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ABSTRACT 

A major challenge facing mankind as we enter the XXIst century is to provide a greater 
fraction of a growing world population with a level of energy services allowing a decent way 
of life.  This awesome challenge is worsened by the vital necessity to reduce the emission to 
the atmosphere of greenhouse effect gases, notably due to fossil fuel combustion.  In this 
context, nuclear power cannot but be part of the world energy mix, and we might witness the 
premises of its "second souffle".  Present nuclear reactors are reliable safe and often very 
competitive; future reactors will be even safer and might find other use than the sole 
generation of electricity. 

One prerequisite for this second souffle is a better public acceptance of nuclear 
facilities, and part of this acceptance appears conditioned to the assurance of a proper 
management of the radioactive wastes issued from nuclear power.  Nuclear wastes are 
properly and responsibly managed, but only on an interim basis : it is very important that final 
repositories for high level wastes are actually implemented. 
 
1 THE GLOBAL ENERGY CONTEXT 

 
Nuclear Power is not a topic to be discussed by itself as if it were some kind of absolute.  

Nuclear Power is just one of the many possible ways to supply energy – mainly electricity – 
to meet the world's needs.   When I teach nuclear engineering, I usually describe nuclear 
power as a very complex way to boil huge quantities of water at a reasonable price without 
emitting smoke.  It is a bit trite, but quite honest and very much to the point. 

 
Producing energy is not even the real objective.  The basic needs of Man are food, 

water, shelter, clothing, heat, health, and I would add communication and leisure.  It so 
happens that all of these basic needs require some amount of energy, and many require 
specifically electrical power.  Without energy, there would be no agriculture, no irrigation, no 
fertilizer, no house, no food preservation, no vaccine, no travel beyond a few miles, no radio, 
no internet, and the list could go on and on. 

 
When you look around the world, there are strong correlations between energy use and 

most indexes of Human development : infantile mortality, life expectancy, literacy, women's 
rights, etc.  To be precise, there is a very strong correlation up to a minimum level of 
individual energy consumption, above which all the curves tend to taper quickly (Figure 1). 
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Figure 1 :Life Expectancy at Birth (years) vs. Energy Consumption (kg oil equivalent) 

 

Today 6 billion human beings require each year the energy equivalent of 9 billion 
metric tons of petroleum (9 Gtoe).  This amounts to an average of 1.5 toe per capita and per 
annum,  but there are wide regional discrepancies around this average, from the 0.4 toe/cap of 
South Asia to the 8 toe/cap in North America.  Such discrepancy amounts to a chasm in terms 
of development.  Such a chasm is definitely not "sustainable" ! 

 
More than 85% of this energy is now supplied by burning fossil fuels : coal, petroleum 

and natural gas.  In addition to depleting quickly valuable resources that Mother Nature took 
millions of years to accumulate, this combustion emits in our atmosphere many pollutants 
(SO2, NOx, fly ashes, heavy metals,…).  Evidence is also mounting to show that the proven 
accumulation of greenhouse gases (GHG) in our atmosphere (figure 2) is beginning to affect 
the global climate in ways that may soon prove to be catastrophic. 

 
Such is the situation today.  How does the future look ? 
 
Energy demand is determined by three main factors.   

• The first one is demography.  There were roughly 1 billion people on Earth in the middle 
of the 19th century; we are now 6 times more numerous, and it is to be expected that 
Mankind will reach around 10 billion during our century.   

• The second factor is development.  As most of the population increase is due to occur in 
developing countries which today use little energy per capita, we must hope that their 
consumption will be allowed to rise, in order to at least reduce the North/South gap. 

• The last factor is technical progress allowing for increased efficiency in energy use.  This 
factor will certainly correct the pure arithmetical product of the first two, but we have to 
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remain realistic : in OECD countries, one estimates that energy efficiency improves by 
1% per year, which is not negligible but serves only to reduce the growth rate of our 
energy consumption, still largely positive. 

 
Figure 2 : Greenhouse Gases Buildup in the Atmosphere 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Taking these factors into account, most experts [1-2] forecast that the demand for 

energy will continue to rise significantly all during our 21st century.  From our 9 Gtoe/y, it 
could rise anywhere between 20 and 50 Gtoe/y in 2100 (figure 3). 

Figure 3 : WEC-IIASA Csenarios of World Energy Consumption 
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A major challenge facing mankind as it enters the 21st century is therefore to provide a greater 
fraction of a growing world population with a reasonable level of energy services. It is also 
important to limit the climate change caused by traditional fossil energy use at the same time. 
For the energy industries involved, this double task is awesome and there are no simple, easy 
answers. 

 
 
 
 

2 NUCLEAR POWER TODAY. 
 
Last November, we celebrated the 50th birthday of the first generation of electrical 

power from nuclear fission.  Quite a modest generation, actually : the EBR 1 did power four 
light bulbs only.  We have come a long way since 1951. 

 
During the year 2001, 438 nuclear reactors throughout the world did generate more than 

2540 billion kWh (table 1).  To supply the same amount of electricity in oil fired conventional 
plants would have required in excess of 550 million tons of petroleum, more than the 
production of Saudi Arabia.  Nuclear power supplies today 16 or 17% of the world electricity, 
around 6% of the world primary energy 

 
 

Table 1 : Nuclear Power Generation in 2001 
 

Country # reactors  
(30/9/2002) 

GWe (30/9/02) TWh (2001) 

USA 
France 
Japan 
Germany 
Russian federation 
South Korea 
UK 
Ukraine 
Canada 

104 
59 
54 
19 
30 
18 
33 
13 
14 

98 
63 
44 
22 
21 
15 
12 
11 
10 

769 
401 
322 
162 
125 
112 
82 
72 
72 

World 442 357 2544 
 
 
From 0 to 2500 TWh in 45 years is quite a proud achievement, but we must admit that 

25 years ago we were expecting much more, and the present trend is not very good, as 
illustrated by  the International Energy Agency projections, in their Outlook 2000, 
summarized in table 2.  
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Table 2 : World Nuclear Power production (TWh) 
 
 1971 1995 2010 2020 
OECD Europe 
North America 
OECD Pacific 
CIS + Eastern Europe 
China 
Rest of the World 

51 
45 
8 
6 
0 
1 

861 
812 
291 
216 
13 
139 

919 
709 
417 
248 
83 
271 

722 
513 
503 
182 
143 
306 

WORLD     TWh 
                        % 

111 
2 

2332 
18 

2647 
13 

2369 
9 

 
I would not consider these forecasts as the holy Bible, but they certainly carry a warning 

: we cannot take nuclear power for granted, we have to keep it alive and kicking.  Meeting the 
energy challenge of the coming century will be quite difficult with nuclear power; without it, 
it would be hopeless [3]. 

 
 

3 CURRENT TRENDS. 
 
These last few years, the nuclear landscape was often described in simple terms : 

growth in Eastern Asia and stagnation everywhere else.  Today, we can refine the picture. 
 

• Growth in Eastern Asia remains a reality.  Japan, despite some problems, South Korea, 
Taiwan and China are indeed forging ahead. 

• Something is happening in the United States.  Five years ago, utilities were retiring older 
nuclear plants, and any new order was out of the question.  Today, in deregulated 
America, utilities are rushing to the NRC to request life extensions, there is a lively 
"second hand market" for used nuclear plants, allowing a few companies to constitute 
genuine nuclear "parks" like we have in Europe and Asia, one even hears of the possible 
de-cocooning (if I may mint the term) of the retired Zion units.  Operating NPPs are now 
the most competitive plants in the USA, and after the energy policy declaration by 
President G W Bush, a new nuclear order in the coming years does not appear unthinkable 
any longer. 

• In the Russian Federation, the aftermath of the breakdown of the Soviet Union and of the 
Chernobyl accident is ending, and the Russian are quietly resuming construction work on 
several unfinished reactor sites. 

• Even Europe constitutes a mixed bag.  On the one hand, Belgium has joined the 
moratorium States, but the Socialist/Green coalition in power in Germany has finally 
adopted a phaseout policy which leaves ample time for reconsideration; Sweden has 
delayed significantly the closing of its first power plant, and it now appears that at least 10 
units will remain operational for a long time; Finland has approved by an unexpected 
majority the siting of a spent fuel repository and is seriously considering ordering a fifth 
plant; the Green Paper of the European Commission has underlined the risks for the Union 
to become excessively dependant on imports for its energy supply, and Energy security of 
supply appears to be the prime motive behind the current quest for an energy policy in the 
United Kingdom.  Let us not forget that nuclear power supplies 35% of the electricity in 
the European Union (figure 4) : there is no way the Union can meet its Kyoto 
commitments without it. 
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As far as technical achievement are concerned, nuclear reactors throughout the world 

have accumulated more than 10 000 reactor-years of operation, 7 000 of which after the 
Chernobyl accident.  Nuclear plant availability has dramatically improved everywhere – this 
being the main reason behind the surge of competitiveness in the United States. 

 
In the last 2 decades, the industrial countryside has been extensively re-landscaped by a 

flurry of mergers among the western reactor suppliers and the appearance of new players in 
the open market : 
• After the disappearance of Babcock & Wilcox and the merger of Combustion Engineering 

and ABB, BNFL has acquired the civilian nuclear assets of both Westinghouse and 
ABB/CE; 

• General Electric, Hitachi, Toshiba and Enusa have constituted a Joint Venture for LWR 
fuel fabrication; 

• Framatome and Siemens have merged their nuclear activities within Framatome ANP, 
whose majority shareholder is the new AREVA Company, also "mother" of COGEMA; 

• Minatom has become a key world player both in the reactor supply and in the fuel cycle 
business, and the Japanese vendors are beginning to operate outside their island.  It will 
not be very long before other Asian players join the competition. 

What can we say at this stage about the most recent events ? 
 
Electricity markets deregulation has spread from Europe to the United States and Japan.  

It is a challenge for Nuclear Power which is capital intensive and must be planned well in 
advance.  It is too early to say whether the need for quick returns on investment will affect the 
optimum size of the plants, but it will certainly put a premium on shorter construction times. 

 
On the other hand, the Californian crisis has shown that even in a deregulated energy 

market, somebody somewhere has to take the long term into account. 
 
The Conference of the parties to the UN Convention on Climate Change (COP 7), held 

recently in Marrakech, has unfortunately confirmed the compromise reached earlier in Bonn 
to exclude nuclear power from some of the flexibility mechanisms provided for in the Kyoto 
Protocol.  This is completely paradoxical since nuclear and hydro power are today the only 

Figure 1: Nuclear Share of Electricity 
Generation in Europe
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non-GHG emitting energy sources capable of supplying baseload power.  At least, this 
exclusion concerns only the first "commitment period" up to 2010.  As a matter of fact, and in 
all fairness, both these sources should be credited for the carbon emission they avoid.  This 
might compensate for their capital intensity mentioned above. 

 
Finally, the terrorist attacks of September 11th 2001 had a negative impact on the short 

term, because many media spread fear in the public by raising the specter of similar attacks on 
nuclear facilities.  But one may expect a positive effect in the long run because those events 
have dramatically underlined the vulnerability of our western economies, so dependent on the 
Middle East for their energy supply. 

 
All in all, the stage is really set for a second souffle of nuclear power, if the political will 

is there. 
 
 
4.  State of the Art. 
 
Today, every reactor vendor has a model ready for commercialization and complying 

with the most modern user requirements, be they the American URD or the European EUR : 
• Competitiveness with the best fossil fuelled plant, 
• Reliability and flexibility (in terms of cycle length), 
• Extremely low probability of severe accident occurrence, and full mitigation of their 

eventual consequences (no massive radioactivity release in the environment, even in case 
of core meltdown). 

 
These reactors, dubbed "generation 3" by the USDOE, are typically the ABWR, the 

System 80+ and the AP600, all three of them certified by the US NRC, and the European 
EPR.  They offer probably the best that can be expected from the LWR family, which 
constitutes over 85% of the operating nuclear reactors world-wide. 

 

    Corium spreading area

           In-reactor Water Pool

withstanding combustion
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collection

 
Figure 5 : Some Safety Features of EPR 
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As an illustration, figure 5 shows the features of EPR designed to prevent and mitigate 
severe accidents.  It should be emphasized that despite its very high level of safety EPR 
should be very competitive, with a target busbar cost of 0.029 Euro/kWh. 

 
It should be mentioned that reactors designed in the USA in the 600 MWe range are 

being enlarged for the European and Japanese markets (AP 1000 or ESBWR). 
 
The heavy water reactors, which maintain an active "niche" in a world dominated by 

LWRs, advertise a cheaper and more compact CANDU-NG for 2005. This reactor should use 
slightly enriched instead of natural uranium (as already does the Argentine Atucha 1). 

 
Most interesting is the recent revival of the HTR, which made a false start in the 70s, as 

small modular reactors using direct cycle helium turbines.  South Africa champions the 
PBMR, derived from the German pebble-bed reactors AVR and THTR, while a 
Minatom/GA/Framatome/Fuji consortium follows the American prismatic family.  HTRs 
have some very attractive features : high degree of intrinsic safety, excellent thermal 
efficiency, potential for future direct production of hydrogen, etc.  What still remains to be 
seen is whether they can be competitive. 

 
One should mention also some interest around the concept of accelerator driven system 

ADS.  Though unlikely to generate power at competitive prices, they might be part of future 
advanced fuel cycles including the transmutation of minor actinides.  

 
Looking further ahead, the "GIF", Generation 4 International Forum which gathers 9 

countries around the US DOE, is developing criteria to be met by reactors to be built after 
2030 and attempting to identify the R&D needed previously.  Among those criteria : 
competitiveness, resources use, safety and proliferation resistance.  Nuclear technology is 
young, and still capable of many improvements and breakthroughs. 

 
If there is, indeed, a generation 4, then nuclear fission will be used at least till the end of 

the century, and there is no doubt in my mind that there will be some kind of breeder reactors 
needed, to make full use of the uranium and thorium resources of this planet.  Breeding 
implies spent fuel reprocessing and recycling.  That is why it is important to keep maintaining 
and improving these technologies, as COGEMA and BNFL are doing.  Besides, spent fuel 
reprocessing allows for an optimal management of the high level wastes issued from the 
nuclear power generation.  We are especially happy that Electricité de France has recently 
renewed its global recycle contract with COGEMA, for the next 15 years. 

 
What we miss most and need most is an operating high level wastes repository, the only 

missing link in the nuclear fuel cycle.  As long as such a repository exists only on paper, 
opponents will have an easy task pretending that there is no solution to the disposal of those 
wastes and that, as a consequence, nuclear power cannot be deemed "sustainable".  It is 
already important to make it known that the WIPP is operating in Carlsbad, New Mexico, 
even though it is limited to the disposal of "cold" long-lived wastes.  The Finnish repository 
may constitute a very good example for the other "nuclear" countries. 
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5 PUBLIC ACCEPTANCE AND COMMUNICATION. 

 
Nuclear power has at least one specificity among the energy sources : there are pressure 

groups and even political parties openly dedicated to its disappearance.  I know of many 
people marching against the construction of any facility in their backyard, the famous 
NIMBY syndrome sometimes extended to BANANA (Build absolutely Nothing Anywhere 
Near Anybody), but unless I am mistaken, there is no group lobbying across the world for the 
complete extinction of petroleum, or coal mines, or windmills.  In that respect, nuclear power 
can only be compared with genetically modified organisms. 

 
In many countries, polls have also uncovered a rather puzzling phenomenon : nuclear 

supporters assume they constitute a minority even when they are, in fact, comfortably in the 
majority.  We must react.  We must let people not opposed to nuclear power know that they 
are not alone.  We must explain that nuclear power is not THE solution to Mankind's energy 
needs, but that there is probably no solution without it.  We must explain that present and 
future nuclear reactors are much safer than Chernobyl was.  We must explain that the risks 
associated with high level radioactive wastes are orders of magnitude below those we 
encounter and tolerate, willingly or not, in our daily life.  We must explain that the risks of 
irreversible climate change far exceed those of developing nuclear power on a grand scale. 

 
I hope this Conference will, at its level, contribute to this communication. 
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