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1.1.1 842

SHGHALZ IFH(IMO)S| M4xt 2&7IAGHG) S50 T=H, 2012 =H[6H22| Ofttat
EHA(CO2) HIZZE 79 1002t E0ilM 20182 7 40002t EQE f 5.6% 37132,
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EOH, WEOIHM M2ZE2%0] M2 IMOZt 2474 A=s flet =28 Frotd AT

IMO= 9] 2a7tA A=s flet 718X | 28 X2 AEHez =9 S0|H.
2018 48, IMO= MEPC 72X} 2|200i A e 2atA A=S 218 27Xk (nitial
IMO GHG Strategy)S =30y, 2023 72 MEPC 80X} &2/0|A= HE
AYAUCE =, 2030E7HK| ZH[CH20IM ArESH= OIUX| & ZA 5%E 24 7tA BIE0]
A9l Ql= 71z, = E= HUXEC2 HXRitke SHeL 2030E & 20408 SUEHES
Eoll 2050E7HK| FHGh22 247tA HEHE HiE HZ(net-zero)2 HSAUTH=
A =0t

0] FHS2 IMO2| A|&EHQ! =2 H‘Iﬂ”ﬂfol ﬂfai OH GA 2| HE
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SH20lA A== M8 A= F 1% 0|2 # SEf YR2L{Ot7} 2030'401| 22%, 2050'—&|
Ol= 63%2 2 %7 e Ae2 I.JE’_-IEJEHI%! 11. 0[2F 2 4 & YELIOIE AEdt=

[ 1] 2050E7kK]2] ME9] Fuel Mix HLU(IEA)

Shipping energy consumption

® Fossil fuels
Biofules

® Hydrogen

® Ammonia
Methanol

2015 2020 2022 2030 2040 2050

Milestones 2022 2030 2035 2050
Shipping

International shipping activity

. . 125 145 165 265
(trillion tonne—kiolmetres)
Share in final evergy consumption
Biofuels 0% 8% 13% 19%
Hydrogen 0% 4% 7% 19%

. 63%

Ammonia 0% 6% 15% 44%
Methanol 0% 1% 2% 3%

[EX] Net Zero Roadmap: A Global Pathway to Keep the 1.5 C Goal in Reach 2023
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(22 5] MEfE A= MX|(PEMFC, SOFC) 7+ M2 (2022-2033)

Implied marine fuel cell system cost —— SOFC
based on IDTechEx forecast and 15% learning rate —— PEMFC
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1,000
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2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033
SOFC $/kW 4000 3840 3560 3300 3060 2840 2630 2440 2260 2100 1950 1800
PEMFC $/kW 1250 1130 1010 910 820 730 660 590 530 480 430 390

[EA] IDTechEX 2114, 2022

(OE 6] H=HX|7F AX|(01E)E Mol MEBE HIF (2019-2024)

Currnet and expected fuel cell system deliveries by vessel type 2019 - 2024

10%
8%
. 25MW

(1%
1%

® Offshore support ©® Workboat

19% © Tug Yacht
° ® Cruise ® Research

® |nland Cargo © Canal

Ferry Other

Average system size by vessel (MW)

Offshore support
Tug

Cruise

Workboat

Yacht

Inland Cargo

Ferry
Research

Canal

O-I

o
ol
N

1.5

N

[EA] IDTechEX 2114, 2022

CHAPTER




MX

2.1.1 QAR

AZTK|= 4 L= A4S 23l ARt Z7| § L7 V|36t HIE 2 Soll afet
HLRIE H7|0|LX|2 Hetok= HX IE[JE' 7], T1712t B2 S0 itohs TIZHEAAH
OICH 7+ 22 T HRQ A=A A2 A=, 7|5, HolERe FgEH, HY 42
0| IR HOF O H= XE= AZoH 'ABM(stack)'S ol 718 MYS =QICH ARE2
UTSHLMMEA), 7tASME, E2|T, 7tAZ SO 2 0|20 X|H, MoiEel ZF0i| Mt
Az X9 dsit S80| Hetzint.

(22 7) HEHKI Yetmel 7Y
Electricity is
generated
=) = ——p—
Hydrogen supply
at anode side Air-oxygen supply

on cathode side

Water(H20) as a
waste product

&7 S8d%, €

YRIZ2 FgEL 0f=fet FHYHIE SEot0 'BOP(Balance of Planty2fil oHH, ARA[H

A=TX= Moo SFO| Mt DAL HolE HzMA|PEMFC), 21 A= TRIPAFC),
E8EHMUE HaTX(McFo), IAlttelE AR I(SOFC) 2| H=TXlAro), XE HiE=
=8XovFo) S22 FEEM. YHHOZ [0 7Y B0l HEEHL U= SF

PEMFC2 SOFC & SFO0|Ct.

rr ﬂJ

HEE HeiAE SYE T7|2 ZEE 73010 dEo F Sz M8E + U
Lok &1 SHEO0| Of MU BERHHO 2 28 JHsSoTt

oIl SaY AL a4 SHO| M0 vl 0[5k, 2AIZI0] ZXA| §7]
=0l Al & FAI7F H2|g PEMFC EfI0| F2 ST SHO2 HMEL|1 QOH, X
Lol 284 AZEUM T2ju, Lot 7INSotE 7HAE taieel 3e0= Fot
FE5Y2 A 80| 52 SOFCE HEol0] e BRFAUCZ ArZdt= 7|20]
20| HEE D AL

HEEE LR MRS ORI 2, A=TX|C| &F & PEMFCSE SOFCE ME¢t Atef|7t
CHEt==S REAISEL R 'EHIE' gl. & SHSUME 7|g 4=, 28, HIE SOIM U HE
7t580] StHO 2 w2 PEMFC2E SOFCEt 12{oio, T H=HX| EfYE ds Hlul=

H 110t 25 90 HI*IE|01 QUL

(72 8] HRMK| SR Mt T2HE Ng S5 (TRME 714

MCFC; 4; 11%

SOFC; 5; 13%

PEMFC; 28; 76%

® PEMFC
SOFC
MCFC

[EX] DALL'ARMI, Chiara, Energies, 2023 16(4): 2022




> [# 1] M2 A5 HX|(PEMFC)2t 123 H2MX|(SOFC)Q| YRl X 3 85 Hld

[tems

Electrolyte (F5HZ!)

Electrode (2 (cathode) Pt/C (cathode) Sr/.Lal\/In03
(anode) Pt/C (anode) Ni/YSZ
Temperature (C) 60-80 500-1000
Typical fuel H2 H2, Methanol, hydrocarbons
" oRMXNAE DB Bt .
- Electrical Efficiency (%) 50.75 56.23
(24.10)2%, g= ool HEd
olo Lifetime (h) * 20,000-30,000 -
Volumetric power
. . 0.045 0.254
density (m3/kW)
Mass—specific
powerdensity 20.84 105.11
(kg/kWh) *
[EX] ELKAFAS, Ahmed G., Processes, 2022, 11(1), 97
[ 9] PEMFC2t SOFCe| =2 EAMHE H|W
Weight Weight
(ton) (ton)
i
3 Fuelrate  Cost Fuel rate
o5 B P (L/h) M$) < & = &7 7 = (L/h)
Lifespan Fuel économy Lifespan Fuel économy
(kh) ($/km) (kh) ($/km)
[EX] WANG, Zhe, et al. Energy Conversion and Management: X, 2024, 21: 100482
14 | HAEFX| e HAE st 7S QLA

PEMFC
o Electric current
e’ y—"—‘l
Fuel In AirIn
02
H2
H20

Excess fuel
Out

Water &
Heat Out

Polymer Electroyte

Water—based polymer
membrane (Z2& 13t

SOFC
o Electric current
e ’ 1]
Fuel In AirIn
H2
02

H20

Unused
Gases out

Excess fuel
&Water

Ceramic Electroyte

Porous ceramic material
(OE4 M2ty [=)

213 daHX|e| ZR

(1) PEMFC

2y ARMKIZ TREE PEMFCE o 80T HEUA TS5I0! IS AlZt0] H1
NIS/BRPE 80[5101 Kot £540] HOLITE J2i, T2t 37|t S042 AS5IT,
Ao W21 QI3 HEO| YZINARS TH[GHOF o1, TS| SOFCO] Hlo) 280| %2

1=
BES 7HAIL AU

PEMFCe= 112 (CH2$99.97% O|Afo| 2 5) 2 GIR 2 AIRGID 2 [I2 (2 E AR5 H
JHET|LE IRt .75*% FF YX7F HQoit. oHH, 4 35 Q1Z2pVt 0]0] £5E XY

OlM= PEMFCE HESH AIESAt, HA, EE S0| &4&3t HAI0 =M, 0l2et 7|&S
EIH2 A8 Mt A|RIOZ 0| &H10| 7|THEICT

(2) SOFC
SOFCE U 82 M=tE

fjo
Q|
=
2

SiE = ArZot= H=MX|Z, 500-1,000CY i%
STOIN FIISSIHOR BNSIELL. 0] 2ES TSR, T, HE, ol A=, 4
AR g 7129 22 7ol RE ARE HEAD 4+ UEF B0, HESEAAR A

Waste Heat Recoverv)J—f ZEOI0 AAE TAN 225 SIAIZITE T2|U AIS B FXAIAIZE0]

SOFCe 9= RAUYE #& HalA| SUME 71 28X & & ofL=, 28
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A7t S/t U

e
HU
r
=
rx
| 1
1
-4
0x
fo
k>
o




(3) ZtMICH A= XX
S AZ K| AR, A|AE JIANM 7HE HIM @

=g

CHAISHALE, 7IZEH 285 O £017] flet S/t ASHo= T

>
o

J2|30 T2 HaMA|Q B2, afHl e Z0HE Argok= el MEeh M2ty 22=

HIZHO| 7+HSotA[El, =2 RS2 (600T 0=

ACE. Ofet 112y SOFCE HiAY 7| & ofLel, Z2E A

Ceramic Fuel Cell, PCFC)= &4 THAl 7HE 72 0] 201

TEE A=HMX2M, SX2400~600C)0M AHSS 4= QUCH 0
N

o
£241 MEY2 HBOZM, SOFC| 8 IS LS 2X

4>
B
o
3] rio
mjo
rol e
Tk
nrre
> HU
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=R
o 3
=3
o
>
o

o |
mo ox

o
i
AN
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i
o
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s

T3, YDLIOF MBS HAHHRIZ FARIK UL, XY A2F0| BFoH0 MBSk 2

ALLI0F HZE SOFC(Direct Ammonia fueled-SOFC, DA-SOFC) P71 &S 1|_|80 S0IC}.

DA-SOFC 7|2 Y205 2 Az 2 AEs5H H==0 MEE 00N FZ2LO0F7t
ZoliEal, $gE s/t T |SFSIHO 2 Aalk|0f T/ |S ditoh| 20 ALY Hastol

FES 7HALL AT 10].

[T 10] DA-SOFC gfAlo] UHkHOl A

System

NHs ' Electricity
SOFC

stack Heat

[EX] EZE, et al. MEHOIAE, 2021, 24(4): 368-385

In Depth

SZLIOF T vs HEHX] 7|=2| Hlw
A48 SBLIOF LRt [HICE)ON Chat 7|27 Hio] Btars) 713 S0ID, Aeiat Ei0l 2 RIRgk 202 OfAEIC Ol2fet

LSV |2 712 Y2HOt =S AEdk= SOFCOH| Hls 48f & o2 20f=0| =@ £/t o #W=0 F7HE

lejut AELOF A 7|E1 SOFCI MESE = s SE7I1M2 71&H 01F0= S22t XI01-HO0| EAHIT.

= 224: SOFC= 50-66%2 @&=5 EdY =+ AUACH, Ol= LU0t L7 [ZECE 2T 10% 7710] &2 +~Z0IC.

m QP Y: SOFCE HAldS Halok| ¢ TVIeet BgS Akol/| Uz, LHSZ |2HICE)2t B| WSt =L{otet
TEE oMY 2leis R At 4 QU0 59|, ATt 2, SOFCE =2 S5 Ys 222 0| 8=z
2AZLO0F =5 PIE0] S22 Tt

mHiET7IA: ADL|0F AZE AFRok= ICE AJAEINAE NOx 2 N20 HiSa 23 = 2X17t QIOH, 0l= &5 1
o

TH0IlM X[SXQ1 ZLEHZO| 06l BHH, SOFC= 0[2{8t HiE ZH|0IM JTiXM e 2 XtRECt.
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29 2.2.1 YHALE

2| SHHE{ ]
HiE{2l= YUMo = I 47K 1 QAL O S=anode), @ L=Hcathode), @ FHE
(Electrolyte), @ F2|(separaton 22 L=, M7 |3t5t HgE Solf HHXIE A& otALE
S HHE 2| cel)2 HUHAIE 8otz 7HE &2 0|0, Ao Mt Z0|

H[2HH017| 20 ¢f2f 7o 2= Zefol0] ‘EE(module)sS P!t HiEHZ 22 A

Heel 28X 2F0t He|E ol A =M, 2= HRAMAM TA| 02 7HE A8 E= HE=

AASH HIE 2| Mpack’ 2= TIBICE HIEZ|HE 5 8Ll 2tZ0N 27 5= MY

BUS HT5I0, (72 HERINAHC| AP L2 2 T9I2 TIE(0] HE 2 2oy 02 T4 2.2.3 HHEEIA AR SF

&7 SfCt. 0]2{ St HHE{2IA|ARIES HiE{ 2| 22| A|AR(BMS: Battery Management System)S

Soff 2, Mef, MRS DUEUSHT £/ H0{Q AJAZ L 4 7t #2iA 8532 (1) NMC

2| 0| HASHS ABHEIT} LIZ-YZ-TLENMC) HiE2l= 250 LA, T7h TUES A&ot= 2|E0[=2HHE

RACE, LA HE0| M2 =2 0UHX| EEE 7HK|= A0| EY0|H, Yt I FTLE HES

HHE{2|= AIRElS M2 SR Me{Rlo| Z20] w2}t HiE 2| s, X UE, SHM HSSH0 B2 WS 12K eRgdit 30| 2= 8= 7M. NMC HiEldl= 45

EM0| YRX|D, YBHOZ 2|S0|QU{EI2|(Li-on), 2IEZ2|IEZ|LPY), HHIE2 0| 245101 T7 (X L SUE LR 'Ho| ARECt £5| O|4X| ULt 52

(Lead-Acid), LIZI-7t=2 HHE|2|(Ni-Cd), L|ZI-4A HHE{2|(NiMH), T TR BHE{2|(Al-Solid- 2T 719 HE0| R0t =2 HAUME QFEMO = XSSHK|T, =2 TR AEHOIA

State Battery) SO TEEC};. 1 0N 2/S0|2HHE2|Q 2ISZ2|HuE2lE 0| HHEIR] 28 Al 220 T2 ds 442 01012 + A0 M3zt T FAVF 2+X0=
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In Depth
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[SoH(state of Health)]
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[EX]] Maritime Battery Forum
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Effect of DOD on lifetime(example)

— NMC
LFP
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Number of cycles until End of Life
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Depth of Discharge per Cycle

[&X] Maritime Battery Forum
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nd of Life) RE-J0| FtRIZZ, 0|0 CHet HE7H EH HAA

H(BOL; Beginning of

3.2.2 HHA KA

4rRielo] M2 7|2 HOJES ARKIZEE Yot B3I 0/l 7|2KoZ BE
SRl BT SAUES DBO| PEE 7KK Spec.2] BrZ0| ML

HX7|9] AR, 7|2XOZ NG HET ZMZ0|A ML 7510, WX 7|2 SFC(Specific
Fuel Consumption) 4{2 156g/kWhzZ *-Io-i 0] UCE 2L}, MSE=E oY 2ol EXPt
= H= 1IolH, ARZAPE ER0| M2t 21 ol e = UA=E A =L

HRTR9| ER, +H(hours), 28, FH/FLL=0| DBY 7=& 7[X Spec.2|

R U= HAIEC SXIZE ARZAH 2Q0H [t 21 +SYUH T 7Hsottt. Tt (3=
HES 20| Ofd) M7 14 HEM HHHEYX|Q 525 98%= HFSINUL

ESSO| AR, 7|22 I1E SN2 WO| AME5)= 2|ZHIE 2| Bt M| 7HX|2HS MEd
ol=5 oA, 2lEHiH2| EfS] SR T2t DBOIM 753t Spec.2| Ext (=3, 21
U, FAYE)0| HSE 0] 2R =S HYSIULCE Lo, SoH(State of Health= 7|2H Q2
70%, DoD(Depth of Discharge)= 80%.=E MMIHOL}, A=A} £==Q12E 7HS6HC.

127 BE X3l0|M ESSO| X HIAIS o2 0| Z20 W2} Of2 SM FOj|A| AlEist
=+ UES F0f UL
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3.23 AR U 2O|/2HQf ALt St B 49 'RIF UKL HHE ME0IH 2 el Q7 &H= 2h= Of2fet
20| ALtEl
J2moz RAORMAS HIZOZ Offo| £=A0f M2} 2t ATHE JA4SE = 2ele
2= QICt. O, &F7 |t HRTKX|Q| AL AH marginS 10% 2 AXGICOH, 2t 2iF el
M7|&01 582 98% 2 7}SHICT Vine = (Fixg x 1000)/FDinG
Vit = (Fi2 x 1000)/FDrh,
Veir, = (Fr X 1000)/FDcir
Grated = [max.[{M1px (1+SM/100)+M1gxM1g pc/100}, M2g, M3g, -1 Vautss = (Baess X 1000)/FDiss
/0.9/0.98/(5/100)
Frated = [max.[{M1px (1+SM/100)+M1gxM1f pc/100}, M2p, M3y, “+1] J12|1 0IF Htote] MuEfol EE ¢z |= Ot ZO0] ArHECH 3| gAY
/0.9/0.98/(7p/100) = NAH 24 23 SAZ0 et fLHo|0.

Brated = W5/(DoD/100)/(SOH/100)/0.98/(7/100)/Cr

ok 2t AHE RO/ et 2 & A= SI|/FAH0 et SEE xﬂgaroq
AN FANGE HEE S USRS O 2 STHE UM 5 50/ 6 ASolof = ~40120] 42, MUBOR S3iE MBS YV} RIS 70l 2uMHE
2 iR ADZIS AT Of2{et 2Tt A0 XA ey ) SR AL DS HEE TSAO| BT MR SIS AN
MEE Y9, NSAIS Y39 AY HES HISOR RS 44 B30 48 HAGIHC

Fixe={(W6/0.98/(75/100)) x SEC/10°}+{(W/(75/100)/ oh HmSlo] S S CHys SIS Ao A AGEI ASA B M2t
(p/100))/13.7/10% e ol e et
Frio=(Wy/(75/100)/(75/100))/33.33/10° I, K1= 22RI00 AFRE|= AB) OIEAA BT K2 SF2X|/HAN M= CH3 E450)

Foe 100/, 1000517110 HEHC= o HAMAE DB 227} 022 S 42tot(] Oteligts Defaultgte = 275t

D
ALt (Default 242 GIAl 2=, HE=0| 2Ot HOHE F2 HEE = ULt)

5

> [2 5] ez Z3RE OLX[ZE=(g/kWh)

o TR cto I}2}0|E:

o= e # [Ef0lE Tem=(Fr: X 1,000 x N)/(K1 or K2)

LNG 13.70 a/kWh Default (Of7IM, K1: 2.3 kg-Ha/7H, K2: 6.83 kg-Ha/7H)
H2 33.33 a/kWh Default(CH2, LH2 &)

NH3 5.17 g/kWh Default

Mt Mefofl EE Glzo] & 2ol Offer 2O, o, B3 AHHlel SA= 1
SIX| QIUCt

Muel = (Fing+Fro+Fars) X N

36 | X Mt HAZS 215 7|E QM R TR M8 HA Al DA | 37




[%t11] 3.2.3 £419] Symboldi| CHSH AH

(2L U H3})
«Mlp 2EEE
Propulsion Load (kw)
« M1s: 282 E = normal seagoing ZEHAS] Ship
Service Load (kw)
*M26, M3g, ---: LHHA| 2ZEUA S |2 S5
2= 2ok (w)
« M2F, M3F, - LI X| 22 EN M2 HEHNX2 S5
HH= HI5EE (W)

% normal seagoing ZE0{A2

+ M16_pc, M1e pc: Normal seagoing ZEO|IM X7/
AZTX| | LMH|E (%)

*We: &7|= Sgot=

Ot
2
1

G
/7?
=
=

o
*WE: A2TX|2 S50tk & JHE kwh)
- Wg: HiE 2|2 SZ0t= & MEE (kwh)
« SM: Sea Margin (%)

« N: 13| ¢iE ST (bunkering 22 R&7+50H28 K== (@)

(882 ¥ 4ds
- np: HETXAAE S8 (%)
Note. 7[2MO2 50%Z MHE US

° Np: FEUNAR 22 (%)
Note. AZHX|AAEIO| MLHLHMEO 20 ALZA| 98%,
TNFEECERE ME Al 92%7t 7|22 HHE 0 US
(FTZE ¥ E210|H 59| §20| 14F)

CHHE{2])
» DoD(Depth of Discharge): HIE{2|2| BIA T (%)
* SoH(State of Health): HIE{2|2| 7[CH =T (%)

- Cr: BiE{2|2] C-rate (-)

(HEAREZ 20|, UE)

* Fung: A== LNG HE 2] AR (ton/voyage)
* Frz: O &= H2 H=2| ARZF (ton/voyage)

* Fnes: O == NH3 A= 9] A (ton/voyage)
* Miel: HIAEIE SR 9| & 2 (ton/voyage)

* Viel: Ol == H= 2| B 21| (m*/voyage)

* Ving: OIl4 &= LNG ¢1=22] 21| (m/voyage)

* Vi OIMEl= LH2 H=22| 21| (m3/voyage)

* Ve OIAEl= CH2 A= 2 21 (m?/voyage)

* VNt Ol El= NH3 22| 210 (m?/voyage)

+ SFC(Specific Fuel Consumption): X7 | A= ADEF (g/kwWh)
* FDinG: LNG =2 21I|E HHXIZE (kg/m?)
« FDw:! LH2 S=9| RI|F O XL (kg/md)
* FDcHz: CH2 A2 2RI 0K (kg/m?)
* FDnHs: NHs A=2] RIS 04X (kg/m?)

(@542 93)

e Ter: HQSH =4 (700bar) HIFO| T4 (CH2 ¢z

« Kyt 2% CH2 §39| +AMYES (kg/7H)

* Ko: e CH2 39| +AXHEZ (ko/7H)

33 UBINMOZ AZTANAEN SFE= o4 FE2 OF2fiQt 22 A0 W2t ALHEICE
FGSS 4 S|
ALt
= Power [k W] 1
Mass flow |kg/h| = X X 3,600\k)/k Wh
f [ g/ ] LHVfuel [k]/kg] D et [ ]/ ]
or
Mass flow [kg/n] = —Lower kW] L 3.600[k/k WA

LH V}‘uel [k]/ kg ] 7 fuclcell

0|}, HIBXX|Q EE2 50%= 716t B 62 fUX|ZLE 22 M5 T2, Normal
seagoingA|Q| HEMXAAEIN 2ZEE A R 0f2iQF Z0| HAHEICH Ofmf, £=AT}
OF LNG, NHz g2 & MEfst AL JHEV|9] 28(80%) M 12 Z|ULCH.

Power [k W] o 1
LH I/fuel [kJ/kg) ~ 7 Fuelcell
Power [k W] 1

= . =
50.00 [« Wi/ks] X5 = Power X 0.0667 (&= )

Mass flow [kg/h] = % 3,600[kJ/k Wh)

Power [k W] 11

_ Power[kW] _ y
= 72.99 e WiJkg] < 05 <o Lrwerx0.0343 (LNG ¢1=)

Power [k W] L

1
= oW W - =P 012 o
T93.42 [kWh/kg] 05 08 vwer X 0.0129 (NHz H1=)

12|10 LNG 2R E A80t= UN7|9| 82 98%2 7HotH, LH7|0f 3EE= LNG
QI 022t ZH0| AAH=EICE,

Power [ W] 1

Mass flow [ke/h] = -5 o5 e Wh/kg] ~ 0.98

= Power X 0.0140 (LNG ¥2)

> [# 6] Au ZRE K AL AHEE Defaut 2

}

Sz SIS (=83 LS/ S = ofetolH
LNG 001370  kg/kWh 7299  kWh/kg Default
He 0.03333  kg/kWh 3000  kWh/kg  Default(CHz, LH2 &Y
NHs 0.00517  kg/kWh 19342  kWh/kg Default
CIRTIX| Mot M7 A| 22iAE | 39




44 (Computational Fluid Dynamics, CFD)
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*EEDI(Energy Efficiency
Design Index): AZM9|

U PNI=E=aR PSR

*“EEXI(Energy Efficiency
Existing Ship Index): &
et U/ [EPNK=R=INES

N
NN

ZEO| 2RO TET ADADTS ARSI, BHA BAS ST 4 UL M)
AEOf Q04 7FEF EQ3H SR F S CO2 ARl EEDI'R 0[0] 20134 0[% 71
Sl= AEMO| HESHT QIOH 3T HESE ZNS X6k U RIS 20134
O] A HIoHEl M40l SHEAD| ELAUIESR 24501 Chet LR AIE 00 w2} EEXI™

OfA|Zh 7] Al INGH H 3F2HS Mgt MV IFEE0l= HEL 4~ 8= et
7 t

ULk (&, WHRACR HRNKIS HIERIS MBS SIS 2P EEDI/EEXI 7158 N8
4 9IS E3t, EEDI/EEXIS] 29, 2M7IAS TSI CIUE IS 5 Q=X COxt

S |
J1EC2 op7| 20, CHa H N20 S0| Z&tE SeHel 2a7tA HEZ0| tHet 4|1Cf
2240| M7|=|0f FHT.

M= 24714 HEZUS MA=ZN S M 25

WS N =
CIFE 221 4 ARS 22| ZE0 MABIAC.

U, 2AVIA HIEHR RF 28129 ££ 2X(Q1 Fit for 55’ & If7 |X| & oftel=0f0f
—

NSk MIE(EU ETS, FuelEU Maritime) 2! THl| E=2E 24 Qlon, Zkztof| i3t Hlm=
E 78 xxE 4 QICt

2E7tA SN B0 FAAH0|IL

=2=H40 45 oS Sdf iEES S0[1L, 2R Al
tE 7|°*2§‘='E1 HH% ;uﬁafo:] Hx

S BEFC d¥E RAloks HIEOIEL EUs
&ols 2= =59

MEfo dg A8 2 2MlISh= 2A7HA FOIE(GHG Intensity)S HSRICZM R K%<
IHOIO0IC}. FuelEU MaritimeOfiAls 2A7tA Tote

i 28 & iE5= 247122 OfL2t, Sz 0| Yl FSIYN Zdoh=
—to-Wake 7|&9| XMztg 2701l U0t 0= A= HA| +F

AN
={ot0] 20t LAXQI 5 SHE Fdol/| et =X|0|C.

4
N
=2
>
|'|_|II
0=
ol
rr
(T
o
ﬂJIO

44 | HARFX| N8 HAE QI 7|S QLA

° LCA(Life Cycle Assessment)TH,

et ﬂﬂﬂ HiEoh= =4
JtA THMORSZI0f  CHEt
= ':'eﬁH:ﬂ Gl Alat
Ol MEIOZ O|&E o
TX| HHE = 2a7iA b
E&H(Well-to-Tank)2t A8}
Ol A=7h HAEO] HIE
El= 247tA S Tank-
to-Wake/PropellensS L &FSH
(23 18]

4.2.31MO

ATIA ZIOF0] TSt XIE(LCA™ XIEM)S
C}. O], O|AtSHErA(CO2), BIEH(CHa), OFALSH
2H3EX[4(GWP, Global Warming Potential)S

O_..

MEPCE ZAl0Z, sUoino| FMIY 2
DR251941, 81XK2024. 3) 510 TH RHEBIX
ZAN0) 350 2AIIAS T30 A7
HABHEZ ALY,

[Z12 18] LRI Well-to-Wake HI| GilA|

Well-to-Tank Tank-to—-Wake
p 06 2
Feedstock Feedstock Feedstock Feedstock Product fuel Fuel
extraction (early) transport to transportto  tansport Fuel combustion
cultivation processing conversion product fuel storage Bunkering - ~onversion
q site A A
acquistion transformation delivery in a ship
at source .
recovery retail Storage
bunkering

[EX] RESOLUTION MEPC.391(81) (2024 LCA Guidelines)

> [E 7] EULI IMOS| 247IA K| 8 H|wE

st= EU ETS FuelEU Maritime IMO LCA 24
GHG COz2, CH4, N20 COz2, CH4, N20 COz2, CH4, N20
At ats oe o3 [mY=ntT DE TFHOI)

20258 H HAXY H&

M A 2024 HEE T X XM
HE AT wH == (FuelEU Maritime Initiative)

2023 3R HAY HE

[=)

HE i DE IH o 18t

(5000 GT O| f)
At 58
deroizo| etz o AN 28
MRS L EATONE
JE 4 27
U (ClhZ S5t 7
THR| = LCA ZHE0IA] S120]
ELAHIE A ST 2 A3y = X 7Hs5t IR AL
GHG = 2tA 21 S,
AT = 7|E—|7H|_-IE oou_}‘
=° EtA HIS 24 28
LCA 2+ TtW WAW WAW(EH)
FuelEU Maritime:
Directive 2003/87/EC, , Regulation
TEEME G tve EU) 2018410 eouiation (BU) MEPC.391(81)
Irective K
2023/1805
EU LHOIIM S| &S & LCA 7|gtoZ oz TNHOZ §o|E A
2 EE2 ez MM E] ALK 71&2 Sall IMO g/e=
7|E} EX St= HIEH e AJAR  MIPH0| 2% GHG A HE
HHSE 71 As . HHES A 24=0] TH| 0134 A48
AMAQ S M= ER KNEA P2 A T YAHER
K| Mo BHN 2A | 45




4.3 4.3.1 IMOS| 2AITA HAtA]

[22 19] FC-Sail Z2Z0| MB35t 24 40| 7hygt”

2AI7|-J\ A Al Ol
=== = i - N : ‘= A S o5 CO2eqWHT LCcV
e 7|x RESOLUTION MEPC.391(81) ‘Guidelines on life cycle GHG intensity of marine SHSZLY A AILE Pl Fyel Type (€COz0a/ M) /o)
- _ e
e = fuels (LCA guidelines) 0ff M2 X|70{ 204 S0t IS DIl X|T2HEIK|401 IPEgtoR, Aol W sl LNG . 00491
ol 0SSi ) )
GWP2014, 100 S2t2] GWP100 A2 0f2ft ZITH & XIEAM0IAE HAA S522 SETES LNG Bio LNG 41 0.0491
10 - .
* IPCC(Intergovernmental AEEl= GWP1002 ARSI O], IPCC® MI5AIR] X2 HSHK|+E MESIULCE.
. e-LNG 26.6 0.0491
Panel on Climate Change,
7| S50 BEF HE 7t & Hy Fossil H2 132 0.12
OlHly= 1988 MIAIZ[47] (1) GWP100 e-H2 3.6 0.12
‘_I'L(WMO)9|' %‘?ﬂ%@ﬁl@ gCOzeq(lOOY): GWPCOZ(JOOy)X gCOZ+GW/PCH4(100y)X gCH4+GWN20(100y)X gNzO NH3 Fossil NHz 121 0.0186
(UNEP)O| 522 Hiet 8C0seq(100) =1 X 8co, + 28X gem, + 265X gn,0 e-NHs N/A 0.0186
=M 7|+
2) GWP20 -
) Fuel GWP H{EH>
8C02eq(20)= GWPc0,200% 8c0, ¥ GWPcH 09 % 8cr; + GWPN,0000) % 8N.0 Type (o/qFuel)
8C0seq20y)=1 X 8co, + 84X gep,+ 264X 8,0 NG CO2 CHa N20
y 2.75 0 0.00011
H2 0 0 0
NH3 0 0 0.00037
4.3.2 EUS| 2A7HA A INOIS

1. SHFX0|| it EYH(fwing) & e-fuel2 B &= HIMESHY 7|249| MA0l|LX| A=

EU MRVOIIA= IPCCE| 5RF Bt IO M2 X[F2H8kK|4=2] MEZ Q7HEuropean
Commission, 2020)6tl YO European Parliament and Council(2018)< 0|2 510
A A2Qle 12510, 2 HR0M= (Mot s2stA) CO20i CHaH 1, CHaof| CH3H 28 2!
N200i| CHalf 2655 X|FL2HstK |2 MESIRALT.

FuelEU Maritime®| Annex Ili= WtW 247tA HALZS AASH | 9|8 2 Ha ZF0
CHe MYLEZHLCV, Lower Calorific Value), WIT 2AI7tA HIEAH | & TiW 247HA HiS
H==01 thot 7 |2 A5 MAlotD ULt ot SATHE SHALE0| Mt Y E= 24
YL J1Hol== T|0QUCH 0|, =718 OPS A=/t 0[S 11200, = 23E

H 89| 22 Defualt Zf2 2 AI25IRILE.

= SUSUM= AR L4 YA0)| K2t S A 0| e/t S /o | =0 BES
o o

Hlugts Aot 72822 EUNIM HMAlRts 247IA AE A+E ME5tE, L7
7.

=0 oMz 2AZAE Soll Default 2= HESIAH. = SHB0| M HEd
=A9| HR2t Default 242 13 190 MAI|0] UCE

(RFNBO)2Q| EAA4= 2(RWD)x 1124 =|0{0F &t
2. INGQ| 4L, eX7|AIEIel ZF0 M2t emission factor 20| ZEIX|H, 2 EHENME
LRI ATIC = AR L= Of2{ 2] 2702t 1120 =
IMO Zto|=2felof 2}, LNG Otto (dual fuel medium speed): Csiip = 3.5,
LBSI(Lean-Burn Spark-Ignited): Cslip = 2.6 M&
(* &, EU 7|20IM= LNG Otto 2/0] 3.1¢)

[EX] IMO Resolution MEPC.391(81), EU Resolution 2023/1805, Z&I&, and ZXH3,
CHetaMats| =23, 61.2 (2024)
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> [ 8] FC-Sail BHE0| 83t 271 SUTRUOPS)2 2UTLA HiS 2

27} 715 GWP A&
(9COzea/kKWh)
k=2 KR 4113
52 oN 557.2 CHAPTER
qrEE SG 408.0
53 HK 680.0
Hgas NL 640.9
QIE=L|A|OF D 784.8
WERIENS AE 4179
HI10f BE 138.8
Chor W 557.5
=] DE 4491
HEY VN 377.9
7| AE PK 3274
5% AU 770.0
QIE=L|A|OF IN 713.2
i[E Us 407.1
QB(EU-27) EU 265.0

[EX)] https://www.carbonfootpfint.com/international electricity factors.html(2023.7 7|%)

(* o, QEAHEO| AL EEA(European Environment Agency) EU-27 715(2020) H2)
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2U 71

TARR
[Ho} X7 |Z= O
H, @Y

112§)

A =
e

O+t A

SLIHEL O}, IMO, &5, IEC S0IM M8 A TIX|0f That 782 /71 g0l T2t 5.3
Herg Ha X0 et M=H 7|8H0] DEET QT =, 7|1ES| |4 ArHX| 7[H2 IMO 774
o
7120 M oL MEt0f] 3k 7|20] L1 QT
—— = *MSC.1/Circ.1647 on
HeE A X AIF2 | RE2lE| 3 EH 200112 Al =ftio] 20 X% 43 e auidelines f
g . nterim guiaelines ftor
NOE MY, =T =/ ‘Mg AZTX0| S3tE 80| =T, AZTX| Mt the safety of ships
Al g3t 710 A= Of|AEICH. using fuel cell power
installation
UM = AVIE HEg MU0 Ot 7|ES OFASHIAL M 247t Bl 4 2 =4
SHALZ[FHIMO)] UA| XTI HIZCR, 20231 42 "MElAHASMA |G| &7 |E S
HEotAT T 20). ofg=ttR e HE7IES ASHCZ H2A610 2026E7HK A 7=
7IES OrE e o0l "SHHPIAIMO)S %2
of? {ESIZE SHAIRMH
IEB(MSO)2t SHetEE
121 20] 2 AK|FZIAIH| O] QUHEMO| T1A]
[ = ] (L= ||_—|E | | =il il :l"'o 2—;—|OJ9_KMEPC)7|' OIO
E = MX| T2 dH|(Fuel Cell Power Installation) i T 2lof= CCC(QE), HTVV(
g : Me E2), PPR(RY h)
11 HRMX|IHZA A (Fuel Cell Power System) :
: S Lt Vs M=fHet
38837 | OHZE{E{L/ 243 5 2
(Process! T—’@-’ H(Afts;lrullu‘!ﬁer/ ; O : —E—XHO‘:’F
Air) 1 Oxidation) ; :
i @ BRI AL :
JHR7| i (Fuel Cell Stacks) i
abie | Ay 4o
(Fuel for —Q——> (Fuel Reforming/ IHEE Az 0 ]
Reformer) ! Treatment) (Reformed Fuel) g2 I
i —’ (Anode) o fHH Hi7| 27|
zo1E | * AL mozme
(Primary Fuel) — I — - iy 3HEZY)
: 2713 V i (Exhaust A,
axaD| E ZH2 27| X (Cathode) g i H.0 and excess
C s = (Process Air _I __ i process air)
(PrOCZ?rS) A _@ Treatment) T
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(2) BFD(Block Flow Diagram) & PFD(Process Flow Diagram) =M < 40055 RI=MO| AAHIR AUSIEAS KAGHS BT AJAR MEE HZE PEMFCO|
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25314 153 /14 25HA|ZL 166 AlZt / trip
Port In & Port Out 2,590 [kW] 41h]
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NEL
=74 At Working 1,135 [kW] 8 [h]
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B.2
el EH

(1) Mute] =2 M
ZI0|(LOA) abt. 147.2 m EFSFION M/E Motor
1. Vent Mast
Container - 2 LNG Tank
=X|2t :
Storage 915 TE reee SELUII G 3. Bunkering Station
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SAHSI AP
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(2) BFD(Block Flow Diagram) & PFD(Process Flow Diagram) =™
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WA LD STORT i I s | |
A B | | |
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{ L
1. SOFC Room - we en 57,;](,,,,,;%
5 5 % o ¥ B Giycol
2. ESS Battery Room — Water Tank
. - KRR R
3. DC SWBD Room ' : w0 e b
LNG Fuel Tank 1
E=—
Qﬁ"é“:;"m“’ Utility System
- Containerg 2815t= 418f2] MX{Z lossE Z|A8t517| o M9t 7+ Z0(0f| LNG TankE
HHXISIROH, ¢z 250 &2 Q= Vent Mast@t Bunkering StationS Tank HO 2 T — TR
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_ In Out
Ship System
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Zg|ojH4H
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SOFC 20 3 220.8 = = =
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CAPTAIN DECK (2) BFD(Block Flow Diagram) & PFD(Process Flow Diagram) ='H

(6P)

@ LNG
- NG

- Air
@ Glycol Water
@ Exhaust gas

Jacket Water

Drain Water
- N

et o tovemmex >

PR SUPPLY [=—
/ FueL oA
e||" T L

SOFC
FGSS

LNG Fuel Tank _I r - — 1 [ — 1

|—1 LNGDF ESS
Utility system '_ | |

- To JIW Tank

1. Bunkering Station ‘
2. LNG Tank 1 ------_.._.___.___‘_____Fr

Nots Status Rev.0 =T Dosign guidance for fuel cell ships
— - S
Avprovedby LH Chol Block Flow Diagram
Checked by DHSung 45K Stee Carrier
Issued by YE Joo DWG No. 'DAUZ024_BFD_4.5K

MTHES lossS EASEE| 8 Aut SO0 LNG TankS N

=
FOM, g ZZ1} BH U= Vent Mast@t Bunkering StationS Tank FHO 2 _@a LE grow
Lk S SOFC, ESS, Switchboard GA| MEt9| Cargo lossE ZlAskohk=

®
Q
]
[e)
n
Ho
re
ol
Fl'l:
>
1z
1o
>

*
o ||
Butfer Tank |
-
U e
ARRER ARRER
K401
= = Glycol
T T Water Tank
wooaw
TK-101 TK-201 T l ,,,,,
LNG Tank LNG Tank $ :
— Y
| —|
HEX401 GP-a01
o o Glycol Water Hoater Glycol Water Pump
NG Pump, NG Pump,
Note Status Rev.0 F—2=—T  Design guidance for fuel cell ships
Approved by J.H Choi o T "
Checked by D.HSung 45K Stes! Carrior
Issued by Y.E Joo DWGNo. | DAU2024_PFD_4.5K

In Out
2E[C]  YHlbar] |kg/h 2E[C] LH[barl Flkg/h
Tank -146 9 320 -146 17 320
FGSS -145 16.9 320 25 16 320

Ship System

UstalE M
Utility 25 2 4,500 45 2 4,500
SOFC 25 3 38.8 - - -

82 | HRTX| M HAZ LIt 7|S MM (2] HE X et HA AR | 83




1. Battery
2. Fuel Cell

45K LRIBIZAO| NABIS LNGS Kol B3 AAE, HYH HES SOFCS DF
ATI0| 25t KR 2F AIAH, 121 AR 2T AIAE0IA 7[3Hel= NG 014
S NG| 20|LIXIS BFots RL2IE| NAOE 50| UL

45K LEeE M0 AX[=l= Pumpll 2A4= DF X QX210 S S8017] floH
HHilﬁf C}. Vaporizer®| A4l= LNGE| 7[2tE +HHL2M NG A=E SOFC2 DF

AEIO| S HAIS HZ5H0] SHEIUCE

- Oz S5 AIAER 7|3E NGE SOFCY 24 240 X S=017| floif NG Heaters
HiX[GF] FLMGHRACE ot QP A0l A2 S5 2821 K| AMES X5k | st
Buffer TankE i x|SR,

- QEIZIE| A|AEI2 Vaporizer 2 NG Heater2| SOIMZM 22|12 YIHE ARSIFCH,
YH|OIN HMSHE U LotE Eefol| flof =2F HE BZE HX[oIACH ESf,

Vaporizer 2 NG Heater2| 27 28 £Z&351/| floll HeaterE F71510{ 74SIRALE

(3) MM

AC MAIN SWITCH BOARD

‘ NO2 GSP NO.2 ACA40V FEEDEA PANEL |ESS PANEL | NO.3 FC |SYNCHR. NO.1 FC NO.1 AC440V FEEDER PANEL NO.1GSP | AC220Y FEEDER PANEL
e MW) PANEL " |5 BUS ZIE PANEL PR | PRiE (4c 2200)

- ¢ EdIdEI el

| ;\\ i ]
v WA [— é IL
0V LOAD. AC2200 Lok
o T 5

0.2 AN TAATEEOIER
Kadovizion. 50, 120A)

EMERGENCY SWITCH BOARD BATTERY CARGER & DISCHARGER PANEL

SHORE. EM'CY AG440V FEEDER PNL EN'GY AGZ20V FEEDER PNL
CONNECTION | _[AC MMW) «Ac 2201) (00 24v)

CCECCE CCdd é¢ C ¢ CC CC

D.3
SERE:H

Z4 EI.

(1) MupA: HAZID Z3} QOF & M| JHAMAKS!

0 Events of
Intolerable
Events of Risk Level
Negligible
Risk Level Risks of

60 Events of
hazardous Manageable
events Risk Level

HAZID 248 S5 HEXO2 & 60749 Uz AlLtzIR7t AlZEioin, 91 93l
CIOIA] 3170, At PIBIE SEI0IA 5274, £ i SBOIM 0747 SEHAC (
AlL2I2 Z7) 0] 98 AlL2IR 5 518 27} iz 4%2 gigion, B2 Jks 9
L7 49N, BAI 7tS YR 2201 11747 SEESACH

I T

2| 7ts ?lEE 52 AlUe|2E 2Qlott, HEst QFIEAIS F7t= 2X[ofl, 20

2t
B3 29 j-US HAGI0, YHES WEE WHOZ M S HESIAL. HE
OIlE Yete==

| 712 79, HAHY AH0|M S0l CCTV HX| &

| 7IA ZR7| =71 MR HE

| 201 LNG/NG 52 Meg QIR 4= U= 7HA/7H 35 X HE

| FGSS Room, Fuel Cell Room2| 710l £ 2| BX|H HX| HE

S0| A2, 0]2/0fl HAZID Zutof| AS AT F7t HE LSS AESIH == G0
et o -o|Ct.

ir
J
re

N

2K

>
=
iz

AMH | 85

r




(2) FGSS: HAZOP Zat 9F & M| 7i4Ake

0 Events of
Intolerable
Risk Level
Risks of
Events of 62 37 Events of
Negligible hazardous Manageable
Risk Level Eyents Risk Level

2 HAZOP 2428 Sl ASH2= 62719 & AlLt2|27t AEEUA, Bunkering
SystemOflA| 237}, Fuel Gas Supply SystemOi|A] 2671, Glycol Water Systemi|A] 1374
EEEUCE O] |I” AL B 618 27t | +Z2 07H, ALARP &= &2 377,
FA7ts fI”E &2 25707 =SE AL

ALARP QISE £Z0f sHst ¢E9| Xtoz | NG}

Tra il
ZHIE siiaok/| Pl AHEEE HX[oHH YIRS RF= %@QE HAE ol

ALARP ®[& ~Z0] ofifet i 3 Hiet, S3 HER SO 2422 Qe NG =&
HMIZE oliAot?| floll Vaporizer o0 EE E&0] & 2= MME HX[5I0 LNGE

=
=
== dAE & U EABIR.

4r HOo

ALARP /&&= £Z0f| siiEst LNG Vaporizer &40 2 Ql5H| 22|2 28 22102 | NGZt
FUE £ U= ZHIE oiash | ot M= WEE GX[5H0 LNGY &

o= A6t

ALARP 2IE= &0 OH o5t 22|5 ¥H Heater?| 85 KXot £= 7|5 HA=2 |3H
2rASE 4 NG Heating2| ds Xot, DF 2 SOFCH| M2 7tA &

SO| XIS sil4ot7| 2ol 2212 YE] Heater £HO| 2= MAME MX[610] 222 YEIC |
2 E UR[oI== AAOIRULE F712 22|12 YH2 MHet 2& RIS flol Bypass 2i2lE
= X0l Z50] 7tS3t=S A5,

?9
I'II’
=
=
0]
10
~
Lo;
>|E

o2k
A0
ro

« [EA (International Energy Agency)(2023). Net Zero Roadmap: A Global Pathway
to Keep the 1.5 °C Goal in Reach.

- Elkafas, A. G., Rivarolo, M., Gadducci, E., Magistri, L., & Massardo, A. F.(2023).
Fuel cell systems for maritime: A review of research development, commercial
products, applications, and perspectives. Processes, 11(1), 97.
https://doi.org/10.3390/pr11010097

+Wang, Z., Dong, B., Wang, Y., Li, M., Li u, H., & Han, F.(2024). Analysis and
evaluation of fuel cell technologies for sustainable ship power: Energy efficiency
and environmental impact. Energy Conversion and Management: X, 21, 100482.

e Lipu, M. S. H., Mamun, A. A, Ansari, S., Miah, M. S., Hasan, K., Meraj, S. T.,
& Tan, N. M.(2022). Battery management, key technologies, methods, issues,
and future trends of electric vehicles: A pathway toward achieving sustainable
development goals. Batteries, 8(9), 119.

- 2E2 5.(2021). YELIOF H=EE THIMSIEAZTIX| 7L, Ceramist, 24(4), 368-
385. https://doi.org/10.31613/ceramist.2021.24.4.08

» Maersk Mc—Kinney Mgller Center for Zero Carbon Shipping(2024). Fuel Cell
Technologies and Applications for Deep—Sea Shipping.

» Luca Trombetta, G., Leonardi, S. G., Aloisio, D., Andaloro, L., & Sergi, F.(2024).
Lithium—ion batteries on board: A review on their integration for enabling the
energy transition in shipping industry. Energies, 17(5), 1019.

« Maritime Battery Forum(2024). Which battery for your ship? A simplified guide
to help you decide.(Published on 26 June 2024).

+ IMO (International Maritime Organization)(2024). RESOLUTION MEPC.391(81)
(adopted on 22 March 2024): 2024 Guidelines on Life Cycle GHG Intensity of
Marine Fuels (2024 LCA Guidelines).

- Ryu, B.R.; Duong, P.A.; Kim, J.-B.; Choi, S.=Y.; Shin, J.W.; Jung, J.: Kang,
H.(2023). The Effect of Ventilation on the Hazards of Hydrogen Release in
Enclosed Areas of Hydrogen—Fueled Ship.J. Mar. Sci. Eng., 11, 1639. doi:
10.3390/jmse 11091639

+ Ryu, Bo Rim.(2024).Evaluation on ventilation for gas dispersion within
enclosed area of a hydrogen—powered vessel.Thesis for the Degree of Doctor
of Philosophy (in Engineering), Department of Marine System Engineering,
Graduate School, National Korea Maritime & Ocean University.

« Gear, Luke.(2022).Fuel Cell Boats & Ships 2023-2033: PEMFC, SOFC,
Hydrogen, Ammonia, LNG.IDTechEx.

- AT, & Z[MS. (2024). FuelEU Maritime 4| M&0]| M2 si H=2| FeEAL
2480t AL Journal of the Society of Naval Architects of Korea, 61(2), 88-97.

- Battery University. (2023). BU-205: Types of Lithium=-ion, https://
batteryuniversity.com/article/bu-205-types—of-lithium-ion#google_vignette




OF:; 7AO]
ot Mg EH0|X|
https://www krs.co.kr/kor/ @

FC-Sail 3=
https://fcsail krs.co.kr/

HEXMX| Mul BAE st 7= QHLHAM
Technical Information Handbook:
Fuel Cell Systems in Maritime Applications

R&D Project

eRoLxP &Yt
AS TR 7t L AAE 2Iet &V [E7I0[HASHE 715 WY

Development of web-based guidance platform technology
for evaluation & design of fuel cell ships

sy

(_;'c_)@.j—:lL ﬂ |:_|| 7 I% wt( @e=eis
SOttt () Boteta
FOIHAIE  MARINESOFT'

= B9 LIS QlEoke o= SME #oiFAl7| HIZLIL.
C|

KAH HSE Plof LA Y RS A7IFAD BRI



KOREAN REGISTER

KOREAN REGISTER
36, Myeongji Oceancity 9-ro, Gangseo-gu, Busan, Republic of Korea, 46762
WWW.Krs.co.kr

(©2025 Korean Register. All rights reserved.

‘ KR-RND-DECB-INF-011




