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2 2 FAAFAMO)= FAE] - wEoke] 22 7}22(Green House Gas, GHG) 75S flsted Zh=r9] 7] /I 2 dyA as4d A
arof] #E A NS AFAor At Ak oy s IMOC] A A et HHE AL d wof Myt & S WA e
H, AFEoAE g Fgo=w Agata gy koA A= GHG wWiES A7) g 7 el # ] ke gaA =z &
(Zero Emission) A¥e] 72 AZAAY,. & 2187 AR 2 FR3= AFZ WA A8 (Fuel Cell Ship, FCS)2] 7l¥o] IMO2] A& Hold
e tiekel Aot ofAle}, En| 7] 9 ZadAe H5AAH 02 PEMFCE /MY 2 Aitste] FAF1EE 7|#o2HE A5
A5 5oz TARFS] A4S F78ta Atk @A bt 53 (Fuel Cell, FC) T4 Aut&o g A%st= AL a4 1L
AN A AR HAA(PEMFC), 8§ Tt AR AAMCFC) B LALEEE A8 AA(SOFC) T2 AlER77F sk & Aoy s =24
FC Aol A A|&4Q1 Aol o 5= PEMFCE o & sto] i8] /i 53, AZJAE 14, 45 2 Adatel] 483 454 Al
S BA8elYh. 18l a PEMFCE Aol A83 A, agsior & Aetm s Wekol] #sbe] A ksl &gl

HHEO : FANMAIA A, A, LTS, ARAAAE, nEAENE dRAA, daARE

Abstract : The International Maritime Organization(IMO) recommends the active implementation of national policies on technological development and
energy efficiency to reduce Green House Gas (GHG) in the international shipping sector. Such IMO environmental regulation policies have a great
impact on the entire shipping sector and are also a heavy burden on ship’s owners. The most reasonable way to curb GHG emissions from ships comes
down to the development of zero-emission ships. In other words, the development of a fuel cell ship (FCS) driven by an eco-friendly fuel is an alternative
that can escape the IMO regulations. Countries in Asia, Northern America, and Europe independently develop and produce PEMFC, and are pursuing
international standardization by acquiring approval in principle from an internationally accredited registration authority. Currently, there are three types
of fuel cells (FC) that are recommended for ships: a Polymer Electrolyte Membrane Fuel Cell (PEMFC), a Molten Carbonate Fuel Cell (MCFC), and
a Solid Oxide Fuel Cell (SOFC). In this study, PEMFC, which is expected to grow continuously in the global FC market, was analyzed domestic and
international development trends, specifications, performance, and empirical cases applied to ships. In addition, when applying PEMFC to ships, it was

intended to suggest matters to be considered and the development direction.

Key Words : IMO, Environmental regulations, Green house gas, Fuel cell ship, Polymer electrolyte membrane fuel cell, Zero emission

1.ME FaAol % ok 2 ARG Jlolste W

F B A =P oprlakn sl Aol Aotk FAsAL

Az A AA L FLe ROz oste oA E & 717 (Intemational Maritime Organization, IMO)+= =74l 82 <2}
F= olof7hat gl % o) o oA WAEE 227k2(Green House Gas, GHG)] %S it
o o%ojA7] W] Huke the &4 fuel wigte)  AS] FAehel AT 8 FeLE 129} 22l (Marine Environment
Protection Committee, MEPC)ol| 4] X1l A WFASI= 2247}

¥ greenpia77@naver.com, 032-770-1000 220l W& 2008 THH] 20503 7FA] 50% o)A =5}
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1= J,]x-]o] A ds=2 FH7pta 9)

Saito(2018)2 Bl oA L2 eiztx] So| Aoty ¥}
Aol Axmfrol e CO0l &S A% A3, INGS| 74
- CO, MZE%0] 55 gMJ o]/do]il CH,=N-E] weh&S A}
|3 A9, 70gMI o wMiEE = Wil FAe] Agole
CO, W&ol 031 A& AFEFGITH

T shetA 54w vy & A A oA

S YERATE £ FF oy A e = 3]
oty A Hdute] A8 E AMEEIL e FHHFO)
AE= 9F 43k)/go] A9k, 4w oF 142k)/ge.2 HFO
38} o)A} I=U}(Jafarzadeh and Schiolberg, 2017).
1kWhd A9 2M"s Ueld= Hloﬂ'}i**g
(Specific Fuel Consumption, SFC)= Table 13} o] o8 FFH
o A8 FAA 7FF Wt duAEE SHNAE NG}
Methanol- 40 %, HFOL= 45 %S YER = ol H]gte] 44
= 55%% 74 ETH(Nerem, 2018). o2 3t &84 wFol 4
25 o] &g ARHA 9 o] 7hEstE = Alo|th
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Table 1. Specific Fuel Consumption of the various fuel

Fuel Methanol HFO LNG Hydrogen

SFC [g/kWh] 429 186 173 46

AZ AR (Fuel Cell, FO)= AUA &
2R o= ] Fae Ak shshA Rl
A7 YA E SN 7= w7 A o]

jr,}ﬂ o]

on= Lﬂuﬂo

g zEe] Hau
31 @) TH(Shakeri et al., 2020).
FCo| 7+ dallde] T/ A

A Feshod, nRAANd 98

R
T

Ni
O

&

Membrane Fuel Cell, PEMFC), &Zt2] 15 7 X|(Alkaline Fuel
Cell, AFC), ¢14F8 <1 E 4 X](Phosphoric Acid Fuel Cell, PAFC),
|8 e o & A% (Molten Carbonate Fuel Cell, MCFC), 1L
AAr3HE3 A7 AR (Solid Oxide Fuel Cell, SOFC) S°] 9l
(Siirer and Arat, 2022).
DNV-GL(2019)&= 77}4] FC 7|5 H7}gh

=% AEHA(SOFC), A d A=A (PEMFC)7} 3
ol A 71 wol AkgE Ao AWt 1A B A
TolA= FEE FC AOlA A &2 g7l o g =
PEMFCE U]’J(Fortune Business Insights, 2020)2.2 3} =]
o M F3F, AXJAE 714, As B vt A& AT

A A S 243519tk 18]a1 PEMFCE

7hek Az, s AAkE

Aukel] A 23 )

asfof & Abatzl A kel thake] Alletalaial skt
2. PEMFCQ| & 2|

PEMFC®] =% (stack)= -3t %-r] 2 <15 = (anode),

7] (cathode) F HLIEAAF|A = FolA 9lon,

z} Ao B-2]F(separator)ol] 2] 3l falfﬂloi A
(catalyst)”} Z3FH 7 = (anode, cathode)Z} F & @utoz -4
H A& 434 A (Membrane Electrode Assembly, MEA)Z}
3l 3k, MEA®] A7]9F Aol A5 G whe} FEo] debA]
B2 PEMFCO] &4]o]gtal & 4= glt}. MEAE anode® &3
HE A Fol M)W FHAIZIAL, A (e)= &3t
A B E sl 92 3U(Shakeri et al., 2020).

PEMFCo| 4 ©]¢9] dAsE AT A5, ME7]
(reformer)& AX A =78 AR I Eo]oF 311, PEMFC
oA wAE= 38 WA (1)~(3)¥ #rh

R

Anode reaction:
2H, — AHY + 4e” (D
Cathode reaction:

O, + 4H" + 4e” — 4H,0 #))

Total reaction:

2H, + O, — 2H,0 3)
Fig. 1> PEMFC9] 25 & Yerd

-:LE]

A o]t}. anodeZ &
catalystol] 2]3f] H'S} e 2 2T o= 25 3
dafdets st

A=
TAhT

2Z AAAM cathodeZ ©]53}lal, H+ %

cathodedl] =&3lt} o]l cathodedl] &FH AHAO)E H'SH
e7F A o % sto] E(H0)= AA3HA @ th(Pritchard et al.,
2009).
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Fig. 1. Operating principle and structure of an PEMFC.

Table 2= A5°] T/ A5 256 WE AdudA e F
FE el Zolth aeelA #Hg3stE PAFC, MCFC %
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Table 2. Types and features of fuel cells

Operating . o
Type Fuel Temperature( C) Efficiency(%)
PEMFC  hydrogen 50~85 50 ~ 60(electrical)
hyI(j;(I)éen 40(electrical)
PAFC 150 ~220 80(with heat
methanol
diesel recovery)
hyff\%en 50(electrical)
MCFC 600 ~ 700 85(with heat
methanol
diesel recovery)
hyI(j;(I)éen 60(electrical)
SOFC 800 ~ 1,000 85(with heat
methanol
diesel recovery)
DMFC  methanol 50~120 20(electrical)

ek uF

3. PEMFC 7§ &%t
%

Ao, A7 HFECAGR)Cl ok 30% o 43 3

2 Asta 9ty 3] PEMFC A% ‘I—TLJ—t 2020 712
2 159 eHR gEjgdon 2021ddlE 2 efoll A 2028

A AAL FC AL Bh=t, m)=t, ARG Fa)o g 5
o]/ o
1= o

ol = 2279 437 g2 2021~2028L4 oiﬂﬂ 37E
406% o o]E Ao =R o453 th(Fortune Business Insights,
2020).

PEMFCE 196211 1kWi+ PEMFC 28 22 T4% 2E
S Gemini $-FA 33 FE 1230 Hx=2 AFESS AL, 1990
At E0A BallardAFell ©]3te] PEMFC 7|<z0] =LA ?’fmﬂ
Aot 1 o] Fof FE, 48 9 nfo]AZ-CHP BT
2 FE A, EaEel A thE Feoll v sk
5 Mt vk
Fig. 2= 2016 ~20203 714 H < 537 A8 4
35S UE Aotk 20201 oF 5360 TH
o] E3tg ALk Aol oF 1,030 MWl o]F Zo=

319 Th(E4tech, 2020).
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Fig. 2. Shipments by type of fuel cell from 2016 to 2020.
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& 717 -8 PAFCS 11E-8 PEMFCE & Alibebal 91
53 HEFd AL 54 Slemensoﬂ o]o] 2018 A7 2

A= F53HE 150 kW PEMFC Al %5 2-8-3kskler, 2021
d AgAE dgdA] £ 2S48 83 tHBumhan

Fuel Cell, 2020).

Table 3. Domestic companies in the fuel cell field

Field  Specialized Company Main Products
Doosan Fuel Cell
Power Generation
Bumhan Fuel Cell Fuel Cell
Fuel S-Fuel Cell
Cells GPhilos Fuel Cell Inverter
(FCs)
HI AIR KOREA Fuel Cell Module
ANNPARTNERS Power Generation

Fuel Cell

Ardg ASHA AL Ves vEoR
5kWi PEMFC A%< ‘BHH050'S &84 Ag x| A]xgo
2 EAEFA T Z7]E 500 (W) mm x 650 (D) mm x 1400 (H) mm
oli, F& ZEE -20TC ~45 T o™, 7]5A- 10

oy &2 2 Zeo] 57 o] tHBumhan Fuel Cell, 2020).

o PEMFC 7}t &gt
2 20150 AT AR AH3E T2 1Sl ‘Ene-farm’ 2
Z3te] 2019 2744 300,0007H o]k AFAA] A
Agstated on, 20300d A 1GWE AE A A 7]
532 3Fal It (Mordor Intelligence, 2021c).
S2AA A FEE A AT oAy 7199
Fato] ARHA Aol wHEo] girt dixF V)
+ DENSO Crafting the Core, Mitsubishi Hitachi Power
Toshiba Fuel Cell
Panasonic, Aisin Seiki 5 ©] $)Th(Jonathan, 2019).

E3] Panasonice L¥- PEMFC A9 °F 50%°2] HH&
ZA8kal 9 ow, 5kWH PEMFCS] ‘H2 KIBOU'ZS 202119l
AT B A8 =17]E 834 (W)mm x 417 (D)mm x 1,766
H)mme]al FHL 205kg, 2He 255 -10 T~40 CTRE
o, 282 Ao 56% A=tk Hd 10t9] RS SA
AAste] 50kwe] E85 W FE dRen, 100 F3S
shibe] ©el fFHloR st WZREMW)E EE % 7St
& TH(Panasonic, 2021).

Systems, Fuji Electric, Power Systems,

2o

3.3 572 PEMFC N =Y

Zao] Ag AR AL 20201 ~20251 5t CAGRO]

ot

&

°F 11.2% é%}% Ao o AfEm, 53] 2020 7]Fo & o}

F 299 9] PEMFC A2 F3o] 2 AFa&s 2
S AR AelA AngAel e Fe
A AAZ A3s17] 95e] Ay
gl W s e W3k ok &, 2025

(e}
=
W) e A A WS DRET 400 A1

<= ol PEMFC A %%} A= Shanghai Shenli, Sunrise Power,
Pearl Hydrogen, Jiangsu Huayuan, Foton, Feichi Bus, SAIC,
deom, AiE FCE T2 A=A
S TH(Market Insights Reports, 2020).
AHFE 3)(CCS)E PEMFC 339 A<l Troowin
A B AL

Dongfeng, Yutong ]
AFR O R I AL
o F=
Power System Technologyoll A =212 o & A7),
3k AMukg oA g A% ¢l “TWZFCSZ series’oll tiate] S H %
o] FAl AFAE Folsklth. Table 4= ‘TWZFCSZ
series’” A=A &) AFE YERA Ao|th TWZFCSZ FC+=
ok, W59 st 4 34 55 Fafiste dugo® A2y

24 BH(Troowin, 2013).

Table 4. Specifications of TWZFCSZ fuel cell

Model Number
Spec.
TWZFCSZ-60 TWZFCSZ-80
Rated Power (kW) 60 80
Dimension
(W x L x H) (mm) 827 x 1600 x 1235 827 x 1600 x 1235
Weight(kg) 338 350
Ambient tempefanne 40~ 60 40~ 60
for storage (C)
Cold start (C) -20 -20
System Efficiency >50% >50 %

3.4 509 PEMFC 7i'L &
= AR AA Y B AA V)&
Ao™, PEMFC A7 7FRE 20208 7|02 149
FAakslar glek Aluohe 20200 ~2027'A 71%F 59 CAGRO]
17.1% 443 Ao 2 o Z3}ar Q) TH(GlobeNewswire, 2020).
E1]9] PEMFC AZQAZ+= Altergy(M| =), Ballard(ZHH
o}, Hydrogenics(ZL}t}), Nuvera(™] =), Plug Power(ZHH}Th) 5
o] slom, AxPAE= AYiFeh= PEMFC] A4S Table 5
9} Zth(Altergy, 2017; Ballard, 2016; 2018; 2020a; 2020b; 2021a;
2021b; Plug Power, 2020; 2021)
Ballard®] FCwave™%= 3| %F 3

& 71 ol 1

ol A AHE

o) 2~
&g U= N
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=1 ¢] PEMFC 7%+

=

A1da

gl gk

ry

e PEMFCEA] =2 ¢o] AF(DNV)C.ZHE Mulg A8 (Hydrogenics, 2022).
Ax] BE FEo oM F3H HExE F45ols W) Nuvera® E-Seriest= &7holl A A}&5 3= Top Loader, Rich
o] AladlE HA Fo] 200kwol™, &3 Ao wlg} 1.2 Stacker, Forklift, Rubber tire gentry, Yard Truck 53} & &k
MW= &4 7Hs &k Zlo] 57 o] thBallard, 2021c). gule] ARHAR GAE o] Fuk Fofo Al AREE AL e
Hydrogenics®] HyPM® HD 303} HD45 A%< & 8] FC 3 d9o dd 53 FHS Aoz GHGY WES
Z A7) st 2@ E e WY ZEE ARSI Ao FAAaATE d 2853 A th(Nuvera, 2022).
Table 5. Specifications of PEMFCs by PEMFC Manufacturers in North America
Ambient .
Model Rated Dimension Weight  temperature Operating Operating Sys.tem
Manufacturer Number Power (W L x H) (mm) (ke) for storage Voltage Current(A) Efficiency
(kW) (C) (VDC) (%)
FPS-148N 1 108.8 21 -
406.4 x 431.8 x 11988 ————
Altergy FPS-2.5 48N 25 127 -40~50 48 52 -
FPS-548N 5 5334x431.8x11988 1905 105 -
™ 2 x 300,
FCwave 200 738 x 1220x 2200 875 -40~60  350~720 7| T 535
MD 30 480 x 900 x 375 125 -25~ 85~180  0~300 -
FCvelocity® HD85 85 869 x 1130 x 487 256 - 260 ~420 - -
HD 100 100 869 x 1200 x 506 285 - 357 ~577 - -
FCmove®™ HD 70 816 % 1812 x 415 250 -30~50  250~500 20~ 240 57
® -
Ballard Power __ FCmove™ HD 100 802 x 1996 x 440 260 -30~50  280~560  20~360 57
Systems 3.8 760 x 92 x 60 7.1 12.9 -
4.8 760 x 104 x 60 72 16.1 -
e 10.6 760 x 174 x 60 10.7 354 -
FCvelocity™ 9SSL 2~60 @ ——— 300
14.4 760 x 220 x 60 13 482 -
17.3 760 x 255 x 60 15 57.9 -
212 760 x 302 x 60 17 70.7 -
FCgen®™ LCS 63.4 443 x 675 x 110 38.5 -25~85 176 360 -
HD 8 8.5 406 x 379 x 261 52 20~40 0~380 51
HD 10 10.5 406 x 408 x 261 47 24~48 0~425 53
HD 15 16.5 406 x 494 x 261 55 32~64 0~425 53
Hydrogenics HyPM®  HD 30 31 406 x 719 x 261 72 -10~55 60~120  0~500 59
HD 45 45 406 x 848 x 255 95 88~180  0~450 59
HD 90 93 1085 x 1582 x 346 360 180~360  0~500 59
HD 180 198 1525 % 955 x 690 654 0~500  360~720 55
_ E45HD 54 187 170 ~290 3125 -
Nuvera Fuel 5 or® 600 x 1000 X 500 ————  -30~45
Cells E-60-HD 67 190 180 ~270 375 -
15 674 x 985 x 567 248 } }
-20~40  280~430
ProGens E 30 833 x 1341 x 415 257 i ]
-Mobility
125 700 x 1430 x 400 363 -20~55  500~750 - -
Plug Power
250 - -
GenSure HP sop 48 12032x2390 T -30~50 430 - 49
———  (40ft container) ——
1000 - -
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3.5 8389 PEMFC 7i& HE

8o ABAA AFL 2021 7FEo R k71 %R F2

Aol M Bh=, =t T, AE §3 sor s W
ZFAekar ek B3] 5Uo] 2 FC AIFS AFE

PR .
2 dFsta glon, =3 7e §3 I7kse] HE
Al
al

s

=
Ao 2 Ardatal 9 th(Mordor Intelligence, 2021b).

H9] PEMFC A2} A &% Siemens Energy, Proton Motor
Fuel Cell GmbH, PowerCell Sweden AB, Nedstack Fuel Cell
Technology, Intelligent Energy & ©] o, A ZFAEZ AP
3l PEMFCE] A}%k2 Table 63} U}, Siemens Energy®
FCM 349} FCM 120> AlA] H 22 3550l 2-8%¥ PEMFC
24 59 U 2127 Fr3ell= FCM 34, 214 2 209PN
o] = FCM 120 ®50°] 2= o] ] th(Siemens, 2013).

No

o,

1

&

Proton Motor Fuel Cell GmbH= (Proton Motor, 2021; 2022)%}
2ol 4 w97} vhF3t PEMFCE 728t .o, PowerCell
Sweden ABE PowerCell(2021a; 2021b; 2021¢)9] 483 PEMFC
= W] 33&}e] ol Marine System 2003 Zo] IMO<]

B 9 o Al uwel sl Hokel T
PEMFCE 7] '3} th(PowerCell, 2021d).

Nedstack Fuel Cell Technology®] PemGen Series+ 72
o] 1.36 kWSl A5 XX A~BI(FCSI3-XXL)yS 212 12701} 6071
2 233l 88 S7MA71 A o] th(Nedstack, 2022a; 2022b).

Intelligent Energy®] X+ A% CE % FCC 150l wha}
A7 = o] ™, Forklift -8 2] PEMFCE F& AAtstar 9l
(Intelligent Energy, 2021a; 2021b; 2021c; 2021d).

489

Ao

Table 6. Specifications of PEMFCs by PEMFC Manufacturers in Europe

Ambient .
Manufacturer Model }li)a vt;:(ri Dimension Weight  temperature O\I])z{::gg Operating Esﬂglsit;tzy
Number (kW) (W x L xH) (mm) (kg) for (s}g;age (VDO) Current(A) %)
Siemens FCM 34 34 480 x 1450 x 480 650 75 50~55 650 59
Energy FCM 120 120 530 x 1760 x 500 900 75 208 ~243 560 54
24 2.1 294 x 395 x 237 15.9 14~28
48 42 294 x 489 x 237 19.3 22~55
72 6.3 294 x 583 x 237 2.7 42 ~83
PM 200 9 8.4 294 x 676 x 237 26.1 -35~45 56~110  0~150 47 ~ 67
120 10.6 294 x 771 x 237 29.5 70 ~ 138
Proton Motor 144 127 294 x 861 x 237 329 84~ 165
Fuel Cell _ o4~ 10
Gl 168 14.8 294 % 957 x 237 36.3 98 ~193
72 21.3 436 x 580 x 279 46 42 ~83
9 284 436 x 673 x 279 55 56~ 110
PM 400 120 35.5 436 x 768 x 279 64 -35~45 71~137  0~500 47 ~67
144 4.6 436 x 860 x 279 73 85~ 165
168 497 436 x 954 x 279 82 99~193
Power 5 5 440 x 557 x 1218 125 5~45 25~59  up to 80 50
Generation
PowerCell System 30 30 665 x 462 % 696 150 -30~45  105~225  20~235 54
Sweden AB - Heavy Duty 100 606 x 696 x 674 170 230~45  250~500  45~420 55
System
Marine System 200 200 730 x 900 x 2200 170 5~45  550~1000 50 ~450 54
Nedstézlﬁ Fuel MTP_ %ncl:gf.rioo 100 1100x2010%2090 2500 -5~45  600~1200  0~400 50
Technology MTP_ eF“égf‘; 0 500 2440 x 6060 x 2900 15000 -10~40  500~1000 0~ 1200 50
IE-Lit™ MHE 1.2 196 x 294 x 294 10 -10~40 24 ~48 25~50 -
Intelligent [E-Lit™ 801 12 225 x 550 % 300 10 5~40 24~48 25~ 40 -
Energy [E-Lit™ 802 25 450 x 550 x 300 18 5~40 24~48 52~ 80 -
[E-Lit™ 804 4.0 450 x 550 x 300 20 5~40 24 ~48 83 ~120 -
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e} PEMFC /I &k 3 Ak 480 3k a3

4. PEMFC2| MY H &0 &t dF At

41 =LHS AF Al
T FUell A 810248 (Fuel Cell Ship, FCS)S &
A7t ed] = ok T4l
= HZE FCSY 4832 ¢
g AFS st AT Aol A o o] X AR ()7t AN
) & FH =(Bluebird) = EIEAAA A AFE
o AFslglt). o] Auke 25kw FCe} 51 2B =483 8T
7F QAL 10=E7bA] &8sl S 9lom wiH 2 (battery) &
o] 7hs skt @Rl Al
5}o] = Z A Y o}(HYDROGENIA) =
25kW<e] FC 17019} 92 kWh 9] battery 2717} 3= o] &84S
YEE AAY AR 10=E AER L3o] 7l5si
(Monthly Hydrogen Economy, 2021).
7] T Auke HekFd o] PEMFC ¥ batterys 4 5
) 0 2 ALg-E]E slo] HE]| E(Hybrid) dolw, FuUo] +F
gk PEMFC 2d8F2 o] 48] 835 A Zskal 9le A4 o)tk

o I
o,

Table 7. Examples for the development of PEMFC based Ships.

1

4.2 =29 AF Al

=29 A9+ 19601 )
oF we AT AUt AP, 20004 o]
et TR FCE Y Fobd H&3te AT =
7} A E A o] T/ FCE Aulel] H & A5 Z
ZAETL oF 23712017 71E)7F R AE JAA| R, L Foll A
PEMFC7} -85 A& 871 =3t} Table 72 PEMFCE 7|
who 2 gk duko] At AlE Adlso® vERA Floth
E-Ho] A= g AEo|Me £3LE PEMFCY battery’}
Z5+% Hybrid Al ~glo 2 Al o] A A th(Siirer and Arat,
2022; Tronstad et al., 2017).

Z o= PEMFCE %83+ FCSQ! “Water-Go-Round’ 7} &
oAl Hzx=2 A8gslE et o] Auke Zo] 21me]al,
i d&o] 2 Eoln g4o] HAE 4 e gl Adolrh
o] Aulo = Hydrogenics®] 360 kW PEMFCS] ‘HyPM™- R120°
7} AX o] glom 100 kWhe] Li-ion battery®} 250 bar®] St
T4 242kgo] AAE o] QlojA] oF 1~2¢ A= I

Sl tH(Kammerer, 2019).

Ly

Aol Hx= FC7b A
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Mo

A

=

Project or Capacity(kW) Type of
Ship Name R&D Partners Explanatory of PEMFC Vessel Year
Class CMR Prototech, * Hybrid propulsion using a diesel engine
212A214 ARENA-Project, and fuel cell 34(212A), S — 2003 ~
Submarin ThyssenKrupp Marine - 306 kW, 30~50kW per module(212A), 120 (214) . ¢
! es System, Siemens 120 kW per module(214)
- Hybrid system
ZemShip - Proton Motors, GL, - 2 x 48kW(PEMFC) .
Alsterwasser Alster Touristik -360 Ah at 560 V(7 lead gel battery) 2 (picces) <48 - Passenger ferry - 2006 ~2013
- 12 x 50kg(H, storage tank at 350 bar)
. CMR Prototech, * Hybrid system
ME Vigen ARENA-Project - 12 KW(PEMFC), 25 kWh(Li-ion battery) 12 Passenger ferry 2010
- Hybrid system
Nemo H, Rederij Lovers etc. - 60~70 kW(PEMFC),30~50 kWh(battery) 60~70 Passenger ferry 2012 ~
- 6% 24 kg(H, storage tank at 350 bar)
Hornblower " Hybrid system
Hybrid Hornblower - Diesel generator, batteries, PV, wind 32 Passenger ferry 2012 ~
yor and 32kW PEMFC
. Bristol Boat, Trips + Only PEMFC system
Hydrogenesis etc. - 12 kW PEMFC 12 Passenger ferry 2012 ~
. . + Only PEMFC system
SF-BREEZE ?{a‘;dlzn?m?fl ;fb'g - 41 x 120 KW(PEMFC) 120 Passenger ferry 2015~
¢ ¢ 1200 kg(LH2 storage tank)
RiverCell - TU Berlin, Ballard, * Hybrid system
Flektra BEHALA, - 3 x 100 KW(PEMFC), 2050 kWh(battery) 3 (pieces) x 100 Canal tugboat ~ 2017 ~2019
DNV -GL, etc. -6 %125 kg(H, storage tank at 500 bar)
Water - Go Sandia National Lab., - Hybrid system
) Reou:n d BAE System, - 3x 120 kW(PEMFC), 1000 kWh(battery) 3 (pieces) x 120 Passenger ferry 2018 ~2019

Hydrogenics etc.

- 242 kg(H, storage tank at 250 bar)
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