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Abstract: To achieve the dual goals of improving the automatic generation control (AGC)
performance of thermal power units and reducing the life-cycle cost of energy storage
systems, this study proposes a bi-level optimal configuration and coordinated control method
for a hybrid energy storage system (HESS) to assist thermal power units with AGC frequency
regulation. The HESS comprises energy-type lithium iron phosphate (LFP) and power-type
lithium titanate (LTO) batteries. The upper-level model maximizes the life-cycle net profit to
optimize the HESS capacity and provide constraint boundaries for the lower-level model. The
lower-level model focuses on the coordinated frequency regulation response of the thermal-
HESS, employing a refined three-stage control strategy based on AGC performance
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assessment and a state-of-charge-aware power allocation mechanism. The model is solved
using the adaptive chaotic particle swarm optimization algorithm, realizing the dynamic
coupling optimization of the capacity configuration and operational control. The simulation
results yield the optimal HESS configuration scheme: 1.16 MW/1.75 MWh for LFP and 3.08
MW/1.72 MWh for LTO. The comparative results indicate that compared with the conventional

differential power sharing strategy, the proposed strategy and capacity configuration increase
the AGC comprehensive regulation performance index of the combined system by 0.9% and
the daily average revenue by 1230.23%. The proposed method effectively prevents the

energy storage system from frequently bearing power fluctuations with high volatility,
significantly enhancing the technical performance and economic benefits of the thermal-HESS
frequency regulation system. This study provides a valuable reference for optimizing HESS

configurations to facilitate frequency regulation in conventional power plants.

Keywords: AGC; hybrid energy storage; life cycle cost; bi-level optimal configuration model
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Fig.1 Thermal power unit-hybrid energy storage
joint frequency modulation system
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Fig. 3 Regulation curve of hybrid energy storage
system assisting units in joint response to AGC
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Fig. 5 Basic flow chart of adaptive chaotic particle
swarm optimization algorithm
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Fig. 7 Output of each frequency regulation resource
under the all-day dispatch instruction
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