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Abstract: Fuel cell heavy commercial vehicles (FCHCV) have broad application prospects in reducing transportation carbon emissions,
but whether they are environmentally friendly still needs to be studied. In order to accurately measure the environmental benefits of
FCHCV compared to diesel heavy commercial vehicles (DHCV), based on the theory of life cycle assessment and the ‘Roadmap 2.0 for
Energy Conservation and New Energy Vehicle Technology ’, a prediction and evaluation model for material consumption, energy
consumption, carbon emissions, and pollutant emissions of FCHCV based on different hydrogen energy paths and diesel heavy
commercial vehicles (DHCV) is constructed for the year 2035. The model scientifically quantifies the life cycle environmental impact and
energy-saving and emission reduction potential of FCHCV based on different hydrogen energy paths compared to DHCV. A data list of

material flow, energy flow, and discharge flow for FCHCV and DHCV was compiled and constructed. The data list was calculated using
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GaBi software and CML2001 method system, and the results of life cycle environmental impact prediction were compared and analyzed.

The results show that the current life cycle material consumption of FCHCV is higher than that of DHCV, mainly due to the high material

consumption of lithium batteries. FCHCV based on the photovoltaic electrolysis water hydrogen production path has good energy saving

and emission reduction effects, and low negative environmental benefits. By 2035, the life cycle fossil energy consumption, carbon

emissions and acidification potential of FCHCV based on photovoltaic electrolysis of water for hydrogen production will be 41.78%,

79.09% and 55.30% lower than DHCV. However, the life cycle fossil energy consumption, carbon emissions and acidification potential of
FCHCYV based on hybrid electric electrolysis of water for hydrogen production will be 56.80%,10.47% and 45.01% higher than DHCV.

Therefore, FCHCV based on renewable energy for hydrogen production has great potential for energy conservation, emission reduction,

and reduction of negative environmental benefits in the future. However, FCHCV based on hybrid electricity for hydrogen production has

less competitiveness in energy conservation, emission reduction, and environmental protection compared to DHCV in the future.

Keywords:hydrogen fuel; diesel oil; heavy commercial vehicles; life cycle assessment; environmental impact; scenario prediction;

hydrogen energy pathway
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B 1 FCHCV 5 DHCV EEXLE3ILE
Fig.1 Comparison diagram of FCHCV and DHCV actual vehicle

%1 DHCV 5 FCHCV EARHFESH
Table 1 Basic characteristic parameters of DHCV and FCHCV

SRR DHCV FCHCV
FEREXTEEEEEE  7.06 mx2.55 mx3.98 m 7.06 mx2.55 mx3.98 m
R 8.8 9.0
2| M 40 40
i A /(km/h) 110 110
SR Hl, Tt 851 2 ) R W 162
BV /(KW -h) 117.1
LB (R D) 2 /kW 360
R BHLERSi H DHEW 390
SRR A /h 30 000
HA BLARE TN FE R b
[kg/(100 km)] 14.91
PRI Z 5/ [L/(100 km)] 40
IR BhRLEE/ C =30

H: 1)14.91 kg/(100 km) {83 49 t A% 5| Z20E C-WTVC Z 5075
BT I 2 R

FCHCV 5 DHCV 1y 4 fiy J& B A 45 I 4 k3R
B, il 2L | G817 0 F AR A1 4 A4~ B, 43931
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(ADP(e), LA Sb-Eq it, H47 K ke, ¥ iR 58— %

1.2
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Yot — 5L 5 TR AL A (AP, UL SO-Eq it, BN
kg), LA KK & B SR AL (E (EP, LA Phosphate-Eq 1,
AR k). kIS5 T E (POCP, LA Ethene-Eq i,
AR kg) AN FHWEE (HTP, DL DCB-Eq it,
1A kg). TGN 48 2 ad Ak 4 7= 5 T e s S sk
FRAE, (e SR BE R IR R B AR B R 2.0) B &
AR R Tt B FH 4 31 2025 4F A9 4L 7 54 A 40x10° km,
ARHFFE B FCHCV 76 H [ T332 47 40x10* km, &
GEih Bkl 2 .
1.3 THPEm A
1.3.1 P 5

AR5 IT FCHCV KL AR L REH, 2%
Clfe 5Bl A R BE 21K 2.0) F(Hh [E 2030 4F G
P51 R R RIAIFSE B 2060 4F B )45, e AW
S HEPRENERER . A5 A L ARz A
71 45 A0 A5 A DR 2 AR A T ) 2035 A5 19 045 . AR
I Re SR RE R G BOR BRI 2.0) B 221
S AR B R AT, B 2035 4F 8RR 4 AR 2
Tk 10 kg/(100 km), 4% 5| 7442 AR (b R4 5
15%, DHCV [ i ¥& [ K 25%, % %5 B & A% 13%,
FCHCV 4 # S a3k 2 frk.
1.3.2 FpEM AR

AR I HE T 2E 4 B Ae B A 8 S b0 1 fy
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Fig.2 System boundary
%2 FCHCV HmniEs
Table 2 Predictive scenarios for fuel cell heavy commercial vehicles
gy OARSER  RSIEHEERR S Rk Nmf) AREEH HLIS o5 EL/%
[kg/(100 km)] ACER % ikt ZREFEFLE/(KW h) i M Kd Rl Bk Kl Hflh
2022 14.91 — 9.00 4 HIERE 71 15 3 2 4 5
2035 10.00 15 7.83 3 HHEH 40 12 9 17 19 3
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M| YR G LT 3 oY Frec: i'X a X a/5x 2
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A 0 0 BB A i i AL TN 15 my 9 IRAR SR
AR E e j Rl T B B, ke f,y AR
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e gy A LRGSR | ARG j R4
FHRE I 72 A A B HE R 4 i, kg/kg; gy M i 2 B f57
PUAAS DGR PR R AR = A Y A
WCE R, kg/kgs gs 9 AR B S B S T 7 A Y
HECE B, ke/kgs s 5 QeI HERL Y TP R EG g N
WRJE AL Sl ST I AR AR AR Y 4, kg/kgs Gree
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k n k n
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i=1 j=1 i=1 j=1

A poy A LRGSR § AN RGRAF R j R4
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PR DGR PE A R AR T HERL A 5
Y24, kelkgs pyy oA AR AL S B S BT HE R (4 75
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15U 25, kg/kg; Proc JIARE T BE TS Y M HE
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K, pa, RN 42 8 a s 2 v BT HE L A TS YL
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1.4 HHRSHT
1.4.1 A RHREUS B

ARHFFEH FCHCV J 43 A e ath o 122 i
SURET | R Y B LS E s e R A
Z4t (Balance of plant, BOP)™ %= B P22 Ay e 4 1)
£ &R, ¥ DHCV R4y R & shil ., AR lide . 4= B AU
B U Ay MR A S MR A, FCHCV Lt HE A%
it EUHE, B, AL S s T iR R 4L
BB AR S B S i 4.1%. 7.6%. 6.5%.
1.0%. 2.7%. 30.19% F 48.0%, ¥ 73 71 75 sAR R
B2, 2022 4E 1 2035 4E FCHCV 3l 1 £ 48 B 0 o
w3 3 fion, 22 G AU EEWRE A% 4 JT7/R. DHCV
L. AR . A B RS0 TR &7 AR 10.3% .
5.7%. 30.7% 1 53.3%, HARBHEE A0 3% 4 PR,

(8)

(4)

E. = 2 2 Zsl [(m; X ) s X (€4a) 53]

S, ey Hy A R TR a3 o 7 T 4L 1
JEaE, MlJ/kg.
BRHERL LCA TS (Gres) N

X (82, ] FAX Q1 X L+100 + 7 X [(g311)1x5 +(€321)1x65] + Grec

(5)
wm= (6) k.

G = Zk: 2 ZS: [ X &) s X (8aa)sxs]

K, oo BN 42 8 @ o A2 HP 7= A 0 B HE
2, kg/kg.
V5 g HE LCA i 46 f (Prca) H

(6)

X (P2ij) s ] +AX Q1 X L1007 X [(P311) 15 + (P321)1x5) + Pree

(7)

1.4.2 il R B B

7 LB 3 2 R 0 BT ke Y RE VI AE, H AT TR
HL g DAREE O 32, 2 PRI SCRR A Il 44, Bk 3k [
H 7 SR PR R R A HE 71%, K 1R 15%, 1 BE
K 3%, YR & HLY 2%, , R & LY 4% DL H:
ki T3 5%. 27 SCHR [19-20], 158 FCHCV
ZE S T B ) FL e RN A BE T AR 43 A 6.86 FT 2.03
MlJ/kg, DHCV #& %=1 it % e B Be L BE A AR BB VH B 20
)k 2.82 F1 0.84 MI/kg.
143 il HE

FCHCV iz 47l P Bt 32 2855 8 A IHAE It ok
(R PRBERE I, S RE B AR (AN [ RN ZE 30 1) 38 A TR LR 25
S M 2 ol FH el AR ) SURE T FE. H TR O R R A
BEEUM A", A IT H 2 sk SIS S0 &
HRAE CEURE Pl & R P R (2021—2035 4F) )]
M, AT PR BRI SR % G RE VR I AU DS FCRRA AL . A
H A&7 H R (carbon capture, utilization and storage,
CCUS) ZAKRY & Ty ], R BE U S Ah . F e 2
H TR T L K DL ROGAR H A K SR A AR
J7 ARK AT = AL T, TR 14505 % 3 24 1
L 45, st 25 Y AT A R sk X ——
R R B . BT SCHR AR S JE A 7, 4 Rl
REFRAR T 1 kg M A A I REAE . B HERORTTS gL
YIHERCRAN SR 5 R,

DHCV iz 17 fiff I B B 3 %3 5% 18 42 T FE 483 )
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3 2022 5702035 &£ FCHCV s h RGaiEH R
Table 3 FCHCYV powertrain data list in 2022 and 2035

e FhERI AR o ] AR
20224 20354F 20224 20354
S 227kg 1.96 kg bl 167.67 kg 145.87 kg
7K 227kg 1.96 kg oG sh 9.72 kg 8.46 kg
e 3.48 MJ 3.01 MJ RO 36.45 kg 31.71 kg
JaF 34 e 2.15MJ 1.86 MJ BOP LI 19.44 kg 16.91 kg
PUFR 2 9 1.73 kg 1.49 kg BRI 729 kg 6.34 kg
R 1.30kg 1.12kg
. 415 ke 355 ke i 243 kg 2.11kg
oL 16.82 kg 1.57 kg i 14.40 kg 12.53 kg
- %mﬁ;iﬁa 33.63 kg Bdake | ot %ﬂ 71.10 kg 61.86 kg
B SAYEUR e 302.70 kg 28.24 kg rkam® 0.90 kg 0.78 kg
HiBE 120406 MJ 11232 MJ i 00 ke ke
AT BEVRI #ES) — —
?ﬁgﬁ) %Eﬁﬁf%1tﬁu4> 0.23 kg 0.20 kg ﬁﬁ%f?é’ﬁ 41040kg  357.05kg
R 0.35kg 0.30 kg HEM NG 164.16 kg 142.82 kg
. Nafion DE-521 2.80 kg 242 kg fifi SUE HERZN 2736 kg 23.80 kg
A= X
K 0.23 kg 0.20 kg g A 27.36 kg 23.80 kg
PR 0.23 kg 0.20 kg SRR O 47.88 kg 41.65 kg
e 3437.08 MJ 2 800.06 MJ FRIEIR 6.84 kg 5.95kg
A g 506.03MJ  436.98 MJ BERRR A 128.70 kg 111.97 kg
Vo i K 42.59 kg 36.79 kg KA 40.95 kg 35.63 kg
5.54 MJ 478 MJ 239.85kg  208.67 kg
an w ek WRel e R S
fE 163.67 kg 141.48 kg RN 70.20 kg 61.07 kg
WA AR &R Mg 22.0kg 60.63 kg HoAth 11.70 kg 10.18 kg
FHL B 5143.82MJ 4 446.38 MJ HRE 2.67MJ 1358.90 MJ

TE: 1)1 KW RO0RE L AR 1,434 kg FXURRAR . 0.261 kg (¥ HI7I 2 H | 0.265 kg B FEIR A 0.302 kg (AR 2 P2, 2) B DU 2 1 i3
HTE GaBi BUREPETT AT, SRR 20 3) A5 0.9 kg BREFZE T S04 4E 0.9 kg IR PIMNE . 88.7 MJ #4ARFN 235.87 MJ (4 Ha g2,
4) 71 g SRR AL F TR HE 0.6 MU B HLAEFN 0.00 MJ FUBAAER2). 5) A7 1 ke HOBRIIAS ZEIS AR 0.697 ke FIEKAN 3.37 ke ROREAEES],
6) HULT A A0 AR VRIS RE SR BE S 277 1 kg BRIAEIE T O T v RE, 2577 P WL BEI AR 59% BOMLAN 329 i r AP0,

R4 2022 ££70 2035 &£ FCHCV FHKE . DHCV R REREN BHHETE 2
Table 4 FCHCV body chassis and DHCV raw material acquisition stage data list in 2022 and 2035

R i F &t /kg
] Ay A — : ~ X
g G ik il B T Py EE LT Y iy Hith
r5 1861.08 21.67 51.47 2.71 178.79 47137 121.91
2022
ik 3555.36 43.20 272.16 99.36 181.44 142.56 25.92
FCHCV
2035 L 1619.14 18.85 44.78 236 155.55 410.09 106.06
S 3093.16 37.58 236.78 86.44 157.85 124.03 22.55
KL 330.94 389.34 114.02 9.27 41.72 41.72
ALY 153.90 153.90 153.90 25.65 25.65
2022
55 1898.18 22.10 52.50 480.76 306.69
ik 3947.93 47.97 302.21 110.33 201.47 158.30 28.78
DHCV =
KL 281.67 331.37 97.04 7.89 35.50 35.50
AR 130.99 130.99 130.99 21.83 21.83
2035 .
iy 1615.56 18.81 44.68 409.18 261.03
A% 3360.13 40.83 257.21 93.90 171.48 134.73 24.50

e T B> 2035 4242 B4 MR) A7 EL TN EHE, 2035 4R 45 5 A RHE S5 (I RE SR BE IRV G- AR K2R 1R 2.0), BIAJFORTRHE AR
F 2022 4F [ 13%.
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Table 5 Life cycle energy consumption, carbon emissions, and pollutant emissions of 1 kg hydrogen under 4 hydrogen energy pathways

i

ADP(fyMJ GWP/kg AP/kg EP/kg POCP/kg HTP/kg
AR A 3.31x10% 2.75x10! 1.66x1072 8.26x107* 4.78x1073 8.30x1073
SEP g SR AN ) 3.98x107 2.03x10! 2.46x1072 1.55%x1073 4.98x1073 1.20x1072
IRA R K+HRIERE 4.09x10? 3.47x10! 7.66x1072 9.75x1073 8.28x1073 3.30x1072
SR A K+ AU 1.52x102 3.21x10° 1.26x1072 9.26x107* 4.13x1073 1.00x107*

b BE VR T FE R HERC, AR 2w (AL S B 15 4

HE B K ) £ 73 (b AR S B B Y S S HE L

FRAEL LA S 225 3Cik [21] 13 210 S % {8, Lt Gabi

1 CML2001 77 7 i 53, 75 30 S8 3 Rk A 7= A fel

A HECE (L3 6).

* 6  ZEURTIR BN B AT HOSE BRI 7E A R E R AR
EHBH B RS RS

Table 6 Carbon emissions and pollutant emissions
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Table 7 Energy consumption and recycling efficiency of

traditional component material recycling

R AL FLREAE/ (kW -h) [ R /% BRI AL B %

during the production and use of diesel fuel kg

W 423 75 25
BB GWP AP EP POCP HTP o

el 0.80 46 54

seyl e 1681070 7.63x107% 7.6x107° 1101074 2.86x1072
Bk 224 80 20

SR 1.64x100 2361073 6.23x107* 1.92x107* 5.71x1073
- 0 3 - - =) ki 9.54 90 10

Mt 1.81x100  3.12x1073 7.00x107% 3.02x10°* 3.43x10
BB 37 63

1.4.4  FJZ DI B

2 1 i o Bt 32 B2 2% R A R 2 SR R B
WS T 2R R B4 @ AR RN ™ A A B34 2% th T
MHT FCHCV Ab FrR iz E B, BN A 3R
R /Y FCHCV. A, A58 FCHCV 144 [Tl
2 A S AL G R IR A AR R SRR, S A
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2 #ER5ite
2.1 TigE R
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Table 8 DHCV life cycle assessment results for 2022 and 2035

A0 BB ADP(e)/kg ADP(f)/MJ GWP/kg AP/kg EP/kg POCP/kg HTP/kg
I 5.82x107! 3.43x10° 3.13x10% 1.14x10? 7.83x10° 1.23x10! 1.02x10*

1 1.25%x1073 2.34x10° 2.21x10* 4.81x10! 6.29x10° 3.23x10° 9.57x107

2022 m 0.00x10° 6.80x10° 7.23x10° 1.25x10° 2.80x10% 1.21x10% 1.37x10%
\Y —4.97x107! ~1.41x10 -1.28x10* -5.35x10! -3.22x10° —6.48x10° -5.13x10°

Bt 8.62x1072 7.24x10° 7.64x10° 1.36x10° 2.91x10% 1.30x10? 1.98x10%

I 5.16x107"! 3.04x10° 2.77x10* 1.01x102 6.94x10° 1.09x10! 9.04x103

I 1.11x1073 2.07x10° 1.96x10* 4.26x10! 5.58x10° 2.87x10° 8.49x102

2035 m 0.00x10° 5.10x10° 5.42x10° 9.37x107 2.10x10? 9.06x10! 1.03x10%
\Y —4.41x107" -1.25x10° -1.13x10* —4.74x10! —2.85x10° -5.74x10° —4.55x10°

Hit 7.64x1072 5.49x10° 5.78x10° 1.03x103 2.19x10% 9.86x10! 1.56x10%

mi2¢ 8 Al UL, AH b T 2022 4, 2035 4F DHCV 4
4 i &3 ADP(e). ADP(f), GWP, AP, EP, POCP A
HTP 73 B FEAR T 11.36%. 24.17%. 24.35%. 24.26% .
24.74%. 24.15% F1 21.21%, 8 J57 F 2 4 iz 1k

FoAR M A DL R Al 9 L BB 1 — A8 T 4. 2022 4F
F12035 4E LT 4 R A RERX A2 A FCHCV 4 A= fir J& 1
TN EERANER 9 FoR, iE—20 0 B PP 15 2] R A BEER
TR B A5 B 4 A A AL VTP 25 2R (W3R 10).
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Table 9 FCHCYV life cycle assessment results based on four hydrogen energy pathways in 2022 and 2035

Ay AR ADP(e)/kg ADP(f)MJ GWP/kg AP/kg EP/kg POCP/kg HTP/kg
AR 2.86x107! 2.05%107 1.71x10° 1.16x10° 6.84x10! 2.97x10? 2.21x10*
F b 2.86x107! 2.45x107 1.28x10° 1.63x10° 1.12x10? 3.09x10? 2.23x10%
2022 Y 1 3 2 2 4
TRAH T HLfR K 2.86x10~ 2.52x107 2.14x10° 4.73x10 6.01x10 5.06x10 2.36x10
Sk HLfE K 2.86x107! 9.85x10° 2.63%10° 9.17x10? 7.43x10! 2.59x10? 2.16x10*
AL 2.61x107! 1.34x107 1.11x10° 6.90x102 4.82x10! 1.37x10? 1.86x10%
b i 2.61x107! 1.61x107 8.23x10° 1.01x10° 7.70x10" 1.45x10? 1.88x10%
2035 ]
TRA L HL AR K 2.61x107" 8.61x10° 6.39x10° 1.49x103 1.90x10? 1.70x10? 1.86x10*
AR LK 2.61x107! 3.20x10° 1.21x10° 4.61x10? 4.54x10! 1.05%102 1.84x10*

Fz 10 2022 £70 2035 £ FCHCV EMPEREM R &R EFLEEGRABHIEMER

Table 10 Evaluation results of FCHCV raw material acquisition for various components in 2022 and 2035

A0y B ADP(e)/kg ADP(f)/M]J GWP/kg AP/kg EP/kg POCP/kg HTP/kg
SR R b AR 4.42x1073 6.45x10* 5.25x10° 1.28x10! 1.45%10° 9.53x10"! 2.56x10°
L 2.39x10! 6.99x10% 9.47x103 3.38x10! 1.71x10° 2.10x10° 3.04x10°
fgE 7.84x1073 3.60x10° 3.09x10% 6.53x10! 9.08x10° 4.73x10° 1.40x10°
EERS RS T 4.77x1072 1.02x10* 1.03x103 4.80x10° 3.05%107! 3.71x107! 5.41x102
2022
BOP 2.32x1072 1.04x10% 7.16x102 4.10x10° 1.89x107! 2.13x107! 1.44x10*
iy 1.98x107! 6.67x10% 5.98x10° 1.90x10" 1.13x10° 2.42x10° 9.07x10?
J/icPEs 3.25x107! 1.32x10° 1.07x10% 3.22x10! 2.57x10° 4.44x10° 1.66x10°
it 8.45x107! 7.14x10° 6.40x10% 1.72x102 1.64x10! 1.52x10! 2.45x10%
R L Tt AR 4.83x1073 4.19x10% 3.20x10° 8.30x10° 8.78x107! 6.38x107! 2.19x103
AR 2.08x107! 5.14x10% 7.34x10° 2.75%10! 1.24x10° 1.70x10° 2.62x10°
ik e 1.30x1072 2.24x10° 1.83x10* 3.88x10! 5.47x10° 2.91x10° 9.74x10?
LS R RIT 4.15%x1072 8.25x10° 8.34x102 4.05%10° 2.48x107! 3.14x107! 4.69x10%
2035
BOP 2.02x1072 9.05x103 6.23x10? 3.57x10° 1.64x107! 1.85x10°! 1.25%10*
iy 1.72x107! 5.80x10% 5.20x10° 1.65x10! 9.83x107! 2.11x10° 7.89x102
Jif 2.83x107! 1.15x10° 9.31x10° 2.80x10! 2.24x10° 3.86x10° 1.44x103
it 7.43x107! 5.07x10° 4.48x10* 1.27x10? 1.12x10! 1.17x10! 2.10x10%
22 GRS .
R P 25 S, FE 5 40 BT T 2022 4F R 2035 4F osl
DHCV., FCHCV 1 4= 4= fir J& 101 b1 ) 95 J50 31 ¥ 2 £
T \ . L 0 L
(ADP(e)] . tbAREVEIIFE R ADP(f)] | BRHEH A1 3 @ M N M
7 > 0.5
PP HEL
Mol Y2 a2 =X -1.0 L L
221 MRPEFEIEFER DHCV FCHCV DHCV FCHCV
2022 4E il 2035 4E DHCV. FCHCV {4 4> 1= 4y J 20224 20554
ol Y e e L - £
%*j*’lﬁﬁ(ﬁ*%E[ADP(e)]ﬁﬂ@ 3 FJ?/T\‘ EEE] 3 EID—LL, ] SRR B [ e
2022 4% FCHCV 1) 4= A= iy Jil 1A B4 L 5% U5 #6 &2 2 g K I B
DHCV 1 2.3 fif, FZ 5K JE FCHCV 19[4 R R B B3 2022 £50 2035 &£ DHCV,FCHCV M 46
B B ) B4 R 9% R 7 #E & B B & T DHCV. 2] 2035 B EEE RS (ADP(e))
4F, DHCV #l FCHCV 1Y #4 Ak 9% U5 T #E 12 20 50l B AIK Fig.3 Life cycle ADP(e) for DHCV and FCHCV in

11.36% #11 8.74%. 2022 and 2035
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Fig.4 ADP(e) of various components during the raw
material acquisition phase of DHCV and FCHCV in
2022 and 2035
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Fig.5 Life cycle ADP(f) of DHCV and FCHCYV in 2022 and 2035
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Fig.6 Life cycle GWP of DHCV and FCHCV in 2022 and 2035
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Fig.7 Results of life cycle pollutant emissions from DHCV and FCHCV in 2022 and 2035
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