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1. Overview

In order to improve the integration of the European energy market, several investment projects in interconnection will be developed in the near future. To this end, the European Community has adopted a list of priority projects which should receive funding because they contribute to the establishment of Trans-European Networks. These projects involve significant up-front costs varying from hundreds of millions to more than a billion Euro, while the benefits have to be realised over a long timeframe of often more than 25 years. This creates significant uncertainty about the net benefits of such investments. Moreover, there may be differences between the private benefits of investments and the benefits to society. The presence of these uncertainties often leads to complicated and time-consuming discussions between regulators and network operators. Part of these discussions can be attributed to the lack of an agreed framework for analysing the costs and benefits of investments in interconnection. In this paper, we develop an economic framework for decision making and apply this framework to several recent investment cases, in particular the case of NorNed, the recently built interconnection between the Norwegian and the Dutch market. 
2. Method

The framework is based on the guidelines for cost-benefit analysis used in the Netherlands to assess investments in infrastructure projects. The framework described in the paper systematically takes all the components to be analysed into account. Major components are the definition of the project in relation to a well chosen counterfactual (the next best alternative project), the distinction between direct and indirect effects, the distinction between welfare and distribution effects, and the determination of the discount rate. Specifically regarding investments in the energy sector, the valuation of the benefits for competition and security of supply are also major components of the framework. The discount rate tends to be an important determinant of the outcome of the cost-benefit analysis in the energy sector, because of the relatively long economic and technical lifetimes of the infrastructure. 
3. Results

We illustrate the framework by analysing the NorNed-cable investment project. Where relevant, we will also draw on other examples from the electricity and gas sectors. Compared to the benefits, the costs of the NorNed cable investment are rather clear. The costs mainly consist of investment costs of about 550 million euros which have already been made. Future costs, consisting of annual maintenance costs, constitute a relatively minor part of total costs. These future annual costs are estimated at about 4 million euro.

The benefits of NorNed, however, are rather uncertain as these have to be realised in the (near and long term) future. The main benefit will follow from price differences between the Scandinavian and Dutch regions, while other benefit items may derive from impacts on competition and security of supply. 

A direct benefit is that price differences between the Nordic and Dutch markets will decline and that prices on both markets will tend to decline. Price differences result from differences in generation techniques and in demand profile. In the Nordic markets, electricity is mainly generated by hydro plants, while in the Netherlands gas-fired and coal-fired plants dominate the generation mix. Moreover, Dutch supply is characterised by a fairly steep merit order (caused by the strong variation among power plants which have limited capacities), while the Nordic supply curve is rather flat (resulting from its fairly homogeneous generation method). Finally, the demand profile of Dutch electricity users also differs from Nordic consumers. In the Netherlands, electricity is mainly used by non-residential users, while in Norway, residential use is relatively important, in particular in winters for heating purposes. Acknowledge, however, that these benefits are not equal to the welfare effects, as they mainly consist of distribution effects. The real welfare effect comprises both productive and allocative efficiency. 

An indirect benefit may arise from enhanced competition. Competition in the Dutch power market is stagnating owing to the limited number of players. In many hours one or more (different) players are pivotal in meeting demand. If the available interconnection capacity increases, prompting other providers to enter the wholesale market, the current players will become less pivotal. As a result, the wholesale price (particularly during peak and super-peak hours) will decrease. These benefits mainly comprise distribution effects, consisting of a transfer from producers to consumers. In addition, enhanced competition will likely result in some benefits for productive efficiency, owing to an increased dispatch efficiency, and for allocative efficiency, because of less distorted prices.

Another indirect benefit is that security of supply may be increased, as the cable could contribute to reducing any differential between supply and demand. Moreover, any given level of security of supply may be realised at lower cost, as the size of the installed generation capacity necessary to meet peak demand can be reduced in both markets. 

4. Conclusions

Investments in interconnection do not automatically generate positive welfare effects, as the upfront costs are significant while the benefits are fairly uncertain. Regarding the NodNed-cable, the Dutch energy regulator concluded that the overall economic effect will be slightly positive, although benefits from enhanced competition and the benefits for security of supply were not monetarised. Inclusion of these benefits in the cost-benefit analyse results in an investment project which seems to have beneficial welfare effects. 
We stress the importance of systematically analysing the costs and benefits before taking the final investment decision on interconnection extension. Such a cost-benefit analysis improves both the efficiency and quality of the decision making process.
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