What is the place of nuclear energy in south of the Mediterranean?
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Many countries today, being aware of the risks of dependence upon fossil fuels and the old tools of electricity generation, are re-evaluating their energy policies. This occurs in a context where the world energy demand should be increasing, according to OCDE, by 45% by 2030.

Oil, coal and gas represent more than two thirds of energy and electricity generation in the world. However, these are also at the origin of greenhouse gases which are considered to be the main cause of climate change. The major part of the increase in electricity demand will be satisfied with coal which remains the first energy used to produce electricity in 2030.

Considering such rapid increase of the world demand forecast in the next decades, how should we produce the energy necessary for economic growth and social development without damaging the environment? In particular, what is the future for energy in the Mediterranean? Is there a place there, and if so which place, for nuclear energy?

1. New impetus for nuclear:
Today, and after almost twenty years of slowing down in the world, electronuclear seems to be on the crest again (16% of worldwide electricity generation), mainly since there is a clear awareness regarding the end of oil resources and the necessary fight against greenhouse gas emission, while energy needs will keep on growing.

Even a Green Peace founder, Patrick Moore, thinks that we should not today neglect nuclear energy
.

"In the early 1970s when I helped found Greenpeace, I believed that nuclear energy was synonymous with nuclear holocaust, as did most of my compatriots. That's the conviction that inspired Greenpeace's first voyage up the spectacular rocky northwest coast to protest the testing of U.S. hydrogen bombs in Alaska's Aleutian Islands. Thirty years on, my views have changed, and the rest of the environmental movement needs to update its views, too, because nuclear energy may just be the energy source that can save our planet from another possible disaster: catastrophic climate change".
An international “nuclear renaissance” : In this context, the World Nuclear Association forecasts that more than 450 new reactors should be built in the world by 2030. More than sixty countries are planning to develop atomic energy or renew it. They have also expressed, during these last years, to the IAEA their wish to build nuclear reactors for producing electricity.

The Three Mile Island accident which occured in 1979 put an end to the American nuclear programme, and the Chernobyl accident in 1986 in URSS (Ukraine), which was far more serious, pushed many countries to suspend or abandon their programme. Ever since, no significant accident has been recorded, and countries which were still continuing their programmes, such as France, have nothing to reproach themselves except pride in their choice. The time has come to re-launch nuclear in a context where hydrocarbon resources are becoming exhausted, where environmental constraint imposes the reduction of carbon emissions and where research for greater energy independence is being reinforced.

Of course, at worldwide scale the nuclear part in the energy mix will increase only progressively, but the market is huge and could represent an investment of more than one billion dollars by 2030.  While today thirty one countries operate 440 reactors (of which some reactors have to be renewed), some forty more countries- mainly the emerging ones- want to have access to this energy source in order to satisfy their need in terms of electricity and diversification of supply sources, and to prepare the post-oil era and improve their carbon footprint. According to the World Nuclear Association, 400 projects at different stages of progress are anticipated for 2030. However, these 400 worldwide projects may not be all realised due to lack of materials, qualified labour and nuclear culture in many countries.

On 8-9 March 2010, a conference on civil nuclear access was held in Paris gathering almost all countries wishing to get reactor equipment. Among the participants of the Mediterranean perimeter were: Algeria, Egypt, Israel, Jordan, Libya, Morocco, Syria, Tunisia, Turkey, and Gulf countries.
A fundamental question was asked during this conference: “Is nuclear reserved only to a few States already in control of the technology? Or does any country have the right to develop peaceful nuclear energy?

France affirmed on 8-9 March 2010 that “those who commit to a peaceful nuclear programme respecting the international rules should be able to legitimately develop all necessary aspects for the use of this technology in accordance with Article 5 of the Treaty of Non-Proliferation dealing with the safe and responsible development of nuclear energy. We should not, indeed, praise nuclear merits and at the same time explain that nuclear should be reserved to industrialized countries.”
This does not exclude that extremely rigorous conditions have to be required in order to develop nuclear energy in safe conditions, to assure non proliferation and respect for the environment and safety for workers, populations and future generations.

Today, these conditions are accepted by almost all countries in the world.
2. Promoting civil nuclear...Four fields of international cooperation:
Candidate countries for nuclear have to be accompanied and prepared in terms of infrastructure, institutional structures including a safety authority, respect of non proliferation requirements, social acceptability, financing and human resources. We will quote four fields in which international cooperation is essential:
· Safety which should be assured by the implementing a safety authority and an institutional framework mainly to:
· Define and adopt fundamental principals applicable to all nuclear activities;

· Put in place an institutional organisation for controlling these activities;

· Set regulation rules aiming at ensuring nuclear safety;

· Set up an administrative and regulatory framework for the creation and operation of installations coming under such regulation; 

· Financing: in order to produce baseload electricity, nuclear is overall very competitive compared with other resources… the difficult part lies in the considerable initial investment, preventing many countries from gaining access to this technology.

· The third field of cooperation which needs to be developed is human resources and training. The operation of a reactor requires specific competences in safety, radiation protection, and there will be ongoing need for operators, technicians and well qualified and experienced engineers in nuclear field. Maintenance activities require also professional and rigorous behavior, in terms of respect for quality standards, transparency and control acceptance. These examples show that the human resources and training aspect should be considered as critical for the success of the nuclear project. Moreover, staff competence is essential to create the conditions for exchange of information between local authorities and population, between operator and safety authorities, and to consolidate in the long term the initial agreement of the public on nuclear project. In addition, this is an aspect which is potentially structural within a global international partnership around the project.

In this context, the installation of a small research reactor for the needs of teaching and research, facilitates the training of personnel at different levels to the specificities of nuclear safety assurance. This is a first step which may be advantageous and may be scheduled, as a whole or a part, in parallel with the construction of the first industrial realisation.

In order to respond to training needs, an Institute and an international nuclear school for foreign students from all over the world will be created in France with reliance on the sites of Saclay and Cadarache.
· Security of nuclear fuel supply, in mining, treatment, uranium enrichmment capacity, reprocessing and recycling; these technologies have to be implemented in cooperation and transparency.

Concerning this point, the management of the fuel cycle should be taken into consideration as a whole. A complete service on all the management cycle should include the processing of the used fuel and the wastes.

Nota : for the uranium extraction phase, AREVA is envisaging for its new uranium mine of Imouraren, in Niger , to ensure the electric energy supply by concentrated solar power (CSP), rather than using a traditional diesel group, which clearly shows that solar and nuclear can really be complementary.

3. Nuclear and energy demand increase around the Mediterranean
All prospective studies forecast for the next twenty years a considerable increase of the energy demand in the Mediterranean, due to the following factors:

· Demography which remains quite high in Mediterranean countries of the south and east (despite a slowdown in birthrate);

· Economic development, urbanization, tourism, increase in transport, high needs for water....

· Therefore, electricity need is increasing more quickly than the GDP.
By 2030, the population increase and the considerable needs in electricity will require 250 GW of new additional electric power! Energy needs will most likely keep on increasing in the long term (we cannot today determine the limits).

Energy for water (Nexus energy water, energy print in water): Moreover, new usage increases the needs. Thus, the increasing needs in water in the Mediterranean lead to an increase in need of energy, for pumping, transfer, treatment, water desalination...Water energy represent a minimum of 4% to 5% (French case), and 15% to 20% of total electricity (case of semi-arid countries such as Israel or Jordan, Gulf countries like Saudi Arabia and the Emirates). Therefore, there will be a conjugated deficit of electricity, water and power.

3.1  How to face this huge increasing demand? 250 GW of electricity by 2030

The tendency scenario: Extrapolation of what is happening today is the ongoing consumption of more natural gas, coal and fuel fossils which are limited both in quantity and duration, inevitable price rise, announced shortage, peak oil, greenhouse gas emissions, climate effects in the Mediterranean region which is already a hot spot of climate change (i.e the temperature rise forecast by the end of the century will be higher than the worldwide normal average).
Firstly, more sobriety and energy efficiency are essential, avoiding all wastes and useless consumption. The best energy is that which is not consumed in the first place.
Energy without carbon, renewable energies, solar, wind and also nuclear energy should be promoted by ambitious programmes. 
The Mediterranean Solar Plan is planning about 20GW of renewable energy by 2020 in the countries of the south and east Mediterranean, with a possible part of “green power” exported to Europe which will contribute to financing the projects.

The German project DESERTEC is planning about 40 GW of solar energy in the huge sunny and arid deserts of the South, with long distance power transport towards Europe by THT direct current connections. The Transgreen project concerns the study of these Direct Current connections for green energy transport through the Mediterranean.

Will this provision in renewable energy be enough to face the huge needs of the Mediterranean region? Unfortunately not! On the contrary, all solutions and mainly carbon-free energy will be needed ...Nuclear becomes though an option envisioned by many countries.

The problem is vast and complex and concerns each country and also Mediterranean countries with interconnections and shared resources: electricians have to face the needs of their country at every moment and in real time together with “energy mix” or specific “energy bouquet”:
· Cost-benefit research on obtaining the cheapest kWh 

· Diversification of energy sources with an adequate balance between traditional energies, fuel, coal, natural gas and renewable energy, wind energy, all options of carbon-free energy studies;

· Security of supply;

· National and international integration, reinforcing and development of regional interconnections.

Three cooperation agreements concerning nuclear energy have been signed between France and Algeria since 2007. Another agreement was signed with Libya and Tunisia in April 2008. Egypt is conducting ongoing studies.  Gulf countries such as Abu Dhabi launched an international call for tender for a nuclear reactor, which is also being envisaged by Jordan.
3.2 Nuclear economic benefits:

Possibility to ensure, over an unlimited period of time, electricity supply at a low price is a major and important factor in sustainable development. A nuclear power plant can produce cheaper electricity than any other means of generation with a much longer life, and reliable operation costs, even taking into account nuclear fuel and maintenance.

In the case of natural gas or coal power plants, the initial investment is lower but the costs of fossil fuel are much higher and fluctuate unpredictably. Renewable energy sources such as wind or hydraulic energy share with nuclear energy high investment costs and low generation costs per unit produced of electricity. Their drawback is to produce only intermittently rather than on a regular basis (even if energy storage is being improved).
Even doubling the price of uranium used for the manufacturing of fuel fossils has a minor effect on the price of the electricity produced. By comparison, doubling the price of natural gas may give rise to an increase of about 70% in the price of telectricity produced by gas-fired plants.

Tableau - Nuclear Energy Advantages and Obstacles 

	Nuclear Advantages 
	Nuclear Obstacles 

	Economic Competitiveness


	High initial investment

	Environment protection, no SO2, NO2  emissions SO2, NO2; no CO2 and green house gas
	Nuclear waste, uranium, security, proliferation risk,  terrorism,  psychological  aspects 

	Price stability of kWh for long time
	 Need to put in place an administrative and regulatory  system 

	Greater energy independence


	Size and capacity problem 

Require  network with enough capacity and well interconnected

	Strong added value in the countries which use it


	Long delays necessary for choosing sites, personnel training, safety issues, construction



	Good geographical distribution of uranium reserves, hence diminution of  geopolitical risks
	


This analysis can involve all actors and operators, electricity companies, private operators, industrials, local and national political authorities, political parties, universities, research centres, members of the public, media, etc.
3.3 Importance of the investment choice problem 
An electricity producer must take into consideration the following criteria before taking the decision to invest in new and additional means of generation: Economic competitiveness and profitability, technical feasibility, environmental constraints, risks associated with the project, the size and series effect, financial aspects...

These various criteria have to be studied and analysed by considering the particular context of each country; however cooperation and exchanges will be needed and fruitful. 

Technical issues and size of nuclear reactor:

The definition of the possible size of nuclear power plants is being raised in term of their insertion in the electricity network of each country, depending on system size and energy mix of the country. The size effect is in favor of big reactors, but taking into consideration the size of electrical networks and for a first realization, south and east countries of the Mediterranean can envision reactors of small or medium capacity.

The following table shows the advantages of medium-sized and large reactors.  

	Advantages of Medium and Large Reactors

	medium-sized  reactors
	Large reactors

	Easy to insert in the network
	Total cost of kWh more competitive

	Total amount of unit investment
	Size effect

	Shorter periods for construction
	Reduction of number of sites

	Adjustment to demand increase
	

	Lesser impact on electric network of the loss of a unit 
	

	Size of electric spinning reserve
	


4. Conclusion

Securing reliable and affordable energy sources without contributing to global warming has made nuclear energy an attractive option to an increasing number of countries around the world. 

A sustainable energy with no CO2 emissions, with high economic   competitiveness, nuclear is a really interesting energy option and many countries believe that nuclear energy can provide a sustainable solution for their growing energy needs.
Taking into account the increasing rarity of fossil resources, the high costs of renewable energies and the fight against climate change, an objective of 15%, by 2040-2050, of electric energy of nuclear origin has to be considered in south and east Mediterranean countries. This voluntarist hypothesis is neither utopian nor unrealistic, mainly if we take into account the reinforcement of the whole electrical network of the region and the new interconnections with Europe.

It is necessary, then, to prepare the future, mobilize the potential in every Mediterranean country in a collective way, by active cooperation and a global planning initiative including all generation and network needs north and south of the Mediterranean. 
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