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Optimal Sizing of Hybrid Energy Storage Included Wind-PV-hydro Virtual Power Plant in Power Market
FAN Juanjuan, PANG Jingyu, YANG Dong, FENG Chunlan, LIN Ping, YUAN Jingzhao, LOU Xingdan
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Abstract: The intermittent and random characteristics of the wind power and PV have negative effects on the
benefits of market participant. The hybrid-energy storage included wind-PV-hydro virtual power plant (VPP) was
proposed, which could effectively alleviate the volatility of the power output by utilizing adjustment ability of
hydropower and charge/discharge characteristics on different time scales for compressed-air energy storage and
battery storage,and eliminating the forecast errors in day-ahead and real time market to guarantee the steady output
of VPP and increase the benefits. With considering market economics and PV’ s output volatility, a multi-energy
storage capacity optimization model was proposed in day-ahead and real-time market, the hybrid energy storage
sizing was established based on the optimization method, in which the power output of wind power, PV and
hydropower was optimized in order to enhance economy in day-ahead market, and the predictive bias was reduced
by hybrid energy storage in real-time market. The optimization problem was solved by professional optimization
software Lingo, and the economic and volatility index of different capacity configuration were also analyzed, and
then an optimal operation mode and sizing scheme for hybrid energy storage were proposed. Finally, the case study
verifies the obtained capacity of hybrid energy storage could improve the stability of the total power output while
ensuring the system efficiency by use of the proposed method.
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Fig.1  The schematic of the virtual power plant
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Tab.1  Analysis of the volatility of the output curve
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Tab.2  Economics and volatility under different composite

energy storage capacity configurations
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