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Overview

Although the present-day electric grid operates effectively without storage, cost-effective ways of storing electrical energy can help make the grid more efficient and reliable.  Electric energy storage (EES) can be used to reduced need for peak generation and reduced strain on transmission and distribution networks. EES can also provide critically important ancillary services such as grid frequency regulation, voltage support, and operating reserves, thereby enhancing grid stability and reliability. Currently, large-scale applications of EES have been limited in the utility industry. Utility-scale EES projects based on storage technologies other than pumped hydro have been built, though they have not become common.  In all, roughly 2.5% of the total electric power delivered in the United States passes through energy storage, largely pumped hydroelectric.  
The restructuring of the electricity industry, along with increased requirements for power reliability and quality has made utility-scale EES more attractive.  This has stimulated research and development of a number of new EES technologies.  The restructuring of the electricity industry has also provided a means to quantify the benefits of some of the traditional applications. This paper draws on the insights from various market analysis studies conducted by authors over past 5 years on evaluation of different electricity storage technologies in competitive electricity markets. 
The paper  provides an overview of competitive electricity markets and recent policy changes implemented in various ISO/ RTO markets to remove barriers for electricity storage participation in these markets. The paper covers various factors that need to be considered by investors / project developers / technology providers to ensure commercial viability of EES projects. The paper reviews these factors independent of specific technologies, but draws on examples of Advanced Batteries, Flywheels and Compressed Air Energy Storage (CAES) to illustrate importance of some of these factors.
Methods

This paper evaluates the economics of EES in wholesale electricity markets operated by New York ISO (NYISO) and the PJM Interconnection (PJM). We have used the historical market data for PJM and NYISO for 2004-08 to determine the critical factors that influence economics of EES projects. By evaluating these factors over a multi year period helps in assessing impact of changes in market designs as well as in conducting sensitivity analysis to factor in effect of changes in fuel prices and weather. Insights are also drawn based uncertainity analysis using probabilistic modelling that utilizes the historical energy market results and anticipated changes in supply and demand in coming years.
Results

There are a number of factors that are critical in determining the economics of EES projects. These factors include:

· EES Design, performance & capabilities 
· Power and energy rating
· Round Trip Efficiency
· Ramp rate and any constraints on response rate
· cycle life under different applications
· Market Design and Rules that determine ability of EES to participate in 

· Energy arbitrage, 
· ancillary services including regulation and operating reserves, 
· capacity markets, 
· demand response programs

· Financing related factors

· capital cost of storage technologies

· cost of borrowing
· construction and permitting period
· Other factors
· fuel prices are not only important for technologies such as CAES, but also influence price patterns in energy and ancillary service markets, thus affecting all EES technologies

· state and federal policies such as environmental regulations including RPS, carbon tax, energy efficiency initiatives, and siting issues)
· Competition from alternate solutions (e.g. integration of advanced wind forecasting methods in ISO /RTO dispach can affect the need for EES integration with wind farms to some extent.

Conclusions

Electricity markets across US allow or are working to allow EES to participate in energy, ancillary services and capacity markets. The economic feasibility of EES will depend on a number of factors including design parameters, market structure and location as well as ability to capture multiple revenue streams and support environmental regulations. Currently ISO/ RTOs such as NYISO, MISO, CAISO are working on modifying rules to remove barriers for participation. At the same time, technology manufacturers and project developers need to consider design factors such as energy and power ratio, round trip efficiency and other performance requirements to achieve the ability to benefit from the multiple revenue streams presented by the competitive electricity markets. Understanding these factors and how new market rules are being developed can significantly improve economics of such projects, thus encouraging more investment into energy storage.
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