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Fig. 6 Topology of power system for hydrogen fuel locomotive
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Review of key technologies and research trends for hydrogen fuel
cell hybrid locomotives
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Abstract: As an emerging energy source, hydrogen offers renewability, high energy density, and convenient storage, supporting its
widespread application in the field of transportation. However, compared with automobiles and ships, the application of hydrogen fuel
cells remains relatively rare in rail traffic. To accelerate hydrogen adoption in the railway sector, a systematic technology framework and
clear application orientations and development directions are urgently needed. This paper begins with a statistical analysis of domestic
and international literature by publication year and development direction, and compares performance parameters of hydrogen-powered
locomotives from industrial developments worldwide. Next, key technologies of onboard hydrogen systems are introduced from three as-
pects: hydrogen fuel cells, hydrogen storage, and hydrogen system safety management, and auxiliary power supply applications are ana-
lyzed. Two integrated electrical system topologies for locomotives (centralized and distributed) and their associated converter applica-
tions are introduced, and conventional and emerging energy management strategies for hybrid power sources are examined and classi-
fied. Building upon this foundation, challenges faced by hydrogen fuel cell hybrid locomotives are analyzed across five dimensions: high-
speed and heavy-haul capabilities, adaptability to complex operating conditions, adoption of green hydrogen technologies, operational
costs, and safety, and future research trends are outlined. The paper concludes with a summary of hydrogen fuel cell hybrid locomotive
technologies and prospects for future development.

Keywords: hydrogen energy; hybrid power; rail traffic; power system; energy management
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