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Overview

Faced with uncertainty of future electricity generation supply, many regional electricity markets have adopted or considered adopting capacity markets for electricity. We study the structure of these markets and in particular capacity supply auctions such as the one implemented by PJM Interconnection, a regional transmission organization. Participants bid generation capacity  into the auction, and those that win receive a capacity payment in return for having this capacity available for generation at a future delivery date. Little work has been done to analyze these markets to determine whether or not they correctly incentivize construction of new resources and their impact on the demand side needed to fund these payments.The auctions are somewhat similar in nature to those of cellular spectrum auctions, with the difference that electricity generation capacity is almost limitless. They can be classified as multi-unit uniform price auctions, though price  is set according to a demand curve rather than by particpants’ bids.
Methods

In this paper we start with a basic one-period single player game. We make further refinments by adding more players and time periods. The optimal strategies are found by using standard analysis common to game theory. More complex models have intractable closed form solutions, and thus we use numeric differential equation solvers and simulation to obtain results in these situations.
Results

Results to date show that in the market clearing auction with multiple bidders, it is optimal, to understate the true cost of investment for new peak load generators. However, as the auction parameters are adjusted to approach those in practice, optimal bids converge to what amounts to the true cost of new capacity. 
Over an extended time horizon, if a new generator wins a capacity payment in one period, in subsequent periods it is optimal to bid this capacity in at the lowest price possible. This in turn leads to lower clearing prices, which fails to properly incentivize new construction of generation capacity.
The shape of the demand curve also negatively impacts incentivization of new generation. Recent proposed changes to PJM’s auction demand curve are consistent with these findings.
Conclusions
The current PJM auction in theory is not incentive compatible. In practice, this is less of a concern as individual participants do not have the market power to greatly influence outcomes. Modifications to the auction structure can result in incentive compatibility and reduce the need for market power mitigation resources on the auction-holder’s side.
