak of the projections what was thought to be installed by
year 2000. So the International Atomic Energy Agency in particular was extremely
optimistic as to the installed capacity worldwide. As you can see over the years until the
middle of the 1980’s more realistic projections to the year 2000 had come up. The green

line shows the increase in installed capacity in reality.

[Reactors In Operation in the World from 1956 to 2003]
So what is reality? How far did we go in the nuclear energy dream? In fact, it is less than
10% of the original projections exactly 30 years ago. And if you look at reactors in
operation you can see that as by the end of the 1980’s the movement towards increase
had already stopped. And since then there was a kind of oscillation of numbers of

reactors but no significant increase.
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[Generation of Nuclear Electricity in the World in 2002 (net TWh)]
Now these reactors are in 32 countries worldwide, which corresponds to roughly 15%
only of the countries represented at the UN. Also two thirds approximately of the nuclear
electricity produced worldwide is produced in only five countries: United States, France,

Japan, Germany and Russia, so five of which three are nuclear weapons states.

[Western Europe & North America Reactors Startup and Shutdown from 1956 to 2003]
So let’s have a look a little closer at the Western European and North American situation.
As you can see here, the green lines are reactor startups and the red ones are reactor
shutdowns. So there were basically two big waves of startups of reactors. The first one in
the 1970’s that was essentially the United States and UK reactors and the second wave
in the 1980’s, essentially European and Asian reactors. But since the end of the 1980's, as

you can see, the red color is taking over the green color.

[Western Europe and North America Nuclear Reactor in Operation from 1956 to 2003]
So if you look at the same kind of figures like the cumulated amount of reactors operating,
you get this picture. In other words, it is not being said, it is not being talked about but in
North America and Western Europe nuclear energy has been on the decline over the last

15 years already.

[Operation of Nuclear Reactors in Western Europe and North America as of the and of
2003]
Let me give you a quick overview country by country.
There is one reactor still operating in the Netherlands. This is scheduled to be shut down
over the next few years. There is no plan for new construction.
Finland. Yes of course you have heard about Finland. Finland plans to build a fifth
nuclear reactor. The case of Finland is unique in Europe. Finland is the only country that
imports electricity of the Scandinavian countries. And it imports electricity from Russia.
And the two reactors that it imports from are two Chernobyl type RBMK. That is not a
very favorable situation.
So the second reason, why there is a project, is that the conditions, the economic

conditions are very particular because, of course, the nuclear vendors do not have any
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business so the symbolic value of a new reactor sale is very high. So the reactor vendors
have offered a fixed price contract. We have never seen this in nuclear history. Because,
of course, this is a prototype reactor so the economic risk is rather high compared to other
reactor types that are already operating and experienced.

Finally, the financing consortium is a mix out of utilities and large consumers so the risk
sharing is quite different from a usual project. It is not only on the back of the utilities.
But this is a very exceptional situation.

Now Switzerland has five reactors operating and regularly conducts referenda into the
question whether to phase out or not to phase out nuclear power, which so far have never
made it clearly to a phase out decision but which always made it to the moratorium to a
kind of state of moratorium, permanent moratorium on the construction of new units.
Belgium has passed a nuclear phase-out law that limits the lifetime of the seven reactors
to 40 years. The interesting part is that this legislation was passed under a previous
government and it has been said that this law could only pass because there was a Green
Party participation in the government, but it is interesting that the new government did
not withdraw or overthrow the law but followed the law through so far.

Spain has a longstanding moratorium with no plans to replace current reactors. On the
contrary, there is discussion regionally about phase-out strategiesl.

Sweden has a phase-out policy. Sweden had originally 12 nuclear reactors and has
already shut down one reactor. While the calendar of the phase-out has been negotiated
and renegotiated and keeps being renegotiated - so it is certainly difficult to predict what
will happen - there is no plan or no political force in Sweden to renew or extend the
existing program.

Canada has officially 21 reactors, but of those 21 reactors 7 have been shut down several
years ago because of safety concerns. This is, by the way, a very interesting case because,
until the shutdown of TEPCO's reactors, this was historically definitely the most severe
decision based on safety concerns. But currently there are tries to restart a certain
number of those reactors.

Just to clarify the red parts in there. They are called “shut down” because they did not

produce electricity in a given year. So as you know, reactors like Monju that have been

1 Note MS, 25 May 04: In fact, not only regionally. According to the nuclear industry info
service NucNet, 22 April 04: “The new [Spanish] government has said it would “gradually
abandon” nuclear energy, while increasing funding for renewable sources of energy.”
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shut down for many years but they keep on staying in the statistics as reactors “in
operation”. This always brings the problem with it, how do you analyze the statistics.
How do you define what is “in operation™

Now Germany has a nuclear phase-out law, as you know, but maybe it is not so well
understood how it functions, so let me say a few words about this.

The definition is very different from the Belgian case so it is not by chronological order
according to the age of the reactors. The calculation was 32 years of equivalent full-scale
100% load operation plus specific parameters added. Translate that into an operational
credit in terawatt-hours or production credits. So the utilities can decide freely, which
reactors they shut down and which they continue to operate, so they can perfectly decide
to shut down all the reactors that are less economic and transfer the credit that was with
the unit to another unit. The only restriction is if there is a transfer to an older reactor
than the one that had been chosen for shutdown. Then it needs government approval. So
the last reactor would be shut down in roughly 20 years.

United Kingdom has the oldest operating reactors worldwide. It is the only country that
operated reactors until way beyond 40 years lifetime. But they are very small reactors
and the UK has massively invested into gas turbines very early. The UK was the first
country in Europe to massively invest into gas turbines. There is no planning for
replacing current operating reactors.

Now, France is as you know, a particular country when it comes to these issues. 58
pressurized water reactors are operating and one fast breeder reactor of the size of Monju
got the restart license after several years of shutdown. There is currently some debate
whether to launch a European pressurized reactor like an EPR generation
FRAMATOME/SIEMENS reactor, but the level of understanding of the background of
this move is not appropriate. | want to elaborate.

The key reason for the utility and nuclear builders to lobby for a decision on the
construction of an EPR has nothing to do with energy policy. The nuclear industry and
nuclear authorities face a very severe problem and that is maintaining competence. We
have the same problem in Japan.

There are very few students that can be motivated for nuclear issues whether it is
engineering or nuclear physics. In Germany, the last full-scale student on nuclear issues
dates from 1998. Nobody wants to do academic studies into nuclear issues any more. The

utilities and the builders believe that if they build that the only way to maintain
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engineering teams, to maintain competence and education is to launch a reactor, which
keeps up the vision of some future for nuclear power. I do believe myself that the problem
of maintaining nuclear competence is very crucial and a very serious problem that has to
be addressed. But | do not believe that it is possible to motivate young people on the basis
of a fake vision of a non-existing large-scale future for nuclear power worldwide. So there
should be some very serious thinking internationally about how to address effectively
this competence problem.

Now a few words on the United States. 102 reactors operating with two additional that
have not generated any electricity last year. Now of course there is some talk about so-
called nuclear revival in the United States. | have been working on nuclear policy for
over 20 years and every five years somebody predicts a nuclear revival in the United
States.

I will give you two parameters to understand the situation in the United States.

First one: all the nuclear reactors that are operating in the United States have been
ordered in a ten year period between 1963 and 1973. So the last reactor order that has
not been canceled in the United States dates from October 1973. So it is like early
post-war technology. It is very ancient technology.

The other point is the following that if you look at the utilities attitude in recent years,
over four years, between 1999 and 2002 US utilities connected to the grid over 144,000
megawatts(MW).

In 2002, 600 plants were connected to the grid. The size ranges from 0.6 to 490 MW.

The average size was 91 megawatts. Where is place for 1500 MW reactor?

[Projections of the World Nuclear Capacity 2005-2030 According to the CEA,US/DOE
and IAEA, in GWe]
Now, let's have a quick look on the outlook. This was a presentation of the past and
current situation. These are projections from the French Atomic Energy Commission, the
United States Department of Energy and of the International Atomic Energy Agency.
While the huge differences you can find even over a 15-year period between two
projections, | only draw one significant lesson.
Even the most optimistic projections esteem that there will be decline after a slight
increase there will be a decline over the next 30 years. But nuclear, of course, is not

everything. The key point as | said in the beginning is to have a system analytical
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approach and look at the overall picture.

[Projection of the World Electricity Generation Capacity by Sources, 2000-2003, in GWe]
I recommend this document, from which this illustration is derived, for reading. It is
called the “World Energy Investment Outlook” from the OECD'’s International Energy
Agency. The projection basically is that installed capacity, electricity-generating capacity
would be doubling until 2030. However, the total amount of installed nuclear capacity
would be relatively stable.
So the relative share of nuclear power here in red would decline and would be divided by
two over the next thirty years. That is a very severe decrease of relevance on the

international scale.

[Status of the Contracted and Reprocessed Spent Fuel at La Hague as of 31 January
2002 (in tons of heavy metal)]
Now this was an overview of the nuclear issue. | would like to come to the second part:
plutonium.
This graph is unfortunately not very recent, it is always difficult to get recent figures
from COGEMA - COGEMA is very much bringing problems with the publication of
figures - but it shows that basically COGEMA has one foreign client left: that is Germany.
Now it is Kind of ironic that it is specifically Germany that is left over, because Germany
will have a law that prohibits shipments to processing plants as of next year. So the only
client left over is the French utility EDF, which had at that point, early 2002, roughly

5000 tons of spent fuel still under contract.

[Annually Reprocessed LWR Spent Fuel at La Hague Plants as of 31/12/2002 (tons of
heavy metal)]
If you look at the throughput of the two plants at La Hague, UP2-800 on this side, UP3
on this side. Like in the reactor building industry, we have these two waves. Now the key
lesson from this picture is that UP3 load is severely reducing and it is reducing to a point
that COGEMA decided to reprocess domestic fuel at the UP3 plant in order to have at
least a certain level of activity.
However, it is clear that UP3 will be shut down sometime over the next few years. There

is no client.
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[Storage of French and Foreign Fuels in La Hague Storage Ponds as of 1st June 2003 (in
tHM and % of total)]
So if you look at the storage of fuel at the spent fuel pools, you get this picture: almost
90% is French fuel and, as you can see at the state of June of 2003, it was almost 7000
tons. Now this is very interesting kecause as you have seen earlier the contracted
amount is lower than the quantities already in storage at La Hague. If you add up all of
the foreign spent fuel you get a quantity that corresponds to roughly three months of

work for the La Hague site. Sounds like a difficult business plan.

[PUBRIC HEARING Committee of Petitions of European Parliament]
Now, | do want without getting into details present a couple of points concerning
environmental and health issues of reprocessing.
I was the director of a study group that looked into the effects from nuclear reprocessing
at Sellafield and at La Hague, which led to a full-scale two-day hearing, public hearing at

the European Parliament.

[9 Authors from 3 countries (France, UK and USA)]

This was a quite extensive group of people, nine authors from three countries.

[MAIN CONCLUSION on Sellafield and La Hague Radioactive Releases]
Of course it is impossible to present the entire results of that study, but I would like to
pick out some points which I believe are of particular significance also to the Rokkasho
question. Now reprocessing of spent fuel at Sellafield and La Hague constitutes the
world's largest manmade releases of radioactivity into the environment and it

corresponds to a large-scale nuclear accident every year.

[Global Collective Doses Induced by Anthropogenic Radiation Sources in erson.sievert]
Basically what we did, we took official figures of collective dose estimates from historical
accidents like the Windscale, the famous Windscale fire in ‘57 or the Kyshtym accident in
the USSR at the time and the world nuclear weapons fabrication, the world radioisotope
production, the world nuclear power production until 1989 and the Chernobyl accident,

and we ran a model on the key isotopes that are being released from reprocessing plants
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and we compared it. As you can see, the releases under normal operation correspond
approximately to a large-scale accident every year.

Secondly, the releases of radioactivity from La Hague to the environment are several
orders of magnitude higher than the releases from a nuclear reactor. And another point,
the iodine-129 discharge, iodine-129 is basically an eternal radio-isotope because it has a
half life of some 17 million years so it is going to be around longer than mankind maybe
or certainly. So iodine-129 discharge from La Hague and Sellafield in one year, in 1999
alone was eight times greater than that released by the fallout of all nuclear weapons
testing together. | think one shall let sink in such a figure. It is not just throwing around
figures, but it gives a very significant piece of information on the problem of
environmental pollution.

The health effects have stirred up, of course, a very significant amount of attention. The
result of our research is the following. In the surrounding regions of Sellafield and La
Hague, a statistically significant increase in leukemia has been established and it has
also been established that this increase is continuing. However, the cause or combination
of causes of the observed leukemia cases is not known, has not been scientifically
established. But one has to stress that while the research has not been conclusive yet, it
is impossible to rule out that the exposure to radiation is an initiating or at least a

contributing factor.

[Uranium World Market]

Now, I would like to show you something, which to me is basically the history of the
plutonium business in one graph. This shows the evolution of the spot price of uranium
on the world market. It is over 30 years and it is between the so-called oil crisis 73 and
2003.

It is very interesting. As you can see, there was a very steep, an unbelievably steep
increase in the price of uranium on the spot market in the years between 1974 and 1979.
Now this is actually quite logical. If you remember the earlier sheet, it corresponds to the
peak in 1974 so when it was projected a very large number of nuclear power plants. At
the same time the world had to face a very difficult energy situation globally. There was a
very sharp increase by a factor of eight of the price of uranium.

So it is quite understandable that the utilities at the time were very much afraid about

the development of uranium resources.

36



So the reprocessing contracts were all signed in this period. There was a clear logic to
this. The problem is that history went on and the uranium price declined and declined
and is today at a level which is lower than in 1974, lower than 30 years ago. What is very
surprising is that there was no policy change; as if nothing happened. The plutonium

policy continued as if nothing happened.

[Did you know that -]

Now you have heard and read about the figure that has been published by Tepco. | think
it was in November 2003, an estimate, gave an estimate of ¥18.9 trillion, for the entire
Japanese nuclear fuel cycle over a 40-year lifetime. | think that is a very misleading
figure because ¥18.9 suggests that you are in total control over the figures, to the point
that you can say it is point so many trillion yen whereas the variations that are to be
expected are much higher than ¥1 trillion. | think one has to be perfectly clear it is only
possible to give orders of magnitude over such long periods of time and entire systems.
The suggestion of precision is misleading.

However, | did a little, as you say, a “back-on-the-envelope” calculation.

If the Rokkasho plant operated for 40 years at 100% capacity and produced 8 tons of
plutonium per year, the total quantity of plutonium that would be produced would be
something like 320 tons. So you can calculate - order of magnitude, rule of thumb - that
one gram of plutonium would have cost something like ¥60,000. I apologize you cannot
read the last line. | wanted to make it gold, but it did not work. | am sorry for this. It says
that it corresponds to forty times the price of gold, which is roughly ¥1500 per gram.

That is an expensive resource.

[Did you know that -]

Now interestingly enough, if you have a material that is so expensive to produce, how
come that British and French owners of dozens of tons of plutonium write into their
official accounts a zero value to their plutonium stocks.

I do believe that the entire approach has to be radically changed. Today the famous term
of independence is not valid anymore. It does not play a big role in current world affairs.
And certainly not at any price.

I do believe that the key word in the future will be flexibility. And ultimately flexibility

will be much easier lead to independence than a blank so-called independency strategy.
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[For 28 years, until 1972, ---]
And finally to finish, there is the famous story of Yokoi Shoichi who lived in the forest of
Guam for 28 years before he was discovered by a group of hunters that came by
coincidence. It reminds me a lot of the plutonium industry and | do believe that it is

about time that the plutonium industry gets out of the jungle and lives up to current

reality. It has somehow missed the last 30 years.
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