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Figure 2 Coordinated optimization framework of control strategy and capacity configuration
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Table 2 Flywheel energy storage capacity configuration result
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Coordinated Optimization of Primary Frequency Regulation Control Strategy and Capacity

Configuration for Thermal Power Unit-Flywheel Energy Storage Coupled System

ZHANG Guobin', ZHOU Lei', GUO Ruijun', DANG Shaojia', WEI Kuanchang’, LIANG Lu*, HONG Feng’

(1. Inner Mongolia Electric Power Research Institute, Inner Mongolia Power ( Group) Co. , Ltd. , Hohhot 010020, China; 2. School of
Control and Computer Engineering, North China Electric Power University, Beijing 102206, China)

Abstract: To address the key challenges in control strategy and capacity configuration design for flywheel energy
storage (FES) coupled with thermal power unit (TPU) in primary frequency regulation, a coordinated optimization
of primary frequency regulation control strategy and capacity configuration for TPU-FES coupled system considered
state of charge (SOC) management was proposed. Firstly, a dynamic control strategy was developed for the TPU-
FES coupled system, which considered the SOC management of FES. Secondly, an economic evaluation model was
established, which comprehensively considered primary frequency regulation performance, life-cycle cost, and eco-
nomic benefit. On this basis, a coordinated optimization method for control strategy and capacity configuration was
constructed and solved using the particle swarm optimization algorithm. Finally, a case study based on the typical
daily frequency regulation data from a real 350 MW double-reheat TPU were conducted to validate the simulation
results, along with the sensitivity analysis of key parameters. The results demonstrated that the proposed method
significantly enhanced both frequency regulation performance and economic benefits. Specifically, the life-cycle
economic benefit of the FES increased by 15.09% ; the investment payback period was reduced by 13. 14% ; and
the effectiveness of the proposed coordinated optimization method was proved.

Keywords: flywheel energy storage; primary frequency regulation; capacity configuration; control strategy; coordi-

nated optimization





