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Market Returns Analysis of Energy Storage Participating in Frequency Regulation
Considering Battery Life
ZHANG Feng'?, FANG Le'?, LU Chengyu'?, DENG Hw'?, ZHOU Ziqing'?, MA Junchao'
(1. State Grid Zhejiang Electric Power Co., Ltd. Research Institute, Hangzhou 310014, China;
2. State Grid Zhejiang Electric Power Co., Lid. Power Market Simulation Laboratory, Hangzhou 310014, China)

Abstract: As an important highly flexible resource, battery storage can provide auxiliary services such as
peak regulation and frequency regulation for power system operation. This paper launches research of market
mechanism for energy storage participating in frequency regulation and return model considering energy stor-
age lifespan in the context of electricity market. First, a return model is built based on the basic power mar-
ket framework ; then the influence of charge and discharge rate of energy storage, depths of charge and dis-
charge and energy storage SoC on battery life attenuation is analyzed, and the influence of energy storage cy-
cle life on returns of frequency regulation is analyzed through the rain flow counting method. Finally, the re-
turns for grid-scale battery storage in regulation market during the battery life is estimated in different energy
storage station scales, energy storage discharge capacities and 100 percent depth of discharge battery life
based on the simulation operation data of the Zhejiang power market.
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