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Fig. 3 Typical daily output curves of PV power generation
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Fig. 4 Schematic diagram of the traction power supply system
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Carbon emission accounting for traction power supply systems based on
dynamic power-flow tracing

GUAN Da', XIAO Zhihan’, WANG Yongbin', FU Jun', FAN Haoran’, LI Teng

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

Abstract: This paper proposed a method for calculating carbon-emissions in railway traction power supply systems based on dy-
namic power-flow tracing. Complex power flow analysis was used to identify the energy sources supplying traction demand, while car-
bon-flow tracing was applied to apportion indirect emissions to their respective sources. Furthermore, a time-varying photovoltaic-energy
storage (PV-ESS) correction factor, coupled with train position and temporal data, was developed to dynamically adjust carbon-emission
factors and enhance calculation accuracy. Taking the electrified, heavy-haul Hailesihao South Line as a case study, a model incorporating
co-phase power supply devices and PV-ESS units was established. Three scenarios were compared: utility grid supply only, co-phase sup-
ply only, and co-phase supply integrated with PV-ESS. Simulations were performed using position-by-position power-flow calculations
to derive power flow profiles and carbon emission data. The results demonstrate that, compared with conventional calculation methods,
co-phase supply reduces grid-side losses and lowers both the carbon intensity and total emissions per unit of traction energy. Notably, the
integration of PV-ESS promotes the local consumption of renewables, further reducing system carbon intensity and total emissions. This
study verifies the rationality of the proposed method and provides a practical engineering reference for the development of low-carbon
traction power supply systems.

Keywords: traction power supply system; carbon-emission accounting; PV-ESS unit; co-phase power supply; power-flow

calculation; heavy haul railway
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