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Overview

              To see the effectiveness of competition policy, an extensive literature has investigated market power of sellers in electricity markets.  The literature often assumes that the behavior of buyers is represented by an aggregate demand function, and does not examine market power of buyers.  In the case of wholesale power markets, however, both buyers and sellers can affect prices.  This holds, in particular, in the wholesale market where vertically integrated utilities trade electricity, because they often procure electricity to fulfill their supply contracts with retail customers.  Thus, wholesale electricity markets could be well described by a model of bilateral oligopoly, which explicitly assumes that both sellers and buyers have market power.

             This paper applies a non-competitive equilibrium model, which was developed by Weretka (2007), to bilateral oligopoly to examine market power of both sellers and buyers in wholesale electricity markets.  The non-competitive equilibrium model does not a priori assume which seller or buyer has market power.  The ability of each firm to affect prices depends on the convexity of its cost function as well as its size of trade and the number of firms in the market.  Assuming the existence of competitive fringe, Bushnell et al. (2008) apply a Cournot model to bilateral oligopoly to investigate market power of vertically integrated utilities making supply contracts with retail customers in the United States.  Hendricks and McAfee (2010) apply a supply function equilibrium model to bilateral oligopoly in electricity markets where competitive import supply is available.  Hortacsu and Puller (2008) apply a share auction model to electricity bidding, assuming a stochastic term in aggregated demand and an additively separable class of supply strategies.  Without the existence of competitive fringe, competitive import supply, or a stochastic term in aggregate demand, a non-competitive equilibrium model can identify firms’ supply functions.
Methods

A non-competitive equilibrium of the wholesale electricity market is defined as a triple of the wholesale price, production, and price impacts such that (i) total production of electricity must equal total retail sales; (ii) each firm maximizes its profits, given assumed price impacts; and (iii) the assumed price impacts coincide with the true price impacts.  What makes a model of a non-competitive equilibrium different from such familiar models of market power as Cournot, monopoly and supply function equilibrium is that all net sellers and buyers possess price impacts, which enable them to affect the wholesale price by changing their production and purchase.  In a non-competitive equilibrium, all firms change their production and purchase in response to any deviation from equilibrium, and their market power arises endogenously as a result of market clearing and profit-maximization by all firms.  

      By assuming that each firm accurately predicts other firms’ reactions to a price change, a non-competitive equilibrium model endogenously determines market power of bilateral oligopoly.  The mark-ups (downs) of net sellers (buyers) depend on their production and purchase as well as the convexity of their cost functions.  Given production and purchase, the more convex cost function each firm has, the less market power each firm can exercise.  Wholesale prices could be higher or lower than those in perfect competition, depending on the ability of each firm to affect prices.  As the number of firms increases, electricity trade and price in a non-competitive equilibrium would converge to those in perfect competition.   


Results

            A non-competitive equilibrium model is less restrictive than such familiar models of imperfect competition as monopoly, monopsony and Cournot, which a priori assume that some firms do or do not have market power because of their size of production or consumption.  This restrictive assumption about market power enables these models to be consistent with bilateral oligopoly, but it could lead to the bias in market outcomes.  For example, if some firms designated as competitive fringe do not supply to any retail customers, the application of a Cournot model to bilateral oligopoly could result in underestimates of wholesale electricity prices in the case of the identical slope of linear marginal costs of production.  This is because the Cournot model, which requires the existence of competitive fringe, neglects market power of competitive fringe that would contribute to a rise in the equilibrium price.  

              As an illustrative example, the model of a non-competitive equilibrium is applied to a wholesale electricity market in Japan, where vertically integrated utilities make fixed sales contracts with retail customers and trade electricity with each other.  Vertically integrated utilities are described as bilateral oligopoly, because these utilities could be either net sellers or buyers in the wholesale electricity market.  Computational results indicate that both a non-competitive equilibrium model and a Cournot model predict wholesale prices that are close to those in perfect competition.  These predicted prices were also close to the average daily spot prices of electricity at a wholesale power exchange.  However, total trade of electricity predicted by the Cournot model was significantly lower than that by the non-competitive equilibrium model, which was close to the actual wholesale trade of electricity.  This implies that neglecting market power of some firms that need to be competitive fringe in the Cournot model could lead to the overestimate of the adverse effects of market power on electricity trade.  

Conclusions

This paper investigates how market power of vertically integrated utilities affects trade in a wholesale electricity market, using a non-competitive equilibrium model.  Since vertically integrated utilities that supply electricity to retail customers in their fixed contracts can be either net sellers or buyers in the wholesale market, the analysis of their market power needs an economic model of bilateral oligopoly.  By assuming that each firm accurately predicts other firms’ reactions to a price change, a non-competitive equilibrium model endogenously determines market power of bilateral oligopoly.  The application of the non-competitive equilibrium model to the Japanese wholesale market illustrates the difference in trade and price between Cournot competition and the non-competitive equilibrium model.
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