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Abstract: Hydrogen fuel cell vehicles (FCVs) have a long
driving range and high energy-conversion efficiency. The
fuel can be produced by electrolyzing water with renewable
energy. The FCV promotion and application will promote the
consumption of unstable electricity generated by renewable
energy, thus improving the renewable energy consumption
rate. Existing research lacks a comprehensive life-cycle
assessment analysis of the environmental impact of hydrogen
fuel production, storage, and transportation. In this study, 17
hydrogen fuel pathways were designed based on different
technology combinations, including hydrogen production,
hydrogen transportation, and electricity production. Using the
GREET software, the life-cycle environmental impacts of these
pathways were calculated. The results show that Pathways 3
(renewable energy power generation + liquid hydrogen tank
car hydrogen transmission) and 16 (renewable energy power
generation + power transmission + on-site hydrogen production)
have the least environmental impact, which are lower than those
of battery electric vehicles (electricity from the grid + lithium-
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ion electric vehicle) and internal combustion engine vehicles.
In the future, to promote the application of those pathways with
low life-cycle environmental impact, it is necessary to further
reduce the cost of renewable energy power generation and
hydrogen production by water electrolysis.

Keywords: hydrogen; fuel cell vehicle (FCV); life cycle
analysis (LCA); environmental impact assessment; GREET
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Table 1 Pathway name and code
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Fig. 1

Research framework
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Table 2 Vehicle parameters
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Table 4 Index and weight of environmental impact assessment
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Fig. 2 Energy consumption in different pathways
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Fig.3 Water consumption in different pathways
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Table 5 Environmental emissions in different pathways
¢/Hkm

VOC CO NO, PM,, PM,; SO, CH, N,O CO,

FCv-P1 03 07 O 07 03 10 10 0.1 3.7
FCv-P2 04 1 0 07 03 10 10 0.1 39
FCV-P3 0 0.1 03 0 0 0 0 0 0.1
FCV-P4 0 10 20 10 0 110 60 0.7 43.7
FCV-P5 0 10 20 10 0 110 60 0.7 439
FCV-P6 0 10 20 10 0 100 60 0.7 404
FCV-P7 10 0 0 10 0 20 30 01 20
FCV-P8 10 0 10 10 0 20 30 0.1 20.1
FCV-P9 10 0 10 10 0 40 40 02 281
FCV-PI0 0 0 0 0 06 10 40 0.1 26.1
FCV-P11 0 0 10 0 06 10 40 0.1 27
FCV-P12 O 0 10 0 0.7 0 60 0.2 37.6
FCV-P13 0 0 10 0 06 10 20 0.1 137
FCV-P14 0 0 10 0 06 10 20 0.1 139
FCV-P15 0 0 10 0 0 30 30 02 203
FCV-P16 02 05 0 05 02 10 0 0 2.7
FCV-P17 0 10 20 10 0 100 60 0.7 42.7

ICEV

. 20 170 20 0 0 100 30 0 253
-gasoline

BEV-LIH 0 0 10 0 0 5 30 03 188
(s R PCOARMR Ay kg / Fkm)

AR, FCVEAR A PR HEROFAS A T 5k
4 FICEV .BEV, X FIFCVE&42 1y B S & Ak =
T K. ICEVIESAR MY F a5 Ye W HEicE = il an
CO. CO,. NOMVOC, 4Ffi5YHEm =170+
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Fig.4 Environmental toxicity in different pathways
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Fig. 5 Energy consumption, water consumption, and
environmental emissions of different pathways
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