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Overview
The problem of financing nuclear power plant decommissioning and spent fuel management is common for all countries using nuclear power. The Swedish model has attracted considerable attention. The purpose of this paper is to describe and critically evaluate the “Swedish model” on the basis of the experiences accumulated during three decades. As a result of our analyses we also propose a slight redesign of the model. 

In Sweden research and development of nuclear power technology began in the early 1950’s as a part of an extensive plan to use nuclear power as the major source of electric power in the future. The first commercial nuclear reactor was taken into operation in 1972, and in 1986 twelve plants at four locations were in operation. Due to capacity upgrading and increased operational efficiency the annual production of nuclear power continued to increase and reached a maximum 75 TWh, around 50 percent of total electricity generation in Sweden, in 2005.  Due to a parliamentary decision two reactors, Barsebäck I and Barsebäck II, were closed in 1999 and 2005, respectively.

The parliamentary decision reflected the very strong public opposition against nuclear power that developed during the 1970’s and became a major political force after the Three Mile Island accident. As a result of a referendum in 1981 it was decided that nuclear power should be phased out, although the details of the phase-out plan still remains to be decided. In addition to the phase-out decision lead to implementation of more stringent nuclear safety regulations. 

However, there were also concerns about the future cost of decommissioning the nuclear power plants and the management of the spent nuclear fuel. In particular there was concern for the financing of these costs. That lead to new legislation and the implementation of a detailed “model” for financing the costs in question. A basic element in the “Law of Financing” was that the producers of nuclear power should have the full responsibility for the decommissioning and spent fuel management costs. As these costs would appear in a distant future, however, there was a need for a model connecting today´s production with the future costs.

The key idea behind the model when it was introduced was that the decommissioning and spent fuel management costs should be carried by the current generation, i.e. the generation that benefits from the electricity produced by the nuclear power plants. The basic element of the model was and still is a charge on nuclear power electricity. The revenues generated by the charge are accumulated in a fund to be used to finance future decommissioning and spent fuel management costs (the Nuclear Waste Fund). The level of the charge is decided by the government every third year, after a process involving both power industry representatives and public agencies as well as detailed engineering and economic analyses. In addition to the payments to the Nuclear Waste Fund the owners of the nuclear power plants, i.e. the major power companies in Sweden, are obliged to provide collateral for future payments to the fund and for unexpected costs. 

However, after the deregulation of the electricity market in 1995 power prices reflect marginal rather than average costs of power generation. As a result the incidence of the charge rests squarely with the producers. The motivation for the model has been changed accordingly. Thus the main argument for the model today is that the fund will reduce the risk that future tax payers would have to pay for the decommissioning.

In the paper we focus on the consequences of the Nuclear Waste Fund being independently managed and having a risk-averse investment strategy. As a result of these features the assets of the fund are debt instruments of the the Swedish government. The expected return on these is in general lower than the opportunity costs for the power generating industry. We will analyze the question weather this feature of the model  leads to social costs for decommissioning that are higher than necessary. In addition we briefly discuss the issue of intergerational distribution of the decommissioning and spent fuel management costs.
Methods

The issues mentioned above will be discussed with the theories and methods of energy economics, environmental economics and financial economics as points of departure. In addition the Swedish model will be compared to stylized versions of systems used in a few other countries.

Results

The analysis suggests that, as a result of the currently low interest rates, there is a significant difference between the rate of return on equity in the power companies and the rate of return on capital in the Nuclear Waste Fund. Thus the mandatory payments  to the fund tend to be (unintended) costly low-return financial investments, which may imply higher than necessary costs for the system as a whole.

Moreover, as a result of  the Swedish electricity market reform, and the fact that nuclear power is an intramarginal capacity, the charge on nuclear electricity does not directly affect the market prices of electricity. Thus the cost of charge on nuclear electricity is carried by the owners of the nuclear power plants rather than by the current consumers of electricity. 

Conclusions

Our analysis suggests that until the recent financial crisis and economic downturn the “Swedish model” has worked well. Thus the future financing of the costs for decommissioning and spent nuclear fuel management has been safeguarded without causing serious financial problems for the power industry and unnecessary social costs. However, in a period with extremely low interest rates the rate of return on government debt, and thus the capital in the Nuclear Waste fund, is very low. As a result the charge on nuclear power electricity will be high and may reach levels that inflicts on the financial stability of the power industry. Moreover, the charge may make it uneconomic to run the nuclear power plants. Such a development would imply that the cost of safeguarding the funding of the decommissioning and spent fuel management cost becomes considerably higher than initially expected. In view of this it is desirable to consider revisions of the Swedish Model.
� The authors have worked as independent consultants for SKB (Swedish Nuclear Fuel and Waste Management Company). The analysis and conclusions in the paper are not necessarily shared by SKB.





