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Life-Cycle ASSessment and Key Paraxneter Comparlson of Hydrogen Fuel Cell Vehlcles

Power Systems S A S\, e '
CHEN Yissong, IAN Lidbo, HAO Zhuo, FU Pki"| /) 5 ' .f | a ! ‘
(S('hool of Automobile, Chang'an University, Xi'an 710064| China) /| A

Ahstl‘aﬁt Hydrogen fuel cell vehicles {(HFCVs) are tegarded'as potential so]utwns tosthe problems of enelg\ security and environmental pollution. To explore the energy
consumpuon and  polltant emissions of fuel cell vehicle power sy sleméf data | 1nvgntones of an HFCV power system were established, and quantitative evaluation calculations
and predlctlon analybls were.carried out for fuel life cycle energy consumption and greenhouse gas emissions of Chinese fuel cell vehicles in 2030 based on the technology
roadmap for new energy vehicles by modeling with GaBi software. The effects of different types of bipolar plates, different energy control strategies, and different hydrogen
production methods on the environment were studied, with uncertainty analysis as the key parameter. The results showed that fossil energy consumption (ADP; ), global
warming potential (GWP, CO, equivalent) , and acidification potential (AP, SO, equivalent) for the HFCV power system in the fuel life cycle were 1.35 x 10° MJ, 9108
kg, and 15.79 kg, respectively. The energy consumption and greenhouse gas emissions in the production of the power system were higher than those in the use stage, mainly
because of the fuel cell stack and hydrogen storage tank. In the manufacturing process of metal bipolar plates, graphite composite bipolar plates, and graphite bipolar plates,
graphite composite bipolar plates had the most comprehensive environmental benefits. Optimizing the energy control strategy will reduce hydrogen energy consumption. When
the hydrogen energy consumption was reduced by 22. 8%, the life cycle energy consumption and greenhouse gas emissions of the power system were reduced by 10.4% and
8.3%, respectively. For life cycle power systems, the use of hydrogen from electrolysis operated with water power reduced the GWP by approximately 39. 6% relative to steam
methane reforming. In contrast, the application of hydrogen from electrolysis operated with the Chinese electricity grid mix resulted in an increase in GWP of almost 53. 7%.
Measures to reduce fossil energy consumption and global warming potential in the life cycle of fuel cell vehicle powertrains include optimizing energy control strategies to reduce
hydrogen energy consumption, scaling up the hydrogen production industry using water electrolysis for renewable energy power generation, and focusing on key technologies of
fuel cell stacks to improve performance.

Key words; hydrogen fuel cell vehicle (HFCV) ; power system; life cycle assessment (LCA) ; key parameter; fossil energy consumption; global warming potential (GWP)
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A T R PR Pr/CORLEAL ), 95 [EHAE U 5
9 2020 4 - Pr 2B 19 & wH fal ol 125
g kW1 kB ] B 2] 2020 4R R4 R 618
W 0.1 g-kW . 2% [k etk B A Sk AT g
S R PT A SC % B 2030 4 1 TG JE gk
$7.0.08 gp kW~ AL BRI fh T A R
J%’Péﬂ:%ﬂ)%}ﬂ—’Eﬁﬁﬁfé#ﬁiﬂﬁmﬁi“‘”, KU AR
VAT 1 0 55 UM B B AR AL 5
BRSOk S 12000 42 I R A Y
itk 43 g, AR R RS EAER S
B i
2.2.2 fififigri

F H 18 Mirai #528192 1. 6 kW -hi#) Ni-MH
HLL, 2020 4F & A7 A5 AR Mirai 525 04 J2 21 L .
AW RE MRS N 1. 6 kW -hR i i, B it
740 kg, HAAWE .27 SCHR[ 37 ~39].

2.2.3 BOP

BRRH LY BOP i HL 28 S8 A0 46 25 SR 4R AL A
HAE I E SIS HZ I 25 B RS
SEGEF. SCHR S T8 % BOP S/ 75% R ZE Tl BOP
(TEHT R A E0) F125% A5 BY BOP( HLF-7%
F) ¥ ). SCHR[ 6 ]85 BOP Ay R 35 ke. M T
N BOP W3 BMELLARAS X055 k[ 5], 5
SEURRIE T GaBi 34, i BOP BT & 4y 35
kg.

2.2.4  ffEE

o He i UE A IV BN, R 1 70 MPa, >R = )2
SR SCHR 6 1Rt SURE ) BTy 117 kg, )
M 35 MPa, BREFHEM IR IE S FRGEM 1V BUR, JFERL
JE 3Mr v TR At 280 T 280 %5 S RE R 4T T % HE AR
SO it 0 E TRl 75 kg, ELIAR T B S 2 Sk
[8].
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Table 2 Material inventory of hydrogen fuel cell vehicle power systems
AR AR ML 5 B SCHR 2R A RHE H B SCHR
S R 0.75 kg i 0.69 kg
K 0.75 kg B 0.04 kg
N HLAE 1.15 MJ HEER O 0.15 kg
ﬁit?ﬁ e 0.71 MJ (6] BOP(1 ke) 24 0.08 kg (5]
U=t 0.57 kg i 0.03 kg
R 0.43 kg HoAth 0.01 kg
RN 1.37 kg kil 0.16 kg
P 0.05 kg & 0.79 kg
SEPEE RMRZED 0.10 ke OOLAIRE oy o 0.01kg  [35,36]
) [6,30] | (1 kg)
(1 kg) A Al 0.90 kg B4 0.04 kg
HiRE 3.58 MJ AT REIR I AED —
P/CY 0.06 kg TRLT 4 0.60 kg
B 0.09 kg W IE 0.24 kg
P A= Nafion DE-521 0.72 kg S IR 0.04 kg
HERRD (1 kg) 7K 0.06 kg L6 (1 kg) YLt 4 0.04 kg [SJ
I 0.06 kg LS Y 0.07 kgrei==" .
e 833 MJ e LS 0.01 ks gEd
5 A4 0.07 k§ TR B 0.2k S
IS FR B SR 0.84 kgt (6] | RACHE, 0.07kg S #
(ke LR 0,09 kg SO wapl o om0 )
HLRE " 1.70 Mi fgfE L SR 0.10 kg Lﬂ30 3ﬂ7~"'~ 3-;2‘;]
B | BRI " 1.00 kg - :---"'“{6-1 (Tke) [ W RPHE ) | 0.06 kg P
~ (1K) | i s = poEEal 4 02k Cd -
SR | TS , R
Gkg) ' “ To.sk v & F AL 267TM] g % &
T B0 kg, I L4 o 4
‘ ?%ﬁif)i Wi TR 2 ik /30 ..]i(g"d /16 J F
g T Wi 22.20'my - '

D) Tl | o) B KW B st AR 0 434 1 MO CORILHRAD. 261 kg 00 HALASH 0. 265 ke O BT 0. 302 ke B3 5T FT 41
653 DU 245 O AE GaaBi KR PP AT BRI S IR 4) 277 0.9 kg BT AR B IHE 0.9 kg OB PN 8. 7 MJ AR i
235.87 MJ HIHLAELS) ;5) 26 1 g PU/C FETNHE0. 6 MJ BYHLBERI0. 09 MJ HIHARELC) 56) 427 1 kg BBk ZENAE 0. 697 kg MUEEAI3. 370 kg 1Y
THEDST 7 ) B HL) ™ A s A A7 S VR T RE R B (v ) o 1 kg kW 1 AR P2 B LR B HE 59% RN 329% (¥ HLAED!

2.2.5 HIHLAHEERIT

HL LA 32 AT AL H5 DC/DC B g M 5h 1143
BeFas il B oC A S5, FAILT 2Ry 80 kW. FELAILAITHL 4%
BT SRR B2 SOk [ 35 ], AR SR L BIL AN
HL 4 BAITHY B Bl 50 kg.
2.2.6 filiEREEIHFE

AR ICEEXT HECV 3 71 R 48 2030 4F 1Y A i JH
TR e ARCEIN DRI Okt o 1 A B 1 FEL BB ) T RN L
TSR 1] 2030 4F (5 HL Sy 2548 . AR SO 2 i A
2030 AF [ HL 25k 3 TR
2.2.7 AL

X HFCV 311 R G2 Be B Be i 8l , A~ 02
NN AP 58 R o0 B KPR A 25 B L B 5, 9%
BRI R ERRIRIE AR H R SR RS
FUERE LR Prklitiz A5 R0 2 0] A9 e 4 25 A%
TEERE . T RGBT EIR A
AR BE TR AETE B384 H BTl 380 ke.

*3 FEBAEN/ %

Table 3 Chinese electricity structure/%

CiWIE 3 2021 4 2030 4E
AN 71 48
pINGE) 15 18
B 3 8

Gtk K 2 11
JAHL 4 14
HoAtb 5 1

2.2.8 fl AR

SRR YR B R G B S % R
LREMTHFE, IR E NAMIFSY , B4 T B A B SR
(R, IR 2 FFR.

FEF SR [ 1] R BT [ 2030 4 SR Tt I
MEAPELGE TH TR E A BRAFERN 0.8 ke,
T A1 850 kg, AL A E T EKA T
GaBi $4 1%, B8 b i) &L RE AR PR FH Z M R IR
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Table 4 Electrical and thermal energy consumption of power system assembly/MJ kg ~!
AR THFE2E Y 25 S E T RGN g YrkHRiE SRz R R AR
CERT 2.18 — 0.45 0.61 0.90
%1 — 2.03 — — —
12 2 ik (23] 3.2 fLAREIRIAAE
- os Y JRR e b A % R P el WL ATl T
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Fig. 2 Comparison of hydrogen consumption per .

100 km at home and abroagl‘ [ X !
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Table 5 Characterization results of the life cycle environmental

impact of power system of hydrogen fuel cell vehicles in 2030

s ADP, ADP; GWP AP
JERRH el b A A 2.70E-03 25500 1960 4.97
fBREHR I 1.47E -03 6010 445 1. 46
BOP 3.35E -03 1510 104 0.55
fitt U 1.57E-03 31000 2540 5.39
RALMAERAIE 3. 18E -02 4910 335 1. 80
RYHN 1. 10E - 04 3090 294 0.63
FRBHHFE 1.42E-04 63400 3430 0.99
it 4.11E-02 135420 9108 15.79

% 5 R 01,2030 4E HFCV 3 17 £ 40 4= i J& 40
) ADP, . ADP, GWP Fll AP 434 0. 041 kg 1.35
x10° MJ . 9 108 kgfll 15.79 kg.

Sk BRCY a1 7 5 2030 42 - i T

TLX B F G U R PR A A
gwxEz. | O ]\ (& g
3.3 FRERHERCEN | | ol ™
th 2 S/l T ) A 7 e L
GWP 5 384 kg,lﬂgfﬁ% T8 I B AR o
0 GWP, Sl M R
HI B B TR el W B e 2 RO
VL) SRR i LS M 36% i 47% . i AT
FAIG B SRt P F 2 BEAR G A R AR, [ b
P HE RSO BEHE R, 5006 LR ] ) 007 2 9 Bk
ASHEHHEL, AR B 0 ) 07 K6 HFCV )
1RGSR i L) G R A L 2
e 5 AT, R e i R AL AP
14. 17 kg HRFHL MM S 02 77 2 T
AL CH, JCri R P 1 6
P TR . PR MG BR T 4
P2 A A O i 1 o

wit.
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IY SR T X FEIF ST, < s U A B B
SR 5 ], A7 =5 BUBRA A A7 85 52 5 XU Al B9
Bnig 2% 3k 6], HAAH L ILEL 6.
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Table 6  Material inventory of different bipolar plates

WU A7 A EHE 1l

54 0. 86 kg

BN 0. 86 kg

e AR 0.02 kg

VaE ) 0.02 kg

HLRE 22.20 MJ

i 0.70 kg

ABES FWR 2 AT 0. 30 kg
HLRE 22.20 MJ

f 0.83 kg

P Wit R 2, )i 0.15 kg
BRET 4 0.05 kg
HLAE 22.20 MJ.

1) TRl 1 kg / __,5:-“-
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Table 7  Characterization results of environmental

impact of different bipolar plates

WU B A 7 ADP, ADP, GWP AP
K 2.77E - 06 71.6 7.07 0.0152
fREA 4.20F - 06 69.5 4.38 0.009 5
i 3.27E - 06 78.2 5.28 0.0118
1) THBEEAAIN 1 kg
4.2 AlRlRERE PR NG
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Fig. 3 Fossil energy consumption of power system

based on different scenarios
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analysis of component mass
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Table 10 Global warming potential comparison of different research results
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