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Abstract Hydrogen fuel cell vehicles have unique advantages in terms of carbon emissions.
Studying the carbon emission reduction contribution of hydrogen fuel cell vehicles is of great
significance in realizing the dual goals of “carbon peaking” and “carbon neutrality”. To evaluate the
carbon emissions of hydrogen fuel cell vehicles, this paper takes a typical hydrogen fuel cell bus as
the research target, and carries out the Life Cycle Assessment of the CO, emissions from its
production, use and recycling phases, and analyzes the carbon footprints during these life cycle

stages. This paper investigates the impact of lightweight materials on the carbon footprint in the use
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phase, and focuses on the carbon emission of Pt, the main component of membrane electrodes, in the
recycling phase. The results show that in the production stage, the carbon emissions from the high-
pressure hydrogen storage tank as well as the fuel cell stack are more substantial, and the carbon
emissions from the production of the whole vehicle reach 84550.90 kgCO,eq; in the use stage, the
use of lightweight materials can reduce the carbon emissions by about 30%; in the recycling stage, in
addition to recycling the Lithium Iron Phosphate (LFP) battery as the bus storage battery, the
recycling of the body, chassis, counterbalance and Pt, all make some contribution to carbon emission

reduction, and the recycling stage ultimately can achieve a carbon emission reduction of

12308 kgCOyeq.
Keywords hydrogen fuel cell buses, life cycle assessment, lightweight materials, carbon
footprint.
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Fig.1 The main structure diagram of hydrogen fuel cell bus

5 AR o/ S NI (N B I S S R o = G o & A N1 T 2 o B | K NG I
AR B R R F L ME AR 412 vl RO Tt 2 Y, SR B A 4 B R F Tl A R, 31X
FhEOR AR TARIRBE | B m 2 0P | 8 & F R R i v T S50 B R AR Y, 2 B AR i 2T 4 5
G R R 39.44 kg, BRI SR 14.48 ke, PR ATEE3 5115 T 63.2%. 23.2%; fiff BEHE It LFP HL L oy HL M R 42
NS, 78 HR R T R A Wl 43 WAl 1P22S (BB i 2] 1 U0 B¢ 22 5 3 156 ) . H th B 12 40 i BT
(Battery energy Distribution Unit, BDU) AUt 2 S 43, #5220 b BRAAC eS| B [ S48 L T
SE AR AE AL AL, o, NS RS 132 4N A, B T et RE L HL O A TG B AR ILER 1 B AT A
SAER BN IR, TN A S A W S AR, A SO AR Mirai 19 = 2458 TV AU
JE At A THEN, S AR IESL T LR, 2 BE T 16 M E AT R 70 L 0y il SO, 32 BT = % R LAk
KL 348.04 kg BT AEM B} 258.30 kg, PREM AR AL RE 122.51 kg, MB35 5 L 44.6%. 33.1%. 15.7%; &
BB R B 4R T — A KR 170 kW A S8 It A [R) A LR A SR sl 0, 3 B 4 46
Tl Pots . AL, KRG BALTEIAR . LIRS, £ EBR  LR B o3 S o i 22 | REY L L B
B, BRA A A A, AR R e R 16.45%. 21.66%. 9.76%. 13.11%., 24.29%. 14.73%;
SBRRL R T K & G O e B R AR Y L BRI AR L H L ORL, ARG T A 4 IR 578.40 kel
173.52 kg, 100.26 kg. 90.62 kg, H:45#53 ii L4330 60.00%. 18.00%. 10.40%. 9.40%. U MAKHL I K
B R R LR 2.
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Table 1 Battery cell material and total battery mass of per kg energy storage battery

L LFP/ il /kg i kg L kg HL It S BT kg
Battery cell £ Cu Al Electrolytes Total battery mass
A 0.91 0.18 0.27 0.45 651.39

F2 OEURRHRMRF A E
Table 2 Weight of hydrogen fuel cell passenger car

FEE Fitit/kg
Main components Mass
L FGTetk, WAMITE £ BHE T 4950
JEdk ENRGE . ATHARGE . FISRE. HnRE 3913.69
Wi TSI R KA FERRIR . TR IR 175
(AR 651.39
SR H T AR 62.40
MNRG X LA 607.8
A 964
o5 At L 780.35
pEa — 12104.63

AL 7B BOALEE AR R R L R T, AR | RE AR, AR R A5 A A A 1 i i A
TR JEAEN. AR IR B B, S T RO L BR L A SR DAL, THFERI A BRI AL EE : Rk . AT
DL RRIRA, IBAE R 7 B AL 46 2R . SR 6T LS ZR 3l B B, A SR sl M AL . SR
Ak FE Y HE AR A R it U E 0% ) 3, 7 ) 3 3K Bl ML 4, S A ORI RS RSN 6.90 kWhekg ™!, T T AR
47 2.59 kWh-kg !, ZE B3] [E] Ur 75 L BE A 0.17 kWh-kg ™' 78 il & BRRE L vt MEARR TR 43, 3522 19 3 (A A 5 4
AT S S AR HUZ, & BB 5 TE FEHL AE 143.50 kWh-kg ', 67.05 kWh-kg !, H:ip, SR BUZ
il 385 T AE IR 24.97 kWh-kg s 766l 1 il S 70, FEAFEE G A RHR)Z SikEF 4R A8 i il i, 530
THAEFLHEA 4.54 kWh-kg ', 3.73 kWh kg s B A B B, A dfi v | 426 | IR DL S i B S 20 R, 1 —
FRAT IRV G B R ERIE T8, i —3 5 R A ny R BC R B, 1 =353 i i it DA SR e T 7
REM 7.76 kWhkg™!, T fiJo — AL 458 2 0 AR5 | W ehiRoz LA S 4 s 8 AR B, HRTHFE 6.86 M kg™

B 3 Fhah IR & ZEAE A B L B4 TSk R, A gk LR S A SO 1Y % 2 1 A LR

T8 PN B Bz, 1 X% 55 L, 42 (Membrane Electrode Assembly, MEA) % il 43 Pt 47 1 W14 #T, Pt 79
MISCE B 0L 3% 3. X FA S | IREAPEMER &, (5 4w PR i, 258 T4, . Bas i D &
HoAt 45 Ja AR [T, F ik K ) A DG 1Y ) 25 R s TNk 4 BT

R3O R

Table 3 Recovery inventory of Pt

HAREL iy B
Input materials Unit Number
JisK HCI kg 284
7K H,0, kg 5
LEFK kg 1900
Cyanex® 923 kg 117
i kg 620
Je/k NaOH kg 74
NH,CI kg 26.6
AR i A kWh 840

Pt kg 0.76
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Table 4 Power structure

el

Category A Le/%
JKH 15.28
JNzEN 8.62
FHL 4.72

KFHRE 4.83
BB 55.44

RIRR, 9.50

a7/ 1.61

1.2 IR

B 2 TR A 2R, AR R LCA L IPCC Sk . 5% A I F Kaya Bk HEACTE 4520, 248
1M, fe R LR R 7 vk 2 LCA 35, B2—F A R LB 75k, i Xt 7= fil T 46 210 245 o i) oo A kA 7
TR B 0 SR A i AN N L 2B A AR L RN [T B B s e A R AR HE R Y 4
FRUe S, A T SR HE R A A 2 i 2w, BcHER A P 47 O kgCO,eq.

LCA & — WA A # T H., FLAE AR S A — A B, O UE LUAH [R] A% B o X F 53 % 5 R 5 4 e i
TT 530, (RIS 45 5 mT LAY i 2 2 B, 708 B B ) S 7 = sl Rk Al J2 328 52 1 7K T, DA M AR o Xof
FHNE 8 77 2SR R X P 2R A T sl i, DA 22 J5 T R S 56, BE AN [ T g B TC R, 23 52 mi i & o1
Wras . K, 2 ARIEHETE H AR, M LCA 3 1 g il $5 AR 7™ H 1 BN, 35 5 AH R A D RB By . 473
B S DA K CHA 25 4, AT TR ZEARDRSE D, SRR AE LV AR AN 4544 (Simapro) HEAT 1Y), 4ni&l 2, 7F
W WF X G 2 )5, FERURCECE e > v SR B, AE AR L A L T B BB A S X oy s R A I
F R B S A BHZ A, 6 LR T s W B A B R I, 5 PR B R A T AR RIS B, Z R R
SEIRAEAT AT, LA AN 2518

o e :
AL (AR 2 RS )
oA <73k AL A Simaprofi B

|
<d <A
LFPHLhiF B WA LFP et [5] e
BESMITER Py a4

B
PO | | i | EEEE

B «( HHIPCC GWP 100am 2l #HiT )
i e e
9]
S nsn  [amekmE
i SRR 2 HRHEROK SRR )

2 BRI
Fig.2 Technology roadmap
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2 5B 5308 (Result and Discussion)

AN

ARICHEET LCA Jrik, AT B4 KAV 12 m K AR 05 5t 4, g ar 4y A I 8. 43
BT HFCV 3j 1 7 8 22 4 A iy T B B HEOK T, AR SCEE$E T LFP AR S U0k L Tth R 7% 42 1) i
Al FEL L. A6 2R 7 B B, i R Sk P ) R AR B T 3 S AR B B, 38 e R 2 A T R R AR A
AL CFRP WA, A ) e IF BRI T4 1 o Bl 42 fAe R i i VR s OF B, 25840
BT A4k B4 T WSO FE X Btk o R0 A 28 B g s, kg SR P Tt A % 2 R s b TS ) R — A
) N
2.1 AEFEREE

F B AR 2l A R0 BN EMOR R K& 4 L, SR FH B R S e bR R A T VT A W AR B A By
Bty CO, HEik, i 84550.90 kgCO,eq. Bl 3 & S MR 1t K % A = ik B v 46 S B35 i HER & B, T LA
Fl, A S R AL A5 DA b ) A 7 R SRR L KR 4 CO, HEB 32 Tk R
A, JU R 5 A S0, AR HE I o SRRt K R A A 7 i FR 1Y 28.77%. HL R LA S
AU FAIL R R Tt S AR A R R A T B BT P A R SR 3D . AR B B, R AR B CFRP i
HEAL R 149041.72 kgCO,eq, i A 4 K CFRP J2& JC vk SE I s HE, 5 28 25 Ho A% S8 A1 R N2y 68.6%
() CO, HEML.

(@) (b)  High pressure hydrogen storage tank

High pressure hydrogen storage tank 24324.44 Electlf)’1'acls§11Ie):lral y
Body of automobile
Base plate 14103.63 Hy, drogém fuel coll stack
Electric energy 11747.85 alancing device
) Energy storage batteries
Body of automobile 11314.61 Motor
Heat ener;
Hydrogen fuel cell stack 8162.40 Flmds
Balancing device 5179.68
Energy storage batteries 4477 .68
Motor 4026.77
Heat energy| 614.65
Fluids| 528.84 . A . . . |
0 5000 10000 15000 20000 25000 30000

Emission/kgCO,eq
B3 SURLHL MR A 7 i R b A BT B AR DTk
(@) B 2 S AUH, (o) HERCTTHR LA
Fig.3 Emission contribution of hydrogen fuel cell bus during each production process

(a) Carbon footprint value, (b) Carbon footprint comparison

22 M B

XoF AR VI VR G ok U, DR R T A 0T AR R R AR U I, B A LR 100 kg A FE AT A
b 6%—8% MMABHHEAE. XI T HFCV K5, B R EE 15%, 1750 LA ] LAKS I 22%. A itk, %F 5 HFCV
R A R A B HE AOR R AE A 5T 1.

Kl 4 & HFCV fii FAE G b4 BRI AL 4B CERP (% 4247 B0 B Belk 2 i %o He I, Horb 5] 4(a) 2%
Bk, R CFRP (& E WAL Go b b & 42 F i)l % 5133.57 kg, FRAR T RZ 42.91% W HE . K4
AR, TR EFEEAR; K 4(b) Jfdi ] CERP HUESE bR, % 4557 5 FH 6 s A K 19 05 Rl |
JITP= A B S RETR, A B BT P2 Ak BB S 306 AT LR 1, e ik i 80T 25 B Rk, 8 A% G A Rk it
K 727754.77 kgCOqeq, A R 5 HUBRHE L, {HJ2, SR CFRP AR & 42, R R di s . ST 6 2 10,
D, HAREG R, AR T 30% (9 CO, HERUEE, S 509217.65 kgCO,eq, VI SE Ak T % ZE 4 kAL bH RHE
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11962.37, 727754.77,

Conventional materials Conventional materials

6828.80,CFRP E 509217.65,CFRP

Weight/kg Carbon footprint/
(@ (kgCOseq)

(b)

4 TTRUBr BRI R DR AL GE A BRI CFRP 1Y LA
(a) &, (b) k2l
Fig.4 Comparison of conventional materials and CFRP used in hydrogen fuel cell bus during driving phase
(a)Weight, (b) Carbon footprint

2.3 [EicHY B

BEFR A T HER 1 HE B 734, A O 0 B 7 3 g H s i A L A R ISl e Bl 2 A
5 YLy 7 AR, il ™ ) PR R AR, BT DO T SRR R G, TR X FA A 5 i R RN
AL/NERUL VRS MEA AT ZEAL AR5y, 428 Pt (9 [ 2 0 E 2L, 7F Pe W I T2, I 5 al L, G
A HE R T E AL, SR T2 60.62%, 8t HAx A 10 5 A8 IR i B 2 3 R, HATHRCR S
T ERCT 20 R A B e AT 2 T R B 2 R HE 44 H R B FLRE . Cyanex® 923 FHERAR, 43 i 5 [m]
T ERHE R 1 18.06% ., 13.30% 1 5.21%. H i BELE HAERS A, Cyanex® 923 J&—Fh A7 AL fb Ik
HKFBUH], 7F Eco-invent 55 2 H W I\ M J& CgHyg Al POCLy 22 [8] f) S 7 . 34 B 2 i ¥ % vy, DR otk
Cyanex® 923 ELA7 L = (1) CO, HEBOK - X F AR f sk F 12 i F Tl 2B 7= 1 HL il 85 H AR 3 i
A2, 2 s R e 2 el Y o 2 S

(@ (b) Amyl alcohol

Amyl alcohol 3007.8661 Electric energy
Cyanex® 923

Electric energy 8962089 HCl
Anhydrous sodium hydroxide

Cyanex® 923 659.9602 Ammonium chloride
Anhydrous hydrogen peroxide

HCl 258.364 Deionized water

Anhydrous sodium hydroxide - 96.8251
Ammonium chloride |34.2297
Anhydrous hydrogen peroxide |7.5469
Deionized water -0.8817
0 S(I)O 1060 15100 2(I)00 25]00 30;)0 35]00
Emission/kgCO,eq
B 5 A0 e T 2 HE R B
() BB AAA, (b) HEL BTk He L

Fig.5 Emission of Pt recovery process

(a) Carbon footprint value, (b) Carbon footprint comparison

JETE LEP F jth (1) SRR F b R 7 2 [T SO HE RS 150 DL TR 6, 2 Fic LEP FE il i) SRk R il R 7 7 HL 3
A DS i R R B A8 S B CO, Y I8 HE 1Y, B HE 5 O 12308 kgCO,eq, K24 i 48 % 4 — K A= = i # 1Y
14.5%. Gn1E 6, bR T LFP L ith A, FLA 03B ) [l ey o A 7= JHE e 240 T L Il 1220, JR L2 P Il
W, T2 [T 7 A AR FE T SR 297.73 kgCOseq, 111 Pt BE 52 FLISHE 3180.27 kgCO,eq. Ak, [k
Bt SEEE T 2882.54 kgCO,eq MM HE, HLATAR =y A Ak 7 7. ffi FH CFRP J&, 2 242 S B B 1) T 2 HE
N 82956.76 kgCOyeq, 11U 4 5 sl HE 2 4 93931.87 kgCO,eq, T4 S 10975.11 kgCO4eq HY i HE
ait, LD B B SR Bl HE et A D8 R AR G L
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TEHg R 1o i 4 5 A 7= He g B 27t

Process discharge Emissions from recycled materials Total
8000

4192.72
4000

3695.25

=1
T

-6070.30
—4000+

1001.17 4227.76

Emission/kgCO,eq

5000 - —9452.92 297.73

-2906.97
—12000+ —4112.16 —12308.00

-3180.27

—16000

6 UKL I R R IS HE 1 2l

Fig.6 Recycling and emission reduction of hydrogen fuel cell bus

3 458 (Conclusion)

BT LCA J7ik, BEXF SR R % A2 vy — B RO S8 B I ik R i PN IR R X LA A L (d
I IRTSE By B3 8 it 2 38 AR SP- A 7% Ll A3 A, AR ST HRe R 75 D3 Ab, IRg8 Ml S it A A B R G
BT AR PR . S 255 i, A B R R

(DFERZEMIET= B BE, B B | R4 JR0RE e Tth M R 25 6 it S0 A 2 7= 2 U R R % %= O, HE
B 32 mT kR R, L BRHER KB /INT IR A SR IR BB R b o, SRR
ik F] 84550.90 kgCOqeq, TEAL ™ B B, A i SRR B H it K 20 75 LA (e i S0 E LA SRRk vl il 3 7
T A HE 2B R ARl Dk

(R F BB, A& R E i s, 80 T 173l R v 0 S HE, (B R R B HE T
ik #l] 727754.77 kgCO,eq, Al L3 T35 38 15 G b4 kE, 1 4% 5 AL A RE I A HE IR 2] 509217.65 kgCO,eq,
fift 4% Ak A4 BH(CFRP) RE S (8 U0k L Tt R % 22 A e HE AL, 92> K24 30%, Jr LA, i F 4 i Ak b
BHE A 5 2 1 A AR R K 5 BEAIF 5 1 7 1), DA Sk ik B i HE R H 1.

(3)TE R 410 [ By BE, A SCA i 1 el A =5 2 2H O o Pe A T A0l 2 A s I s, H i
T %) HlE T 2 e A 1, AT B A 5 355 e 10 [l P, 2 R ok T B 2 R 1Y) 5 £ A A 4% N 0 (el et )
TRURHERCR, bR T [ LFP HL it 22 Ah, 255 | AL . P ¥ DL P Ay [l SCHT i S B D, 45 451~ 58
Sy EAT B, B B i 2 n] LIS EE 12308 kgCOqeq YA IS HE.

LA AT, X UL R R 2, AR 7 I B AR T AR R 0 R B R, R B B, AR
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