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Introduction

« By the end of 2024, the operational mileage of China's railway had expanded to 162,000
kilometers, marking significant progress in railway infrastructure development.

* In 2021, the electricity consumption of China's railways surged to 78.7 billion kWh,
establishing it as one of the largest single loads on the power grid.

* Notably, recoverable regenerative braking energy (RBE) constitutes approximately 40%
of the total traction energy consumption.
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This immense untapped potential, aligned with China's "Dual Carbon" strategy

and escalating railway decarbonization imperatives, necessitates urgent

methodological advances in RBE valorization.




Critical Utilization Schemes of RBE

B Utilization Schemes of RBE Based on Train Operational Scheduling Optimization

Train trajectory optimization
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Fig. 1. Schematic diagrams of train trajectories

Train schedule optimization
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Fig. 2. Enhancement of RBE utilization
based on train schedule optimization




Critical Utilization Schemes of RBE

B Utilization Schemes of RBE Based on ESS
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Critical Utilization Schemes of RBE

B Utilization Schemes of RBE Based on Energy Feedback Technology

Energy Sharing of RBE
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Fig 3. RPC and its derived topological configurations. (a) FT-RPC; (b) HT-RPC; (c) TW-RPC



Critical Utilization Schemes of RBE

B Comprehensive utilization type

MMC Based on Energy Storage Structure
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Fig. 7 Traction power supply structure of
a typical four-branch MMC
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Fig. 8 SM topology structures.

(a) Half-bridge structure; (b) Half-bridge
structure with battery unit; (c) Full-bridge
structure; (d) Full-bridge structure with battery
unit; (e) SM with energy storage device



Critical Utilization Schemes of RBE

B Comprehensive utilization type

Overall Structure of the Traction Power Supply System
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Fig. 9 Traction power supply structure for the comprehensive utilization of RBE



Critical Utilization Schemes of RBE

B Comprehensive utilization type

Category Advantages Disadvantages Cost Efficiency Application
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The Control System of RBE
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Fig. 10 Structure of the dual -layer control system of ACER



Conclusions

B This paper takes the current RBE utilization schemes as a starting
point and comprehensively analyses train operational scheduling
optimization, the characteristics of RBE storage media, energy
sharing methods, and energy feedback architectures.

B Furthermore, the structural hierarchy of current RBE control systems
Is explored, summarizing the development trends of both the upper-
level energy management system and the lower-level converter
control system.

B By combining specific engineering application examples, the paper
analyzes and summarizes the characteristics of RBE utilization in
current ACER systems, while proposing for-ward-looking and
feasible recommendations.





