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Fig. 3 Comparison of transmission losses under centralized
PV-storage integration
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Research on optimal PV-storage configuration and protection strategy for
railway traction power supply

SHAO Jiahao', FU Jun’, GUAN Da’, WANG Yongbin’, XIAO Zhihan', LI Teng'

(1. School of Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China;
2. Power Supply Branch of CHN ENERGY Xinshuo Railway Co., Ltd., Ordos, Inner Mongolia 010300, China)

Abstract: With ongoing low-carbon efforts in the railway sector, renewable generation is increasingly being integrated into railway

traction power supply systems. However, direct connection of photovoltaic (PV) generation can weaken the traction power supply sys-

tems and degrades power quality, due to fluctuations inherent in both PV output and traction loads. This study addresses these challenges

by developing a PV-storage optimal configuration model that minimizes transmission losses and by evaluating centralized and distributed

integration options to investigate their voltage support capability and induced fluctuation characteristics. A PV-storage integrated 27.5 kV

traction power supply system was then modeled to analyze the impacts of the two integration options on short-circuit currents and load

currents. Additionally, an optimization strategy for relay protection settings under PV-storage integration was explored to establish a theo-

retical basis for improving renewable energy consumption capability and applying relay protection techniques in railway traction power

supply systems. Results indicate that midway centralized integration delivers better performance in reducing transmission losses and im-

proving voltage stability. Both centralized and distributed configurations, however, affect the relay protection system, with the central-

ized option producing smaller impacts. Consequently, wide-area protection with adaptive settings is recommended to ensure safe and reli-

able operation under PV-storage integration.

Keywords: railway traction power supply system; renewable energy; energy storage; optimal configuration; relay protection
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