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Abstract: The rapid development of the shipping industry has made energy consumption and environmental problems of traditional
ships increasingly prominent. Hydrogen-powered ships are one of the development directions for waterway transportation vehicles
and will play a significant part in achieving the carbon peak and carbon neutralization goals in the waterway transportation field.
Therefore, it is urgent to research the innovative developmental mode of hydrogen-powered ships in China. The development status
of hydrogen-powered ships is summarized in this article, and the layout of the hydrogen-powered ship industry is analyzed from the
perspectives of industrial chain development trend and coordinated development layout. The technical and economic feasibility of
developing hydrogen-powered ships is analyzed from the aspects of hydrogen and ammonia fuel, hydrogen fuel cell, hydrogen
internal combustion engine, infrastructure, and total cost of ownership. Moreover, the key links of the industry chain of hydrogen-
powered ships are analyzed, including hydrogen production, hydrogen transportation, large-capacity hydrogen storage, safe fueling,
fuel cell, hydrogen internal combustion engine, multi-energy collaborative control, and safety in hydrogen application. Based on
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national conditions, we proposed multi-stage development goals, a development roadmap for hydrogen-powered ships, and a
construction path for the hydrogen fuel supply system. To promote the rapid and high-quality development of hydrogen-powered
ships, China needs to clarify application scenarios, develop key technologies, improve infrastructure facilities, and innovate

operation systems.

Keywords: ship; hydrogen-powered; hydrogen energy; fuel cell; internal combustion engine; hydrogen fuel supply system

jillls

—.\ AY

BT, FUERER IR, Sl R
() e AR5 PREE 1) B 25 0, 410 2020 4E R E fLiz
(¥) CO, HEBURIE B 1.2x10° t, £ 15 28 132 47 sk 4
TR 12.6%. /KBRS B IE T B4 ik KB 7
M AR BT R RS (1], A8 S Ml 5 IR
WU, BRAR C CRUBR” D HARIEERE, RE
S e R 3R A0 DMV R . S AS iE
ik ] o LA T XL

FEIEH, RS, FESRBEE, &t
RS FRAR MG CO, HERCR I 38 75 %5 FErh K0,
A S EHIREBOR K R K B2 il iz TR Sl
FHMM E TR RSB, IR
Wty R SE I ROk L LR HER O, A AR K R
BB ATl BB R e R e A AR P . R
[ B BB A K (P E R U R v R B 2 R
FLIz Ml BB 2 B e T S AR AR
FUBRBE I T 2 R Rk Ak 76 K H AR S
2060 4F3E T JRRE L Itk 0 0 RS I AR 38 2 K B A
B AT L 10% [ REIR 75 5K (2], I Ak U 5 2%
R ZHES . ST E RS T, 38 4Rt AN T
sk B R 3]

3 R RR AR H L RE TR O T L R AT 5%
FEVAR R, B4R T A B AR A D6 0 B
AR, IR T BIEE S 1M AE Y K £ TR Y 35
H [4~7), IEAEWH R A 30 S AA [6,8,9]. fE3&
[, RIS W EARZS], s A R AR A
ATUSE A s 34 Al R 3 T [ 7 Ak S R AR R
HL AR A T AR 4R R 30 T A B SRR, (%
PRI TRTHIR RN B S TR A e B R E A
AEATU IO T2 i, NABh IR AR R Rt R 2 16
3lo X T, ACSCAERIER S S A R R DR IT
WA LA R Ak at b, B AIFRBARZ
FEAT AT P SR A T, R R AT
PRAESS . IRERAR, LU E A S0 A b i
JF R R AR S

128

—.\ SEAMMALRIIKS A B

(=) SENRRA RIVK

1. &3 I

SNCETE MR AT AR 3R S i ik 1) R 47
fif U T 22, LR O L B S AORE R B 1) B
# BRI e FEMELY K. A3 IHAnE s
T, AW, TS s, DURM. M. W
WM. MR ERAONE,; i TR, i ERS
R R R A S DR B B 7 M A ) 2 ) [ B
B, MR SRR S 1 RFE R RA RIF
Al 5% o

FEILBY B, SR F It E FH T 2 B TR A A
AR /NIRRT 3 77, LRI AR R R B AR 4
WighJy: DB FAC BB it (PEMFC) 881K
F, DIREFMIL RSB AR EE. K
1 [ 5K D A [F) 28 B A B 27 A I U R T
N RGCR, s E “Alsterwasser” JiEfE [4]. H A&
okt Y. V5 E “Energy Observer” JiEfitf [5]-
e “Water-Go-Round” J¥ iy [6]. #F “Gold
Green Hygen” S BN 7RIS [7155;  JG B8RRI 5T
5N, ik “Ulstein SX190” i b TRE AT [6]4
“Topeka” ¥RAEM: [8], &AM “ZEUS” WI&M} [9]
& ULE D, BRI AL, SR BRPLE 2 MR
AR E RS, WA . H AR S AR
MLHEAG “Hydrotug”. JEM “Hydro Bingo”. HAN{:
b Con g B TRt SR a5 M
WA S AN, EAEFF R R DY R R BHL.
A P AR R B AR AR R B .

KREFTHTH 7T “BEE—5" “RM15” &3
JISEEM L 1D, EAE. DhEREN. BEE R
EEREIIR AL E KR, SRR} F IR,
AP, REES) IR T RIFK R
LB, 2021 4 FAKE) “&B5 7 WEfE. “ALiI 15”7
WEME, BORHHIB T 24509 70 kW 30 kW IEAE
BRI “SREmERIL S 7 N BE AT . C SR E A
157 A%M, PRI IE$] 500 T L. &



PETIERE 2022 F $24% F3H

VEE “Energy Observer”
AN ) i

HACHORH HL it

PR {8 i

() () () ()
MHiE “Alsterwasser” JINF i TR A
PRI S0 H e i
£K125m, &K 20 kW PEMFC+4 Hijth ;
12N, AJ##450 L 35 MPa i <fiti &, Hif#

SEE, S h,
T re 8 BRI R
“ 37 km/h

IR ARG LA
11 km/h, T%'J)ﬁi(FElﬁ

2x120 kW PEMFC

()
R “Water-Go-Round”

gla]

2148 kW PEMFC-+ Hiit; 360 kW PEMEC+100 kW-h
pag &ElE SNk A ;
S A0 o kit i B
ﬁgwo}\’ - ’ ﬁiﬁﬁ7k1<{§ﬁli3}§]
(a) EANE FIKRYAZh ) M
seayae
opeka” (20244F) (RN Bl (024%)
. gtion
:Gi" =
5 1 T (] -
() () ()
WA Zh T {@J:Ifzﬂ“ R fnf 22 .2 7 78 G VEMT
“Ulstein SX190” “Aqua” (20244F)
(20224F) ? M% i%\;léﬁ 500 kW PEMFC
WA '
AIAERHERO T T A4 d I
(b) EAMA-RIBIEI 4 &3 A
“« el =R “ 1 27 3 ix}
K
() () ()
KALE” B PR IR B S “HRIST W “ZIRESHE
(20054¢) (202148 BN CRAEE)
s 4%135 kW PEMFC+

30 kW PEMFC,
IR0 h, K
2112 my %4 m,
#H%20~30 A

4x250 kW-h4H Hijth 5
= 35 MPafiJE4,
fitE280 kg

20 194 AR AT §
HeHEAIE = =
70 KW PEMFC+86 kW h
it ; A% 18 km/h,
&ﬂﬁlm km, W3
T 10N
(c) FEKH M=

&1

e

E{:L'lﬁ;lim, 2 kW-hikk} e
Wi, ZEATZ3 h

Aol (8 43)
ElRSN SN SIRRRREY = SR 1B

500 kW PEMFCH@?{I_J‘,
BK2949.9 m, #IP3.2m,
ﬁf‘:{ﬂﬁiﬁ% km/h

202 4R 1o J5 S o &

—

129



KESN SR L R

ik, B A E BR e A L AR — e
ZEPE, (A R E S B0 AR R G AR R R 5
T

2. JREHHLTh R G

H AT, Z03h 70 M0 A Bk F I 1) B A T 2R
BB, M O SR 2 AR H Tt 2%
BETM R, G “Alsterwasser” JFEASEC 4 T 2 4148 kW
PEMFC. 214 % MERL % 1 2 20 120 kW PEMFC,
“EREERILS 7 NI BT MMEC % 4 2H 135 kW PEMFC.
JE LR I RGAE AR KR E U BT 7], &Sk
LR L L Tt 7E MG 2 B IR 35 A “ Topeka”
AN “Ulstein SX190” i b TRE MR 1 AR}
bl R B IR D B N3 MW, 2 MW; Bz 7
RGN TR T 200 kW A AR VbR B, IR %
oM, MBRHEEMLARGZIETY RER
1.2 MW 7= F R R) L ith Th 3R S5 4 5 [ 41 7= i
AR —E ZE. 2021 45, RIUARTFBH &
GuRH A R A 7] B A R H it = i 2 S T
UE [10], R ) TWZFCSZ-80 #A A1 FL jib 25 B 451
JE DN 80 kW, IETERFH] 200 kW i FH 25 L it
ARG

FEAOA LI R B F & — ERENE R
TSR T BRRE HE A R D) FR AT CHIMEIE AR,
“Alsterwasser” Jif AL B 7 201.6 kW-h & it [4],
“Water-Go-Round” JEMEH4%K 1 100 kW -h & Hiith [6],
ff 22 “AQUA” Mk & Ui ME 1Y) & It & & 1A 3
1.5 MW-h. AIHRAEAEAIDIZR TR, 456 0B LA
& UL RERRIE, MEEVCHELH RSB I LE
AL E [11].

3. AR E

WA I E B S A 2 K RS AT
A, W “Alsterwasser” ¥if i« “Water-Go-Round”
PGS RS UM A D EMACRH &R
SiEE T, 214 BUERE . “ZEUS” R
. BT EESSMET ARG EEERIK. A
FHREOAR B, ROk E R 1K BB A 7
T2 RXRHIRERSHE T, W “Topeka” & %%
B “AQUA” MESIERESE . S 30 I AA I 2 A B
RS MM ERE UM, — B ZH T b
AHEAR, A MAACE TR AT, W
“Alsterwasser” JFf. “Water-Go-Round” V& JF i) 1%
TR A 7358 3 dy 2 ds

130

AN SR EM R I A B AR PE 2, iR
PSS D0 M M R e T R R . TE
“Alsterwasser” VMR UIZE SRR, B EMRELE
FITERS L Sk nal, NES) AR R s A
JRAEN s “Ulstein SX190” i - TR Ay fic 45 o] 5 4
Mt ERE, Ed “HefE” 7 RERE, A
JIM AR RS SR AL 1o K . EIRE, WS
AHAHAUEEMENE, FEHEREREH
o I S BOAR 28 ) R

(Z) S hfemarm g RS

R ARl B CLAE R JEA L B Rt
TEMIARARSZE G . I AR AR 55 S5 3060

| ;37 1

1A B 7 N 2N S O AN S L T =3
%o EAME BRI B AR B RGN R, &
FAEEh 1 RGN F S F EVR G w25 R e
NARG, EEFEARIRGIT R MR 58
i EEEE., SURRMERLTE N IR B BE T T
BAH, JCFHAEMANRC T 20k i 4 AR 7 T IR
R4 .

BEARAE P2 T2 i (PEMD P REH 2
P R H RS gt IR 71, TR T B WEAt
il AR AR J7, HESN T HRR = S I R Bt
R AR T8 11 R RHE A IR A 5 B R
A FHRRL T R 8 AL AR A IR A 7 A
f130 MPa i fE UL Ot B H O, AR ke me 7 [
AR SIRREIAT I R R RSk . HEERE
IRE], TR A S FL B B AR KT 5 A etk
SPAIE AN, A% OB B D 1R
[IESERE AR

2. T

EHE. WKW, BHAR. 85 E R CHUIZ B R
AN FRTERN S 53 IR R, BT R R
TR AR T R AFIIEE R

MERETRbRG , T 5 75 M AR i A b A RIS
N R A SR 2 B, (AR A
B A 2 BT R S Vv E U AR B S KR
WAFAEZERE . IRE AN I AN b TR R KM
B, /KB “&WIST AL S MERLELDN,
PEMFC % %t i th D 2= A8+ T B 500 T L&
CEREIRILST “ ZIREN 157 A INEARAL T



PETIEME 2022 F $24% F3H

G| S A P AR =

3. MU

TESEE . BRE, WEYRA i ar & R D S
HARBOERTS, WEEKMES. EEIEIT
J& T SRR I ZE S I A R RS, PR
FLAS 74 36 95 38 1 H2Ports ok 5 101 H SR i b FH &80
FIIETHI o

FEHR WK KR Hbs, FREHEOIEE REA
RELF 7~y DA D SR bR v . Bilan, 7R3
PUTiE “HEEH” N HEBS, NH T A3 a3
HUB/M; TR F X IEEIFRE R 6.
fitiv 2”7 ZReIRALG/RVEIE , DAURGEAT AR BEJR
R KRN X S (B
IR XES RMAREERE, RErEaRE
H BRI EOKF .

(=) SshhfmasElsEhELREEHRE

1. LA

AR, BB, HAS. EE. s R R
i ARk RIS a g 2 B . RE (FREIL K R
IR (2021—20354) ) IR T EEER BT
HRESE L. PTLAE KR SR O T 5 [ S
W, T A IR S T R S Re T AN H

EBURG SRR, FRE SR8 LR ™
Wk A, A 2021 AR R AR LR ZE R
HAIN8938HM, JRLEH BRI KA L, S
AN IHREAE LA ARA R S a1k, A3 I Rn
FER FEWIIN, AT SR IR H A 5C i Al A 72 A0
IR ZE A R AT LA 4 R Rk LT DA T Sk R R R A
A, T AE R AR T B PR AL 2R A 2 R
PEo RN, EEXIATAATIZR TR, & BEFH KD MR
BRI RS EFRTAANSE A AR RE R, & EAHR
KEMEAE.

2. RS

BT, FRE 2 AR gk A RoBr ReIE A0 K R, A
FHALB AN AL RR R (LNG) . &3h
REAASE KA . O T IR &S M AR R Ja AT,
A8 IR B 25 G s AL S UK R T2 Wit A £
B R AN LAY, o

G e SligE A Ak, ¥ S ERE AL AN
WIRGE, 46 8 S RH UhRA s I
%o T, PN MEAA S TAR R AR S

IR AR AF A E B A PR A 7 S BE T
J& 7 500 T FLZ% N T SRR H it 3 7 B s ) At | T
B, SR A B AL i R EAA ATE T . 50k lE
IF, W w75 3 1 I 56 35 A 30 ST MG AR AR 5 I b
BT PSR iy L W Y a S S i e

RJ57 1

230 AR S FH 06 SR B2 5 Mo S B B
KH0E T 2w AL S R Je i 72, TiTE 2030 4F
i B3 2T AR R 2 AR . E A 3R K 2 AL
WA KA RSB REA S, R ERCRT
MRS, B B SR R R R R
Mk, GBEHERGEAZIE ., KA IE AR5
AR S, & AT RO 5k
I B SR, E AR A3l 7 A e R
RIE .

FIH ML G RIS mAw &, &aaaE
W, D04 [0 il ot 118 TR AR K v in &k n
AEAR HHED AR, ik 0 EE AL =
KN FH S8, 3T S RE MW 5 Tk 5 V5 Al vk 7
F, EMRYE DY . BEE & i N &5 ) i
2o, B RIS, RATERS A
FUR L, TR R L N Rl Bl 22 I8 R R B[R]
RIE.

= ARSI DMAARRARZFAITHE

(—) SEHE

HI B AR A REIR G E . Tl E = A
HEL AR K LS [12~14] A0 A RE TR i SR 0K 3o
B WA BV FE K IS, ABAE — TE I T 4TS &
BEAT o I AT R AR BEVR SEIUIC A . AR A
SRR KM R R 1], 2 [ S Re AT
CRFIE ST . IR B AR M (20
32270/kg), AT EARRIR S, H A A
5 LR F]90%, PR 4% ) 4 S AR S BRPE T BRI AT
FAERRE AN 5 AR AR . AR PR T AR
REVR R LA . ST A AR RS AR K DAL B
P HE A T %, B 4 SR A A B A 2030 4E
2040 ©F . 2050 4F 73 7l B & 14.7 Ju/kg. 10 Ju/kg.
8 Jt/kg [13], XAk NS IR AA I FUSAL B FH & 20
PO T AT AT AT

FIRRLE I — Bl B S AT SRR, 18

131



KESN SR L R

AR R SRR, HEgE%EEE . A mRAK.
O T Mg, ok e, E MR
A 3 [15]. TR & Bz B AR = ksl 24,
H AT 3= Z R A A BRI, g AR (4
4000 7/ [16]. € H B BER AR F Bk A % 26 ) Tl
W, £ “Xx” BHixBERT, REZ 2K H
2020 4F (1] 5.4x107 t 34 Ji0 &2 2060 4F (1) 8x107 t, H.
2060 £ 2/3 SRR TR ATk, 2/ e
IKIZATV 40% (M REJR T5 >R o AT FA= A 5 /K il &
P R I AR L, DRI ARG TP AR R R ) S
B SR 28 ) 4 A 7 ROAS I OB, T 2020—
2060 A3 [ v 7 AR REYR HL AR 7K 1) S A BRI AR
¥ R F%E70% LA L [2].

(Z) SBRiEh

2010 4F DLk, SRR Bt BUAS FEAR T &
60% [17]. HR4E S REIR A RRE Rl (3 R
Q201950 ) $EHETEFR, BRI R G A
2019 4[] 8000 7o/KkW T F& 31| 2025 4F- 1] 4000 To/kW
2035 4 800 JG/kW. 2050 4] 300 70/kW [18];: B
SE MR ARARE Lt R 48 1 T 22 0 500 kW, T1J 2050 4
PR HL It R R AR TR LE 15 T e A

b R E SR ES R, =Rk
PIHRHETh R ARG shiE . i S iR elR
M, B EREEWAE AW . R e
FRAR L) AR HLI R G A ) 65%,  HLME A
NBEAETE], A R TR 85% [17]. FRIE Ak
TR AR Jo SR AR« S e AR . 2 RUEZEHL. EAAEE
AR I OB T R, o B AR
MERA LR B M, S8 L — R E
A LU A, R S SR IRE N SR
BURR AR FAACA S K 13— D5 T ROk FEth 3% R 5 %
I 7 G AR [13]0 202048, HRA) BRIt FME () A
HEL T R R BEA Sk (3000~4000 7C/KW), H A
g3 P AR AN R B 22 2000 J0/kW [13]. R W, A
PRRL FL T R E K RG] FEPE L T AT SR R AR
RO, R EraL i AbiR Tt [19].

(=) SR

WA E A BRHLI A R E N 35%~45% [20],
1M PEMFC £ 4t [ 3058 N 50%~60%;  FARZ P R HL
IRCRARAC, (AR AT LUAR &E CH Rraa 21K

132

g, CHTHMAEN (6], AT, AN
PRV SR T PEMFC %48, LL100 kW R HLZEE N
B, BT A ET AR A AN A N PEMFC £
il 50% [21]. FTRATRCA, Bl & ARARGE SR K
& SREHEER O 1 S, A RVLIERR AN b T E
BT Z N

(F0) E A%

TEFRIE, B DA H AL F Al 8 it DA 459 5.
NFE, WARAARIHEEAS E RN AR R
500 kg/d. 1000 kg/d, XF B[ 1L AR 73 3 A 1200~
1500 /3 JG+ 2000~2500 /376 (AN G& LA,
g, A & El IS 70% [16]. A AR
Bl EEHE (e i SRR AT . InE
MU I (A% 035 4% [17]. ERSIEgEHLT1H
G SR WSy IR T TR WS TN S T S S S S
BHEZEL ERENTY, a7 —2
W . A i AR E O & — 1 H 1A,
U R AR 2 S B A PR B A P 1 45 MPa K 25
Te &N S S0M S B T [16], 300 m* KA
SUBRESE R T 7 VA NIEE A [17]. 35 MPa
kS I AN A SEBLE 7=, EINEA . WET.
A S5 Az O F AR s BN 2 R
70 MPa INEFAR, (AR G T E 4k [16].

TEEBN IR R R, EAE A S IR ER
RIFRES ), REEMEHH LA, BHIFE
REAR SR R B, AR st 5 3 25 BB 1 7
VG HCE B AR A LA B 755K

(R) MERARIBERA

FEARE AT A (TCO) MF@EEmA. 28
A Ri#F S REBNTTRGIEA . BB 1A
WREME T AR W S A A RS, S5 I
BREL AR . EE AR R NIRRT, R
B9, T EB) I AL T S NS
By Bt AH G TCO 73 T ik SR A8 78 4y o & X
15 000 TEU 2 A3l /) 8 Fe #6 M I & 1) TCO 43 B %
B, BEm& 1451 MW R KREINEN TS,
254 MW, 252 MW SRR R S AE N BhEh
77, M TCO 272 [R5 26 A1 T A% SRR R AA 1 2 4%
WAL B A 2 52 ) 22 S Bl g R 22 0 P e ) E
S5 [22].



PETIEME 2022 F $24% F3H

. SEhHfeRE~ iR BT 0

(—) SRR ESHIEFEAR

a7, AR EEFANARRIRIRTE, 25T
RASREFEN95%, A= iR co,; R
FAE BEYR SRS 1) F BB SR AT R I IS 28 1) 1) F A 7K
HIE, AR E T E A, BT Ay
4%~5%. WA FIHSEAF (CCUS) AR W
FF45 58 A0 A g ) S0 72 AR (R A HE i L, (2
2 FEIIAT BRI HE Al 15 it (1) A RS, T 2030 4 iy
FTF CCUS BR[04 REIR 1) Z A B & 2885 [2].
PR, 36T AT A R I FE AR /K o) S R R AU
HUf i Je s

AR /K 1 K FLE . PEMUZK R [ 4
EALPK HL AR . TROK FLAFE . PEM ZK FLRE BN A2 24
A AT SEBR R I H AR [23]: arEERE DL Tk
1, B8 & AP R IE F] 1000 NmY/h [24]; 5 #
AR T MR E 17 T AL AT B 4R, &
] PR AR K R S A% (P 2L B B 2 R T, 2020 43¢
PLARRN I8 MW, 2 kA 1/4. 75 “ XK
Hir 5T, BEESARET M E RS EE,
2030 4F, 2060 -3 [H LA 7K il S 1% & BN A 2
AIEFE|25 GW. 750 GW, 7351 it AL S 2 1 15%.
40% [2].

(Z) KRR ANSESEHmEA

A SEIA A R R EEA SRR A
KEHEE. MEREAEE, 8581HE. sEREaK
By AR, EHTEHERRL. ik
R A HHEEAMEMHEP, 548MEEE
PV R S AR AR I Y o ] PN A 4 2R A SO AR
JE /1% 920 MPa, TT11-2140-H2-20-1 7Y £5 = 45 o)
R AT SRR AL 347 kg MEAAKE T E
FF 200 km LA 32 %, 200 km FR 33 1)18 i sl A
Z1°87.72 ~8.82 Jt/kg [16].

RRREMEENEERE I (REESEKE
HLZEM 1045 04 1), 7 200 km PA L BE B (932 5 i A
CAREREKEELK 1/5~1/8 [16], HASMAIL
REFER . 0120 MPa /& [ AUE 48 AR 218
2 Ju/kg, K B A ML R BTG AR 2
12.576/kg [17]. MhAb, SRR IR B Rk
KK BN FERRPAH R ARG W B, WA

OHE 2P AE gt PR ) S 0K A R R L I
W, ARSI B2 R0E, B 0RO # M
P Az, W HA “Suiso Frotier” & iz
LATpAIES

ETASEANEEEH T AW AiEmEE
. RRRBEANEEZH. FiEzhiEH TR
ik, KERB A isim, HEANHRTERK. 45
S A TEE R, BERIBARR T HF
RN EEHATIS N, & FhHe s RS AR
KB ZEETT R CHBEARBTINEEAELI N 15%
B, AT R E B AT & Mo R AT (25D, E
B RN RIs i EE S A A AR
5. ZamE S0 8%, A SRR Y
K B FE R, BEAA IS s 3 i i i i
RISl e

(=) MBRXBSEEIHEAR

AR AR KR EIH MR EEE— R EE
7 pa . mE A AR R, AR
PHEHAT 2 7 R R, B8 EISHE 7]
WALiE A [26]. &R EANWMHEE [9,27]. WAL
Vit A 28145 .

o PR i S T AR ARE T 7 2, EERE
35 MPa. 70 MPa PR RLHE ,  F N PR AR RR A S5 T
AN 25 g/Ly 41 g/L[16]. [E 4N 70 MPa = [k fif
ARSI LB AL, 413 H Mirai 284
BE B IR 45 RI R 70 MPa fig & . F [E 1) 35 MPa
A S AR R, B P SRR IR AR A
Z KM IEFEWE R 70 MPa & 50, S mk
BB B Fk, RESS MM, 0 “SE BRI
57 NS R T 35 MPa = R SR AEE T
o FERIAR A B 5 T4 ) B8 A

WA HEE N T0.8 gL, FEMEFEHE L
S A H BN AR R, (KR
WA LT KR AEHE, AR KR E
AT FHEBIA SR A E A R %
BA%, TR R ARSI Bk, AR
FEiIERREREE SRR E, W “Topeka” &
M. “AQUA” MR HE T RIR R IR S fig &
TR EEAiEE T R A ST K
FEIG waetEmSEs, AR E A RIFN A
AT, HET R IR TR B R A R AR

133



KESN SR L R

B I 2R A ]

it LR EAEELN17.6%, WRMER
i A B RWEAM 1S5, Mz & WA &7
BB, B85 LN B R g S s ok
AWK EEMER I TR "R iR 2 LA
RARNBERIER RS T BRI BB &, JF
RACIE AR miG e (RS b 72 S SR
FE M [16]. FEAAREMHEAFEEHLASGSE
1K 12.5%, 1R R SR FAR R T2 I i A A7
iZHy, MPEE KT 200 km i BRI S B A 40
A [16]. HREEIH REHI A &7 CO, TR&AA
S Ak s B DL S PEMEC ML 7 P 25

(M) PuRZEMEFTA

DA A IR AEE T R FE, MRS
7 RANFER A RAAE . 7E “ Alsterwasser” MR G
IH AR A AR S Sk N & A iz M hE AR
EEVE, M L2 A6k S0 kg AR, FRUOINAS
FEFERT 214 12 min; {2 [F 212A R R K 56T 4
JRENEE T, TERL80% 100% HN A & 53 5l
FERF 10 hy 25 he B F0E LR & ESSME LN
SEAAR B, TEES JIREAA R VTR F 22 A
T AT I R SR AR =

SERmMEML, SmnEEEmEsER,
SN A B ARE A, DA TR R B D AT R I v
ERTTA, RIS EA AR 2 18R 2D W s
RE LA & B AU F 75 . MR RAYE NS Sk AT k) v
Iy — AN S VAR AR R, R B FRAE I i R )
M RGIEH TAE () DU 5 5 25 5] 25 31
(SIMOPs) [ E, SARREE MR A 1) 22 4
PR, AR T AR R 1) R

(R ARAAKRTHR AR BEAR

Fi R RL I SRR “ /NI R — K Ih R
MR JE S . BRI 225y L PEMFC 93
ARIR AR s, DURRRBRIR £ (MCFC) A [ 4
A (SOFC) MAUKRK MR MR BT & %
AR, IEAEBEAT AL . B R, ISR SE
REAR, Bk, IREE; FHERELIER
RO A BRI ROR IS, S A
FEAARE -t RR KRR AR R A S 5 17 o

FEARDI AR TR SRR B R TOUA G, ANFEIM

134

I T SRR UL 1 178 [29]. PEMFC R4 {E A
ANTRUR A 07 3= 30 D SR B AR AR K i Bh sl 1y . FEELE
A B JI ARV H F, PEMFC & Sefi i T %
FEARE TG N T %A 30 1AL E 3%
5t, AR PEMFC R4t o) 2 N4 v 2 K FL gk
TR MR FELR AR T BOvw 1 A

(73) AERRSINRIEAR

AR KA R LR RS, B
AN L G WIANL B A T S .
I PR HL PR L) 9 30%~40%, 111 42 [ £ b BFF o)
Y N R AILBG IR AL #0300 36 i v 18 B 42%, TR IE
TERER A AN AR A SIS $ 44% [16]. HE
TR, SNSRI EREGRE IR, AR
B TREMGRIIME A, (HAETERE . B Rk
SRS, HaEANO,, RIS R Gt
e MK NO HEHUR f5 25 PRI 70 i A O 1
J5 T -

KNP L PEMFC R 40 B A far DR AL 4,
Rr B A ORI AR M, R A A IR 1S i L
o 20174, ORI AL e Tt 5t i S A
BUBRRL MY, #5 %/ Behydro & 3 Bl H Th & A
1000~2670 kW [6]. H FI 3 E FI S BN AR L+
TEVRZE AT v AT R A AR PRI 72, AR B PR o
BEAKCPIBAF R R 22

() #ERAZeeRnEESIRA

i RN AR F AR S AL DUBR I 4% / B 5 0
R, B R S R AL O HEE R G R
T, ReUR &S AE N B — . AR RETE M) 2 FF
AR KRR KRBT, W “Energy Observer” i fitf
BT KFHBE SRR RS, NIITRKHBE RS, #H
MWARG . WKEWL RS . PEM HRKHI A RS
PEMFC % 445 £ H A MR8 204 R fif (NYK

&1 ARRATERINRER

(Hf7: kW)
HEERE
Y e
* % e R
JINT i SRR AN — 1~100 —
EYAER AR | 100~2000 500~1000 50 000
TS FOE TN 2 AR 500~2000  1000~2000 50 000




PETIEME 2022 F $24% F3H

Super Eco-ship) Wit 7 &, 3 1 R4 kH
LNG AR, ORBHREHIE . X7 B [29].

TEMT IR REIR L4 T Z R TES T, 2t
Re RGP A HI AR H 28 I H BB, oK
KA B MR ) RGW R RRLEL . E Lt
(B BE) B E . MR, X
T BRI 22 ReVR B [A) 4 ) s RSk AT 2% R 45 2 TH]
ARACIUC G 5 R 42 ], ORI S) ) RG22 41k
FIEEMEL BRI [30].

() fEMRENARERAR

MAAUAT AR ST 24, B 2R 5. K. MiESE
IR AR RGAIXT IS, B RAE LS E
W, NGRS Gy Gk BT 75 S A RbE . Rk, AR
BRIt SRR AR b e
REF R, TR S BORLRE DG IR K L R A XK
RAEMEZR I Ja RBRHIEAR KT, T ORAH G he B
BHET AR L/ VLR RS2 4
Ko B B IR S 22 A B S B S A it
ARt —P 58 (3], AN HZEEARZLEIN I
A2 Ais AT B JEAl, SR FHACE AT 77 V5 Tl A A A
AR S RS v AR A, A ) AR DR R
X8 A B084% [31].

(F1) SshHRERatRERFLTE

FERE E AU, SR8 SR LI 5 AR #E A g
o RERAT AR RBARARHEZ IE 91 T SR BN
JIFERARRE R RV AN s, AR SRR LIt 2R 5t A
Lt ARG ZI ARG Ehrit . B i 4]
GUEAETFRE (YA A AR DA s A 9 [ e
ZAFINY TSRS AR R e BOR
BRG] TAE, EIFAES B BN RS,
BN I RARBARARHEIA AL A T AV
R BRAE RIS I, 2T AL, Fla, i
VA SNE . (R REUINE A 6 e AL i i
REARESARD 70 MPa filf S L ATARAE A 5
H FARHE LI AL TSR ICIRES -

T 1) 283 0 A AR PR A B 5K, A S A AR
FNE R ERREATH R O MR Rt
NN RGE W FIRIE, MR RECOR, X
R AR —BhE . BB P RS, HOAAEER
T EMARS: @ ARE A ihsh I T %

DR PP A 73 BT 55 i RO e it S LA Pl 22 22 Bl 30
TR FUAG L, e 5 O T A i B3RS MR
iy ISP I ST I A o S W T 1 L 7R
@ MEAHEMSEEINE T 0L AR & T
AWEIT, 3 s D1 s v Je M SRR I s
i, MRFARGHIETRAGIL:; @ fHEER
gt ARG RGBT FUIRIE, S E IF Rk
SETE EMR B T MR BOR B HEAR &

I RESHOMENLRBIRSERKE

(—) RESHRBENLRBR

RIS “XH” KR HAw, BE T A AN
g BRI AR R R #S TG ERE ). KEES )
FEAR, AT 2% 5| K % A8 188 408 M S B il 1% it 1) 2%
Uity I FH FRVRR T, T K % 58 0 12 i % 4 1) RE A
B, SCRRSEOLE T RRIR L Y . Bk E .
[l il 3 2025) SFAT BN, HEBNAE GG ARHE AT
AT 5T 2, (A 3 2R A A it 5 T 7 BT
AR E A, SR A s S R R R . S
Kl i, KA EME . REmaE. 280
EEh] . AR 2 eSO R BRI, HilE
BN SINEAARAE R, e AR E R, D)
2 R IR ARG R

£ 2025 NEARFUEB B S BIAR BT 4
FARBERE, 5 RO SR I S SRR
il e S B T AR AAARIE JORYE s 58 OB TR AR &
WER, 6 NI/ A 25 3 S SE LA BN 1 R R R Ya
N

2025—2030 F N 5EE A Br . M A S S
Maehs WliE S, MK DhRISE. TEREVEAL
&, EIMEMNEAS “Hiitie” B K
VAT A9 55 3 55 B A 30 TR AR 7R Y8 R RS, 58
2 7K % 2 T8 AH O FE A A it

2030—2035 F NI BT B . BRARKAREFLI
MESEA, FREMHEE Bl RS G, i
RORANG E A E R, BF AR SRRk F vt A R 2R
FOR ;s H 2 50 2% I 7K % A2 8 3028 28 & BRI =k Ak
R, TR SSE IS I N 7RV .

2035—2060 N HE BB B . A SN IR
RS A ERE, HE AR S5% . )
HHATLNG / HEESE SN 71 A A, 58 ok sl 7K

135



KESN SR L R

B 22 T8 Js A e U P AT H s R B e 1T
JEEZN TR RS, & T+ E 2Bl ARl
() B 36 5 77 o

(Z) RESHRMEEREER

1. THI [y sk R0 R 230 77 i AR A 2 2% ]

LNG AR AT 5t R 4F, K2 1 ARG ARTE v
REM R EI . & H i AR DU BUR PRSIl Py i
FAm AN FHEBUR R T &, (HReE % EA R,
FEAERRE . ANARAN A R A (R], T AR AR
BESIRARA T IZ N . SRR S AR HER
(R UK DT ), I S AT Rl i T R
T ERIET, HEiiaseiim a2 F 252y
X, Ak HKED TR, FIE CCUS HA B G
N CAE— 20 BEARBRCHE G T P A RR R I S Rk
FERRIE0ET . EEETTIH, A 2 E BRI i
ITREARM SR, FFiF— P R R AR A S AL
W R AT A, HEEEBER A Z A%
WIAHHFN DA

S N B RSB I, PEMFC 2[R T
INREREAR LA SR, BEENHT
PR BT A, A R4k 82K 8 =il PEMFC. =i
BREH I (W1 SOFC) AT A & S AR Ak 1T A 7
W AE, RARAFIHBEARAT BRI RFEN
R, NREHFERBPINE, (EmilRiEH Tt
REAAMIEIAR B 2E . AN 5 — PR 1 24,
BEE MR S B AR R BRI AT AT 5, R
AKEEAZIE R H ARSI R T R E A

A SN R RS 5 AR B . AN R
Ml SRR DL A BRIl Bt S 2 A G, 4%
oL RS R NS i N - SR I )35 i o 9
(DLER2): WX e AR / AR S, AT R &8

Blnhsh 71 £ 40, A2 /N LA (8000 t LA
) ARAERE RS RS, TR
T (8000 tLA ) WIRAEEFA. & H ISR
I IRPL R SE; Tl SmPERT IR TR R &30 1
R,

2. EMRRMIE R R R R B AR

TR, A ReIE I A, b S A, 322
SONBERIE . RARAHIA . AL TR ShdlE . S
AR EE . AP RS, A=
M5 s n LA R SRR B T2, 7 smifE Sk
W 5 F, CCUS AR £ 0 Bl Z s £k 7= 4
HIEW . ER I, TR A AR IR HI A L EG R D
W, SRR SRBOR 45 A P A A T — S R
B, EZCHA, FIF AT AR R L, P K A
il Sk 2 A 7 0 (3.

EA KA TR N H A ST R E B
EESEAKEREZH . MEREMEEH. Bl
DR Az T, REkiEs L FR R A
fikiz AE. DmEREAEIE Nl RREHERSIW
I N BB AR, W RAR N EEE . R
RABAMEEEMMmAEMER Esid &
2 R JEE Atk 152 it 1) 7 14 L Ao

TE PR A I AT R A BE R FE Y LS e,
B AR B . DA D oy L s SR bk
B, BRI IBE SO RE . BRI R AR
WEORNH, WREEREBEIANAER, B2 S~
skt R RN Te 2, 0] SCREE S FI M B FH 9F
SERE K AS B A R A A E

BEVT &R RIS W THRIXEF, Tikg=
SR 2 IRITHE 1, SRR EE AR M
W O] g b AR T g ERE, RIS R LS 7E L 7R
CHR T B B A R i i,  DLES LIz ik

R2 SEOMEMRERIEE

, i [
7l A T P33
Bk ) E BAGA e
E=) IR HRGE L)
FH i FH i FH i SHIEACT LRI
RE R PEMFC iR PEMFC/SOFC 7167 PEMFC/SOFC
P BEBIL AR KNO, HE EAGCR MENOHI  mIARCE K NO, HEiL
BN I LRI PR/ P ¥ plawii e

136



PETIEME 2022 F $24% F3H

BEAR IS SEUAS o At A1 J=) AT 2% 18 5 B T U
A, U R L R R I8 B A ) XA A g
St B H PR PER A, I T RS N RS I
CZEWIIEbR

b X R S L T K R A ) S B R
ERITR AN ET, B UEONRIRE R LIS
IR I, X v B0 AR i B A TE
SRR T AT REVE . ik B A A Ry it XU
WS , AR BIHX At AT H 50 B AR i X
FL3 A T O R o R B R A 2 )
il it X R AR, HEShHE b KL A EROKGZE R
DA Je o T JR it b R L ) S0 H BAT — S e 3
Ve, g EERE A A AT B O EIREH B 1 2R 1
HEH BT -

7N HESNERES S IR & RAVEN

(—) BRMAIN F7S
ﬁﬁ%%ﬂ%mﬁﬁ%%%ﬁ%mﬁ&i%ﬁ
ks, HEERKERNEAS e E LR,
éﬁlﬁ%&%ﬂﬂ%ﬁkﬁ%,%%ﬁflhm
BN AAR 5. RHZ RSB N /A AR

e BURTPERIR Y, Sl LA, kK
BEFR TG . B RHTH] . N RTE . FEAL
R

(Z) REERHERA

AR 5] AR, SREUA L BE S X
hatE, RGN BIBTBEIT. R % AL
e, PAAb oy T AR St B SRR % G0 8r. B
JIRW AN SRR A 7 )T I ) O B A
DI, WNFE BRI AR IR &
{UESIE 5% NP B <5 0 S SR 5 9 NS P (e 7 S 2 i
Hiz T AR R /KPR PA B E prjcitt, AT K
PR R S50 7T AL P 7R Y S 2 il o

(=) ZEBRERE

FRVAE ] 5K J2 THI T e A8 38 AU e R 75 SR AR A
BALIE, H%E KRR AR E R LR G B S
i, WEFRHR I BRRIHE R AR R JE A A i 1 4 IO
bl St X G B A RES AN, KE
RBA . A5 g, T SERHIEITE HF RS 7R
W, LRI IR R TREAL, A 2R R
S e LA vt g B KA

20254

20304

20354 20604

A I A I ﬁﬁ@%@*ﬁ T
WA rostT IR S

= ﬁE%aLm ﬁmﬁﬁLm
B 5 ARIR WM
@ﬁﬁﬁLﬁ

B
AR O 3 5
>>nu:ﬁ'ﬁ>bﬁ >> by L é>

nlfﬁ*fiﬁﬁ

{fﬁinn?&aﬂy{
= Eﬁ*ﬁ?ﬁu‘ﬁ ZFp A
FARIRAIBLT

ﬁ?kﬁ)‘iLﬁ

>

il

AL
IR /
s B by Ml
BT tﬁﬁiuﬁ

FR#EOMA

%ﬂfﬁﬁ% P iR
HAEL gLk JEE NS W A A

‘IFJEN:EA_ﬂﬂé Rt —55%

RRIET

E3 RESZ NS RMERREIREE

137



RE S NIREEIH & R =

(M tFiEERR

R

B S Bh A0 F AR bA E A AE R I 385
[ 45 A I B B sk b, BIRBC B BOR . %

DIsE

LR SRR, B & R AR B B L3R 0 A0

IESR=I Pk i ENIER

PR i B SR R is B AR

KRR AP SR AR GO AR O 50 5 ARAOT 40 8t
XA BE R A RIATI . G B IS5
LA M i i ) A% QPR R S S R 30 0 M AR 6 T

BERR.
&30
[ 6%, SO, PR T, S R AR A AR M Bk

[10]

138

A [I]. BHA AL, 2020, 42(3): 9-14.

Fan AL, He Y P, Yan X P, et al. Concept and key technologies of
intelligent new energy ship [J]. Ship Engineering, 2020, 42(3):
9-14.

International Energy Agency. An energy sector roadmap to carbon
neutrality in China. [EB/OL]. (2021-09-15)[2022-04-14]. https://
WWW. iea. org/reports/an-energy-sector-roadmap-to-carbon-neutrality-
in-china.

S5, PRI . A P08 R b e R B R R BT AT (0], Th
TAERFEE, 2019, 21(6): 18-21.

Peng Y T, Xu Z S. Development of hydrogen fuel cell propulsion
technology for ships [J]. Strategic Study of CAE, 2019, 21(6): 18-21.
De-Troya J J, Alvarez C, Fernandez-Garrido C, et al. Analysing
the possibilities of using fuel cells in ships [J]. International Jour-
nal of Hydrogen Energy, 2016, 41(4): 2853-2866.

A A REARL r b B AN B H 3k e (1] A, 2020, 31
(5): 69-76.

Yu Q H. Hydrogen, fuel cells and their application on ship [J].
Ship & Boat, 2020, 31(5): 69-76.

American Bureau of Shipping. Sustainability whitepaper: Hydro-
gen as marine fuel [R]. Spring: American Bureau of Shipping, 2021.
Choi C H, Yu S J, Han I S, et al. Development and demonstration
of PEM fuel-cell-battery hybrid system for propulsion of tourist
boat [J]. International Journal of Hydrogen Energy, 2016, 41(5):
3591-3599.

Wilhelmsen. Topeka’s hydrogen vessels one step closer to reality
[EB/OL]. (2021-12-07)[2022-04-14]. https://www.wilhelmsen.com/
media-news-and-events/press-releases/202 1/topekas-hydrogen-vessels-
one-step-closer-to-reality/.

Cavo M, Gadducci E, Rattazzi D, et al. Dynamic analysis of PEM
fuel cells and metal hydrides on a zero-emission ship: A model-
based approach [J]. International Journal of Hydrogen Energy,
2021, 46(64): 32630-32644.

PP S A o I A R AU T P o PR FL vl 7 i 2 G
A ATHIE 45 [EB/OL]. (2021-02-01)[2022-04-14]. https://www.ccs.
org.cn/ccswz/articleDetail 7id=202102020951400766.

China Classification Society. China Classification Society issued
the first type approval certificate of marine fuel cell products in
China [EB/OL]. (2021-02-01)[2022-04-14]. https://www. ccs. org.

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

(21]

[22]

cn/ceswz/articleDetail?1d=202102020951400766.

EI, B, R R, A WA R SRR A i 58 R R AL
Be & [J]. FIEEOR, 2021, 45(3): 330-334.

Wang J, Wang F, Yuan J L, et al. Optimized configuration of
hydrogen fuel cells and energy storage batteries for cruise ships [J].
Chinese Journal of Power Sources, 2021, 45(3): 330-334.

el Brea et E AR BRI T M. AE5E: 4
SRR SCHR AL, 2020.

China Center for International Economic Exchanges. Research on
China’s hydrogen industry policy [M]. Beijing: Social Sciences
Academic Press, 2020.

HERE LR AR SRR IR A R AR
(2021) [R]. AT HUBE Toll et 2021

China Society of Automotive Engineering. Annual report on global
hydrogen fuel cell vehicle(2021). [R]. Beijing: China Machine
Press, 2021.

A AR A K ) SR B[R], B B EA A AR
HIA R w, 2020.

Yi B L. Meet the peak of hydrogen production and energy storage
by electrolytic water [R]. Beijing: China Petrochemical Corpora-
tion, 2020.

Kwon H, Ryu M, An S K. Technical & economic study for com-
mercial ships with HFO, LNG and NH, as fuel [C]. Orlando: Pro-
ceedings of 2019 AIChE Annual Meeting, 2019.

Pl 5 A A A AR P G RO . RE T 1) M. dEnt: R E
73 HihAt, 2022.

Hydrogen Energy Industry Innovation Center of State Power In-
vestment Corporation Limited. Questions about hydrogen energy
[M]. Beijing: China Electric Power Press, 2022.

ERE TR R AR SRR IR 2 R e AR &
(2019) [R]. db5T: MU Lok H Rt 2019.

China Society of Automotive Engineering. Annual report on global
hydrogen fuel cell vehicle(2019) [R]. Beijing: China Machine
Press, 2019.

ohE SURE I L b SRR VR APORE R L 1 R 15 (2019 JR)
[R]. Jbxt: SRR, 2019.

China Hydrogen Alliance. White paper on China’s hydrogen en-
ergy and fuel cell industry(2019) [R]. Beijing: China Hydrogen
Alliance, 2019.

AN, A R . e 5O LB R R IR K 2 (7). h A
EEBE T, 2019, 34(4): 469-477.

Shao Z G, Yi B L. Developing trend and present status of hydro-
gen energy and fuel cell development [J]. Bulletin of Chinese
Academy of Sciences, 2019, 34(4): 467-477.

VAN, GG, B IRBE . BT A BT EURRE AL R R R S
I IRE R ETTREAIR, 2021, 12(3): 265-278.

Sun B G, Bao L Z, Luo Q H. Development and trends of direct in-
jection hydrogen internal combustion engine technology [J]. Jour-
nal of Automotive Safety and Energy, 2021, 12(3): 265-278.
Tarasenko A B, Kiseleva S V, Popel O S. Hydrogen energy pilot
introduction—Technology competition [J]. International Journal of
Hydrogen Energy, 2022, 47(23): 11991-11997.

TR, B 2 ORI AR S A A BT 00, A,
2021, 32(5):10-16.



PETIEME 2022 F $24% F3H

[23]

[24]

[25]

[26]

Wang Y Y, Wei M. Analysis of total cost of wwnership for green
low carbon ships [J]. Ship & Boat, 2021, 32(5): 10-16.

AT LU, AT AR . RIS S S AE (7] o E TR, 2018,
20(3): 58-65.

Yu H M, Yi B L. Hydrogen for energy storage and hydrogen pro-
duction from electrolysis [J]. Strategic Study of CAE, 2018,
20(3): 58-65.

ATLLA, HE BN, 0, 45 . ALK I S BRI Fe it e 5 Rk e
W], R ETRERE, 2021, 23(2): 146-152.

Yu H M, Shao Z G, Hou M, et al. Hydrogen production by water
electrolysis: Progress and suggestions [J]. Strategic Study of CAE,
2021, 23(2): 146-152.

RN, BRIV, Uk, 45 AU AE RS (M), dbst s
Akt R, 2021.

WuCL,LiYT, LiY, et al. Hydrogen storage and transportation
[M]. Beijing: Chemical Industry Press, 2021.

Klebanoff L E, Pratt J] W, Leffers C M, et al. Comparison of the
greenhouse gas and criteria pollutant emissions from the SF-
BREEZE high-speed fuel-cell ferry with a diesel ferry [J]. Trans-
portation Research Part D: Transport and Environment, 2017, 54:
250-268.

[27]

[28]

[29]

[30]

B1

Tong L, Yuan Y P, Yang T Q, et al. Hydrogen release from a metal
hydride tank with phase change material jacket and coiled-tube
heat exchanger [J]. International Journal of Hydrogen Energy,
2021, 46(63): 32135-32148.

R, SR, AR, 55 S A ML S SOR W FTRERE (D).
2R, 2019, 41(1): 47-53.

Zhao L, Zhang J X, Zhu WY, et al. Research progress of hydro-
gen storage technology for liquid organic matter [J]. Chemical Re-
agents, 2019, 41(1): 47-53.

FEH, ARAL, ZEAE . AN R BEIREOR (M. dbat: ERy Tk
iRt 2015.

Yan X P, Xu L, Yuan C Q. Clean energy techniques for ships [M].
Beijing: National Defense Industry Press, 2015.

Yuan Y P, Wang J X, Yan X P, et al. A review of multi-energy
hybrid power system for ships [J]. Renewable and Sustainable
Energy Reviews, 2020, 132: 1-12.

e, AN, PETE, A% R I A AR AR P MR B
T [J]. 203815 B 5 %242, 2017, 35(6): 60-66.

Li F, Yuan Y P, Yan X P, et al. A study on numerical simulation of
hydrogen leakage in cabin of fuel cell ship [J]. Journal of Trans-
port Information and Safety, 2017, 35(6): 60—66.

139



