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Overview
We study the issue how electricity spot prices are determined under the circumstances where power generating firms can  offer their supply schedule strategically. To address this issue, we develop an oligopoly model is to explore the relation between strategic behavior of power generators and spot prices in a wholesale electricity market.  It is an extention of the duopoly model presented in Tezuka and Ishii(2007). Other extensions are introduced by Ishii and Tezuka(2008a, b).
Our model setting is as follows: It is assumed that n homogeneous power generating firms are on the selling side of the transaction and the perfectly competitive many retailers are on the buying side. The retailers supply electricity to their customers. All power generating firms are supposed to select and offer supply functions strategically under uncertain demand. Any coalitions among the firms are not assumed in this model. Therefore the model is a non-cooperative game.
The main contribution is that we derived the unique Nash equilibrium explicitly under these settings. Also we obtained some  important implications by the equilibrium.
Methods
We adopt a non-cooperative game to describe an oligopolistic electricity market. For simplicity of the model, we use a one-period model. However, it is easy to extend our idea to a multiperiod model. The method is described in Ishii(2007).
In this non-cooperative game,  a linear function is used as the marginal cost function, and all strategies are parallel upper shifts of the marginal cost function. Each generating firm decides its strategy at the beginning of the period.All consumers' demands are aggregated through the retailers to the market electricity demand. So, the total demand is assumed to realize at the end of the period. On the other hand, all power generating firms can not exactly foresee the total demand, which is a random variable, but know the distribution function at the beginning of the period. Then, the payoff to each firm is set to an alpha-quantile of the  future profit distribution. We obtained the unique Nash equilibrium with simple calculus.
Results
The unique Nash equilibrium is derived in an explicit form. Theorem 1 displays the equilibrium and Corollary 2 denote the equilibrium spot price. (We extract the part of Theorem 1 and Corollary 2 by the conference proceedings paper. See details in the paper.)  From the Theorem 1 and Corollary 2, we find some important interpretations.

First, we can easily see the relationship between the supply function strategies and the spot price process, and  mark-ups exist in the equilibrium. However as we can observe in the Theorem 1, if the number of power generating firms n  is large enough, the mark-up by each  power generating firm approaches to zero. Then, by the corollary 2, each firm proposes the supply function close to marginal cost. Roughly speaking, they had little chance to behave strategically when the number of firms is large, while the mark -ups tend to be high if the number of firms in the market is small.  This result coincides with the idea of traditional SCP paradigm, which explains market structure (number of firms) specifies market conduct (strategies by firms), and  market conduct describes market performance (mark-ups). 
 Second, we can observe characteristics of equilibrium spot price. By the equilibrium, spot price is an increasing function of  power generators’ risk attitude. Regarding the relationship between the  α-quantile utility function and risk attitudes of agents, as Rostek(2010) pointed out, a risk averse attitude exhibits lower value of α, which means lower value of xα . Therefore, other things being equal, if each power generator is risk averse,  the equilibrium spot price could be lower and vice versa.  
Third,  other things being equal, if the slope of marginal  cost or supply curve a is high, the equilibrium prices would also be high. Since the a  denotes the elasticity of supply, the lower elasticity of supply (low a ) could make the equilibrium price higher. If  the lower elasticity of supply can be interpreted that each firm faces the capacity constraint, higher  Nash equilibrium prices with lower a would be consistent with our expectations.
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Conclusions

We interpret the results from the derived Nash equilibrium. In addition, these results give us a measurement for the impact of strategic behavior by power generators on spot electricity prices. By considering them, it also can be a basis for the discussion points regarding the reform of electricity companies for our future rearch. 
First, when a massive increase in electricity demand is anticipated,  the mark-up  rises sharply. Conversely, a forecast of  a substantial drop in demand makes the mark-up close to zero. This leads to spikes in spot electricity prices. If  a reform of electricity industry causes  many but inefficient power generators, the spot price distribution moves to the right, i.e., averagely higher spot prices.
Second, if a regulatory agency adopts some rules or constraints that make electricity generating firms more risk averter, the spot price distribution moves to the left, i.e., averagely lower spot prices. Examples of the rules are disclosing quantitative information about their downside risk, e.g. 99% VaR, and  imposing a minimum required profit to be a member of wholesale electricity exchange.
To confirm their applicability, empirical analysis by using the derived equilibrium spot price formula would be required for our study. We will address that by using the data from electricity markets,  such as PJM interconnection  for our future study.
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