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AIEA / Beijing 

Slide # 1: International Conference on Nuclear Energy in the 21th Century

Mr Chairman, Ladies and Gentlemen,
It is an honour and a great pleasure for me to participate in this International Conference on Nuclear Energy in the 21st Century in Beijing. I would therefore like to begin by thanking the organisers of this Conference for the opportunity I am given to present the current status of and my vision for the future roles of nuclear energy in terms of the general trend observed throughout the world to move towards responsible and sustainable nuclear energy in technological developments.
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Slide # 2  : Low carbon energy scenario for 2050
The reality of global climate change is no longer discussed today. If the nature and importance of its expected consequences are still unclear, it is now obvious for all that it is urgent to take this new situation into consideration. 

A second major difficulty raised by the need for the world to move progressively towards sustainable development is due, for a large part, to the fact that the needs of humankind in terms of energy continue, and will continue in the future, to grow rapidly. 

All the international studies carried out on the subject (IEA, IAEA, red Book, WNU, etc.) demonstrate this fact very clearly: together with an expected increase of the world population, that should grow progressively to reach around 9 billion individuals by 2050 world energy consumption will also increase rapidly in the coming decades, with most probably a 50% increase at the same date, taking into account strong energy-saving policies implemented in developed countries.
Today, we can state with conviction that the world demand for energy will grow steadily over the coming decades, and as a consequence more electricity will also be required during this period, electricity potentially being the most environment-friendly source of primary energy .
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Slide # 3  : Climate challenge and sustainable nuclear energy

In order to face up to the climate challenge, we have to determine which sectors are the main producers of green house gases.
The pie chart representing CO2 emissions in Europe for 2005 reveals that the energy share can be analyzed in terms of three major contributions: transportation, the residential and tertiary sector, and heat and electricity generation. The best way to reduce greenhouse gas emissions is to find or develop, for each of these three major sectors, low carbon solutions. I would like to demonstrate how nuclear energy can play an efficient role in these reductions.
First of all, let us consider electricity generation, as the most important contributor. The current solutions implemented at an industrial scale are well known, the following table conveys electricity generation data in France and worldwide:
·  The red figures represent the electric power share in final energy consumption. In developed countries, this share amounts to over 20 percent, and it is due to increase worldwide with the development process,
· The nuclear electricity share is represented by the last figures: the particularity of the French energy mix, which resulted in 89 percent of green electricity in the total electric power output, is clearly explained by the high nuclear share (78.5 percent) in this generation mix. 

The transportation sector is not the first sector to come to mind when speaking of electricity generation, but some short and mid-term solutions will be implemented on an industrial scale. When considering a hybrid vehicle (thermal and electric), the best way to minimize greenhouse gas emissions would be to choose on the one hand “green” electricity for plug-in equipment, and on the other hand second generation bio-fuels for thermal engines.
Biofuels are already being produced, but R&D results enable us to develop a path for sustainable second generation biofuels, by using not only the edible part of the plant, but the whole plant. Biofuels synthesis can be obtained from biomass gasification and hydrogen with the Fisher-Tropsch process. 

In 2003, more than 96% (IEA) of all hydrogen was produced from fossil fuels, but this path is not a sustainable one. To take climate stakes into account, electrolysis and chemical processes must be developed. Efficiency improvements require high temperature processes, which can be obtained by the use of heat derived from a 4th generation nuclear plant. Low-carbon vehicles are no longer a dream and may become a reality by 2015.
In light of the recent trend of constructing larger buildings and the market penetration of new energy uses (air conditioning, computers, etc.), the electricity consumption of residential and commercial sectors has significantly increased over the last few years. Demand management for residential and commercial end-users provides a range of technical, organizational and behavioral solutions to cut or reduce electricity consumption and demand. The aim is to improve final electricity-using systems and to reduce consumption, while preserving the same level of service and comfort
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Slide # 4  : 2008 Vision: nuclear part in the energy mix 
Taking all of these climate protection constraints into consideration will affect the demand for electricity and potentially the demand for new reactors.

If we look ahead to 2030, planning an increasing nuclear share in the worldwide energetic mix of at least 18% and taking into account, on the one hand, the expected shutdown of plants (270 GWe) and, on the other hand, lifetime extension and power upgrades (150 GWE), at this moment in time we can safely say that the world would need more than 480 Gwe over the next few decades, that is to say around three hundred large LWRs, such as an EPR . Let me repeat that this last figure could be much higher it the nuclear share in the energetic mix amounts to about 30%.
The conceivable number of reactors for 2050 could reach more than one thousand. Let me say it again: this last figure could be much higher, at about 2500, should the nuclear share in the energetic mix amount to 30%, as is the case in Europe.
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Slide # 5  : Gen III on the tracks with safety improved EPR
Nuclear energy is thus establishing itself as an integral part of the expanding low-carbon energy technologies needed particularly to meet the 2020 objectives set by the European Union.

This transition to Gen III reactors is scheduled in France by the 2005 Energy orientation Act, following a national public debate.The reactor is to be built in Flamanville in the north of France, and it should be operational by 2012 in order to gain experience before making any decisions about the renewal of the fleet, scheduled to begin in 2020. The French government decided just a few days ago to build a second one in Penly, and the construction could be carried out with international partners.
A first unit has already been ordered by TVO Finland and is presently under construction in Olkiluoto. Two other units have been ordered by China Guangdong Nuclear Power Company Ltd (CGNPC) in the Guangdong Province.
The third-generation EPR belongs to the group of evolutionary reactors, designed based on feedback from the second generation and advances in research, resulting particularly from specifications produced by the French and German safety authorities following the American accident at Three Mile Island.
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Slide # 6  : Gen III on the tracks with envisaged EPR around the world
Outside Europe, all regions of the world are currently seeing a true resurgence of interest in energy production thanks to nuclear power. Countries that already have a fleet of nuclear power plants (Russia, China, Korea, India, United States, Brazil, South Africa, etc.) are initiating significant plans for lifetime extension or new constructions, while others are preparing for the replacement of their existing fleets (this is the case in the United Kingdom and France). In the case of Italy, a “return to nuclear” has been announced.
“New entrant” countries in Northern Africa, the Middle East, Southeast Asia, Central America, and South America are preparing to integrate civil nuclear energy into their energy mix by 2020-2030 in order to reserve fossil resources for non-substitutable uses as far as possible.

 Industry projections estimate that 30% (AREVA) to 50% (AtomEnergoProm) of the growth in the global fleet will occur in countries having little or no nuclear industry to date, which will mean a hundred new reactors by 2030, at least in countries that are not equipped today.

AREVA has a wide range of reactors with the EPR (1600 MWe), the Kerena boiling reactor (SWR 1000), and soon the 1000 MWe class ATMEA developed with Japan’s MHI. There is also competition particularly with the Toshiba-Westinghouse AP 1000, the Russian VVER 1160 (AES-2006) in the field of PWRs, and General Electric (GE) with high-performance products in the field of boiling water reactors (ABWR and ESBWR).
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Slide # 7 : EPR : safety objectives

The EPR is a major milestone in these nuclear programs, combining experience feedback from the current Gen II PWR fleet and major improvements in terms of operation and maintenance management, as well as optimizing the use of its fuel and allowing the use of 100% mox fuel, together with a specified power of 1600 MWe and an anticipated operational time of 60 years.
However, and above all, the EPR is also much safer, as shown in this slide, due to an enhanced and thorough defense system (reducing the amount of significant incidents and the frequency of global fusion core meltdown by ten). This is due to significant release and consequence reduction in all situations (including fusion core meltdown), and to an improved resistance of the reactor containment structure to external impact and major earthquakes.
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Slide # 8 : Towards a high safety level

This increased level of safety offered by the manufacturer meets the ever-growing requirements made by the Safety Authorities of the various countries as well as an even more thorough international harmonisation of the safety referential, thus increasing the power of the supra-national bodies.

Such harmonisation was made:
· possible through more than 50 years of cooperation among the institutional players (IAEA…), safety authorities (INRA, WENRA…), and operators (WANO…), 
· and necessary by the European construction and the “Multinational Design Evaluation Program” initiative, which aims to bring the safety authorities together for the assessment of new reactor designs.

However, I wish to reiterate the French position that the responsibility for safety remains a national obligation that cannot be delegated to a supra-national authority and that technology is not the only safety parameter. A culture of safety and an appropriate institutional framework remain vital.
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Slide # 9 : 2008 Vision: world spent fuel amount

By incorporating the nuclear power capacities foreseen in the scenarios for the rebirth of nuclear power, the global fleet could produce around 10,000 tonnes of spent fuel each year by 2030 and more than 20,000 tonnes per year in 2050. Without a spent fuel treatment policy, this can lead to considerable stocks of around 700,000 tonnes. By 2050, these spent fuel quantities would correspond roughly to the capacity of more than 400 Flamanville EPR storage pools, a capacity that would need to increase by more than two pools per year.
This expected expansion will call for organisation of their management within a framework gathering the best international consensus, which remains to be established. Indeed, it would be irresponsible from the standpoint of optimal natural resources management and the risks of proliferation and vulnerability to malicious acts to actively promote the legitimate place for nuclear energy in the global energy mix and to allow very large amounts of spent fuel to accumulate on as many sites as there are future power plants in the world.
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Slide # 10 : Closing the fuel cycle, towards sustainability 

The respective contributions of spent fuel components to the long-term radiotoxicity of spent fuel will now be examined.
After several centuries, we can see that plutonium is the main contributor, far above the others! Therefore, in order to have a strategy for decreasing the long-term toxicity of final waste, we first need to have a strategy for recycling minor actinides and managing plutonium!
This also goes for final waste after reprocessing. Thanks to progress in scientific research over the last 10 to 20 years, the industry has already achieved a ten-fold reduction of the volumes of medium-level wastes produced annually. The standardization of primary waste packages has been promoted and  implemented industrially. In short, nuclear spent fuel management has thus proved to be responsible since it:
· recycles most of the spent fuel material, 

· saves up to 20% of natural resources, 

· accounts for less than 6% of the kWh total cost
· reduces fivefold the amount of waste (compared to the open cycle) and tenfold their radiotoxicity
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Slide # 11 : Closing the fuel cycle … an industrial reality

Today, reprocessing and recycling operations are mature, efficient, safe, clean and cost-effective technologies. This is proven by the results and feedback of more than 25 years of operation of the French La HAGUE plant, which is dedicated to several international customers, and where more than twenty thousand metric tons of spent fuel have been reprocessed to date. 

In these plants, where an advanced form of the PUREX process is operated, both recovery yields and purification levels are very high (up to 99.9 % of uranium and plutonium recovered). The level of released radioactivity and workers’ radiation exposure have dropped drastically over the last two decades, although throughput was increased quite a lot at the same time!
The now imminent operation of the Rokkasho-Mura reprocessing plant, that will crown a long and fruitful collaboration between France and Japan, naturally calls for our attention. This plant is the result of a successful transfer of technology from the French La Hague plant to Japan Nuclear Fuel Limited (JNFL). The recently signed cooperation agreement between these two “sister plants”, that will open a period of joint operation based on exchanges of operational feedback between both plants, furthermore underlines the importance of future international collaboration in the nuclear sector. 
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Slide #12  : Nuclear Plants for new comers: reactor + Fuel services + Education & training 

The reactor designs proposed by Industry shall meet the expectations of a significant part of these emerging countries. In particular, the power range shall be adapted due to various grid conditions. We can expect that around 1000 MWe reactors should be adequate (Atmea and Kerena), according to proven technologies which guarantee both a high level of safety and high economic efficiency, including specific integrated fuel cycle facilities (glass canister storage, etc.), in keeping with non-proliferation commitments.
Of course, this technical offering must be supplemented with ambitious training. 
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Slide #13  : Nuclear Renaissance in the world (a)

The current nuclear world, with its 439 operational reactors, can no longer look at itself in terms of countries but in terms of four major regions of the world: the Americas, Europe, Russia, and Asia.
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Slide #14  : Nuclear Renaissance in the world (b)

From these regional groups, spent fuel production resulted in an inventory of 170,000 tonnes by the end of 2007. Without treatment of these spent fuels, the situation is already troubling (as shown by the distribution of red containers on the map – tonnage according to AREVA NC figures).
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Slide #15  : Nuclear Renaissance in the world (c)

The cycle back-end must be managed responsibly on the global scale, and the treatment of spent fuels in a few plants in each nuclear region will allow for a drastic decrease in the volume of final waste (green containers on the map) to be managed. Considering the estimation of the amount of spent fuel in 2030, i.e. 400,000 tonnes, it is clear that a development of treatment capacities absolutely must accompany the rebirth of nuclear energy.
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Slide # 16 : Nuclear Renaissance Challenges: Back-End Facilities

The nuclear renaissance requires that spent fuel is not accumulated: this is a safety issue, an economic issue in terms of responsible waste management, and also a non-proliferation issue. 

Stockpiling in indefinite interim storage can not be considered as responsible management of the fuel back-end. In the perspective of a large-scale nuclear renaissance, spent fuel recycling shall be carried out by sending vitrified waste back to their countries of origin, to be safely and economically stored while waiting for final disposal. This will ensure a safer, more secure and more proliferation resistant spent fuel management.
A global service provided for spent fuel reprocessing and recycling shall be set up within the appropriate international framework, i.e; the IAEA umbrella.
The development of treatment facilities should be proposed on a regional basis, and the organization of the associated back-end fuel cycle should be based on the two following points:
· firstly, the supply of treatment plants has to be based on advanced and tested technologies (such as those carried out in current industrial facilities like La Hague or Rokkasho plants and future operated by major players); they can benefit from feedback experience. 

· secondly, these treatment facilities should be distributed on a regional basis so as to prevent spent fuel accumulation in any region of the world.
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Slide # 17  : Bridging Technologies from Renaissance to Sustainability

During the 21st century, nuclear electricity will play an important role and will remain a part of the energy mix on the long-term, since it contributes to the security of energy supply and to the reduction of greenhouse gas emissions. However, nuclear energy should lean on two mainstays in the future, each of them based on a nuclear generation: 

· third generation renaissance, as it has to be developed from now on, 

· and sustainability, based on the fourth generation, with more innovative systems.
Moving towards a responsible renaissance implies taking suitable initiatives which make use of the best available technologies, for example taking advantage of the emerging economy. The proven advanced recycling technologies will be the bridging technologies between the third and fourth generations.
The fourth generation will be operated beyond 2040, enabling a wider access to nuclear energy in terms of electricity production without greenhouse gas emissions (up to 40-50% in 2050), natural resources conservation and waste minimisation, and the possibility of new applications (hydrogen, industrial heat, seawater desalination, etc.)
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Slide # 18 : Sustainability : Development of Fast Neutrons Systems with closed fuel cycles 
Regarding fourth generation systems involving the full recycling of actinides, which are demonstrative of sustainable nuclear energy, the schedule can be divided into three stages: an R&D stage, which is the stage we are currently sharing, a stage devoted to the implementation of prototypes, which can start in 2015 and last until 2030-2035,  and the last one, the industrial stage, which is expected to begin around 2040. We must keep the mindset of the founding members of this Forum, that is to say: diversity is required when aiming high in the future
Thanks to the Gen IV International Forum framework, the tools for sharing R&D programs now exist. Since the most promising results should necessarily lead to actual demonstrators and prototypes, a trilateral Memorandum of Understanding has been signed recently with the american DOE and the Japanese Atomic Energy Authority (JAEA) in order to harmonise the prototypes of Generation IV reactors that Japan, the United States and France all intend to develop in the coming years. This concertation step is necessary to avoid the same type of prototype being developed by each partner in a unilateral way.
Finally, let me mention the INPRO initiative, which clarifies user needs and provides a necessary dialogue between technology suppliers and operators
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Slide # 19 : International FBR Prototypes Partnerships

The French R& D strategy for future nuclear systems is based on the will to maintain several technological options, within the framework of GEN IV and INPRO criteria for sustainable development. So, the development of fast reactors with closed fuel cycles will be conducted along two tracks: Sodium Fast Reactor (SFR) and Gas fast Reactor (GFR), with new processes for spent fuel treatment and recycling.
The sodium track is now considered the reference case scenario. This shall enable the construction of a Fast Reactor Prototype called ASTRID, in about 2020, as announced by former President Chirac in 2005, and to envisage an industrial deployment in about 2040. Its development is focused on the following four points: 

·  High-performance core with enhanced safety
·  Resistance to severe accidents and external impact
·  Optimization of power conversion system for minimum sodium-risks
·  Revisiting the overall plant design for maximum operability.
The gas fast reactor, Allegro, a 75 MWth fast-spectrum experimental system, constitutes an infrastructure to support the development and demonstration of an innovative reactor cooling technology. It must also allow for the use of high temperatures.

In order to treat this subject throroughly, let us add that these reflections also concern the project to build a fuel fabrication pilot for the future systems.
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Slide # 20 : towards a more reliable, safe and non proliferant nuclear energy : conclusion

Reaching the end of my presentation, I would like to summarise that many signs of a global renewed interest in nuclear energy can currently be observed worldwide. My vision for the place of nuclear energy in the future is one of a prominent role throughout the 21st century, as this energy perfectly matches the requirements for the sustainable development of mankind. Nucelar energy has the ability to contribute significantly to world energy needs without producing greenhouse gas emissions.
LWRs will play a leading role in the Nuclear Renaissance and the industry is preparing actively to face the great need for the supply of reactors. However, commitments and international obligations in terms of safety, security and non-proliferation standards will have to be strictly observed: the highest level of safety and the present international harmonization initiative shall be fostered, and the organization of back-end fuel cycles along with spent fuel and radioactive waste will have to correspond to a responsible, secure and non-proliferant form of management. Fuel services in particular, using the best available proven technologies, should be set up under the IAEA umbrella.
In order to increase the sustainability of nuclear energy, fourth generation systems will need to be developed. The french R&D strategy is based on the development of fast reactors with closed fuel cycles along two tracks: the Sodium Fast Reactor (SFR) and the Gas fast Reactor (GFR), with new processes for spent fuel treatment and recycling.
This challenge will be achieved thanks, in particular, to international collaboration and dialogue. As it has been expressed at several occasions by President Sarkozy himself, France finally intends to play a part in the coming nuclear renaissance, by assisting any country willing to develop its own nuclear capacities with its unanimously recognized experience, provided of course that it respects international non-proliferation and safety commitments. 

Thank you for your attention.




P. Pradel



CEA Nuclear Energy Director






