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Overview
There is a large and growing body of literature suggesting that electricity prices decline in wind energy penetration rate (e.g. Olsina et al. 2007; Botterud et al. 2010; Green & Vasilakos 2010; Traber & Kemfert 2011; Woo, et al. 2011; Rubin & Babcock 2013). Commonly, two intertwined factors explain this phenomenon: public support given to investments in wind power capacity (and other renewables) which enables wind generators to compete, and the fact that once wind capacity is installed, marginal generation cost is negligible compare with conventional units. Still, it is unclear whether these observations are generalizable and if not, what are the conditions of which wind energy has no dampening effect on electricity market prices.  

Methods
In this study, we extend the model by Twomey & Neuhoff (2010) to examine whether an increase in wind energy penetration rate necessarily brings market prices down. The original model investigates the linkage between wind energy and market prices in a monopoly, duopoly and competitive market regimes. In this model, the ownership of wind power capacity is introduced to the market by price-taker firms. We expand this framework in two ways. First, we advance the model for the case of oligopoly market, which in many cases may be more realistic. Second, we allow a degree of freedom in the ownership type of wind power capacity. That is, in our model the strategic conventional generators firms (GF) are not prevented from owning and operating wind farms. The extended model allows us to generalize outcomes in regard the integration of wind energy into deregulated electricity markets and their impact on electricity prices. We examine analytically and numerically how the industry structure of the electricity sector (i.e. firms' number and ownership type) affects the ability to exercise market power and what are the implications for electricity prices and the distribution of welfare in this market.

Results
Our main results are: first, in relatively more concentrated markets, conventional GFs, which also own wind energy farms, can raise their revenues from these farms although they cannot control their output. This is because they are able to manipulate market prices while maximizing joint profits from their conventional and renewable generators.
Second, we show that the impact of wind energy penetration rate on market prices is not evident; it depends on wind energy ownership type. In particular, for low level of wind energy diversification (i.e. conventional GFs own most wind capacity), prices may actually raise with wind energy penetration rate. In Figure 1 we depict simulation results for the average market price against these two factors. Under certain set of assumptions, the impact of integrating more wind energy on market prices is not always clear. More precisely, in this particular example, ownership of up to 60% of wind power capacity by conventional GF’s lowers market prices while in the opposite case, the market price may actually increase. 
Third, we find that the ratio of average price received by wind energy producers to the average market price reveals a picture that does not benefit the former. Not just that average prices for wind energy are consistently lower, but also the benefits for wind energy relies on the ability of strategic conventional GFs to manipulate prices as wind energy producers revenues depend on it.

Conclusions
Our theoretical framework facilitates greater flexibility in modelling the electric industry structure with respect to firm number and ownership type of wind power capacity (in terms of firm behaviour). The analytical results, followed by numerical example, indicate that it is not always that wind energy brings electricity prices down. Our study portrays the conditions for which prices are likely to increase. Actually, the decrease observed in the cited articles above are cases in which wind energy had the ability to mitigate market power. This occurs when the number of firms is large enough, the ownership of wind energy is sufficiently diversified or often a combination of the two. Importantly, our study defines the circumstances in which the question who invests in wind power capacity may determine market prices and welfare distribution.
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Figure 1: Average market price as a function of average wind energy output and wind ownership percentage by conventional GFs.  
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