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1. Introduction  

 

The accident at the Fukushima plant in Japan has once again placed the nuclear energy at the heart 

of the global debate, particularly in countries, where there are nuclear power plants, and other 

countries which plan to build new ones.   

In order to understand many of the implications of this problem and for a fruitful discussion in 

PAM, we report here on the various themes of the debates, as well as the different technical, 

political, and environmental aspects about the subject. 
 

Nuclear power, which in 2008 represented about 13.5% of global electricity production (5.8% of 

primary energy or 1.9% of final energy), is the subject of policy debate. Nuclear energy strategy 

is very diverse in different countries: no nuclear power production, scheduled shutdown of 

production capacity, moratorium on building of new units, draft power and construction works in 

progress. 

The definition of such a strategy, in a comprehensive energy policy, is based on the trade-off 

between risks and benefits associated with the production of nuclear energy. The debate is 

regulated on the assessment of the risks and benefits, as well as the socio-economic implications 

of the nuclear industry. 
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1.1 The Themes of  the debate 

The debate on nuclear energy covers several distinct issues, which involve mainly: 

 On one hand, environmental risks (risks of the nuclear waste industry, but also the 

problem of fuel supply, that is to say, fossil materials, and treatment of waste, which may 

have a long life of several thousand years) 

 On the other hand, the political aspects (the problem of the use of secrecy in democracies, 

for legitimate reasons of national security, the question of geopolitics, the impact of 

nuclear energy policy of the States, and thus its impact on economic growth and political 

position, and finally the problem of dual technologies and ambiguity between nuclear 

power and nuclear weapons. 

Other themes are: the impact of nuclear energy on global warming, indirect effects on the 

structure of the grid. 

The issue of possible future technological developments to improve the production of nuclear 

power is also a theme in itself. 

1.2  Participants in the debate  

1.2.1 Industrial Sector 

The Industrial sector (Areva, Electricity of France, Toshiba-Westinghouse, MHI, GA ...) is 

engaged in lobbying with the public autorities to promote nuclear energy (New plants, allocation 

of research budgets  ...) as well as advocy activities targeted at the general public. 

1.2.2 Non Governmental Organisations  

Some NGOs oppose the use of nuclear energy (Greenpeace, Friends of the Earth, Nuclear Exit 

Network, WWF, etc.), they express to the public their views about the risks and negative aspects 

of nuclear power in order to mobilize the influence of the state so that it restricts its use (closure 

of plant operations in use or proposed new reactors, nuclear power output). 

Environmentalists are not all hostile to the use of nuclear energy. Tthe Association of 

Environmentalists for Nuclear Energy strives to share the environmental benefits of nuclear 

energy in a spirit of respect for the environment. 

Other NGOs and associations appreciate nuclear power, such as the European Nuclear Society, 

which has the objective to promote and contribute towards the progress of science and 

engineering related to the peaceful use of nuclear energy. 
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1.2.3. States 

In France for example it is mainly: 

 the Nuclear Safety Authority (ASN) 

 the High Committee for Transparency and Information on Nuclear security (HCTISN)  

 the Parliamentary Office for Scientific and Technological Choices (OPECST) 

1.2.4. Organisations, agencies and international institution  

 International organizations like the International Atomic Energy Agency (IAEA) or the OECD 

Agency/Nuclear Energy Agency (OECD / NEA) officially promote the peaceful use of nuclear 

energy  through information campaigns, communications, etc.), they limit its military use 

(monitoring for compliance with the nuclear Non-proliferation Treaty, NPT, etc.), and  organize 

cooperation (standardization of safety rules, research and joint development, etc.) between 

countries. MEP Rebecca Harms (Alliance 90/The Greens) has accused the IAEA of bias and 

criticised particular agreements with the World Health Organization (WHO), declaring 

themselves in favor of the independence  of the latter for fear of  neutrality of expertise. 

1.2.5 Local Associations  

Local associations called NIMBY (Not in my backyard, "Not in my backyard"), formed 

by residents to protect their local environment (for example Stop Golfech in the Tarn-et-Garonne, 

the Committee for the Safeguarding and Fessenheim the Rhine valley, median in Provence, 

energy Virage Nord-Pas de Calais, etc..) care about the consequences of radioactive discharges 

on agriculture and health. 

1.2.6 Others 

Other participants involved in the debate: many national and local associations, research 

organizations, consultancies in favour or not of nuclear power, unions and political parties etc. 

2. The risks related to nuclear energy  

2.1  Introduction 

The assessment of risks associated with the nuclear industry, in particular, which could lead to a 

serious calamity, is a central theme of the debate. As Jean-Claude Debeir, Jean-Paul Deleage and 

Daniel Hemery wrote in their book about the history of energy " industrial randomness [...]is  not 

born with nuclear power, but with him who reaches for the excessive and the incalculable “. 

The risk of serious injury or other problems implied in the nuclear industry (diversion for military 

purposes in particular) is universally recognized and the debate is on the one hand the assessment 

of the probability and on the other, on the severity of the consequences. The combined 

assessment of these two factors gives an overall perception of risk. So these debates revolve 

around the formulation of the principle of precaution and prevention. 

http://fr.wikipedia.org/wiki/%C3%89tat
http://fr.wikipedia.org/wiki/Organisation_internationale
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In France, the precautionary principle, enshrined in the Charter for the Environment (2004), 

carries a constitutional value. 

Jean-Claude Debeir, Jean-Paul Deleage and Daniel Hemery wrote in their book: "nuclear energy 

places risks that may contaminate ecological cycles and no one can act on these contaminations. 

Even if the probability of accident is very small, nuclear energy introduced the notion of major 

risk in human history. It is no longer a definable statistical population that is concerned but, 

potentially, the human species itself. "This is also what Jacques Ellul feels. He argues that "the 

question of the possibility [of major technological risks] eclipses that of its probability." For these 

authors, the precautionary principle therefore requires the prevention of risks related to nuclear 

energy because of the possibility, however small, of a disaster. 

This overall perception, depending on whether it will lead to consider the risk as acceptable or 

not, is a major dividing line between supporters and opponents of nuclear energy. 

2.2  Study of risk perception in France 

In France, the perception of experts is clearly opposed to that of the general public on the 

importance of nuclear risks. The fallout from the Chernobyl accident presents "high" or "very 

high" risks for 54% of the general public against 18% of experts interviewed, radioactive waste 

presents a high risk for 57% of the public and 25% of experts and nuclear power plants are 

dangerous to 47% of the public and 19% of experts.  

2.3  Risk of serious injury 

2.3.1 Taking into account the risk of accident by the nuclear industry 

The nuclear industry, ,several scientific and research organizations in the field, argue that safety 

culture has developed, and the design of a plant includes a "safety analysis" to reduce both the 

likelihood of occurrence of an accident and its potential consequences, with two logical analyses: 

 A probabilistic analysis seeks to calculate a probability of occurrence for each potential 

problem, then trying to take steps to minimize the probability (referred to as "active  

safety”) 

 A deterministic analysis best suited to events refractory to a probability calculation (as the 

risk of terrorism discussed below) is - to assume that the problem occurs - to seek to 

reduce the consequences (for example by creating containment). This is called "passive 

safety”) 

Balance sheets of civil nuclear energy must have insurances, and a provision to deal with an 

accident and the future needs of decommissioning (Thus, EDF in 2007 showed two provisions for 

risks and nuclear warheads: the amount of provisions for nuclear fuel cycle (Waste Management) 

of 14 636 million euro and an amount of provisions for decommissioning and last cores 13 097 

million euro. 
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Opponents of nuclear power believe that the consideration of risk by industries is insufficient. 

According to them, cost constraints may lead to moral hazards, or to push industries or the state 

to underestimate certain risks, or not to take all necessary preventive security measures. In 

addition, confidential documents revealed by the Network for Nuclear Phaseout, and from 

internal communication Areva show that French plants are not adapted to withstand a terrorist 

risk. Several plants are also considered to be at risk of significant flooding or seismic threats and 

these are not taken into consideration. Economists argue that if accounting provisions exist for 

waste and decommissioning, and there’s no guarantee that these are sufficient, there are no 

provisions for liabilities and charges in the risk of a major accident. Only the system of 

Assuratome or national ad hoc systems can respond to a major crisis, and insurers as well do not 

cover the major-accident hazard beyond a certain limit. The funds available through Assuratome 

cannot cover costs of a major accident (like Chernobyl or Fukushima; for example in 2010, Japan 

according Assuratome did not have more than  728 million euro  for Capacity Liability and 

damages  (which is more than  what France had and that is 522 million  euro), so on March 23
rd

 

at 15h 50, the agency Jiji made available 2000 billion yen (17.4 billion euro,) that Japanese banks 

had to pay  the operator TEPCO to help finance the repair of damaged plants and the 

decommissioning of the site of Fukushima Daiichi nuclear Power Plant. 

2.3.2 Probability of an accident   

An accident can have many causes, both internal (line break, loss of cooling or power) or external 

(earthquake, war, attack ...) and (except in the last two cases that fall under the authority of 

Defense) the operator is and remains the main cause for accidents. Research networks are built 

around the world to study the risk of serious injury and ways to reduce it, including in Europe 

with the program SARNET (Severe Accident Research Network of Excellence), cofinanced by 

the European Commission, established in March 2004. It includes organizations representing 

about 200 researchers working on reactor severe accident.  

For a pressurized water nuclear reactor (PWR) such as those operated in Western Europe, the risk 

of melting the core is estimated at 5.10-5 per plant per year. The PWR plants incorporate 

concrete containment in order to prevent radioactive material from spreading into the 

environment in case of merger of the core. This is what happened at the nuclear power Three 

Mile Island (see below). An MIT study estimates that the probability of rupture of the 

containment in case of merger of the core is 10%. 

The anti-nuclear entities contest the conclusions of these studies, arguing against the 

partiality of the organizations that provide funds. They argue that the real risks are much higher 

and quote a variety of failures that, in their view, contradict the official studies (including the 

flooding of the Blaye nuclear plant in December 1999 or, more recently, the consequences of a 

land earthquake on the Japanese nuclear plant in Kashiwazaki-Kariwa in July 2007, poor 

communication on the flight of the Krsko nuclear power plant in June 2008). On the other hand, 

they point out that in the world there still exist (but not in France) plants in operation with no 

containment (this was the case of Chernobyl) 
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2.3.3 Types and consequences of a serious accident 

Beyond the probability of occurrence of an accident, the debate is also about its consequences. 

They can be financial, health, social, geopolitical, human, ecological. They are potentially large, 

even catastrophic. The serious or "major accidents " are called - in extreme cases - the "Big 

Ones" by Cummins and his colleagues in 2002 or "Super-cat" (super-catastrophe) by Erwan 

Michel-Kerjan (University of Pennsylvania) and Nathalie Marcel-Warin (Ecole Polytechnique de 

Montreal and CIRANO, Canada). They are in these cases non-insurable or they would require 

strong public-private partnership (PPP) insurance. 

A major accident could also result from a sequence of small errors or adverse circumstances or 

aggravating circumstances. For this reason, France, the Inspector General for Nuclear Safety in 

2005 recalled that "even if, compared to other industries, our nuclear activities are safe and have 

important margins, we need to show more vigilance than elsewhere because of the potential risks. 

Three main types of serious accidents are possible on nuclear power plants: 

 The fire of sodium in the fast reactor (rare) sodium-cooled liquid (eg Superphénix in 

France, closed or the reactor Monju in Tsuruga Nuclear Power Plant in Japan)  

 Cooling accidents (reactor or pool). They are rather slow kinetics (the fuel back several 

hours after stopping the nuclear reaction in the absence of sufficient cooling (due to a 

failure of the cooling system of fuel or lack of water for example). The course can be 

pretty brutal even faster if accidental draining fast reactor (or storage pool, following a 

breach of integrity of the pipes or casings in the case of an earthquake of very high 

intensity for example ;  

 Accident responsiveness, faster kinetics, where the runaway nuclear reaction leads to 

massive production of energy in the heart of the reactor. This energy can lead to fuel 

melting and consequently to a loss of toxic and radioactive radio nuclides in the primary 

circuit. 

In the two latter cases, if venting of  fuel occurs, a dreaded scenario might be that of  mass 

hydrogen formation by hydrolysis of water at high temperature and the effect of radiation α, β 

and γ (phenomenon known as "radiolysis"), catalyzed by wet conditions by chemical reactions 

between the metal sheaths of the fuel and water). Thereafter, the reactor vessel can be damaged 

by a hydrogen explosion, or because of a steam explosion due to the interaction between molten 

fuel and water. 

Considering the most recent reactors the danger of a reactivity accident leading to a sudden 

explosion of the reactor (like Chernobyl) now seems very improbable, these reactors incorporate 

active and passive safety measures and damage techniques that should not lead to this type of 

accident, a full non-compliance procedures of conduct and the deactivation of numerous 

securities would have to accumulate together. There remains the risk of melting the heart with 

rupture of the containment (the origin of the merger is an accident or an accident cooling of 

reactivity). The probability of such an accident is considered weak, but the consequences are 

potentially serious: 
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- Significant risk exposure, especially of internal contamination of neighboring 

populations (inhalation or intake of contaminated products;  

- Term contamination of the environment and, in particular, water, and soil and food crops 

and livestock or game.  

The geographical extent of these consequences, which depends heavily on weather conditions, 

effects of overlapping of several accidents, measures taken against work or the remoteness of 

population centers, makes extensive debate among the stakeholders of nuclear energy and the 

opponents: 

 those involved in the nuclear industry generally consider that the area significantly 

impacted by an accident of this type would probably be of the order of several tens of 

kilometers in radius;  

 Those who are anti-nuclear even consider that some major accidents may render 

uninhabitable geographic areas the size of a country, and that the risks of dispersal and 

reconcentration of the food chain of radionuclides are important.  

2.3.4 Summary of the main entrenched opinions in the analysis of risk of serious injury 

The main argument of the pro-nuclear regarding major risks, is that the nuclear industry includes 

safety regulations that are severe enough to make the probability of a serious accident sufficiently 

low that the risk is acceptable. In addition, future advances in technology are expected to further 

reduce the risk. They believe that of all the risks involved (including natural disasters), nuclear 
power is a rather minor or acceptable risk. 

Opponents of nuclear power argue that it is a too great risk for humanity as they say technical 

alternatives exist. They believe that the nuclear waste issue is not resolved and poses 

unacceptable risks for future generations and the environment, and zero risk of a major accident 

does not exist in this area. For them, if the probability of a major accident appears to be relatively 

low, it is virtually certain over a sufficient period of time - when the accident occurs - the 

potential consequences are of such magnitude that they become unacceptable. However, in the 

area of   major risk "to assess the gravity of a risk  the potential severity of consequences of the 

accident  should be the point of reference and not the chance of occurrence probability, as a mild 
risk occurrence may be low but with large-scale consequences. 

"They also point out that the major nuclear risk cannot be covered by the existing specialty 

insurance (Assuratome, a group of insurers and reinsurers established in 1957 to form a global 

joint reinsurance to the field of civilian and peaceful nuclear energy). 

From the perspective of prospective accounting and risk management, a basic principle of 

financial accounting is - for economic prudence, an entity shall not transfer the uncertainties 

about the future these may encumber its assets and its economic results. However, information on 

the nuclear risk  accountability in the industry and in the States (nuclear or non-nuclear) is flawed 

because "the risk that the probability of occurrence is too uncertain does not appear in the 

accounting" and none of three existing modes of accounting for  treatment of risk are adapted to 

the major risk: Neither the provision (as currently designed) nor the "contingent liability" 
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insurance and not even the system and shared reinsurance are able to take into account all aspects 

of low risk of heavy losses (or extreme risks, which are also not covered by insurance), especially 

because of uncertainties when the expression of risk in space and time, caps coverage and 

exemption clauses under insurance, and the geographic importance and potentially 

transgenerational damage. The provision and solidarity insurance system (Assuratome) solutions 

are currently used, but they have already proved inadequate in the case of Chernoybl between 

1986 and 2011 (see for example the difficulties in financing the sarcophagi 1 and 2) and 

Fukushima in 2011. 

2.3.5 Nuclear accidents in the heart of the debate 

A nuclear accident occurs when at least one of these aspects is not under control: 

 Control of reactivity: Tokai Mura, Chernobyl 

 Control of confinement: Chernobyl, Fukushima 

 Control of cooling : Three Mile Island, Fukushima  
Accidents most frequently emphasized are: 

 The nuclear accident at Three Mile Island in 1979 where, despite the partial fusion 

of the heart of the reactor, irradiated individuals (according to the American 

Society for nuclear energy) received on average the equivalent of a radio lungs 

thanks to  the containment chamber which all Western nuclear plants benefit 

from. 

 The Chernobyl disaster in 1986, which illustrates the consequences of a major 

accident. Opponents of nuclear energy emphasise the fact that aging facilities 

led to an increased risk of serious accident. Designers and operators of nuclear 

reactors believe that the cause of the Chernobyl accident is unjustified by the 

fact that the RBMK design is largely different from that of PWR, BWR and 

CANDU. The magnitude of this disaster is related to the end of the communist 

system: no safety culture, not taking into consideration the basic rules of safety, 

poor operator training... 

 Fukushima nuclear accident in 2011.  

It is often argued that the presence of the containment chamber at TMI made all the difference on 

the health consequences resulting from both accidents. However, these are two very different 

accidents and it is different not only with regards to the effects on the environment but also on 

how it was managed: 

 At TMI the core melted, in the absence of cooling water, long after stopping the 

nuclear reaction (cooling accident) 

 In Chernobyl an uncontrolled nuclear reaction resulted in a sudden explosion.( 

reactor accident) 

It is not clear at all that containment around the reactor accident at Chernobyl could have resisted 

the power of the explosion. 
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 the Tokaimura accident in 1999  is supposed to illustrate the risks due to human 

factor 

Another possibility of accidents is related to the transport of fissile materials. It is by truck or 

train and the mere risk of a traffic accident should not be overlooked. 

Risks associated with the impact of nuclear installations during normal operation 

2.4.1 Risks associated with radioactive releases from nuclear installations 

Nuclear power plants and most nuclear installations emit air and liquid radioactive waste 

material into the environment during their normal operation. These emissions therefore cause 

exposure of radiation to the population. In France they are subject to: 

● an authorization process by the ASN, in which the impact of these emissions on the 

population is evaluated;  

 

● a permanent recording by operators (with spot checks by IRSN).  

 

It is estimated that in France the average exposure due to nuclear installations is 0.01 mSv, for a 

total exposure of about 3 mSv on average (natural, medical and artificial exposure,). 

2.4.2 Risks associated with mineral extration 

French uranium mines are all closed nowadays. 55 million tons of tailings, considered 

non-hazardous, were left behind of low activity, they induce large amount of risk, however: the 

release of radon, radium release carried by rainwater can pollute rivers and concentrate in plants. 

CRIIRAD denounced the contamination of drinking water and the dispersion of scrap 

contaminated mines operated in several French regions, and Niger, from where a part of the 

uranium used in France used to originate. 

2.4.3 Risk of legionella 

According to a report of Afsset (French Agency for Safety and Labour) residents of 

fifteen French nuclear power plants would be at risk of the Legionnaires' disease in a 20 km 

radius around them. Significant levels were occasionally observed in water cooling towers, but 

EDF being entitled to levels 500 to 5 000 times higher than other industries, no action was taken. 

In other European countries, standards are the same for nuclear power plants and other industries. 

 2.4.4 Risks associated with cooling of  the power plant 

To ensure their cooling, nuclear installations (such as thermal power stations) collect and 

discharge water into rivers or the sea. The heat affects the ecosystem of rivers and marine 

environments. French regulations governing the operation of power plants impose limits on hot 

water and chemical releases. According to the Nuclear Exit Network, during the heat wave in 

2003, six French plants experienced problems to comply with temperature limits, and the network 

was able to identify thirty days during which releases exceeded the limit. Despite the rare 
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exceptions given that year by the Nuclear Safety Authority  (such authorisations  are level 1 

"anomalies" on the INES scale, and are published in France on the site of the ASN). The 

opponents strongly criticized these decisions, and the Network for Nuclear Phaseout accused  

EDF  of "sacrificing the environment for the benefit of nuclear generation”. 

Heat waves of 2003 and 2006 had cooling problems for nuclear power plants: some 

reactors had to be watered, others operated at low speeds, and others had to be stopped because it 

was impossible to cool them down within the limits prescribed, due to the lack of water in rivers 

or the too much heat; these conditions exceeded the usual limits of environmental regulations 

(discharges into rivers of too hot water) 

2.5  Risks associated with nuclear proliferation and Terrorism 

  2.5.1 Risk of diversion of civilian nuclear energy in favor of nuclear armament. 

One of the missions of the IAEA since 1965, has been "to identify the diversion of fissile 

materials and ensure the implementation of the Treaty on the Non-Proliferation of Nuclear 

Weapons." The IAEA and its director in this capacity received the 2005 Nobel Peace Prize for 

their efforts in preventing nuclear energy to be used for military purposes. "Safeguard agreements 

of the AIEA regard explicitly not only the "fissile material" but all "nuclear material" (defined as 

"any source or special fissile material as defined in article XX of the Statute of the IAEA. The 

safeguard agreements contain derogatory possibilities recognizing the right of States to allocate 

nuclear materials, based on the properties of these fissile materials to military applications that 

are not prohibited. 

Some states have requested the termination of safeguards relating to the natural or depleted 

uranium used for the production of ceramics and enamels, for example, or as a catalyst in the 

petrochemical industry, as well as guarantees for the depleted uranium used as ballast hulls or 

aircraft or boats and bowling on a military level, in some anti-armor piercing projectiles. 

The IAEA distinguishes : 1) nuclear material "directly usable" to make weapons and other 

nuclear explosive devices without additional enrichment or reprocessing, plutonium except the 

ones containing 80% or more of plutonium 238, uranium containing 20% or more uranium 235 

and uranium 233. 2) The materials 'indirect use' that need to be irradiated or enriched to be used 

in a nuclear weapon. 3) "Nuclear material  that is separated and  directly usable"- nuclear 

materials that are of direct use having been separated from fission products, and may be used to 

make weapons with treatment much lighter and faster than if these materials were still mixed 

with highly radioactive fission products. 

Although civil reactors use low enriched uranium less than 5% of U235, the production facilities 

of the fuel (including enrichment) could indeed, with specific developments,  be used to produce   

uranium for military use (> 90% U235). The IAEA said that "over 80% of the work needed for 

the separation of uranium containing isotope 235 in a concentration equal or higher than 90% are 

used to pass the level observed in the natural state (0 , 71% uranium 235) to enrichment of 

approximately 4%. The size of the installation of high gamma radiation necessary to achieve high 

levels starting at 4% is much lower than what it would be if it started from natural uranium. 
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 the plutonium produced in power reactors could be used in the manufacture of a bomb 

after reprocessing the used fuel. However, the isotopic composition of plutonium 

contained in used fuel is not compatible with military use and requires additional 

treatment. 

The development of nuclear explosive has historically preceded the development of the civil 

nuclear industry. It is therefore not absolutely necessary for a military program. 

Some highly industrialized countries which have advanced civilian programs could produce 

nuclear warheads in a few months. This is the case of South Africa or Japan. These countries are 

part of the system of IAEA safeguards agreements, all based on INFCIRC/153, "" Structure and 

Content of Agreements between the States and Agencies under the Treaty on the Non -

proliferation of nuclear wapons”. 

That is to say that they turn themselves in voluntarily to the supervision of the IAEA, according 

to three possible types of agreement, requirements as dictated by the State and  the scope of 

activities and obligations in terms of verification by inspectors AIEA. An additional protocol to 

the agreements is possible between a State (s) and the International Agency of Atomic Energy 

relative (s) to the application of safeguards. 

2.5.2 Radiological bomb 

Radioactive materials could be diverted and used with conventional explosives to produce a 

radicological bomb. In 1996, one capsule of cesium associated with dynamite was found in a park 

in Moscow on the indications of Islamic rebels in the breakaway republic of Chechnya. The risk 

of diversion of radioactive material regading the nuclear fuel cycle is also in other civil stocks 

such as hospitals, where radioactive materials are used for diagnosis or treatment, including 

nuclear medicine and cancer (brachytherapy). In addition, stocks of fissile material is transported  

on French territory by truck or train. So there is a considerable risk of theft of fissile. 

2.5.3 Attacks against nuclear plants 

Nuclear power plants or other nuclear bases could be attacked by terrorists, which can cause 

problems. The containment of current Western nuclear reactors is not designed to resist the 

impact of a large civil aircraft. 

A controversy broke out between the outgoing network of nuclear companies Areva and EDF 

nuclear, and the French authorities over the project of the new EPR nuclear reactor. According to 

the anti-nuclear organisation, a "confidential defense" document from EDF recognizes the 

vulnerability of the EPR against a suicidal crash. According to Areva and the French government, 

the EPR "has been adapted to the possible crash of an airliner. 
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2.6 Risks to democracy 

In 1968, critics of the nuclear industry highlighted the supposed risks for democracy. These 

organizations argue that the management of fuel and waste, and monitoring stations, especially in 

order to reduce the risk of terrorism, would require police, which incompatible with democratic 

freedom. 

In France, since 1973 there is a forum dedicated to public information: the Supreme Council of 

Safety and the Nuclear Information (CSSIN), replaced in 2007 by the High Committee for 

Transparency and Information on Nuclear Security (HCTISN). This advisory body brings 

together elected representatives (MPs), experts, representatives of the nuclear industry and the 

administration and representatives of trade unions and associations of environmental protection. 

3.  Nuclear Safety 

Nuclear safety covers the prevention of accidents and limiting their consequences. Generally, all 

the measures taken at all stages of design, construction, operation and decommissioning is to 

ensure the protection of workers, population and the environment against the effects of ionizing 

radiation. Some notions are common to the industrial facilities at risk, as the concept of safety 

culture, is related to the particular characteristics of the operation of a nuclear reactor. 

Safety of the reactor is obtained if we master thoroughly three safety functions: control of the 

chain reaction, fuel cooling and containment of radioactivity. 

Conversely, any failure on one of these three safety functions can result in an incident or an 

accident with consequences of varying severity. The search for the best possible safety in the 

design of a nuclear power plant results in the development of analytical methods that guide 

designers in their choice and use a specific vocabulary: the study of the conditions of use has to 

be well defined as these have to function in case of incidents and accidents, infrequent or limiting 

or external aggression it has to withstand such an earthquake, flood or plane crash. In analytical 

work, we try to avoid common mode faults, we apply the principle of the single failure criterion, 

or facilitate the conduct of the installation in a really deteriorated accident situation. We develop 

the State approach, just to take a few examples of the terminology in this field. In addition, the 

concept of defense in depth, including the implementation has become widespread. It is a concept 

that that has been evolving for several decades in the field of nuclear safety. 

3.1 The fundamental principles 

Nuclear safety covers all technical and organizational provisions taken at all stages of design, 

construction, operation and shutdown of nuclear facilities to ensure normal operation, prevent 

accidents and eliminate the consequences for health and the environment. In the nuclear field, 

safety has always been a primary concern of scientists and industrialists. Nuclear and aviation are 

unique examples of technology in the Western world where security has played an important role 

since the beginning of their development. Advances in technology, qualification and training of 

personnel, accident management measures and an enhanced regulatory efficiency have reduced 

the risks and probabilities of nuclear accidents. 
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3.1.1 Defense in Depth 

In principle, defense in depth is to provide for the mitigation of risk, even small, when the 

consequences are unacceptable. In the nuclear industry, defense in depth provides for the 

implementation of "single failure criterion." This criterion requires that in a study of an accidental 

scenario, the designer must always take into consideration the failure of the main body or 

medium that could cope. That is why any safety device is at least doubled or more. While 

studying the designer must include hunting all "common modes" possible (having two diesel 

backup generators, with the same technology, since there could be common construction defects, 

for example). The earthquake is by definition a "common mode" in terms of impact on the plant 

(it always applies to the entire plant) its recognisition is particularly sensitive. 

Defense in depth provides for the presence of re-combiner of hydrogen in the reactor building, or 

more recently on the EPR, the establishment of a "recovery coriun. » 

 

3.1.2 Several barriers 

3.2 Control of safety functions 

3.2.1 Control of the chain reaction 

3.2.2 Fuel cooling 

This means effectively removing the heat generated in the fuel 

3.2.3 The containment of the reactivity 

This is to prevent the dispersion of radioactive materials: activation products and fission 

products. The activity is very low compared to that of fission products concentrated in the fuel 

rods. It is therefore primarily to protect an accidental dispersion of fission products: this is the 

basic objective of safety. For this, the method is to monitor closely the three successive envelopes 

called the three barriers: the fuel cladding, primary circuit and containment. 

3.3 The safety analysis 

The safety analysis aims to confirm that the design bases of the items important to safety are 

adequate. 

3.4 Regulators and actors 

3.4.1 In terms of operating 

The operator is responsible for the safety of his installation as only he is able to take the concrete 

actions that directly affect safety. Security is therefore a priority for operators, infact, safe 
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operation not only ensures the protection of personnel, population and environment but also the 

functioning of long-term facilities. 

3.4.2 Safety authorities and recognized organisations 

Under the supervision of the Minister of the Interior, the aims  are to ensure that the 

public and the environment are protected effectively against the dangers of ionizing 

radiation. ASN for France and the FANC in Belgium. 

3.4.3 At  the International Level 

International organizations such as the IAEA, the NEA, WENRA and WANO.  

4. Fissile resources 

4.1 Resource evaluation 

According to the OECD-NEA (Red Book), uranium mineral resources listed today exceed a total 

of 17 million tonnes.  In 300 years of current consumption however the conditions of access are 

very different. Mineral reserves in operating costs below $ 40 a kilo is sufficient for 30 years (60 

years for less than $ 80 per kg). Finally, the spread of the technology of fast neutral reactors (less 

uranium consumption) would increase the expected lifetime of reserves by a factor of 50 (or 60 

years from 3000 years of consumption at current rates). 

Also according to the OECD-NEA, the operation of unconventional resources (phosphates, 

seawater) would increase reserves by 100. 

In 2003, the mineral extraction of uranium covered about half of the needs of the industry. The 

supply of uranium is indeed ensured for another half from secondary sources: military uranium 

stocks superior to their needs (United States and Russian Federation), uranium and plutonium 

reprocessing. 

On the other hand, the emergence of the concept of "sustainable development" in the debate on 

the ecology and global warming raises questions about the role of nuclear power. Nuclear power, 

although not emiting CO2, is not renewable, but the evaluation of the projected duration of 

consumption of resources is debatable because it depends on the techniques used (eg breeder), 

but also on the level demand, which could change significantly depending on whether nuclear 

power is developing or, conversely, declining. 

4.2 Supply and energy independence 

4.2.1 Source of Supply 

The uranium supply comes from diverse geographic areas (Canada, Africa, Australia, Asia), 

more politically stable than some oil-exporting countries, such as the Middle East. According to 

the French Ministry of Economy, this stability is a guarantee of security of supply. Additional 
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uranium reserves exist in France, they are not used nowadays because unprofitable in the current 

market conditions of natural uranium. The first six producing countries are: Canada (30% of 

total), Australia (21%), Niger (8%), Namibia (7.5%), Uzbekistan (6%) and Russia. 

4.2.2 Fuel Stocks 

The high energy density of fossil fuel can be stored in large quantities and therefore avoids the 

problems of flux present in the supply of oil and natural gas. So even if there is unstable or 

political crisis in the exporting countries of fissionable fuel, storage can prevent a shortage for 

one  or even several years. 

According to a Swiss nuclear document, security of fuel supply is high, since "every nuclear 

power plant can make a simple large reserve, equivalent to several years of production" also, 

according to the CEA, fuel may remain for years in the heart of the reactors. The nuclear fuel 

cycle from its extraction to its ultimate waste vitrification is fifteen years. A fuel assembly was 

burned in a reactor during a period of 3 to 4 years. 

4.2.3 Energy Independence 

The rate of energy independence is the relation between domestic production of primary energy 

(coal, oil, natural gas, nuclear energy, hydro, renewables) and the total primary energy available 

in a given (particular) year. This rate can be calculated for each of the large types of energy or all 

energies combined globally. A rate higher than 100% (the case of electricity in France) reflects 

an excess of domestic production over domestic demand and thus a balance to export. 

According to the resources of different countries using nuclear fuel, fissile materials are domestic 

(own mineral resources, products of processing of spent fuel, military civilian jobs of contents) or 

imported. 

Electricity 

 

In France, although all of the uranium is imported, nuclear power is considered a native resource 

since approximately 95% of the value added is produced in the territory. The cost of the mineral 

is only about 5% of the total cost of the industry. In comparison, gas represents 70% to 90% of 

the cost of electricity from gas-fired plants and coal 35% to 45% of the cost of electricity from a 

coal power plant. This definition shows the independence of France for the production of 

electricity, which does not mean that France is a net importer during certain periods. 

 

 

 

Total of Energy 

Nuclear energy supplies electricity mainly in the absence of other sources (heat, transport ...). As 

a result, nuclear energy contributes to energy independence as a country's overall level of the 
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share of electricity in energy. For example, for France, nuclear energy provided 78.46% of the 

electricity production in 2005, 42% of primary energy production. However, at present, 

electricity is only 23% of final energy consumption in France (36.4 million tonnes of oil 

equivalent, toe, on 160.6 million in 2005) and nuclear power, only 17 , 78%, according to 

statistics from the Directorate General for Energy and raw materials of the energy Observatory 

(28.55 million toe of 160.6 million in 2005). The International Energy Agency has estimated the 

nuclear share in primary energy production to 41.6% for 2004. In fact, the French energy bill 

(excluding the cost of nuclear energy) increased by 24% in 2004 from 35% in 2005 and 19% in 

2006, a doubling in 3 years. 

 

5. Radioactive waste 

 

Simplified diagram of the flow of radioactive materials from nuclear electricity generation  

 5.1  Problem of radioactive waste 

Radioactive waste is derived mainly from the nuclear power industry. Like other industrial 

wastes, radioactive wastes are characterized by an extent (level) and duration of harm. Of all the 

waste in the industry, the management of long-lived waste (about one million years of duration of 

harm) is particularly debated. The main questions are related to the amount of such waste, the 

technical and economic possibility of managing the very long term and the ethical foundations 

underlying thinking affecting several generations. 
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5.2  Definitions of radioactive waste 

5.2.1 Qualitative definition 

Radioactive waste is radioactive material classified as waste. This classification is based on legal 

definitions. Consideration of other definitions led to evaluate the different amount of radioactive 

waste. Moreover, the method of waste management has an influence on the presentation of 

surveys. 

“According to Saida Enegstrom (SKB, Sweden), "the definition of nuclear waste is as scientific 

as social and political». 

Mine residues are low-level radioactive from the extraction of uranium, thorium and other 

minerals but also contain a small proportion of radioactive elements. These residues are 

reintegrated into the environment on site, filling in such excavation. This is waste in the sense 

that they have no subsequent use. However, their categorization as radioactive waste depends on 

the residual activity that differs depending on the treatment undergone by the mineral and the 

extraction rate of radioactive materials. 

Radioactive discharges from nuclear power plants or fuel cycle facilities are subject to 

authorization. These wastes are managed by dilution in large masses of fluid: the atmosphere to 

gaseous, liquid discharges to sea. These materials are not accumulated but removed as and when 

they are produced, they do not appear in the inventories of waste management. 

The intermediate level and long-lived (MA-VL) waste, are wastes of activation. They have little 

or no fissile material, transuranic or fission products. The concept of high level and long-lived 

(HA-VL) waste is more controversial. The legal definition in France refers to radioactive 

materials that have no subsequent use, which are not recoverable. Thus, depending on the country 

strategy and implementation cycle (direct disposal or treatment), the fuel is irradiated or is not 

part of the inventory of HA-VL. 

In France, the preferred policy in 2006 by EDF is the treatment of all recoverable materials in the 

short term in the form of MOX and URE and longer-term advanced nuclear reactors subject to R 

& D. In this context, Andra produced waste inventory at the end of 2004. 

Volume of radioactive waste at the end of 2004 in m3 in conditioning equivalent (France) 

Type of waste Volume 

HA 1 851 

MA-VL 45 518 

FA-VL 47 124 

FMA-VC 793 726 (dont 695 048 stockés) 

TFA 144 498 (dont 16 644 stockés) 
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No Category 589 

Total 1 033 306 (dont 711 692 stockés) 

However other scenarios are considered, (for example by opponents of nuclear energy). In these 

alternative scenarios, the application of the definition of waste as raw with no subsequent use led 

to consider other radioactive materials as a waste. 

 The first scenario considered is a partial treatment of irradiated fuel or stopping treatment. 

In this context, some or all of the used fuel stocks becomes de facto a waste. 

 The other main alternative scenario is "stop nuclear". This scenario allows variations as 

discontinued operations: military nuclear (weapons and propulsion), production of nuclear 

energy, nuclear medicine. In addition, other non-nuclear activities also produce 

radioactive waste. In this context, some or all recoverable stocks of radioactive waste will 

be de facto a waste. 

In France the inventory of Andra recorded these stocks (till 2004) 

TheVolume of radioactive materials evaluatedat the end of 2004(France)  

Type of Material Volume 

Stock of depleted uranium from enrichment plants  
240 000 

t 

En-cours d’hexafluorure d’uranium dans les usines d’enrichissement 3 100 t 

Combustible en utilisation dans les centrales EDF (tous types), en tonnes de métal 

lourd 
4 955 t 

Combustibles usés à l’oxyde d’uranium EDF en attente de traitement, en tonnes 

de métal lourd 
10 700 t 

Uranium de traitement enrichi (URE) 200 t 

Mixtes Uranium - Plutonium (MOX) 700 t 

Uranium de traitement (part française EDF, AREVA, CEA) 18 000 t 

Combustible du réacteur Superphénix (part française) 75 t 

Combustible du réacteur EL4 de Brennilis (propriété CEA et EDF) 49 t 

Plutonium non irradié, d’origine électronucléaire ou recherche (part française) 48,8 t 

Combustibles de recherche du CEA civil 63 t 

Combustibles de la Défense 35 t 

Thorium (stocks du CEA et de RHODIA) 33 300 t 

Matières en suspension (stock de RHODIA) 19 585 t 
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The materials used to manufacture weapons or under strategic stocks are covered by Defence 

Secrecy. They are not listed in the French inventory made by Andra. 

The debate on these definitionl issues of radioactive waste returns to the more general debate 

about the future of nuclear power production, both in terms of keeping the nuclear option and 

also in terms of choice of strategy in the event of continued nuclear option. 

5.2.2 Quantity of waste 

There are several accounts of radioactive waste. There are waste products till this date, 

committed  and  predictable waste. The estimates of waste volumes then rely on the definition of 

different scenarios (life of the reactor burn up, losses during processing ...) and the different 

participants in the debate use  the definiton in their own terms. 

Moreover, a particular point is often put forward in the debate: it is the consideration of 

packaging waste in the volumes indicated. We can distinguish several volumes: the waste itself, 

the waste package with the matrix, the package of conditioned waste packages and storage (in 

this context) that optionally includes an on-container. These different definitions fed certain 

confusion in the debate where each participant uses the definition as he deems most relevant. 

5.3  Waste management  

Low-level waste and intermediate level or short-lived activities are primarily stored in the centers 

of surface (or subsurface).  In this way the discussions focus essentially on the safety of these 

centers in the short and long term, the possibility of radioactive contamination from waste 

storage. 

Regarding long-lived waste, the main issues discussed are based on how to manage the waste, the 

long-term safety of different modes of management and financing. 

The different methods for managing long-term waste identified in 2006 includes: 

storage of waste in an environment that delays the release of radionuclides on a time scale 

compatible with their radioactive decrease (on the ocean floor as practised in the past or in deep 

geological formations as envisaged in 2006) 

 Storage of waste in an accessible environment for monitoring, with the possibility of 

recovery packages. 
 waste transmutation to reduce their duration or degree of harm,  

 stopping the production of waste by abandonment of military nuclear systems, generators 

or medical products 

In 2006, several countries decided to build a repository center in deep geological formations, 

while others continue their studies on the subject. This type of management leads to local 

opposition, rather than a general opposition. 



23 

 

The local opposition is initiated by the syndrome "not in my backyard" (Not In My Back Yard). 

This trend is illustrated by the results of a survey conducted by Ifop for the Greens in September 

2005: "The overwhelming opposition to such an initiative (the presence of a center for nuclear 

waste dump in their community or in a common close) reflects the strong influence of the 

commandment "not in my backyard" which crosses all segments of the population. "In a second 

phase, the opposition joined a broader opposition. At the political level, all beneficiaries of the 

repository (eg the country) provide a preferential redistribution to the place of storage: these are 

the accompanying policies (economic, educational, scientific). These accompanying policies are 

sometimes qualified as being corruptive by the opponents of the geological storage. 

The structuring of local opposition joined the opposition in general networks (including national 

and international anti-nuclear organizations) in a principled opposition. At this level, the debate is 

mainly based on the comparison of expert opinion. It is essentially a technical debate about the 

assumptions and modeling methodologies related to scientific knowledge, as well as evaluating 

the cost of storage and financing. This debate is bound to be used to manipulate public opinion, 

with the use of extendedg arguments and with symbolic importance: 

 « To illustrate that the waste packages corresponding to 40 years of production of existing 

plants can be stored in the equivalent of one football field»  

 The Protesters arrived on the site behind Napoleonic cannon which is more symbolic than 

dangerous. For activists are pacifists and love symbols. As evidence, there were these 

tombs built on the roundabout. A funeral with a lot of ringing for the dead and minutes of 

silence. Nuclear logos painted on the asphalt in front of lime leave a trace of their 

discontent. 

 

Finally, there is a distinction which is sometimes blurred, sometimes marked, among opponents 

of the geological storage that support general use of nuclear energy (with a method of managing 

the different long-lived waste) and opponents of nuclear power opposed to the principle of 

geological storage as a part of the nuclear fuel cycle. 

5.4  Economic aspects of waste management 

Two main issues are debated in the economic problems related to waste management: assessing 

the cost of waste management (and included in the cost of nuclear electricity) and the permanent 

funding of the cost. Moreover, the terms of debate are quite different for different categories of 

waste involved. In France, funding for the management of long-lived waste should be supervised 

by a commission established after the Act of June 28, 2006. 

6. Other topics for discussion 

6.1 Impact of nuclear energy on global warming  

Emissions of greenhouse gases (GHGs) are identified by some consensus as causes of global 

warming. 
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The production of nuclear energy, according to a report by the Nuclear Energy Agency of OECD, 

generates very few greenhouse gases compared to fossil fuel, and with an average of slightly less 

than renewable energy: 

 

 Only for OECD countries, the saving is about 1.2 gigatonnes (billion tonnes) of CO2 or about 

10% of total CO2 emissions attributable to energy consumption (the Kyoto Protocol targets  a 

reduction of 0.7 gigatons between 1990 and 2008-2012). 

 Worldwide, the use of nuclear power plants can be lowered more than 8% of GHG 

emissions in the energy sector (17% for electricity only), compared to the use of fossil-

fired plants  

 Only for OECD countries, the saving is about 1.2 gigatonnes (billion tonnes) of CO2 or 

about 10% of total CO2 emissions attributable to energy consumption (the Kyoto Protocol 

targets is a reduction of 0.7 gigatons between 1990 and 2008-2012). 

Thus, the development of nuclear energy would help reduce greenhouse gas emissions. 

According to a theoretical calculation, replace the entire current energy production from fossil 

fuels by nuclear power generation in areas where it is reasonably possible would save 6.2 

gigatons CO2 annually about 25% to 30% of human emissions fossil CO2 (climate stabilization 

requires global reduction of approximately 50% reduction in greenhouse gas emissions between 

1990 and 2050. 

However, this would represent a considerable development of the sector, including several 

countries without nuclear power plants today. The Nuclear power can only be one element of the 

response to climate change, but not the only answer. 
 

Following are some opinions of personalities on the impact of nuclear energy on global warming. 

 Patrick Moore considers this energy source as the only realistic solution to the problem of 

global warming  

 It is also the opinion of the scientist James Lovelock, inventor of the Gaia theory. 

 The astrophysicist Hubert Reeves suggests, however, to abandon nuclear power to 

renewable energy. 

 Jean-Marc Jancovici, although nuclear advocate, also considers that it cannot contribute 

sufficiently to reduce GHG emissions within a timeframe compatible with the constraints 

imposed. 

 Stephen Tindale, General Secretary of Greenpeace Britain until 2005, has changed his 

opinion after new scientific discoveries showing how climate change comes from the use 

of fossil fuels such as oil, gas and coal. 

6.2 Cost of nuclear power  

To determine whether nuclear power is cheap now one should know all the costs such as amounts 

invested for research and treatment of nuclear waste and the cost of nuclear dismantling. 
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In France, between 1946 and 1992, nuclear power has received more than 90% of the funding of 

energy research, according to the Nuclear Exit Network citing the OECD and the ADEME.  

Since 1973, between 350 and 400 billion were invested. 

This is to be qualified for the ECA, the main question has not been to work exclusively in the 

field of nuclear power but to pursue various types and areas of research (basic, medical, military 

...).  

In addition it receives a share of its annual operating budget by its own revenues (35% in 2006), 

including patents obtained from detainees. According to a former director of the ADEME 

investments on renewable energy en pâtirent. 

6.3 Nuclear Accident and Insurance 

The specificity of nuclear risks (low probability of occurrence of an extremely serious incident 

but possible) led to place it in a specific subject of various international conventions and national 

laws. In Europe, the Vienna Conventions, Paris or Brussels, and the United States the Price-

Anderson Nuclear Industries Indemnity Act, a legal system built specifically for nuclear power. 

The main consequences of these policies are: 

 Recognition of strict liability (that is to say, the responsibility even in the absence of fault) 

to a single body, the nuclear operator  

 This responsibility is limited in  amounts and duration. 

 Beyond these limits, it is the States or groups of states that take over, but in amounts 

capped again. The limitations of liability are different from one country to another. 

In many countries, nuclear companies are responsible for the causes of accidents without any 

limits, for example in the case of Japan. The level of responsibility also varies considerably from 

country to country in Europe. It is about € 600 million in Switzerland for a group of three nuclear 

power plants and € 100 million for a group of 54 reactors. 

Dealing with these specificities, anti-nuclear organizations may point the lack of guaranteed 

amounts. These organizations also emphasize that the principle of state intervention in the 

method of compensation distorts the true cost of production of nuclear energy compared to an 

industry standard that would have had to bear the full costs of insurance. 

The difference in coverage levels of plant operators and assessments of risk and potential damage 

may, in the opinion of some critics, be treated as a default or a waiver of insurance and provide 

an element of discrimination between different sources of energy. 

The policy of the operator of the Japanese plant excludes damages related to earthquakes and 

Tsunamis. 

6.4 Centralization of prodoction 
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The nuclear power generation is a centralized system, to which opponents of nuclear power, put 

forward various problems: 

 This centralization involves the transportation of electricity by tens of thousands of 

kilometers of high voltage power lines THT (Tres haute tension- very high voltage), 

which are themselves vulnerable and are claimed to be harming the landscape. There are 

254,000 towers between 25 and 100 meters high. 

 the opponents of nuclear power believe that this system is extremely vulnerable to climate 

events as was the case during the storm of December 1999. 

However, the size of production facilities of the other energy systems is in the same order of 

magnitude. There are in fact currrently Coal Plants   of 1 200 to 2 000 MW, gas-fired plants of 

800 MW, and finally wind farms of 1000 MW. In 2007, these are among the most important in 

the world, built or planned, including Witbank (5400 MW, coal), Waigaqiao (4800 MW, coal), 

Niederauszem (3800 MW, coal) 

7. Future nuclear Systems  

Two major aims to improve the performance of nuclear power. 

The first concerns the evolution of current reactors based on the fission see classification of the 

different generations of this type of reactors, including research on transmutation, to enable the 

construction of reactors called "fast breeder" or "breeder". The main advantage is the significant 

reduction in the consumption of uranium-235 partially replaced by the consumption of plutonium 

in PWR (REP) reactors and uranium 239, which provides a considerable increase in the expected 

duration of operating reserves of uranium-235. Japan has opened the first commercial fast 

breeder reactor, plutonium-powered, in 1994, when France shut the reactor Superphénix by 

ministerial order of December 30, 1998. Transmutation, though representing an important 

technological change, however, does no revolution on the principles used to produce energy, fast 

neutron reactors are always based on nuclear fission. What’s interesing would be, however, to 

study the "consumption" of waste (fission products) produced by the REP. 

The other axis which in turn is always in the field of basic research, is considering a more radical 

change as it concerns the transition from fission to nuclear fusion: instead of "breaking" heavy 

atoms into lighter atoms, the merger should allow merging light atoms (hydrogen) to create 

heavier atoms (mainly helium), releasing considerable energy in passing, 3 to 4 times greater than 

the energy released by fission. Fusion is the energy production mechanism used by the sun or in 

the H-bomb. The main advantages of living in a fusion power level much higher, but also by the 

fact that the fuel (hydrogen atoms) is so abundant on Earth (including water) 

Finally, the pro-nuclear claim that the merger would significantly reduce hazardous waste by 

producing mostly helium.  The opponents reply to this saying that nuclear fusion would also 

produce other radioactive particles. Nevertheless, nuclear fusion is still very far from an industrial 

solution (ITER). The difficulties are mainly related to the fact that the merger process to be 

initiated and maintained, requires extremely high temperatures (in the order of several tens of 

million degrees Celsius), and very elaborate containment devices (including magnetic). 
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8. The nuclear energy policy of some coutries 

Some countries have turned away from nuclear power plants, such as Germany, in 2001, which 

launched a plan to close all nuclear power plants expected to arrive no later than 2021. 

 

The position of "median" is the moratorium on building new nuclear power plants. It was for 

example the case of Switzerland where several popular initiatives aimed at closing outright power 

were successively rejected by the population. Recently, by popular vote, the moratorium was not 

extended. 

Finally, the nuclear industry underwent a recovery in some countries. Thus the United States after 

2006 planned to resume construction of a plant, hoping to reduce its energy dependence on  the 

Middle East. 

8.1 Countries renouncing nuclear energy (power) 

Several countries, mainly European, have abandoned the production of nuclear power since 1987, 

following the Chernobyl disaster. Australia, Austria, Denmark, Greece, Ireland and Norway, 

which did not have power, prohibit any new construction project. Poland has even stopped the 

construction of a plant. 

Belgium, the Netherlands, Spain and Sweden decided not to build new plants, but continue to 

operate the existing plants. Germany goes even further by closing voluntarily plants before their  

theoretical end date of activity, as part of a plan to "phase out nuclear power" to be completed by 

2018 if everything goes as planned. 

8.1.1 Germany  

In 2000, the German government made up of SPD and Alliance '90 / Greens' officially announced 

its intention to stop the exploitation of nuclear energy. Jürgen Trittin (Green Party), Minister of 

the Environment, Nature Conservation and Nuclear Safety concluded an agreement with 

companies that produce energy for the phasing out of 19 German nuclear power plants before 

2020. Considering that a Plant has a shelf life of 32 years, the agreement specifically foresaw 

how much energy each Plant had to produce before being closed down.  

The central stadium and Obrigheim were closed down in Nov. 14, 2003 and May 11, 2005 - the 

beginning of the dismantling was scheduled for 2007. 

The anti-nuclear activists criticized the agreement because it is considered a guarantee of planned 

use of power rather than an actual termination of the program.  

They argue that the deadline was too distant and criticize the fact that the decree does not cover 

the use of nuclear energy for scientific purposes (as in the  München II plant) or the enrichment 

of uranium (the end of enrichment plant in Gronau uranium has been extended). In addition, the 

production of recycled nuclear fuel remained authorized until the summer of 2005. 
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The German government decided that companies would be compensated for energy production 

and no decision was taken on the final storage of nuclear waste. Opponents of nuclear power 

have said that higher taxation and a suitable policy would have made phasing out much faster. 

The decision to phase out nuclear power plants has resulted, however, with concessions on issues 

such as protection of the population during the transportation of nuclear waste across Germany, 

despite the disagreement of the environment Minister on this point. 

However, the arguments for the gradual discontinuation of nuclear energy have been discussed 

because of rising prices of fossil fuels. During the 2002 federal election, the chancellor candidate 

Edmund Stoiber of the CDU / CSU promised to cancel, if elected, the phasing out. In 2005, 

Angela Merkel (CDU) announced that it would renegotiate a deadline with the energy 

companies. 

The program provides for a renewable energy tax funding. The government, claimed climate 

protection as a primary objective, and so the project was reduced by 25% CO2 emissions in the 

atmosphere between 1990 and 2005. In 1998, the use of renewable energy was about 284 PJ 

(petajoules, 284 trillion joules, 79 billion kWh), equivalent to 5% of the total energy demand. The 

government wants to reach 10% in 2010. 

The opponents of the program to stop the nuclear energy plan speak of an energy crisis due to the 

lack of alternative sources. They predict that coal could only overcome this crisis with enormous 

CO2 emissions, and that it will import French nuclear power plants or gas plants in Russia. In 

addition, power outages are expected during peak demand and this, in 2012 despite the drop in 

consumption considered. 

 

8.1.2 Australia 

Australia has no plans to build nuclear power plants. However, Australia has one of the largest 

uranium reserves in the world. Almost all of the uranium produced on Australian soil, more than 

11 000 tons of yellowcake, is exported mainly to the United States, Japan, South Korea and 

France. However, it does not sell uranium to countries that have not signed the Non-Proliferation 

Treaty. 

8.1.3 Austria 

On 9 July 1997 the Austrian Parliament unanimously adopted the maintenance of the national 

anti-nuclear politics. In Austria, nuclear power is unconstitutional. 

8.1.4 Belgium 

The policy of nuclear phasing out was announced in July 1999 by the ruling coalition at 

that time, formed by the liberal party, the socialists and the ecologists. This coalition enacted the 

nuclear phase-out in January 31, 2003. This Act provides for the closure, if a viable alternative is 

possible, of each of the seven reactors after 40 years of commercial exploitation and forbids to 
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build new reactors. These closures are scheduled between 2015 and 2025. However, discussions 

on nuclear power have been revived between 2006 and 1 October 2009. Paul Magnette, Minister 

of Energy, has proposed a 10 year extension for the first three nuclear power plants following the 

publication of the GEMIX committee of experts report to define the future energy mix. 

8.1.5 Ireland  

En Irlande une centrale nucléaire a été proposée en 1968. Elle aurait dû être construite pendant 

les années 1970 à Carnsore Point dans le County Wexford. Le programme, qui prévoyait aussi 4 

autres réacteurs, a été abandonné après une forte opposition des associations de protection de 

l’environnement. L’Irlande n’a donc jamais utilisé d’énergie nucléaire. 

8.2 Countries with a moratorium on building new power plants 

8.2.1 Spain 

In Spain a moratorium was adopted by the Socialist government of Felipe González in 1983. The 

Socialist party of Zapatero, reelected in 2008, announced during his election platform the civil 

power nuclear phase-out arriving at the end of term, and to to be closed since the country's energy 

supply was guaranteed. He had to decide in June 2009 on the effective closure of the Garona 

plant, in 2011. The Cabrera plant was closed in April 2006. 

8.3 Countries that have had a moratorium on building new power plants 

8.3.1 Sweden 

The referendum in 1980 following the nuclear accident at Three Mile Island occurred in the 

United States in 1979. It was considered partial because the three possible answers all led more or 

less to stop civilian nuclear energy.  Parliament has set the deadline for existing operating plants 

for 2010. After the 1986 nuclear accident in Ukraine, the issue of nuclear safety was again 

discussed and the decision taken to close down the two Barseback reactors, one in July 1998, the 

other by July 2001. The government that followed tried to restart the nuclear program but, 

following protests, they renounced and decided to postpone the deadline to 2010. At Barseback, 

the first reactor was shut down Nov. 30, 1999 and the second on 1 June 2005. 

Stopping the use of nuclear power has been very controversial in Sweden and some were afraid it 

would loose its international competitiveness. The production of energy of nuclear power plants 

continued increasing significantly to compensate for the abandonment of reactors in Barseback. 

In 1998, the government decided not to build more hydroelectric dams in order to preserve 

national water resources. Despite the research of other energy sources, some think it is unlikely 

that Sweden could stop its nuclear plants by 2010 or, according to some studies, 2050. In March 

2005, an opinion poll showed that 83% of the population supported the use and development of 

nuclear energy. Another survey of the neighbors of Barseback found that 94% of them wanted to 

keep reports revealing leakage and intermediate radioactive cesium in a waste disposal facility, 

without influencing the public opinion. In January 2007, Areva won two contracts for the 
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modernization of Unit 2 of the central d Oskarshamn and extending the life of Unit 4 at the 

Ringhals power plant. 

In February 2009, the center-right government led by Conservative Prime Minister Fredrik 

Reinfeldt, decided to lift the moratorium. The ten reactors which are still in operation provide 

more than 50% of the country's electricity. 

8.3.2 Switzerland 

In Switzerland many referendums on this issue began in 1979 by a popular initiative "Citizens for 

Nuclear Safety," which was rejected. In 1984, a vote for "a future without new nuclear power 

plant" was rejected by 55%. 

On September 23, 1990 two referendums were about nuclear energy. The initiative "to stop the 

construction of new nuclear power plants" which proposed a moratorium on building new nuclear 

plants was adopted in 54.5%. The initiative for a graceful shutdown of existing nuclear power 

plants was rejected by 53%. In 2000, a "green tax" proposed for the development of solar energy 

was refused by 67%. The two referendums May 18, 2003: "Out of the nuclear - For a turning 

point in the field of energy and for the progressive decommissioning of nuclear power plants 

(nuclear Exit)" proposing the phasing of the operation of nuclear power, and "moratorium Plus - 

for the extension of the moratorium in the construction of nuclear power and the limitation of 

nuclear risk (moratorium-plus)" proposing the extension of the moratorium already adopted, were 

both rejected. The results were: "leaving of nuclear energy" 66.3% no, and "Moratorium Plus" 

58.4% no. 

The "power without atoms" proposed the phasing out of all nuclear power plants before 2033, the 

program "Moratorium Plus", meanwhile, proposed extending the 10-year moratorium and 

stopping existing reactors after 40 years of operation. The rejection of the referendum 

"Moratorium Plus" was a surprise since surveys had shown otherwise. 

In 2005, Switzerland operated five nuclear reactors (Beznau 1 and 2, Gösgen, Leibstadt and 

Mühleberg) producing almost 40% of its electricity. The rest comes from hydroelectric dams. 

These hydroelectric dams are regularly replenished by pumping at night in order to benefit of 

electricity from neighboring countries such as France through nuclear energy. 

In February 2007, the Federal Council clarified the situation by keeping the nuclear option, 

considered “necessary”. 

On November 15, 2010, the Federal Inspectorate for Nuclear Safety (ENSI) declared "adequate" 

the three proposed sites (Mühleberg (BE), Beznau (AG) and Gösgen (SO)) in order to build three 

new nuclear plants in Switzerland, the type of reactor was to be chosen Korean, Russian or 

otherwise. 

8.4 Countries building or planning to build new power plants 

In September 2009, 53 nuclear reactors were under construction worldwide. 
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8.4.1 Algiers 

Algiers has two research reactors, one of 1, the other one of 15 MW and it intends to acquire 

civilian nuclear technology. Several agreements for the use of nuclear energy for peaceful 

purposes were signed. 

8.4.2 Argentina 

The government of Nestor Kirchner decided in 2007 to relaunch nuclear power in Argentina. In 

2008, the President Cristina Kirchner signed a nuclear cooperation agreement with Brazil, it 

includes a component of uranium enrichment and possibly a military component. A reactor is 

under construction. 

8.4.3 Angola 

Angola, which has uranium reserves, plans in 2007 to acquire civilian nuclear energy. 

8.4.4 Brazil 

Brazil, which has large reserves of uranium ore, plans to increase its capacity by building a new 

nuclear unit at the site of Angra dos Reis (near Rio de Janeiro). The country also provides 

domestic uranium enrichment. President Lula signed a nuclear cooperation agreement with 

Argentina in 2008, possibly including a military component. 

8.4.5 Bulgaria 

Two VVER reactors of 1000 MW each are under construction at Belene. 

8.4.6 Gulf Cooperation Council (GCC) 

The Arab countries from the Persian Gulf planned to discuss, in 2009, the creation of their own 

civilian nuclear power. The GCC includes Saudi Arabia, the United Arab Emirates, Kuwait, 

Qatar, Bahrain and the Sultanate of Oman. 

 

 

8.4.7 Chile 

Chilean President Michelle Bachelet, announced studying the viability of building a nuclear 

power plant in the following ten to fifteen years, as new energy source in Chile. 

8.4.8 China 
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China is facing a sharp increase in energy demand, 23 plants are under construction and it is 

considering the construction of another 36 nuclear units of 1000 MW within 15 years. This will 

increase to 4% against 2.1% the present share of nuclear electricity consumption in China. 

Beijing has signed contracts worth billions of dollars, involving third-generation reactors with 

Areva on one side, and Westinghouse on the other side. 16 reactors are under construction, and 

11 in operation. 

8.4.9 South Corea 

South Korea has 20 reactors in operation and six under construction. 

8.4.10 Egypt 

President Mubarak announced in October 2007 the relaunch of the nuclear program and a project 

to build five nuclear power plants. On August 25, 2010, he confirmed that Egypt would build its 

first nuclear power station in Al-Daba (west of Alexandria). With a capacity of 1000 MW, the 

cost is estimated at $ 4 billion (with a significant local share). 

It should start functioning in 2019, but the global tender was originally scheduled to the end of 

2010 however it is not yet launched. 

8.4.11 United States 

The United States plan to relaunch reactor construction, blocked after the accident at Three Mile 

Island (1979). The 2010 nuclear program coordinates efforts to build new nuclear power plants 

and energy programs which leaves more space for oil and nuclear industries. 

8.4.12 Finland 

The construction of two new nuclear reactors (reactor type has not yet been chosen) one on the 

site of Loviisa, was decided by the Finnish Parliament (to be commissioned in 2020.) 

8.4.13 France 

In France, the opinion barometer on the energy produced by the CREDOC (Research Center for 

the Study and Observation of Living Conditions) on behalf of the Energy Observatory, aims  to 

regularly review the changing views on topics related to energy. It takes the form of a survey of a 

representative sample of 2005 people aged 18 and over, selected according to the quota method. 

The main results obtained in January 2006 were:  

  The choice of nuclear electricity service remains supported by a relative majority of 

French, but the popularity of the years 2003-2005 is restricted 

 The production and storage of radioactive waste is the major disadvantage of nuclear 

power and becomes central 

 The vast majority of French people would like the continuation of the export of electricity 

produced from nuclear power, even among those who criticize the use of nuclear power  
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 The fears about price increases affect all types of energy except electricity.  

The Eurobarometer (survey conducted by the European Commission) in January 2006 shows that 

to reduce energy dependence, only 8% of French people wish to invest in nuclear power (for the 

entire European Union, the figure is 12%) 

According to a survey conducted in July 2006 by BVA on behalf of "Acting for the environment" 

with 1000 people, 81% of respondents believe that nuclear technology is at risk and 31% think 

that nuclear energy should develop when dealing with energy issues. (50% with respect to senior 

executives and 20% with respect to other employees) 

EDF (121 GWatt World, GWatt 100 in France) produces 78% of its electricity from 58 nuclear 

reactors (12% renewable energy). 

The law published in Official Journal of 14 July 2005 imposes (17 items) 10% renewable energy 

by 2010, multiplied by the definition of areas of development of wind power (ZDE) replacing the 

conventional thermal power. It also requires the maintenance of nuclear energy in 2020 by the 

EPR (European Pressurized reactor) Flamanville reactor with in 2012 and a second reactor at 

Penly in 2017. 

In August 2005, the French group Suez (27 GWatt Europe, five in France GWatt) bought 

Belgium Electrabel (electricity company), which operates some reactors. 

A report on the possibility of radioactive waste was commissioned by the French government: it 

is the Battle law of 30 December 1991. This report was released in 2006 and led to the Act of 

June 28, 2006, which organizes the continuing research for waste management HAVL. 

8.4.14 India 

India is building new nuclear power plants. In 2006, 3% of the electricity (or 0.6% of energy) of 

India was of nuclear origin, and the current policy is to increase this rate to 25% (5% of energy) 

for 2050. On 18 December, India and the U.S. signed an agreement for a partnership on nuclear 

technology. Six reactors are under construction in India. 

8.4.15 Indonesia 

In 2006 the government announced its intention to start construction of its first reactor in 

2010, for operation in 2017 and hopes to have 4,000 MWe in 2025. 

8.4.16 Iran 

Iran has announced its intention to acquire highly controversial nuclear power in a short 

term. 
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8.4.17 Italy 

Italy has chosen by referendum in 1986, following the Chernobyl disaster, to close down its four 

nuclear reactors. After a moratorium on nuclear energy the last reactor was closed in 1990. Italy 

currently imports 17% of its electricity from neighboring countries, including France and 

Switzerland, which caused the massive blackout in 28 September 2003. However, during his first 

Council of Ministers of the third term in Naples (May 20, 2008), Silvio Berlusconi announced 

reconsidering the nuclear issue, given the surge in oil prices. Thus, 10 July 2009, the Italian 

Senate approved a law that puts an end to the embargo on nuclear energy in force since 1987. The 

Italian government had set a target to produce by 2030, 25% of its electricity through nuclear 

power. The first nuclear reactor would be operational by the 2018/2019 and the obejective was to 

build eight to ten. A national referendum, in 12-3 June 2011, has permanently blocked the 

initiative. 

8.4.18 Japan 

Japan has 53 reactors operating and another two are under constrution. 

8.4.19 Libya 

Libya has indicated its interest in the development of nuclear power and seeks a partner. 

8.4.20 Morocco 

Actually Morocco has one research reactor of 2MW. 

 

In the energy strategy of the country the option for nuclear power remains open in  the medium 

and long term. 

8.4.21 Namibia 

Namibia has announced its interest in nuclear power, with the support of Russia. 

8.4.22 Nigeria 

Nigeria announced in November 2006 that it wishes to acquire 40,000 MWe by 2020, nuclear 

energy would be a major component. 

 

8.4.23 Pakistan 

Pakistan has two operating reactors and one is under construction. 
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8.4.24 Netherlands 

In 1994 the Dutch parliament decided not to use nuclear energy after a debate on the treatment of 

spent fuel and nuclear waste storage. The reactor Dodewaard was stopped in 1997. Parliament 

decided to stop the Borsseleat reactor at the end of 2003, but this decision was delayed until 2013 

and canceled in 2005. Research in operating nuclear power was launched. The policy change was 

preceded by the publication of the Christian Democratic Alliance on sustainable energy. The 

other parties gave in. The Netherlands implemented a long-term storage for the long- life waste. 

8.4.25 Romania 

In October 2007 Romania inaugurated, the second nuclear reactor, of the country, in Cernavoda, 

10 years after the launch of the first one. In 2014, Romania plans to produce 2 / 3 of its electricity 

from water. Nuclear energy should contribute to 17 or 18% of the country's electricity. The 

second reactor at Cernavoda was built by Atomic Energy of Canada Ltd. and the group Ansaldo - 

Italy. Two other reactors will follow. 

8.4.26 United Kingdom 

On January 10, 2008, the government announced relaunching the nuclear program with the 

construction of REP plants. The proportion of electricity generation from nuclear power should 

also increase. 

8.4.27 Russia 

Russia plans to increase the number of reactors in operation from 29 to 59. The old reactors will 

be preserved and restored, including RBMK units similar to the Chernobyl reactors. Russia has 

31 reactors operating and 9 are under construction. 

8.4.28 Slovakia 

Slovakia plans to reuse the place of the former reactor V1, stopped in late December 2006, at 

Bohunice, to build a new plant. In addition, Enel will complete by 2012 the construction of the 

third and fourth reactor at the site of Mochovce. It would also be expected to increase the power 

of Units 1 and 2 of the Mochovce of 880-940 MW. Finally, there are also plans to build a new 

plant on the site of Kecerovce, east of Slovakia. 

8.4.28 Slovenia 

The decision on extending the life of the only nuclear power plant Krsko should be taken in 2013 

after a major inspection of the plant conditions. 

8.4.30 Thailand 

In June 2007, the national electricity company in Thailand (EGAT) announced its intention to 

invest six billion dollars to build the first civilian nuclear power plant in the kingdom by 2020. 
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8.4.31 Turkey 

Turkey's parliament approved a law authorizing the construction of nuclear reactors on its soil. 

Turkey has two research reactors, one of 5 MW and another one 250KW. The Turkish Parliament 

also approved the agreement between Turkey and the Russian Federation to envisage the 

construction in Akkuyu of a nuclear plant with a 1200MW reactor. 

8.4.32 Ukraine 

Ukraine has 15 reactors operating and two under construction. 

8.4.33 Yemen 

Yemen plans to develop nuclear energy. 

 


