


Overview
In this paper, we study how a market participant's ability to manipulate her residual demand affects individual strategies and equilibrium outcomes in imperfect electricity markets. For that purpose, we develop a theoretical microeconomic model of a wholesale electricity market as a supply function auction. One market participant is not only assumed to compete in the auction but also to manage generation capacity subject to an exogenous fixed price (e.g. a fixed-price contract such as power purchase agreements or feed-in tariffs), hereinafter referred to as ‘exogenous capacity’. As a strategic player, the firm hence directly participate to the market through the auction mechanism but may also have an indirect effect by ramping down her exogenous capacity’s output so as to increase net market demand. We analyze the market conditions giving rise to profitable manipulations of this form. We characterize the effects of demand uncertainty and strategic residual demand manipulations on supply function strategies in equilibrium, considering the probability of a strategic player to be pivotal. Interestingly, our model provides a generalization of the recent alleged manipulations in Alberta’s electricity market, where a large energy company strategically timed outages of a coal-fired power plant subject to power purchase agreements so as to benefit from her market portfolio position (MSA, 2015).

To the best of our knowledge, this is the first paper to consider the strategic use of capacity treated as ‘negative demand’ with respect to the market mechanism. The paper is also sought to complement Genc and Reynolds (2011) through an analysis of the supply function strategies of pivotal firms. Finally, we contribute to the discussion of whether renewable power plants should be market-integrated or left aside under exogenous fixed prices.
Methods
We develop an analytical model of a wholesale electricity market managed as a supply function auction. A monopolist (strategic player) and a fringe (non-strategic player) compete to supply a random price-inelastic demand net of an exogenous capacity. The exogenous capacity is defined as any generation capacity (or demand-response capacity) subject to fixed-price contracts, which production or consumption level does not depend on market conditions and is therefore treated as negative demand by the market operator. A market participant with the ability to ramp down her exogenous capacity’s output upon observing the realized level of demand, is able to shift horizontally the residual demand faced in the supply function auction. We compare different cases where the monopolist owns the exogenous capacity and may or may not change its output level. In particular, we focus on the effects of demand uncertainty on the firm’s strategies. We also discuss the variety of equilibria where the fringe behaves strategically.
Results
Results demonstrate that the incentives for the monopolist to manipulate her residual demand upwards rise with the steepness of the aggregate supply curve in equilibrium. Residual demand manipulations can essentially be used profitably to trigger equilibria where the strategic firm has increased market power, so as to push prices upwards and benefit from her market position. In particular, if the strategic firm has a probability to be pivotal, any finite fixed price lower than the price cap, gives rise to profitable residual demand manipulations. 

On a theoretical ground, our analysis allows to determine why, in the presence of pivotal suppliers and a market price cap, equilibrium supply function strategies are no more ex-post optimal over the entire function’s domain, contrary to Klemperer and Meyer (1989)’s well-known result. Through this channel, demand uncertainty imposes a cost for market participants, which can be mitigated using residual demand manipulations. Overall, we show that in equilibrium, a firm’s supply function strategy is affected by demand uncertainty and residual demand manipulations only if she has a positive probability to be pivotal.

Conclusions
This paper draws insights for economic theory and energy policy. As for economic theory, the presence of a pivotal supplier may render supply function strategies dependent on uncertainties in equilibrium. We conclude that a strategic firm may find profitable to manipulate her residual demand so as to alleviate demand uncertainties and benefit her market position, or simply exacerbate her market power. Residual demand manipulations may also be used to provide a firm with an increased probability to be pivotal. Moreover, since such manipulations affect positively the market-clearing price, tacit collusive strategies among market participants may emerge. 

On the energy policy side, the consideration of distributed generation resources and intermittent renewable plants as ‘negative demand’ in electricity markets may give rise to new strategic behaviors if large diversified energy companies are to manage the capacity. Notably, it can be a difficult task for the regulators to monitor whether wind parks under fixed-price contracts produce up to the maximum capacity determined by current wind resources. In that sense, market-integration of renewables appears more suitable when the capacity is managed by large firms, whereas capacity left aside the market should not raise concerns when owned by small firms.
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