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Table 6 Rule-based conventional capacity allocation solution
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A collaborative planning and allocation solution for PV-storage integration
in flexible traction substations based on a neural population dynamics
optimization algorithm
YANG Chenye"?, LIU Qiujiang'?, WU Mingli'?, HU Liang>’, ZHAO Lixiang’, WANG Heting’

(1. State Key Laboratory of Advanced Rail Autonomous Operation, Beijing Jiaotong University, Beijing 100044, China; 2. School of
Electrical Engineering, Beijing Jiaotong University, Beijing 100044, China; 3. Power Supply Branch of CHN ENERGY Xinshuo
Railway Co., Ltd., Ordos, Inner Mongolia 010399, China)

Abstract: In the context of the "Dual-Carbon" goal and the transport - energy integrated development plan, integrating renewable
energy sources such as photovoltaic (PV) generation into traction power supply systems has become a research focus. Generating reliable
substation load data to support capacity allocation optimization is an urgent challenge for planning and constructing PV-storage integrat-
ed traction substations. This paper introduces the construction of substation load curves from measured train operation data and power
flow calculations; operational scenarios are generated and optimized from typical daily solar irradiance data. Based on these inputs, a
double-level optimization model was established: the lower level generated day-ahead energy management strategies that minimized dai-
ly operating costs, while the upper level optimized capacity allocation based on a neural population dynamics optimization algorithm to
minimize equivalent annual investment costs. Simulations based on a real freight railway demonstrate that the proposed method efficient-
ly and rationally allocates PV-storage capacity for traction substations, which supports positive life-cycle returns and provides a feasible
solution for integrating renewable energy into traction power supply systems.

Keywords: traction power supply system; PV-storage capacity allocation; day-ahead energy management; neural population

dynamics optimization algorithm; double-level optimization; traction load
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