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Hybrid energy storage secondary frequency regulation
strategy based on WOA-VMD and SOC self recovery
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2. Simulation Analysis and Integrated Control of Smart Grid Engineering Research Center of Colleges and
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Abstract; Hybrid energy storage assisting conventional generating units in power system frequency regulation
can effectively overcome the limitations of low ramping rates and slow response of conventional units. Therefore,
a hybrid energy storage secondary frequency regulation strategy for power systems with pumped storage units is
proposed, in which battery energy storage participates in frequency regulation to reduce system frequency
deviations and improve power output performance. First, the whale optimization algorithm is introduced to
optimize the decomposition number and penalty factor of variational mode decomposition, enabling a rational
allocation of frequency regulation commands. Second, a state-of-charge ( SOC) self-recovery curve is
constructed, and a novel method is designed in which the remaining capacity of pumped storage assists battery
SOC recovery. Finally, comparative simulations are conducted based on measured area control error ( ACE)
signals. Results demonstrate that, compared with the scenario without energy storage, the proposed method
improves the maximum frequency deviation control performance by 35.12% and enhances the battery SOC
maintenance capability by 46.31%, thereby verifying the feasibility and effectiveness of the proposed strategy.
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Fig.11 Comparison of simulation results of different schemes
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