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Operation Strategy and Capacity Optimization of Li-ion
Capacitor Coordinated Pumped Storage for Secondary
Frequency Regulation
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("State Grid Xin Yuan Pumped-Storage Technological & Economic Research Institute, Beijing 100053, Beijing,
China; *Hubei Branch of State Grid Xin Yuan Group Co., Ltd., Wuhan 430070, Hubei, China)

Abstract: To improve the performance and economic efficiency of pumped storage
hydropower in responding to automatic generation control (AGC) signals, a coordinated
operation strategy and capacity optimization method for pumped storage hydropower and
Lithium-ion capacitors (LiC), considering pumped storage wear impact, is proposed. First, an
adaptive model predictive control (MPC) strategy is proposed with the objectives of minimizing
the Lithium-ion capacitor (LiC) state of charge (SOC) deviation, pumped storage power
fluctuation, and AGC tracking error, thereby improving the AGC response performance of the
system and reducing power fluctuations caused by the energy limitation of the LiC. Then,
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based on the wear mechanisms of the core components of pumped storage units, a pumped
storage wear model is constructed with the unit power variation and power ramp rate as
decision variables. Furthermore, a LiC capacity configuration model is established with the
objective of maximizing the annualized net profit of the system over the project planning
horizon. Finally, the coordinated optimization of the operation strategy and capacity
configuration is achieved through joint iterative optimization. Case study results show that,
under the proposed adaptive MPC strategy, the daily profit of the system increases by 21.4%
compared with the case without LiC configuration. Moreover, the optimal capacity
configuration scheme reduces pumped storage wear by 23% and increases the annualized
net profit of the hybrid system by 18.0%.

Keywords: AGC frequency regulation; Lithium-ion capacitor (LiC); model predictive control

(MPC); pumped storage wear model; capacity configuration
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Fig. 2 The response results under different methods
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Fig. 3 The variation results of parameter adaptation
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Fig. 5 The pumped storage power results under
different methods
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Table 3 The pumped storage power results under
different methods
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Table 5 The pumped storage power results under
different methods
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