	 
       									                                                 	
Decommissioning of Nuclear Power Plants and Storage of Nuclear Waste -
International Comparison of Organisation Models and Policy Perspectives

Christian von Hirschhausen, Professor, Workgroup for Infrastructure Policy (WIP), TU Berlin, cvh@wip.tu-berlin.de
[bookmark: _GoBack]Jan Paul Seidel, Research Assistant, Workgroup for Infrastructure Policy (WIP), TU Berlin, janpaulseidel@gmail.com
Ben Wealer, Research Assistant, Workgroup for Infrastructure Policy (WIP), TU Berlin, ben_wealer@mailbox.tu-berlin.de 

Overview
The decommissioning of old nuclear power stations and the long-term storage of nuclear waste are major challenges to energy policy, in particular in countries where nuclear energy plays a significant role. Considering the average age of the worldwide nuclear fleet of aprox. 30 years it is clear that the organisation of decommissioning and the subsequent management of nuclear waste is a problem all nuclear countries have to face in the coming years. Also, the search for storage sites is ongoing world-wide, but it is a long and challenging process. The financing of the process is complex, too, because it is not always clear whether the oprator or the government are in charge. Recent evidence indicates that the decommissioning of old plants could become an expensive exercise, a recent example being the case of the UK, where all the funds for the decommissioning of the older Magnox fleet of nuclear power plants have been lost. Additionally the relationship between the oligopolistic nuclear industry with only a few suppliers for special nuclear services and the national regulators is characetrized by an asymmetric information distribution between the two parties, a classical principal-agent problem.
This paper analyses and compares different strategies of organizing the process of decommissioning nuclear power plants, and storing the nuclear waste. The paper is based on a recent research project by the authors in the case of Germany (Wealer, Seidel and von Hirschhausen, 2015), and in-depth case studies on the technical, economic, and institutional developments for the other countries.
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Methods
We deploy a comparative institutional approach to describe the strategic choices of plant operators and national and international governmental bodies, the “regulators”. In a first step, we distinguish the two main elements of the strategy: the process needs to be financed, and someone has to manage the production process of the decommissioing and the storage. These actors can be private or public companies, generally regulated under incentive- or cost-plus regulation. Financing can come from corporate sources, customer payments, or public sources.
We have developed a detailed scheme of analysis (Wealer, et al., 2015), that will be specified in the paper. Figure 1 shows the essence of the matrix, that provides for different “organizational models” for the sector: the y-axis specifies different ways of financing the process, such as the federal budet, a dedicated fund (private or public), in-house financing by the companies, and yet others. The x-axis shows different actors that could carry out the decommissioinig and the storing, e.g. public or private enterprises, under more or less centralized regulation.Figure 1: Options for organizing decommissioning of nuclear power plants and storing nuclear waste – A matrix of financing and production


The empirical part of the paper includes six case studies, that have been developed by the authors for six large countries with a strong nuclear sector: the U.S., Germany, the UK, France, Sweden, and Switzerland. The case study on Germany includes results from a research project on the German nuclear policy (Kemfert, von Hirschhausen, et al., 2015), the other ones are based on in-depth desk research, but on-site case studies are planned.
Preliminary Results
The case study on Germany, that is already finished, shows the importance of an efficient ex-ante governance structure, as the early closure of all German power plants puts operators and the state under pressure: the incumbent plant operators (e.g. E.on, RWE, etc.) may not be able to keep their financial responsibility in the long term; early cases of dismantling show that the decommissioning process may involve substantial delays and cost increases; also, a permanent repository for highly radioactive waste is still missing. Because of the existing interdependencies between plant decommissioning and waste management and a very long time horizon, the establishment of a public fund appears to be most suitable in order to secure long-term financing, to adhere to the “polluter-pays principle”, and to mitigate the financial risks of the society. The German government should thus establish a single public fund which secures the financing of both plant decommissioning and radioactive waste management. The payments to the fund should be spread over time in order to help the companies to adapt.
The other five case studies are ongoing, but some preliminary results start to emerge: no country has implemented a “first best” option, rather, we find complex processes, unclear responsibilities for financing, and a long and inconsistent policy record. Switzerland has opted for two separate funds, but it is struggling over financial issues. The UK has had a plentiful decommissioning fund, but the privatization of the cleaning-up process was as of yet unsuccessful. The US has applied a consumption-based charge, but the plans to site all waste in one site (Yacca Mountain) has so far not materialized. Right now it seems like the approaches of Sweden and Switzerland are the most advanced in the field of realizing a final storage site for high level nuclear waste and the most transparent, considering the funding and organisational aspects of decommissiong and waste management.
Conclusion
Decommissioning of nuclear power plants as well as the search for a final storage site, especially for high level radioactive waste, are complex challenges. This paper identifies lessons from the specific national approaches to decommissioning and storage, in particular at the interaction between financing and service provision and regulation. The interdependencies between financing and production are too strong to be treated separately, therefore a joint approach for both will probably be the most efficient solution for the wicked problems of nuclear phase-out.
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