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Background

 Estimating revenue from energy storage is difficult:
 Different rules for various Independent System Operators 

(ISO’s)/markets
 Pricing varies by region
 Non market areas require a different approach (e.g., production cost 

modeling)

 The goal of the paper was to outline the optimization for PJM 
and provide an example

 Presented at the IEEE Power and Energy Society (PES) General 
Meeting, July 2016 (won Prize paper award)
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Background 

 PJM frequency regulation payment:
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Results - Models
 Arbitrage energy storage model

 Arbitrage plus regulation model

 Arbitrage + regulation cost function
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Results, 20 MW/5 MWh System
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Conclusions/Recommendations

 Formulated the revenue maximization problem for energy 
storage in PJM

 Calculated the maximum potential revenue over a 12 month 
period using historical market data
 20 MW, 5 MWh, 85 % efficiency, 2 %/hour losses
 Frequency regulation yields more revenue than arbitrage

 Evaluated a heuristic trading algorithm that does not require 
perfect foresight, captured 92.5 % of the maximum potential 
revenue

 Plan to look at other market areas
 In the process of posting Pyomo/Python code on SNL website
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