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A Study on the Optimal Capacity Configuration Method for Secondary

Frequency Regulation of Hybrid Energy Storage Based on Wavelet Transform
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ABSTRACT: To ensure safe and stable secondary frequency
regulation operation in thermal power units assisted by hybrid
energy storage systems while boosting economic efficiency, this
paper proposes a wavelet transform—based method for secondary
frequency regulation optimal capacity allocation. First, a hybrid
energy storage secondary frequency regulation system model
integrating thermal power units, battery energy storage, and
compressed air energy storage is established. Second, the
wavelet transform—based approach for optimally configuring
secondary frequency regulation capacity is  proposed,
encompassing both power allocation and capacity configuration
for battery and compressed air energy storage. Finally, a
comprehensive cost—benefit model and evaluation indices are
introduced to analyze the economic benefits and frequency
regulation performance of the hybrid energy storage optimal
configuration. A simulation model for hybrid energy storage
secondary frequency regulation is built in simulation software to
validate the method’s effectiveness.

KEY WORDS: : hybrid energy storage; secondary frequency regula—
tion;wavelet transform; capacity configuration;economic benefits
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Fig.1 Equivalent model of a regional power grid for
participation of hybrid energy storage in secondary

frequency regulation
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Fig.2 Model validation of thermal power units
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Fig.3 Comprehensive model of lithium—ion battery

secondary frequency regulation
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Fig.4 Model validation of Lithium—ion batteries
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control system
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Fig.14 Spectral characteristics of signals in each layer
after wavelet transform
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Table 1 Hybrid energy storage ACE power signal

allocation scheme
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Table 2 Parameters related to hybrid energy storage
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Fig.15 Net profit curves under different

configuration schemes
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Table 3 Configuration results of secondary frequency

regulation
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Fig.17 Power curves of thermal power units and hybrid
energy storage
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Table 4 Introduction of the proposed method and
commonly used existing methods
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Table 5 Optimization results under different methods
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