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Abstract; Water electrolysis hydrogen production pathways
were concerned, and the effects of different power generation
modes on the life cycle of fuel cell vehicles were discussed.
GREET software was used to model and simulate the energy
consumption,  emissions, environmental impact and
substitutability of fuel cell vehicles with different hydrogen
production pathways, in which water electrolysis was powered
by different energies. The comprehensive cost calculation and
analysis of fuel cell vehicles with different pathways was
carried out. The results showed that the hydrogen production
pathway, in which water electrolysis is powered by wind
energy, had the lowest energy consumption and emissions,

being the most environment-friendly, meanwhile is relatively
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higher in economic efficiency. It is the most workable

pathway to make green and efficient use of fuel cell vehicles.

Key words: fuel cell vehicles; life cycle; GREET software;

energy consumption; emissions

PR T 75 4 (fuel cell vehicle, FCV) 23 H
BRETR & R s Pl E R R B A, AR ES
I e 1l L Sk B AR | BB IR R e B0R R L HE i >
RHE, T REE N R R MR B M AL R
A A4 XURE K FHBE = A= I AN TR € FIFRI A o 1 T30
. R RSN FCV sl 1, v UA R IEE
THRETR A R 2, M DT BB TR 2 Ha 3 ) IR X ) 1)
SR » A4 R B4 8 R T R TR R H i = 7
BRBHH] 28 3 i N G TS 3R e AR R RN &
GrAEAR A5 AR S BT B R P

EAMR R £ 458 Bl FCV SRR AR I
TSR G B X T b X5 AH B R 8 B Rl AS S 8GH AT
PEAGFITIN . A BERE  HEORI 25 M JEXT FCV &
A i ST 25 6 PEAL DL OCHRT1-8 1.

E NI NS BE R G B A B i Je s 4ok
REBFSC B0 iy S, 5A SO R ERRM FZEAE L
T 3AHE . FCV BEARFAE T VIR S 504
iz RIS (FCV 24 fn B 1 BB #E 5 HE i &
BASBIEST  WICHR[9-19 1.

FCV £EAMHl & r R R L+, HErH W
HIA BRI ZE VR IR A & SR & e SR KR R
SR K R 5E. A SCET W R AK H &L S R
[l REVR & B R B9 FCV IR K i U 42, T3
HIE B FCV {f R T #2 1Y 2 4 i R U s AR T HE
WIS FCV BRIR-A 90456 LA, X & B2 AT
LA PR

F—fEE . FLERA73 0, B RIS, R L, BRI RS AR SR B SRR B R S Rk

E-mail; kongdeyang(@tongji. edu. cn



£ G

FLEERE, S5 AR MR BERE R S A BT A 499

1 BirEE

B, WEB ORI ERTA S ES.MA
BRETR & L, RR B XUBE & L 506K & L EL I IER
W T X BB AR R RIWEE -, AT
SCBLYTREIHERY B AR, BRI, A S URUEE & L OB AR
RHEUIRIRE B RS T & B B K s S (2L
K IR E, LUK REE . Stk & HL 5 IR
A R BEBEBEAEKFEOEN Bir g E T 5, I
SAEGEIRIM 4 W AR G 1T BR AR VE X B 3 4 A B
BB 1 5 B ARAR IR - O X RE A& B, HEL A7 K ] &
AR (WE-W) , @ B4R A& H L i /K i & B A2 (WE-
S,QFKEIMA B H W T & BB A KH AR
(WE-M) , 5015 M B2 (6.

Fl SRSB4 7= RS B AT
A S EAE R AR S E
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Tab.1 Pathway modeling process
B jeei by

R 5~ R gk S~ SRS E K
Fh-SRENKEEEZR E NS K RS
- E R~ AT

SR E R~ BRI E - S REHEE S
IEEEF>FFET

VLK g EBR G R~ M E A~
G EAR S -EUEHE A ST EE
W~ isfy

Dk T R — R 2 8 BRI T - T AR R R
G IR e 5 ML E s - R Z E i~
F AT

WE-W

WE-S

WE-M

2 BEFEFNHERUTE

2.1 GREET k{4

GREET ¥R EHM L mEF XM TE
U153 0T A A5 s TR A i R S0 e AR R HE B Y 3K
A SCE IR & GREET 2015 34X FCV
AR i S B AR AT A A A TR I B PEA. A
AT BB IR  REAE HER e M BUR G 2 X
ARG A Ar R R BERE S HERUAE .

BRI o ) A A i i S A48 DS R I R 3 42 9
iz47, B} WTW{rom well to wheel) , AT E
HRBHR A BT 4 S BE IR R & i WTT
(from well to tank) F1 44z 475 TTW (from tank

to wheeD. WTT BBt a4 42 FHRARL A ] & ik iz F1
i, 78 GREET 844 ¥ A 45 35 19 7 A4 Y RBFE  HE
T LA B S e 30 2 50 B AT 5 SR A

XoF IXUBE & H v S K ) U BE AR, H: BRFE RN HE B 4k
WS HRE NG KRR L RiEf T2, 7%
BRHCRNOFERBRRABE . DMEERAKE
WER R AN EEZRAMAERE, B
GREET #X 14 % 4t BB BI AT, 43 0 >k 66. 8%,
96. 486 3%0.93. 947 0%.

X AR A B L AR K LB R L BERE RO HE S5
PS5 CER 21 ], S R M 15 R R R ACE A
NS SR RCEE, R R G BNE RN AT, 43
Sk 66.8%.90. 728 7%.

KEIA B EEWT A AR K H SR i
BERERRES ZB AT G E Hrp ki &xH
g7 74. 3% TR THFRME LR AR S S A, EL 4 R
94.3%6.2. 3%.0. 5%, B R BB A B4 B L B BB HE
FHEBCHH%E GREET 3 R A& BINE TR, KB
HREL 34, 5005, K 1 R A TLREFEFNHERL . K HL
RORA 99. 352614, KRB R B DB Z B 2. 8%,
0. 5% AHSCHUHE & 5 I BT SC. % RB & H L R AR
RHA N 2.4%.0. 8% MR BHE B E L I ARG BIA
B RPAT. B A KRR A S . TR A R
Ik H A K & P BRI R G BRIA
18 93. 36 % , LR R Gk R A v NS SN B AR
]S

SHEG IR IMEE %, GREET 3B 54 525 1 1%
AL BEFEFHERCH S s . F H R A
A P AR,

TTW BB R s T B IR 2 $iE. &
GREET #{4 b 43 #i¥% FCV MERHM M AW
B, BIAT 58 B 3 4 il & 1% 12 LA B A% G ¥R B A2
TTW BB, Hoos, 3Ry etk R 847 T [F]
—N BRE A T R R R BRI R AT
ERBOREEIT A I Mirai #R6H 0 b 45 2050 32 1 81
& 2.5 LIRIHE R TEERE.

®2 TTWEEE
Tab.2 TTW stage modeling

A BEIR REFE HEB

% H Mirai a5 1. 04 kg + (100 km)~! ¥
FHMEL5L KM 8.8 L« (100 km)~!  BRHEIINMA

2.2 BEFESH

DAZs 2404 T3 100 km FTHFERIRETR ki i »
HEARFEERET FCV 2L fy R REFEH 0L, K 3
Bz, B0, BEAE B AR 59 S XU BE 6 R Fe A K o i
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REFESCR, I ARSI R RRIRZBCRAK 47. 400, HIIL
AL, L Jr SN FCV A A 4 R REFE 2 T B K.
T ] L S5 oK T R o LR ELARCRAR, BTG
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Tab.3 Vehicle life cycle energy consumption under

different pathways MJ - (100 km) "

REFE WE-M WE-W WE-S G
AL BE IR 466. 89 69. 37 96. 66 358. 22
P8 452, 57 36.03 86. 96 7.73
KRR 6. 80 12. 25 5. 66 45, 50
A 7.52 21. 09 4.04 304. 99
M BERE 531. 39 277.11 300. 88 360. 60

it —# A B RO BEIR FTHRE B L, 18
A GREET #4437 BIXI i RS Fam 3 RFEH
A BB TR I REFE IR LLIEAT 40 BT i 05, 5 S Nk 3 JiF
7N. OO0, IREBUA B 450 T & LA K ] SRS R
HIAEA BETRTEFER R AE GL IR A2 R BB R L
HL A K il SRS AR R .

AR 72 RE R & o WTT R 42 9 12 17 o
TTW WRERE R RE R A 1 Fs. A TTW By
BUR L FCV IE TTW WrB i RBFER AR TR S IR 4
X159 25 TR M AR R 1T RPL TAE SR
BAL A WTT By BB R EIA B85 T K
HlESsEREREER M EEERE WIT B BRI REFE
EHE, HEZEC Sl T HA 3 FregERERw
WTW B BEFE, 323 H i S5 b ok o & L )
= BLREFERIT B, LAk BB R R H
fEE K S RS B B BERE L A BE TR T REBR AR T %
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Fig.1 WTT and TTW energy consumption under
different pathways

2.3 HEF S

DL ZERATIE 100 km BIHERC RS HHER
FE&ET FCV A4 R HEBUE B, a3 4 Fros.
A0, R & H H A 7K i) S B 45 45 T HE g e 0 0 11
TAEG AR ; oK & B B R /K B & 42 NO, i
SO, Hefk g4 5 , HAbS T HE A & W 5K, 77 BB 5
il 7 L TR 1 0 R G RUBR A A BB R, o s D
KETE Rt e R AR REBRAE R A
ST HL K i R S AR IR HEROI IR = S R HE
BOH T HRT = TR SRR

R4 FRABETERSERBARELER

Tab.4 Vehicle life ¢ycle emissions under different

pathways g+ (100 km) !
HEd WE-M WE-W WE-S G
vOoC 3. 80 0. 56 0.70 11.73
CO 6. 60 4.78 25. 82 178. 20
NO. 23,63 13. 31 5.23X10% 27,92
PM10 8. 30 0. 56 0. 84 1. 46
PM2. 5 3.09 0. 22 0.19 1.22
SO, 109. 20 5. 80 1. 62X 10% 11,69
CH, 64, 55 8. 61 13.91 24,48
CO: 4, 46X 10* 5. 86 X10% 6.95X10%  2.58X10*
N:O 0.727 4 0.084 5 0.090 2 0.575 5
GHG100 4, 60X10* 6. 13X10° 7.42X10%  2,70X10*

2.4 RTINS

PATRIRAR A FL R BE S A% B ELIE B3R 55
S, PR EE B 5 TOUER 358 52 T 48 4 0 4% B A2 9 3R 053
R AT AN R 4 BE PP AG 20000 - AR B T
ST SR RB ) R ) MR BR AL R
A 5 BHRFR S ERE R EUn& 5 iR,

F5 REMIWIEMRISHRMNE
Tab.5 Environmental impact assessment indicators

and weightst?]

PSR B i
O 0.012
PN 2 v Pl NO, 0. 780
SO, 1. 200
A, PM10 1. 000
B
PM2. 5 1. 000
s CH 0. 006
Jetb R E W !
NO; 0.028
™ SO, 1. 000
R ) O
NO. 0. 700
CO; 1. 000
SFRAF BRI ) CH., 23, 000
N:O 296. 000

MR 4 FO3k 5 Bl @ AR TR A 2
£ BRI IAEE R P ELANER 6. XURR R B FLAFK BT A
B IRBE R A TEMEL Y A /N » R PR BT B A5 5 AR
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S HL LA K S BRAR B R EEE A2 IR AR
AT 3 TR IROR » e o AR DL
55 K Bk R TR BT B T H T I S5 R R
7R 7K ) S B AR ) R R TR D {EL R e Bk IR ¥ ) {E A
PSS =278 i WN SR E S R Y al et
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Tab.6 Environmental potential impact of each pathway
g+ (100 km) !
WE-S G

WHEEMEE  WEM WE-W
NRT RS 149. 55 17.40 23519.71  37.94
SRS 11. 39 0.78 1.03 2. 68
SeAbERE R 1.05 0.42 146. 52 0.93
Bl i A 125. 74 15.12  19861.00  31.23
SERASBEE S 46 260.96 6 083.04 7 296.63 26 543.39
2.5 EHRYESH

F T RUBE S HL FL AR K 1 B AR AR BT AT B A T B
FEFHEBCSR S 4 R, BRI B A X BB & B
FUB R A 3R 1R 5 BRI X I I RUBE B AR R A 7 20 AT
B BETR ] ri I 35y e Lo DLXURR & e A K T R
WL LA BE IR Xk W B 4 f5p R AL X BB RN
HERCEAT I

FCV BEREREXU LI M L A2 AL AN 2, B XUHL
B TE, A IR BERERE AR Y T e XUrR LU IR 2000
. FCV A= ar R A BB IR M IH AL 5 g0 m &
T XU RS R  FCV W BERC R B 5.
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Fig.2 Energy consumption of fuel cell vehicles varing
with the proportion changes of wind power in the
grid
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Fuel cell vehicles carbon footprint varing with

Fig.3
the proportion changes of wind power grid
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3.1 HAEHK

IR R A I8, FCV I B & 15
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76+ (100 km) . FCV BBRERA Cro. e THRARA
Cetirior = Kiew *

[; Ky » Kye Ceéef)—:—rgw + Coe + Ctr] D
X m,w,.s, 2 HER WE-M,WE-W #1 WE-
S, Bl 3 AR R R SRR ¢ HEWIBITIE
¢ 45 N R ZEWsAT I B A8 K 2y FCV 100 km (1)
REFE; Ko A HL IR ICREFE R B0 Ko LA K ] S 4R
B R E Caeo AAR A BB MBI HA;C, R
FL A 7K ) SR IR A 5 Coe 7 HEL F58 K ) 0L A B A 5
Co Ry 2R A

RHEIMFREFERA Crio THTEAR R

oo [RI]
A : Koo HAE LRI 100 km §EFE; P, HFE 92
SR T« L PR R 0. 030 9 ML
NL e MJ 7L,
3.2.2 HERA

PR A B AR A IOT + (100 km)
X F A 4 A A R A HE R SR AR 5, E A
XF 5 MR AETS Y L CO, IS, 3L 6 FrE
Y. BB A Cu HEAR R

N 6 P« @
; A4+
K. P A5 7 FHHER R S BN, - g5 Q
R 7 MHEB A R R, g ¢ (100 km) T
3.2.3 FEEA

FCV & Gl 4 W M A ¥ F 2 o0 &
ARG AR A Z . 1Ah, 5 F FCV BRIMIA
FHL b 5 6 B AR

T A R ER S A, B AL IO, SRR R A
AL SRR ZE I B A AT L (D ROR

Cp = Co +Cp+Ca 4
K Co A AFRBI L IN B A ; Cor s Coe s Cou 53
A %o 7 2 B A A R R AR | B R R N T 2
M.

AR AR BN A, BT, FCV M 4t
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N Ky e D+Co
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Fr A AR RIS AR

HLIl B A Co B RAS 7T, ARIES

CM - (3)

BB AR 4 FME 8 FHE b, B Conn R
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AP G o BAUEE R L L A
3.3 WAHEERSW

I BB BA S REA IR 7 R,
HAPBUURA TR 4R 0 40 10 4£1758 15 77
km 5B T BB, BB H T8 45 R 8w : MEE A L
FOFR [ BUA L FB5H T R FE F A /K T S B AR 255
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Tab.7 Summary of the cost of each pathway

p 4 RER—
B BEFERLA  SRBERR BRI ea e
WE-M 3 149. 00

34 271. 49 338 712. 95
338 712. 95
338 712. 95

334 635. 07

376 133

WE-W  50577.43 416. 90 389 707

WE-S 66 327.41 16 898. 35 421 939
G 68 893. 92 2 045, 37

405 574

MEFRAE, % 8 H11 FCV A IR K
H TR E R B RERIR M AN B T, FCV
HRRRAR TSR A WA 4 078 6. 73 4h,
A R R I G SR AR MEA (E-F AR 20 14 19 B8
BelAMPIR T H AL A

MEBEFERAE » 3 i B 42 ) BEFE A G R T 4%
GEIRIm AR, Hor, i T H AT XUBBFTE IR & H A BE R
TS AR X5 g o PR I T 355 % 7 A 1) R AR LA 3 R
TR BUA s S ST r K S

MIAZE AR TE » i T XUBE & L PR AR /K il i
FEHERU AR » PR ER S BRAS B IR, SR 22 v FL A K A
S Z AR AL B R R B R
JARITE B TR A

4 HRERE

I I [ B A B AR M X FCV 22k 4 R
REFE HEHC R 2T AT VAL 45 R KWL, FCV 5K
BB DB E R ER R BRI A R R A AR
KRB IE S R AR F HEB AU E AR (.

TE 3 ARl SRR L XUBE A2 FEL R AR K R S AR
A REFENHER 9 B AR S5 S IR R A, S R EURL
RE R0 QA& G2 2k T S v I XU BE B 49 7 o
2020 A AT SEBLY RE U HE R AR BRI A ORI T
I KR AT RIS 6 FOV W REBIRHSCR B oh
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> R ARG IR A, IR L AE B RS 20 T L X
JE B, AL HE S 1 1 B, LA, ke fit AR 2R 7
il 38 B Bz VBT A6 4 HE R B vt — RSB ) AL
AR A A 4R R B R TR AR R A R R iR B
A RE.

T E A B 450 T K e LR K i SRR TE 2
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