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Overview
Increasing shares of inflexible intermittent electricity generation have raised concern about system ability to meet consumers' energy requirements in situations with substantial renewable production shortfalls. Many countries now contemplate procuring capacity reserves to address this resource inadequacy problem. Capacity reserves not only provide backup production, but also have an impact on market behaviour if they interfere with market prices. Cross-border trade implies that such price effects propagate through to other countries in multinational electricity markets. Nationally determined capacity reserves therefore run the risk of impairing the overall market performance insofar as local policy makers fail to fully account for the effects of their decisions.
The purpose of this research is to contribute to our understanding of the incentives for expanding capacity reserves in markets with intermittent renewable electricity generation, and with particular emphasis on the implications of and consequences for market integration. An aim is to identify and account for foreign external effects to assess the overall welfare consequences of decentralized policy making associated with capacity mechanisms.
Blackouts certinaly represent the most dramatic manifestation of resource inadequacy, but renewable production shortfalls affect consumers negatively even in less extreme circumstances. Price insensitive short-term demand renders price spikes necessary to clear the market in event the system is output constrained - even if not on the verge of collapse. Price spikes generate financial losses for consumers, in particular energy intensive industries that depend on stable production conditions to run efficiently and therefore cannot respond to short-term price increases by reducing electricity consumption. Capacity mechanisms are an instrument with which to reduce price spikes by ensuring that the system avoids periods of severe resource scarcity. Capacity reserves can therefore appropriately be viewed as an insurance both against blackouts and high prices (Oren 2005). On the downside, the implied price cap gives rise to the well-known "missing money" problem (Joskow 2007, Hogan 2013) that causes market participants to underinvest in generation capacity. The problem is exacerbated by excessive long-run consumption because the expected electricity price is too low. The trade-off facing policy makers in the choice of capacity reserves therefore is between the insurance benefits of avoiding price spikes and the cost of distorted price signals that lead to under investment and over consumption.
Methods
This research develops a politico-economic model of capacity reserves in a multinational electricity market. National policy makers decide the size of the domestic capacity reserve to maximize domestic welfare, thus ignoring the external effects abroad of their decisions. The model compares the equilibrium outcomes under decentralized policy making to the centralized social optimum. Markets can be perfectly or imperfectly integrated, and the model is generalized to allow network investment. By assumption, this investment is undertaken to maximize total welfare.
This is one of a few attempts to analyze the economic incentives for introducing capacity reserves and to investigate factors determining their size. The seminal contribution is Joskow and Tirole (2007) who explore in detail capacity mechanisms in relation to imperfect competition. Creti and Fabra (2007) and Schwenen (2014) continue in a similar vein by illustrating how capacity reserves mitigate strategic withholding of production from the spot market. Key distinctions from the previous literature is that the present contribution considers a multinational setting, it models strategic interaction among policy makers and studies the relevance of market integration for capacity reserves. I maintain the assumption of competitive markets, and view capacity reserves as part of a deliberate intervention to avoid the consequences of price increases and rationing in periods of scarcity.  
Results
Market integration has two opposing effects on the socially optimal capacity reserve. On the one hand, a fully integrated electricity market allows for a more efficient use of a given total capacity reserve because reserves can be activated in a manner so as to equalize the marginal thermal production costs across countries. This cost efficiency of market integration tends to increase the capacity reserve under full market integration relative to what is socially optimal when electricity markets are national. On the other hand, the probability of a shortage of renewable electricity is smaller under market integration because of cross-border trade. This portfolio effect of market integration calls for smaller capacity reserves under full market integration compared to the case with national electricity markets. Whether the socially optimal capacity reserve is comparatively larger or smaller in a completely integrated market, depends on the relative magnitudes of those two effects.
Capacity reserves neither account for the cost efficiency nor the portfolio effect of market integration abroad under decentralized policy making. Equilibrium capacity reserves are downward distorted if the cost efficiency of market integration dominates the portfolio effect. The foreign externality then is positive, which explains why equilibrium capacity reserves are inefficiently small in this case. By a reverse intuition, capacity reserves are inefficiently large under decentralized policy making if cost efficiency is dominated by the portfolio effect of market integration.
An alternative means to achieving resource adequacy is through market integration by which network capacity (reliability in this setting) is improved to increase the flow of electricity between regions. Production shortfalls in one country then to a larger extent can be replaced by increased production in interconnected countries thereby reducing the need for national capacity reserves. The final part of the analysis endogenizes market integration by considering investment in network reliability. An increase in the capacity reserve tends to increase (decrease) the marginal value of market integration if the foreign externality is positive (negative) and thereby drive up (reduce) network investment. This strategic complementarity (substitutability) between capacity reserves and market integration causes downward distortions of network reliability because the capacity reserve is too small (large) from a social point of view under positive (negative) externalities. Hence, investment in network reliability is downward distorted relative to the first-best social optimum under decentralized policy making independently of the sign of the foreign externality.
Conclusions
Capacity reserves provide insurance against price spikes and blackouts in situations of renewable production shortfalls, but also distort investment and consumption decisions in the market at home and abroad in an integrated market. Equilibrium capacity reserves can therefore be upward or downward distorted under decentralized policy making depending on the relative magnitudes of those two effects. However, the analysis shows that network investment is downward distorted under decentralized policy making, independently of the foreign external effects.
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