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Abstract. The main reason of crisis in nuclear development in the world is the high level of risk connected with nuclear investment. The main goal for nuclear stakeholders is the decrease of this risk. Without risk decrease the financing of nuclear power is possible only with very strong dependence on national governmental financing or support. There are two main sources of risk for nuclear industry: fear (nuclear accidents, proliferation, terrorism) and costs (adaptation of design to national requirements, risk of closure by political decision, time of licensing and construction). The licensing process needs changes. However these changes are extremely difficult because of well implemented habitudes and rules. The process of changes has to be very well prepared and implemented step by step with a strong support from international community, which must understand its necessity. The best international community to stimulate the process of implementation of these changes is the community of TSOs on different levels: regional, continental and international. In Europe this process has to be started by harmonization of regulations and rules of EU Member Countries. But at the same time European Nuclear Safety Authority must be crated and clear division of competences between European and National Safety Authorities must be implemented. The process of implementation of these changes will be long, but it is necessary to start it as soon as possible.
1. Introduction

The public fear connected with the nuclear energy is the main reason of problems in inclusion of nuclear energy into energy mix. The fear results from the fact that nuclear radiation is not detectable by man and from the conviction that nuclear reactor can explode like nuclear bomb. The common effort of scientists in the fifties was oriented towards explanations that nuclear reactors were safe and had nothing to do with nuclear explosion.

The first reactor accident which caught worldwide attention was the TMI 2 PWR accident in 1979 in the US. The accident forced the nuclear community to revise its knowledge about many aspects of nuclear safety but fortunately had no radiation consequences for the environment. System of barriers worked properly. The TMI 2 accident stimulated the development of new methods to prevent nuclear accidents and resulted in large research effort in all the countries willing to develop nuclear energy. 
Unlike the TMI-2, the second large nuclear accident in 1986 in Chernobyl in Soviet Union (nowadays Ukraine) had very large radiological consequences. The RBMK reactor was different from the majority of nuclear reactors existing in the world . Its design was the development of military design serving for Pu production for military purposes. It had no containment and in the core positive reactivity coefficient could be achieved in certain conditions. For the first time the contamination covered very large area due to unhindered access of fresh air to the burning core with a large amount of graphite. For the first time the atmospheric dispersion models changed due to the transportation of hot particles (containing actinides) on very long distances. For the first time it was necessary to evacuate very large number of civilians (135000) and to close an area within 30 km around the plant. In the consequence of accident 28 acute radiation deaths were reported and 15 from thyroid cancer in the following years. In the report of Chernobyl Forum it is estimated that the total number of cancer death can reach up to 4000 people.

In consequence of the accident important changes were introduced in the fleet of soviet RBMK reactors, to avoid their positive reactivity coefficient. The Russian nuclear safety authorities were reorganised to avoid the possibility of making any nuclear accident secret for such long time as in the Chernobyl case.

The most severe consequence of the accident was the loss of public confidence in nuclear energy in many countries and further slowdown in nuclear investment worldwide for 20 years. As the result the education at the universities was restrained and there is a gap of twenty years in the availability of nuclear energy specialists.

After the Chernobyl accident in 1990 the IAEA introduced the INES scale of nuclear and radiological accidents and assigned to the Chernobyl accident the highest seventh level. 

Nuclear safety authorities in many countries realized the need to create scientific and technical support for them and created Technical Support Organisations which are specialised in the area of nuclear safety and security. TSOs are the advisory and consulting companies having deep knowledge in the physical processes in the nuclear installations and computational tools for accident analyses.

The accident in Fukushima Daiichi was different from the previous one. Strong earthquake with the following tsunami destroyed large area of Japan and caused more then 25 000 deaths. Nuclear reactors in the concerned area stopped automatically. There was no external power supply due to the fact, that electrical grid had been destroyed by earthquake and tsunami. Emergency power supply stopped when flooded by tsunami. Lack of power supply resulted in failures of reactor cooling systems, core meltdowns and hydrogen explosions. It was a classic case of common cause failure studied for the long time as an important factor of risk analyses. No single person has been killed by radiation in Fukushima Daiichi accident but in public opinion worldwide people killed by tsunami were connected with reactors accident.

The Fukushima Daiichi accident showed the weakness of nuclear safety authority in Japan and the negligence of plant operator TEPCO. Important changes in the old BWR GE reactors introduced in the US were not followed by the same changes in Japanese reactors. The scientific analyses showing the possibility of 15 meters high tsunami were not taken into account. The main role in the analyses of accident and advising Regulatory Authorities in Japan played foreign TSOs. The TSOs were also intensively involved in their countries in public information activities during and following the accidents
As the immediate result of the Fukushima accident Germany switched off 8 of its oldest reactors and decided to phase out its entire nuclear reactor fleet until 2022. In the longer perspective the foreseen boom on new nuclear constructions (“Nuclear Renaissance”) was stopped or delayed in many countries.

The organisation of nuclear safety authorities in Japan changed significantly after the accident. The studies of possible external events were performed in the majority of countries having nuclear installations. In Europe this process had a name of stress tests. Last Directive on Nuclear Safety of the European Commission introduces the verification of the status of nuclear installations every six years, which is going to be supervised internationally in the frame of the European Union.

The IAEA introduced Action Plan which has a goal to eliminate possible causes of accidents in NPPs taking into account the experience from the Fukushima Daiichi accident.

All these measures have a common goal: to improve safety and security of NPPs and in all of them are involved TSOs.
2. Risk for Nuclear Investment
There are two main sources of risk for nuclear industry: 

· fear (nuclear accidents, proliferation, terrorism)

· costs (adaptation of design to national requirements, risk of closure by political decision, time of licensing and construction). 

2.1. Public fear
The three main nuclear accidents resulted in the increase of public fear concerning nuclear energy. The effect seems comprehensible as these accidents occurred in very experienced countries and showed that declarations of specialists about accidents which can not occur in the nuclear reactors were not through. These accidents showed that our knowledge of physical processes in nuclear technologies is still not strong enough. The huge progress in nuclear technologies permitting to decrease the probability of severe accidents is due to experience taken. This progress permits to develop new designs of IV Generation nuclear reactors better solving existing safety, security and safeguard problems. Especially the IV Generation can resolve the problem of management of spent fuel by introducing closed fuel cycle and thus also assuring sustainability of nuclear energy. But to decrease public fear it is necessary to show full transparency of licensing processes and to assure the best reasonably possible level of nuclear safety not only in defined country but worldwide. Any accident occurring in one part of the world can stop nuclear energy development worldwide. It cannot be accepted that nuclear safety is the internal problem of the country. In the time of terrorism in different parts of the world it is very important to reinforce safeguard and security measures of the IAEA in all the countries having nuclear power. TSOs are responsible for safety assessment worldwide and report to the regulators having power to impose safety measures.
2.2.  Cost of Nuclear Energy
The important reason of crisis in nuclear investment in the EU and US is the high investment cost and lack of financing sources. High investment cost is connected with Generation III technologies improving nuclear safety and security and with the necessity to adapt the standard design in every country to the local rules and regulations in the frame of national licensing process. The safety improvements, if reasonable, need the acceptance in each country separately. In Europe the resistance to a large aircraft crash is obligatory, so the new plants have to possess very heavy and reinforced containment, frequently double one. The safety systems are multiplied to avoid common cause failure and after Fukushima accident placed on the high altitude to avoid any possible flooding. The core catcher is obligatory. These solutions in the design are largely proved to increase safety.

The adaptation of the design to the local (national) regulations can be the result of the position of national safety authorities, but without real verification of safety improvement. These changes could be very costly because each new plant becomes the first of a kind.
Moreover, delays in startup of the plant increase financing costs, which is reflected in loan rates.

The other aspect is the cost of financing of the investment due to risk of political decision to disrupt the construction or operation. Especially this risk is connected with the possibility of new nuclear accident with large consequences which will certainly stop construction or operation of NPPs in many countries.
2.3. Need of Harmonization
12 December 2011 in Brussels during the conference “Nuclear Safety – A Much Needed Public Debate” organized by the European Commission and by the European Economic and Social Committee, the Commissary for Energy Günther Oettinger made a clear statement: “Europe will never be seriously treated if there will be no harmonization of nuclear regulations of all the EU Member States”. It was the first attempt after Fukushima to limit the full independence of national nuclear regulators in the EU.
17 October 2012 in Luxembourg during the Workshop “How to improve safety in regulated industries, What can we learn from each other” organized by the European Commission, Peter Faros, Acting Deputy Director General and Director of Directorate D – Nuclear Energy, said as conclusion of the workshop that it is necessary to take some solutions for nuclear energy from aviation industry where the regulator can impose changes to all existing planes of the same type. The conclusion was that this process should be very difficult and take long time because of the existing at the IAEA rules giving priority to the independence of national nuclear safety authorities. 
In the conclusions from the NEA/IEA workshops 23-24 January and 1 April 2014 on Nuclear Roadmap one of the points concerned the same issue: “better harmonization is needed between the reactor designs  and between regulatory processes. Given the number of different designs and national regulatory frameworks, it would be unrealistic to imagine that there might be an international licensing process or reciprocal acceptance of approvals between countries. Information exchange and lessons learnt during licensing and safety reviews can ease regulatory processes (this is the objective of the Multinational Design Evaluation Programme or MDEP initiative). On the industry side, work is done to advance standardisation of designs (this is the main focus of the World Nuclear Association’s CORDEL initiative)”.
Due to very rigid safety requirements and high design standards, the licensing process regarding nuclear reactors poses a major challenge for the national nuclear authorities in each of the countries which plan to introduce a certain reactor model into the market. The states follow their own separate sets of rules and requirements regarding the nuclear safety. This issue has been identified as a problem since variety of regulations prevents introduction of standardized reactor designs internationally recognized as safe and available on the global market. Such an approach would enable construction of Nuclear Power Plants (NPPs) in series and by this fasten the building processes and enhance the economic aspects of running such projects.Presently, the national regulations vary since the International Atomic Energy Agency (IAEA) standards are not legally binding [1]. Thus, each country must initialize its own separate licensing process to be able to introduce the reactor model which has already passed through the similar path in some other states. The obvious outcome is, among others, lengthening of the time of investment process and bearing the considerable costs related to licensing procedures.A solution to a presented problem is the international harmonization of the safety requirements as well as an international licensing process for a number of standard reactor designs.

The term harmonization is in this case strictly related to the nuclear safety standards and means the full international alignment of the safety requirements, which is introduced by the relevant national authorities [2]. The harmonization is preceded by the convergence [1] defined simply as the international alignment of the standards by making them more similar [2]. Analogical approach has already been implemented in a number of other branches of economy like aviation or marine industries.

One of the main benefits coming from introducing harmonization of the safety regulations and the unique licensing procedure is the fact that it would significantly influence the time consuming process of investment and construction as well as the costs of nuclear projects, improving their financial feasibility and posing lower licensing risk. The contribution of the national nuclear authorities would be reduced to issuing licensing permits according to local conditions and conducting inspections and surveillance of the construction and operation site.

One should note that the outcome of harmonization of safety requirements would be the standardization of the design of nuclear reactors. Currently, designs offered by suppliers usually exist in numerous variations, each of which has to comply with safety regulations of the potential customer’s state [2]. Thus, shall the safety regulations be harmonized, the standardization of the designs would limit the required modifications of standard models only to the localization's specific issues.

The standardization idea is not a major innovation since there are countries which have a long time experience in operation of the standardized nuclear designs, like EDF NPPs in France [1]. This experience could be successfully used to implement the standardization of nuclear facilities globally.

The benefits would be observable not only during the licensing and construction phases, but also during operation, when joint experience among users of identical plant would enhance capacity factors and reduce maintenance costs.

According to the paper „Benefits Gained through International Harmonization of Nuclear Safety Standards for Reactor Designs” of World Nuclear Association [2], running the internationally standardized fleet is associated with greater shared experience and by this improvement of operational excellence of the NPPs and potential rise of their capacity factors, as well as enhancement in operational support and maintenance. Since the feedback from operation of one NPP would apply to all of the units of the same type, the possible necessary modification would be introduced simultaneously in all of the NPPs and would also improve their safety.

The biggest benefit, however, would be reduction of burdens carried by state’s regulatory authorities. In many countries (even these having already operating nuclear plants) these authorities may be able to carry out inspections and construction approval, but conducting a full review of a design may be beyond their capabilities. On the other hand – building these capabilities for a single construction (as it often happen in these countries) would be an unnecessary waste of resources.

The presented approach could also influence the public confidence by better comprehension of the international safety goals and realizing the benefit of consumers through introduction of the safe, affordable and reliable electric energy sources.

2.4. Harmonization and problems with implementation of it
Introduction of the harmonization, as well as the international licensing process pose a major challenges for the states and the nuclear institutions on the organizational level. As it was mentioned before, each state has its own safety regulations and in order to launch the harmonization process the agreement between the states regarding the common standards must be reached. The difficulties are expected regarding the stringency of the regulations which are currently unique for each national authority. The discussion on the standards must be undertaken by the states representatives. It is expected that the agreement on the level of governmental bodies would be necessary (i.e. some sort of convention, similar for example to conventions on nuclear responsibility).

The introduction of new regulations themselves may also pose a difficult issue in some of the states. It is possible that in some countries new standards would require modification of law not directly connected to the nuclear industry. Moreover, the problems could arise on the level of translation of the regulations from one language to another and some discrepancies between law interpretation might occur.

Additional problem would arise when the technology vendor modifies its design. Currently, this can be made on a plant-to-plant basis, allowing incorporating latest inventions in each plant. Vendors and customers should therefore accept that the standardization would have some cost attributed to freezing a design. This is an ordinary approach in mass-production industry, but rather a novel thing in nuclear industry.
To ease problems caused by frozen design, a procedure foreseen in US regulation [3] may be adopted. Under this legislation, design description is divided into “fixed” part, which may not be changed, and the remainder, which can be adopted to site specific conditions and is approved on the plant-by-plant basis.
3. Conclusions
It is evident that the proposed changes could be implemented only step by step. We in the European Union have a chance to answer the statement of Commissary Oettinger and to harmonize our regulations as the first step. In these regulations it is necessary to include the Design Certification on the European level. For this purpose the new European Safety Authority is needed to combine common efforts of National Safety Authorities and TSOs from the Member States having the clear intension to build the specific the specific technology. The standardization of the plants of the same type is the issue well verified in France and having as well cost as safety advantages. 

The strongest group of stakeholders understanding the necessity of these changes is the group of TSO organizations charged with safety analyses, code development and support for inspections. It is why the IAEA Conference on Challenges Faced by Technical and Scientific Support Organizations (TSOs) in Enhancing Nuclear Safety and Security is the appropriate place to present the concept of harmonization even if it was mentioned many times after the Fukushima Daiichi accident.
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