Estimating the transmission value of combining wind with energy storage 
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Overview

Large scale deployment of wind energy in the U.S. will require significant development of new long-distance, high-capacity transmission.  Transmission is potentially difficult and time-consuming to site, a problem exacerbated by the low capacity factor of wind energy. A wind-by-wire system will require two to three times more transmission capacity than a coal-by-wire application, which could limit deployment of this carbon-free source of electricity given the opposition to new transmission development.  Energy storage co-located with wind offers an alternative mechanism to deliver wind energy to market, allowing downsized transmission and associated reduction in cost.  Energy storage can store excess wind generation, and deliver that energy during times of lower wind production, increasing the effective capacity factor of the transmission line.  The limitation to this scenario is the non-optimal use of the energy storage asset, limiting its access to energy arbitrage, capacity, and ancillary service markets. This paper examines this tradeoff in several locations in the U.S. to obtain the actual transmission value of energy storage.
This paper is organized as follows: after the introduction the second section describes a model of the dispatch and operation of wind-only, storage-only, and combined wind/storage power plants. The next section describes the results of simulations of various configurations of wind and storage systems in several locations in the United States. These results are used to estimate the value of energy storage as an alternative to electricity transmission. Section four describes the sensitivity of these results to additional factors, such as annual variation in wind resource and electricity prices.

Methods

The analysis consists of an optimized dispatch of a transmission-constrained wind/storage system into known prices.  Historical market, wind, and natural gas prices are utilized in a mixed integer/linear program formulation. 
Results

The results of the simulations suggest that at sufficiently high transmission costs, energy storage is a viable alternative to delivering wind energy to market.  However, the transmission value of co-located energy storage is sensitive to a number factors beyond the transmission costs including access to and depth of ancillary service markets, and the limited correlation of wind energy with load.
Conclusions

Energy storage can provide an alternative or supplement to transmission in locations that are difficult or expensive to site conventional transmission.  However careful consideration needs to be made to the alternative of simply downsizing transmission, especially considering the lost revenues associated with co-locating wind and energy storage. 
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