I+
)
a0
A0
60
0l
1

__o._

3

2021-01

A
Ol
<0
Ki0
Ol
ar

J0
RO

2021. 07.

o
110

i0J
J
3
_uu_
H
)]

il

[0

Ol

-

<0

i

I[d
&)
Dk

o

H

o

IOl CH

=

?.

)]
(H0
M0

0
RO

e &

=
=

o]l
<0

i/

Ol H, W

M0

ol

ol

I

g

10
ny

w

& 2 LY

NeEZAN

SJA0IM

o0

sungsuk im@knu.ac.kr)

2 214 (Email:

ol

=E

mi

or

I
RO

x

ZAFED DHE (cyw@bok . or .Kkr )

o

30

g

IF
il
a0
RO
10

ol

o)
E3



IN |

<8 <>

A7 Me

I.

Rr

B
0

.y S
%! 1)

Nj ol

00
5.

al
!
Kd

ar

30
by

g

Od

-

ol
Rl

o
0}
KK

00
i

-

ol
Rl

o
0}
KK

Ll
&l

ol
Xl
R0
o
K]

Aute] e

4
+

00
Lo

-

oll

-

ol
Rl
<
<

CHHY &
HE HE MAIS 224

1.

Y

ol

-

<J
ol
Rl
<
s

ar

30
by

g

vl
70

ofr
ol

—_

>l
ol
pd
4
s

ar

-

a0
R0

ol

-

ol
Rl
o
iKJ

o0
IH

-

ol
Xl
<
<

B

—_

nJ

VI. 3 A A



o =n
WoRpE 0
Fr4  RERET  giwiee
]L‘olu_l‘mlﬂ 1_._v1_,_m1_7H_v - 2% o
M N ) oo oy 2 o2 NS ;I o
0l _z_l_&.ex\.w_u_lq PO\UAIL‘DI_L:* .Ill_ﬁ@‘_nnﬁ‘me
. Pt R =P T e A
" i PRdd <t W T T
on of K| = < X nH N o 2 Mo =
g (UGN R I w.uma < &_ ! N ,wu B )
...N ~ v ) 0 An o o— \l_ ‘w
30 EOAE%E._ﬁ_A‘Ol ,L;LLIZT_!l HE)AOj
R0 J X0 (O N T
] o *E YL w3 2w’ %WL%WM
% YHE R TR ) TR E
l T N X B o
% $ErCFY ifiar [pRREC
= B _ oy 0 R 7 o
oF )
& ﬂ@uwuﬂ]o_ iuuqﬂMm__u & ﬁﬁilﬂmﬂ
s R PoT LT THw s F
0 N ,A%oﬁ Em_.oTE ﬂ;oﬂm_.o‘_l
) B Lo 2 N T ey iy = T 5
31 = o (S 1B oo PR o Koo
o Qo H%m_.ﬂofd %@u\%_our _o_eiﬁo =
2 ol DA NEm e S
& }Vimwﬁw i wﬂaﬁo%gﬁ
Ao.|2~ TN _ _ .
M\n_ Wy EM_E%M ﬂ_zfguﬁmﬂ% ﬂoﬂruxa_eqﬂ
ngmaéﬂ T R S
T8 ™ ﬂﬁm_x:mmo_y R
R ! %E;%y M
D MMNR%W P~ =< N
wf%mm%# M:T%%L%o O}ﬂﬂ%ﬂx
W_._Nﬁﬂ\o_eﬂwm N ﬂx}rw] W\ﬂuﬂlﬂ%w
iR srEIi® £E° il
JlJlﬂﬂ,,_n_H — o)omo O
L i S T PEREL
o S = nn_sﬁoﬁ_}] < T o X
= % ,._ X A o ,mﬂ‘_ﬂ{ = mA_.“ N ™ X N oy o Ko
aGWTLT = R TR
r ~ O o SE
STIEEY ExTrly TEERT R
Trvz "wEnEE  ww
T E ok E b




| A9 IR

Jb. ol220F 2aJtA S H Zatet =4 -oi2AE WU M

[

2021 7€ 149 EU= 202378 24, &FvF, Hg, AHME, A7
of &A= A(CBAM, Carbon Border Adjustment Mechanism: B4~ 73 2% A
=detal 2030 EUS| B ©4 WSS 1990d 59 55%7A Eolt
SH7 o A S b (Fit for 55)< st 24AVIE wlE SVt WE 7T WS F
o2 dhgstar Utk 247 wE FUHRE opr|® AF2dstE ettt F
&, FA, BT 2L o dVIF dNY WA RErt Frtstal, 1 7&1::_5-_ A A
th ole 22H oux M FAE si&geta e, 20159 129 F 7]
Al o FAFTF3)(COP21) A A E APFL AT =5 G‘l%ﬂﬁ} o] o
H] 15T o2 JAIs7] 98] B BFAbaol 20201 12€71A] 12050 714 gk
WA A ZHLEDS, Long-term low greenhouse gas Emission Development Strategies)
AZe aT7ad. old we EUQR01912), Z3(2020.09), < E(2020.10),
(202012) 5 F& /5SS 20200 W7hA| QrhE LEDS AEL ulAI ©AE
(NZE: Net Zero Emissions)g Adetant 20209 2 VIFO R BAFHES A
A AA =7 e e 709 Rl 2tk

ol

g]

e
I

EX
@

o

rr

%0 ool Il ot mlm

P K12

o EE

<J8 1> & MAH JIE GIHX 218t AIZE CO, HHEE &2, 2019-2070

& W Other
Oc\. TP
= Buildings
g 35 Rail, 3 g
% o Rail
_Aviation, 11
30 Shipping, 12 Aviation
. 2/3wheelers, 1 = Shipping

25 K _Buses, 8 B Two-three wheelers

Buses

20 = Road freight

B Passenger vehicles

15 Other industry

Chemicals
10
1 Cement
Steel

5 m Stee

Other power
0 u Coal power

2019 2030 2040 2050 2060 2070

XtZ ¢ IEA, Energy Technology Perspectives 2020



SodE OfY HE Y BS wRNHO-ALIAS FHOR

A& Thed AAS st EE AYFEAAAN BaE wiEdte AR g4
HiZo] gAY A& 3873 dAIEEY] ASo] aFH Atk FAAHA7|F
(IEA, International Energy Agency)= 71& AlAd9 +W 2 13T o 3% 504
T AA A7k wWlE FHES HW 750GtCOl °lE Aoz Hwsial stk <
b CO, BjEFE 2100 7bA] 20101 ti¥] 3ui7h Eolvbar, 2050 d = Al 3o A9
CO, FuEFe 2012 vl A 50% A AW 250%7H4] S71d Aoz A%
Th(Climate Change 2014 Synthesis Report). IEAS| @WZW 20163 7]& AlA o]4t

stekh W& 3239 E 7bed S HMARTE 2AASE HES 21% 2 oF 698
T E otk a2 2020d V1 A AA YA FE AA CO, wlEHe
oF 25%¢l 830MtCO,E HIZslgom o] X+ 20199 7|59 880MtCO,o A =
7 FoE ol o)itgea oldox At 3o Ay tir|E wEHE 29
Edol= gtstEa A4 E Fo] Utk A AA BAFS V|FoZ e
A BA s sl Ee AA wlEFY oF 13%, AAASES <F 12% FFolth

<8 2> d=20 2ol BHEX= UIILE=2E SF/A &

SULFUR DIOXIDE

= 2.2M pounds 8

NITROGEN OXIDE

A= 0 IMO

EU9 A9 a& Zofd &4 wj&ZS EU Zu|2%9] 13%E x1A]38lH, EUY 3 &=
2020 9ol 2022\ EU = AANS W] 3rte] 7]&sl= 5000GT ©]/¢<]
B E dute] thete] wiE#d AHA(ETS, Emission Trading Scheme) 28-S |53}

S FHAAT EUE sl #oke] &a &3S Fol7] 93l 384 1=
< AAEt e (1) A8 CO, & B ZAS, (2) il A5 5%

, () A E 2A AldS 1 J&oz st 53], EUs %zﬂoHAM
(IMO) oA 2023\ 3744 27} ¢l 7% EU Shipping ETS
de F9 AL Jhest Agh FAo] HEsta Aute] 1 01 E% 25~35Ld
1710 dfFL 20503714 B4 THS & I
P E Esla 20509 A FHE

4

o o
ol I‘IF

o
Oft
=
e
=2

M o
i
>

0
)
o =

Ar [o

r ofd o my L
e}
2ot

ol oX,
"

fo

N

N

2 rlr



L. di2xHH L L BHASE &

p=)
02

(1) A FAFA L 2A 3 5

20219 62 FABIAMIFIMO)= ¥t Fi &4 viE S 20503 71A] 2008 th ]
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<J8 9> EEAS MU A Hd8 A
Fleet Development, Average Year, m. GT
7000 — Ol Fuelled Fleet
1.800 —— NG Fuelled Fleet
1.600 — Zero-Carbon Fleet
1.400
1.200
1.000 Zero-carbon: 40%
800 LNG: 30%
600 Oil: 30%
200
o -
Xt= @ Clarkson Research
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© - ELAR 2 i
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5 TEHIE0| HI MHLE =
~ ZHZ o= - - ,c gel=olLt
Fuel Cost & Mot H&E - N o= =3(371 BASE o al
. P — S = = - oS =
Availability =2 T Has sizi—‘?'—fj XEE; peEs)
oze NE OI__QPE; 601|_/\‘|? b =0l
o5 ZLE A Hegst #= C e

= 1 1) 29 HA=Z tbare= HIILW RAE B (=1atm)e &S IHE
= s=2dg, 2020
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100

Light commercial vehicles
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100
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1
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SRR F4 Aute] Axge 3 A FEom AL,

OF2d5AT-sFAEH: A8 F45 AstaL FaA53A A= 35
@ FAAEHAA A|2~Hl(+ESS(Energy Storage System)): A& AEE H7|E A4t
s A

@ PROPULSION
‘ * Hydrogen (Gas or Liquid) + FAGIGEXAIAH ‘ = H714 =¥ (Electric Propulsion)

g +=AHSEIEY He L JIsiiY S8 A, OlMY 2, tHstxHdsts|X] 56(1), 2019.3

AL dF B JH AEPZ As8=

= < =

o AFsE FA2AE AFANLHY FAAZAR A2"dy 273 2%, &Y
o 2ol stEo] At AR A F4AE VIS TIAY 1 FEe F
A5 ARIAAAEH FFe= AEFHS AAFST AIEHE F44 10 bar ©]3},
deolgte ARAA FF 2o FIEke F4AE FFE] A8 B, Vs, 4
W] 5o 7AME FAAHET

dadace oA AR A} AFARRAR Ys F A AdAZR A=
oA 71A el FAE 30~70MPa WY ES shel ARse walez o
B AE7 Ao sdAute AHE T ngAFH I BeI J)ezE AFLY)
ey 247, A B2 L7 AATFE A7, 1B M e &3 58T
Z7= X, B3 8 (CFRP, GFRP, Graphene)Ztoly] 7Hd 5o] o} A3t ge
FE 05~1MPa g#HAA F2E 93t 2505 olstz Adlste] A A= walo =z
ARARVE B Fuddutel] ettt qsAAR A Bod VeE2e AL
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202101 BR2Y A=
I
<H & i R8E S4
R IEE =4
1990 TH HLE 4MTH HERKIZ HEE, HSHE, 0S8 NUOEZ 0|2
DET HHE
o127 XI (PEHFC) b BESHI HREE 200/, MBS W ABHE [J2 HSHNEL WE
N s
012, Y20l HEEACH HSEIF I8 = (2500 AR, 2 AZ)
- 1980EICHO JHZ'E BMDH HEHXIZ NCFCRDH BB0| 248, HELFA, O}
2 GEE EG ¥ SO B4 WAOZ 0|2
o 2 % X/ (SOFC)
23 HAR0ME IS, HSHEBO=2 oi7g D Yol falliate Jjsse
CHE SIEEX0N Hiah T =S
sgE 19B0ICHO HZE 2HITH GEMKZ IELHA, OIECLT, EAS =4
o1 2 7 X/ (MCFC) 8 @EOR 0/

o T = [
NEyes 1000 2RE WLE RN MCEOIL E2 S 0ISE MAO2 08

A= & Xl (DMFC)

NI

<H > o2 g =449 g, 72, 83 X0l HlW

Project Concept Fuel Capacity Fuel Storage Tank
ZemShip-Alsterwasser Passenger Ship PEM 96KW High Pressure
Nemo H2 Passenger Ship PEM B60kW High Pressure
Hornblower Hybrid Hybrid Ferry PEM 32kW High Pressure
Hydrogenesis Passenger Ship HTPEM 12kW High Pressure
MF Vflgen Passenger Ship PEM 12kW High Pressure
Class 212A/214 Submar ines Hybr id Submar ine PEM 306kW High Pressure
SF-BREEZE Feasibility Study/Ferry PEM 120kW/Modu e Low Pressure
FELICITAS-Subproject 3 PEFC-Cluster PEM | 80kW (basis component) High Pressure
Cobalt 233 Zet Hybrid Propulsion PEM 50kw High Pressure

A& ¢ DNV-GL, 2016
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Ch. &I =& - MO AIAE

A7) FR-A A 22 W7 F XA 2] (EPS; Electric Propulsion System)¥} &
o - ZYE P A| ~E(ICMS; Integrated Control & Monitoring System)2.2 &/ 2
| =

A7) R A2He FRARAANLGANA YAE A A FAFHO
Agste Azdoln, WA AY W A2E, F2 AFE THF Y ALY A

»~Hoz LAEC
E3A0]-RUEH Y AlAEHL 2ot
Aolste A|2Eloz AHeE Ty @ HH

Management System), A]Z~%l

M

%
+ gAY A 2=E(PMS; Power
2 2 A"

3. &Yy AL FF

A & Sdd HEHOEZ= w9 Clean Port USA, EUSY EU Strategy,
9] Port 2030 5= & 9)\1:}. v =2 20163 F-H META(Maritime Environment
Technology Assistance, 314373 % 7|&x]9) 221488 F3 48MWF F4&
f—iﬁﬂ, FFE LNGéjH#, ANFA09 59 Zeids A9t . EUs
i ] ‘Horizon 2020 %8]4 A= AR 37 A4}to)

FaF A A % A7 B 71%714%11 A4 o FAs

jinte)
b
=
=
&
)
A
(o,
K

f
u

i)
[-'O

8
o
=

2F AR TF AT L ANHL A, Jocean A1GE E

(2 ff do oo 2 Jo 2 & e Hy

Az 49 A

2l LNG ®¥APFLNG)# LNG 7|AHA 59 NS Adsta doh. 59 7

201598 FRAZE 2025 A 100 ALY F SR s A

gstar §93kal ok 2020 #Al A AAIA HEE FAARHAENS F 107
ola, o] T 4 AL she= AW 5oy obF HAFHE AAFolY 4rF Y]
425 B3 7192 /it
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M-S 20039 R E FAARAA Fopl A 179 2eE AL ok WL

A Fade Z2AEZ = New York Hybrid ZZAE, SF-Breeze ZZAE,

Water-Go-Round ZZAEE {5 = o 7R AHAFAE QoFstd 20159
A3} FAATHAE o] &3t Auts HFIFoH, A= B o83 HAHE F
pZe

AT #gdte FAA8dAE FF 1% AAdE Feser] g8 d2xa gl
t}. 202039 ‘Water-Go-Round’” ZT2ZAEE % s
AT A FIE =], ol MAFHAZRS A&

g8 w2 Hol Tt
20083 F-H Statue Cruises®} Derecktor Shipyardsv= TAAZ, F=, egd,

kWi FAASHAAE 53 EAlg #H2J4d ‘New York Hornblower Hybrid &
9] AEE AFEIA 201290 AHedS AFFY. New York Hornblower
Hybrid&+ 6009 S 8% 4 v AAIHZ slolBg= #g 4ol

<& 26> New York Hornblower Hybrid&(0I=)

I

XS 0 www.nycgo.com

20153 A t]ol= g A4 (Sandia National Laboratories)~ 2.5MW3 A 3}44
A F3dvtez 1508 S 8¢ & e &% & A Q] 'SF-Breeze' &

A
= - =
= A=
el A&

KZ o www.osti.gov
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20191 Atjolx A4 GGZEM(Golden Gate Zero Emission Marine),
Hexagon Composites= Zg|3EYol Q7| AU} T2 600kWH F42U8
AAE GAG vl= W H2Y F4 ARAAAR oA AAFH XS A8 AdsdA
#2490l “Water-Go-Round’ 22 7|2 94239}t Water-Go-RoundZ = 1008 S 2=
SalM Al 2R IS 5 3= Hgdold

<& 28> Water—-Go—Round=(0|=)

.....

: Wéiergéround.com
@ =290

=290l DNV, Eidesvik Offshore®} Wirtsild, 42 MTU= HAAA DS A4
3l 2003~20101d 9] 713t B¢ FF A Z 2 A EQ] FellowSHIP(Green Ship of the
Future) ZZAEES 53] 92m Zol2o] LNGE FA8E AE3lal 330kWH MCFC
£ HEd¥oer Abgste 54 28 AUl 'Viking Lady' 25 Al#Hstal A&7t
A 7,000A17F o)) AF HFS SBIATH2009). 2013 = Viking Lady &
FAARAA e wiEF slo|HIE FIAAEEHS F7E HA St A8 AHF
15%, olitsteri wiEEF 20%, AARASHE WS 85% 5 HIAITH A= MWE

ARAAN2HE Asta Ak

<32 29> Viking Lady&(:=-2%0])

XtE  www.ship—technology.com
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2018 6¥ =49 Siemens®t =929 PowerCell, =2 ¢ 9]¢ HYON ASt A

Blg 528 AR (PEMFC) LAA~H S 7wk 983ty AAHZE w2909 =
d AF(DNV-GL)2] 7]EF2(AIP)S 5. HYONS =24do]e 4 Aty
Al Nel ASA, 4 APAZ7|ES 7|dst= Hexagon Composites ASA, 181l
FAABAANE MEste 2999 PowerCell Sweden ABY XS1E  Hlxo]th

20183 H-E] == 9o University of St. Andrews, Kongsberg Maritime AS®} =
o] DLR 52 Horizon 202004 A €3}= ‘Hyseas III Project’®] stU= 1204 S
+8% 5 = 100kW PEMFC s2]d& Aestar v o5 #fsf vk o <
A7 B g stelBgE H7] 5 AlaE A= @A 2 Folnh tE &

SHAI SamskipS FaARAA e} AR vl g sle|B= FA o] &
ANE FF3] Aol /s Sea Shuttle ZZAHEE F1d3stal Ut

<12 30> Sea Shuttle(:=2910|)

A& 0 www.rivieramm.com

2019 =24jo]e] Aub7]e3|AL)] Havyard Group-2 Sintef Ocean, Prototech®}
A FreeCQ2asth W@ AU} F£AFF A|2H /Y TZ2AEE =90 R
FH 13- §F29 Ags Adwol Fastal ok 2001<w 218F-8 PEM(Proton
Exchange Membrane) FAAEHA] BES O 43t F 32MW TAAEHA
S GAT Ao, 2021d M 485 HRE s ﬂu}.

<8 31> HavyardOil Al ISl HE MR AR EX =TAAH(L2H0])

K= www.seatrade-maritime.com
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r2do] AF3 AL Wilhelmsene 20201 EUZHFE 89t f=Zo AFS A
W= HySHIP Z2AEE 53] AMAUAZEEH AYid A35E4AE A82 3+
Z 2 (roll-on roll-off) A¥& A7 9 Hxsta, AL FaHH PAY SHEFS
TFoFa Utk o] ZEAEQA s Fl JEE e Tepkas 2 1,000kWh -89
g 2jet BMW PEM FAA8dAE @Asta en 2024358 £ o 4o

T} HySHIP Z2AEM= FF 1MW 428 =®HA wxxz 3MW 143,
20MW g Hadg oA Aj=d s RRE st e, o] ZEAEE=
=29o), 4=, T, ETdE T gk 7o) AL fEUR Fejsta .

<& 32> HySHIP Z2HEWNAM He =0l Tepkas(L-29I0l)

- S s

K= © www.wilhelmsen.com

a2 9olx 20215 H ‘Viking Cruise’ TEAES E3] Fodg M= ¢} u)
o]-&3t A]

250m Zoleo] tliFE dlelB = HE 2023A71A Ax
AL Zx2 st Yok E3, w29o] 2Elo| 2=

7F AS teusde] dFE +3E dFoln

oo

<& 33> Viking CruiseE(=249l0l)

XE . www.cruisehive.com
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20083 =¥ <9 Linde Group® Proton Motor, Hamburg University of Applied
Sciences &< Zemships(Zero Emission Ships) ZZ A E ] 3}LtE 25m Zo]o 100
HE 8% F de AAHZEY 100kW PEMFC dz#z] oAl ‘FCS
Alsterwasser’ &2 Azl ow 300077 o|Ae] 34xS BHFs o
Alsterwassers.< 350bar®] e Aol 50kge] FAE AAFstH oF 343 ¥
F om, Az 1,000kge] ©]itEtEa} 70,000kge] EAMIES Hsle &
et ofgy =YL ‘RiverCell/ELEKTRA’ Z2ZAEE E3] FAAEAR

A g gy 2A4E Sasa o

<% 34> Alsterwassers(S¢)

XZ : blue-growth.org

20173 5Y9 Innogyrte wwl=e] ARMA 3ALQl SerEnergyol A 7i#dt
35kW DMFCE ®Ag ‘MS Innogy' & AZ 83t 3 A3 MS
Innogy &&= ARAANA BAE AL Mee AP 2834 40~50% )
A7 EE&S GAATh

<% 35> MS innogy&S(Sg)

Xt& : Carbon Recycling International
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20093 U@ =29] Fuel Cell Boat BV.AF= 3009 22 FA43le] 'NEMO H2
Project’ ¢} 3tU=Z 88WS F8&T F U= 6719 #Zaxvc} g3 2 60~70kW
PEMFCZ €413 o449 NEMO H25E /i 9839 dgdd=9 AutAx
3]AF Sinot= 2019 EuUE 2ELOM AAHZE FoEYH QER] OFFoVE F
Fow, Yddt= ZEH =TS 2020d 9¥ FHI 7] AT T& AAR F4
AHE 3 o NEEFH S AN A% F4& nd Z=2AEQ]

"HyXchange” g ¢] 55 St Ut

<& 36> NEMO H2S (UWIE = E)

XtZ @ en.gaastmeerdesign.nl

6) ¥=

2013'd g =79] Bristol City Council?} Bristol Hydrogen, 12|31 Auriga Energy
< 7 HxY dAFLE T AALHQ Sto] =& AW A = (Hydrogenesis) 5.5
t}. dol=2 AUAIAZTE 12m Zolo 12kWH HEAAE ATt

[e]

1>

A

.

+ AAHZ FAAEHA RO-PAX(Roll-on Roll-off Passenger) &l &

B K Ho o
i
R

<12 37> Hydrogenesis& (¥ =)

XtZ ¢ www.ship-technology.com
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202101 st=ed Aues

2018 6¥ 292 ABB9} 7yttt Ballard Power Systemsw 3MWi 418+§
PEMAEA 55 M= A8, &5 200kWs d=234] s /i 32 A9
gAE Fsta ok i, 20199 59 FAARHA F3 EFAS A Al

< S8&3lx CCS(Cargo Containment
FR8k 3 ok 201499l 2,500m® TR

AA Al 2=Elo] dEHF(Nippon Kaiji Kyokai)>ZHFH 7]
ESQAP)S 534t 4L R T84T &8 AF3AES F8 3l
el

= 20169 %

2 MY AT T3, ‘Hydrogen carrier’ ZZAHAEE T3l =
A B000E, 5 13:ES] AAHAZ A5 £ 254(1,250m")S 20219 A% 48
akar, 2021 3YFE SFA AAE AEFi

= =
2] dE2 ‘Energy Observer T ZAEZ Ea gldFoly FHS S 4o A7)
2 FR FA2E YN A FHe AAHR YA AFAS FAAE WA A9
< /st ok
<H 10> ol =2 A48 et =2 E FE
= S I=FSPY =P Shy = olegd ._
&g = =t s = Fiog CESED +=25¢
SSFC Program o 0= 25MW MCFC Diesel 2003-2009
Wallenius/'Orcel le’ JtHlel AQdl 10MW - Methanol 2004
Felictas RE =g 200kW PEMFC/SOFC CGH2, LNG 2005-2008
MC WAP Project Hiel Ol€ 2l ot 150kW MCFC Diesel 2005-2011
Methapu RORO gt 250kW SOFC Methanol 2006-2009
Zemship H el s 100KW PEMFC CGH2 2006-2010 1002
Fel lowSHIP PSV =290| 320kW MCFC LNG 2007-2010
Nemo H2 2E H<get=e 60-70kW PEMFC CGH2 2009 90
HornblowerHybr id Hiel 0= 32kW PEMFC CGH2 2012 600
Scanlines JtH el =g 8.3MW - LH2 2012
M/S Mariella Hiel =g 60KW PEMFC Methanol 2016
M/S Forester st =g 100kW SOFC Diesel 2016
Water-Go-Round Hiel 0= 360KW PEMFC CGHW 2019 100
Viking Cruise a2x L 290] - - LH2 - 14009
SF-Breeze EHel 0= 4.92MW PEMFC LH2 - 1509
FLAGSHIP Hiel LZ90l 400kW PEMFC LH2 2021
ZEFF Hiel T290l - - H2 + Battery -
ZHHolY °
SeaShuttle Sy S 290| - - H2 -
Elektra | PR} = 320kW PEMFC H2 2021

U2 0 S=2MHI| =T IL22|&(2019) KEIT PD Issue Report. Vol. 19-12
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* Biogenic CO2 refers C02 captured at biomass conversion processes, such as biofuel production or

biomass-fired power plants; DAC: Direct Air Capture
IEA. Energy Technology Perspectives 2020
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Hydrogen production Hydrogen use
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B Refining B Power

B Fossil without CCUS  mFossil with CCUS
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oRefining CNR O Electricity OIndustry m Synfuel production
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: CCUS = Carbon capture, utilization and strorage; Refining CNR: H R3S A =0H LIZEF JHE Ol
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IEA. Energy Technology Perspectives 2020
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2019 2050 2019 2050 2019 2050 2019 2050 2019 2050
SMR without CCS SMR with CCS Coal without CCS Coal with CCS Electrolysis

|EA 2020, All rights reserved
Notes: CCS = carbon capture and storage; SMR = steam methane reforming; coal = coal gasification. Electrolysis
based on dedicated renewables-based generation.

Capital expenditure (CAPEX) assumptions: SMR without CCUS - USD 910/kWH: (2019 and 2050), SMR with CCS -
USD 1583/kWH: (2019} and 1 282/kWH: (2050); coal without CCUS - USD 2 672/kWH:z (2019 and 2050}; coal with
CCS- USD 2 783/kWH: (2019 and 2050); electrolysis - USD 872/kW. (2019} and USD 269/kW. (2050).

Operating expenditure (OPEX) assumptions (as % of CAPEX): SMR without CCS - 4.7% (2019 and 2050), SMR with
CCS - 3.0 % (2019 and 2050); coal with and without CCS - 5.0% (2019 and 2050); electrolysis - 2.2% (2019) and 1.5%
(2050).

Efficiency assumptions (lower heating value): SMR without CCS - 76% (2019 and 2050), SMR with CCS - 63% (2019
and 2050): coal without CCS - 60% (2019 and 2050), coal with CCS - 58% (2019 and 2050); electrolysis - 64% (2018)
and 74% (2050).

Full-load hour assumptions: SMR and coal gasification 8 322 hours (2019 and 2050); electrolysis 3 000-4 000 hours
(2019) and 2 O00-3 000 hours (2050). Stack lifetime: 100 000 hours.

System lifetime assumptions: 30 years.

Fuel price assumptions: natural gas - USD 1.4-6.3 per gigajoule (GJ) (2019) and USD 1.7-7.0/GJ (2050); coal - USD 1.6-
3.8/GJ (2019) and USD 1.0-2.2/G] (2050); electricity - USD 36-116 per megawatt-hour (MWh}) (2018) and USD 20-
60/MWh (2050).

CO;z capture rate assumptions: SMR with CCS - 95%, coal with CCS - 90%.

COz price assumptions: USD 0-15/tCO: (2019) and USD 180/tCO: (2050).

GOz transport and storage cost assumptions: USD 20/tCOs. Representative discount rate for this analysis is 8%.

Xt& : |EA. Energy Technology Perspectives 2020
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Final energy demand hydrogen Share of hydrogen in final energy demand

< 1400 14%  70%
2 &
8 1200 12%  60%
= 000 & = 10% 50%

800 | 8% 40%

600 <2 ' 6%  30%

oz
400 — L 4% 20%
Ses —
200 o L7 2% 10%
0 0% 0% —
2019 2030 2040 2050 2060 2070 2 5 ‘é % E) §

O Transport - ammonia E Transport - synfuels % § £ E E o] o

O Electricity from hydrogen E Transport - hydrogen 0w < £ 2 & » E ®

OBuildings @industry - chemicals B o c Ppo

B Industry - iron and steel B Other Industry & = % L

0

¢ Hydrogen share in TFC (right axis)
Xt= : IEA. Energy Technology Perspectives 2020
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Xt= : |EA. Energy Technology Perspectives 2020
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D primary reformer . air feed D secondary reformer D CQ conversion D washing tower D ammonia reactor . heat exchanger D ammonia condenser
X2 : https://en.wikipedia.org/wiki/Haber_process
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X2 : Chehade & Dincer (2021), Progress in green ammonia production as potential carbon-free fuel, Fuel, Vol. 299
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