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Fig. 1 Structure of flexible traction power supply system for heavy-haul railway
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Fig. 2 Classical-scenario-generation framework
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Stochastic optimization scheduling of energy in flexible traction power
supply systems with PV and energy storage for heavy-haul railways

FAN Yan, WANG Dong, NIU Xiaowei
(CHN ENERGY Shuohuang Railway Development Co., Ltd., Cangzhou, Hebei 062350, China)

Abstract: Growing heavy-haul railway capacity leads to huge energy consumption and high electricity costs. Their flexible traction
power supply systems, integrating photovoltaic (PV) generation, energy storage and power flow controllers (PFC), face challenges in op-
timization scheduling of energy due to strong uncertainties in track environments and operational organization. To enable energy-effi-
cient and economical operation under these conditions, this paper presents a strategy for stochastic optimization scheduling of energy,
which adapts to scenarios with such uncertainties. Firstly, a classical-scenario-generation approach was developed, which combines Long
Short-Term Memory (LSTM), Monte Carlo sampling and Fuzzy C-Means (FCM) clustering to accurately characterize uncertainties in
traction loads and PV output. Next, a multi-scenario stochastic optimization model was developed, which minimizes operational costs
while enforcing energy balance and safety constraints. This model optimized operational strategies for PV generation, energy storage and
PFCs to achieve optimal energy scheduling. Finally, verification was conducted based on operational data from a heavy-haul electrified
railway. Results demonstrate that the proposed strategy and model effectively respond to impacts from uncertainties, thereby significant-
ly improving the economical efficiency of energy scheduling, enhancing operational stability, and reducing energy consumption and elec-
tricity cost. The strategy provides theoretical support and engineering reference for efficient operation of flexible traction power supply
systems in heavy-haul railways, and is important for advancing low-carbon heavy-haul railways.

Keywords: heavy-haul railway; flexible traction power supply system; stochastic optimization scheduling; PV generation and energy

storage; energy optimization; energy saving
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