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conservation and emission reduction
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for energy conservation and emission reduction
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Table 1  Self-detection system and auxiliary detection system
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Review of technology elements for life-cycle energy conservation
and emission reduction of railway locomotives

ZHU Dan', FU Xueguang', GAO Hongguang', LIU Jinglai', CHENG Yao’, ZHANG Lichen', LIU Xia'

(1. CRRC Dalian Co., Ltd., Dalian, Liaoning 116000, China;
2. State Key Laboratory of Rail Transit Vehicle System, Southwest Jiaotong University, Chengdu, Sichuan 610031, China)

Abstract: With the ongoing advances of green and low-carbon development, research on energy conservation and emission reduc-
tion for railway locomotives has shifted from isolated energy consumption control toward collaborative life-cycle optimization across de-
sign, manufacturing, operation, maintenance and decommissioning. This paper systematically review technological progress in energy
saving and emission reduction across all the stages. Key design technologies are analyzed, such as traction system efficiency improve-
ments, regenerative braking energy recovery, structural lightweighting, and aerodynamic optimization. Development trends in green ma-
terials and low-carbon production processes for the manufacturing stage are summarized. Energy-saving strategies for operation based on
optimal control and energy management are discussed. Health management and resource recycling techniques for maintenance and scrap-
ping are summarized. Based on this review, this paper presents a comprehensive analysis of green manufacturing and energy consump-
tion evaluation systems by examining policies, standards, and engineering practices in representative countries, and compares technologi-
cal pathways in terms of their applicability and limitations. Meanwhile, multi-energy coordinated pathways for energy saving and emis-
sion reduction are further explored, considering differences between electric and diesel locomotives in power structures and application
scenarios. Results indicate that, although technological improvements have been achieved in energy efficiency, challenges remain in
multi-system collaborative optimization and adaptability to complex operating environments. Future research should emphasize intelli-
gent operation and maintenance, new-energy power systems, and life-cycle carbon management to promote the development of locomo-
tives toward higher efficiency, lower emissions, and greater intelligence.

Keywords: railway locomotive; energy conservation and emission reduction; life-cycle; traction drive; regenerative braking;

energy management; green manufacturing; low-carbon technology
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