	 
       									                                                 	
NUCLEAR PRODUCTION AND MARKET POWER IN THE NORDIC ELECTRICITY MARKET

 Erik Lundin, Research Institute of Industrial Economics (IFN) and Stockholm School of Economics, +46707525847, erik.lundin@ifn.se

Overview
This paper provides an empirical analysis of aggregate bidding data examining the role of market power in the Nordic spot market for electricity (Nordpool spot) during 2011-2013. The study focuses exclusively on Swedish nuclear production, both for methodological reasons and since Swedish nuclear plants are jointly owned by three large producers. The utilization rate of Swedish nuclear has been relatively low in recent years (around 77% during the time of analysis), which potentially could be explained by involuntary production failures and necessary maintenance.  The present suggests the use of market power as an alternative explanation. 

We find that there are few incentives for the majority shareholder of each plant to unilaterally reduce output. Instead, the observed output corresponds best to a model of collusion. On average, the simulated collusive- and observed production levels differ only trivially. We conclude that the anticompetitive effects of cross ownership stems from increased possibilities of coordination and profit sharing, rather than through a distortion of the Cournot equilibrium. 

Although Nordpool spot is (by volume) the largest spotmarket in the world, to the best of the author´s knowledge no previous study has examined the role of market power using actual bidding data. Previous studies on the Nordic spot market have found no conclusive evidence of the exercise of market power; see Tangerås and Fridolfsson (2010) for an overview. On the contrary, several studies from other electricity markets have found more convincing evidence that producers systematically withhold capacity in order to increase prices; see e.g. Borenstein et al. (2002) for an analysis of the Californian spot market.  
 
It should be stressed that the present study should not be seen as conclusive evidence of collusive behavior in the Nordic power market, but rather as an illustration of how market power could potentially influence nuclear production decisions.

Methodology
Due to the low marginal cost of nuclear power, nuclear plants should have a very high utilization rate under perfect competition. In Nordpool spot, each participant submits their bids to the auctioneer, bids are summed horizontally and an equilibrium price/quantity pair is calculated every hour. Therefore, nuclear production should almost never be price-setting given that it is bid into the market at marginal cost. The point at which the aggregate supply- and demand curves intersect defines the system price. In case of transmission constraints, separate prices are calculated for different geographical zones, and there may be up to 15 different prices at the same time. Since only aggregated bidding data is available, the system equilibrium serves as an approximation of the clearing mechanism for the whole market. However, all Swedish nuclear plants are located within the same zone. During the time of analysis, the average deviation from the system price in that zone was 3.4%, and the correlation with the system price was 0.96. Thus, the system price should serve as a good approximation of the price that Swedish nuclear producers receive.

We consider a theoretical model of semi-collusion in which nuclear producers are able to collude on nuclear production (due to the joint ownership), but where all other production is bid into the market at marginal costs. Starting from the observed aggregate supply- and demand curves, actual nuclear production is withdrawn (by horizontal subtraction) from the supply curve, and a residual demand curve for nuclear production is constructed. Nuclear producers then maximize their joint profits using nuclear production as the only decision variable. In the maximization decision, producers also take into consideration their joint market share on non-nuclear production (which is approximately 25%). We assume the marginal cost of nuclear production to be the cost of nuclear fuel, i.e. around 4 EUR/MWh. 

A similar approach is used when constructing the Cournot equilibrium, in which the majority shareholder of each plant takes the (observed) output of the other plants as given, and chooses the optimal point on its own residual demand curve. Finally, we also consider the social planner´s output levels. Abstracting from necessary maintenance decision, the social planner would produce at full capacity, or to increase production until the price reached the marginal cost of nuclear production.

We do not have data on the producers´ forward positions. However, given that information on maintenance decisions are public, the price of forward contracts should also increase in tandem with the maintenance announcements.
Results

We find that the observed output corresponds best to a model of collusion. On average, the simulated collusive- and observed production levels differ only by 2%. (with load factors of 79% and 77% respectively). By contrast, the average social planner- and Cournot load factors are 96% and 99% respectively. 

Further, we find that if actual output would coincide with the social planner´s output, the spot price would have decreases by on average 12% (i.e 4 EUR/MWh). 

Conclusions
The low utilization rate of Swedish nuclear plants has thus far been explained in terms of involuntary production failures and necessary maintenance. The present paper provides an alternative explanation – the use of market power. However, it should be stressed that the present study should not be seen as conclusive evidence of collusive behavior in the Nordic power market, but rather as an illustration of how market power could potentially influence 
nuclear production decisions.
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