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2025 49, FAISAP|T-(IMO) #8323} 3|83 B 5 9] 5| (MEPC = FAI131-2] 2050 &2 (Net Zero) B8-S
EHEZ 3= F7)Z2X|(Mid-term GHG Reduction Measures)S 32] 5015151t} 53] A} d52] 24714 Fokw
(GHG Intensityys 714 5h= A5 ¥4 (Goal-based Fuel Standard, GFS)= ¥ 3241919 2eb43ls 173:6}%}3
A HHo) 2 R0 7|Ech £ =Fold= MEPC 8304 8 F71=2A9 F2 UE-g sk, g

27} At Feast 58 71690 A4 @4A¥F 3 A% (Onboard Carbon Capture and Storage, OCCS), 1% ?}31-1
o}, 7% vleh&e] wlXE= FEE 15,000 TEUR ZHoluAehg Al 2 #4431}, 31 3 7]&s0] 2710 B4
& 8Rg 5 %R 37] $13k ZNZs(Zero or Near-Zero fuels, technologies and energy sources) B4+ AA|2] =] I
4T A B S AASIT ok, TV A1 Bl 71 43t 43S XA TFed S i e Al 1A Al
U] 2. & A5}, o]o] wE |- 2etas) 2 A Fxo] WElE Aot

Abstract —In April 2025, the 83rd session of the International Maritime Organization (IMO) Marine Environ-
ment Protection Committee (MEPC) officially approved the mid-term greenhouse gas (GHG) reduction measures
aimed at achieving net-zero emissions in international shipping by or around, i.e. close to, 2050. The Goal-based
Fuel Standard (GFS), which regulates the GHG intensity of marine fuels, is expected to serve as a policy tuming
point that will accelerate the decarbonization of the maritime sector. This study outlines the key elements of the
mid-term measures approved at MEPC 83 and analyzes their potential impacts on major decarbonization technolo-
gies for ships, including Onboard Carbon Capture and Storage (OCCS), green ammonia, and green methanol,
using a 15,000 TEU containership as a case study. It further quantifies the need for and appropriate level of a ZNZs
(Zero or Near-Zero fuels, technologies and energy sources) reward mechanism to support the early economic via-
bility of these technologies. In addition, the study develops three scenarios reflecting possible delays in the imple-
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mentation of the IMO mid-term measures and the commercialization of key technologies, and explores their
implications for decarbonization pathways and market structures in the maritime sector.

Keywords: IMO(Z Al 3| A7), GHG(< 4 7}2~), Onboard carbon capture and storage(%1 4§t E 3 3 A7h),
Alternative fuels(tH41¢18), Cost-benefit analysis (3]-2-H2] #4)
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2023 72, A A7 TIMO) #1802} S| U%EH K 5 943
MEPC)eIA = 20508374 =A130-8-2) ©AFH(Net Zero) B
Ag EEZ 3= 2023 IMO GHG StrategyZ} 54 A= ok
(IMO Secretariat[2023]; Resolution MEPC.377(80)). ©)°] w}2} 3]
5L ATE 247k A5 BiEE S0 ojds] %t
Z7)ZA)(Mid-term Measures)S] =9 W 2|42 0 2 1=9]3)
stch. 1 Ax, 20253 48] 71FE MEPC #1833} 3] 2ol = A
gt A8 o] 247124 S (GHG Fuel Intensity, GFD)E 7A|5H=
5 ¥4 (Goal-based Fuel Standard, GFS)E #4122 3 IMO
Net-Zero Framework (NZFy7} 7W2=310H, F W8-S vk st
A3 k2 A HeFMMARPOL) H-454] VI 713 gko] $]¢13) o]
A 32 U= UHIMO Secretariat[2025a]). 221 20254 102
NAR A2} 8] F8H RS 9)-d 3] SHMHAMEPC ES.2)01A4 =
3jd= 3+ Y7 Zpol7t FHAA] ot NZF A =27} 147t 4
715193} 018t o)A Q] FAloll= vl=T AMg-rlojehulo} 5 314
dAs 7INE A=mEe dd Fe]l AEsta ATHaMO
Secretariat[2025b]). NZF] 32 €2 A7]=|l o}, ¥ 7o)
=Rl g A AR4A1I9 71 St ASEHT = HE T
HE o, FAER-S] 2eA3] 3 Yio] RAIFHI Sl Ao
= 344 4

A o] 2050 ©AFH SEE 2] S8 Mozt 3
RN FIFRAE Yo E osHd, FA| ARSE 1 Q= A
A9 A FHo) Fekh T ©AFH A5e A@sojof &
ok AAE IMOZE 5383 F712%) J8E7} 719 29) 2 A
w2, 73 gFyol 9 T¥ ek} 3-8 A A S (e-fuel)2t
3 43 e:2-3E4 5! A7 (Onboard Carbon Capture and Storage,
0CCS) 71&°] FAIE-S] d45E 248 A% 3 745 o4
©2 B71EITHIMO Secretariat [2024d]). 12}t H2 A u}h
=29 giAds 387 75, 9AY 9= 81, F7ed] 45
5 5 Oekst Ao 29102 Q13 AR A¥ S5 oF AR
FEd HEY e FoE FrHEY 4F 9] Clarksons
Orderbook #A}&0] W= ING B WehE F314 9 whake =
71k FAIE Bola glon, ol s tAlA s Helo] A MlA F
ABofM 2ASH= H]FE oF 2~3% ol 1ZItH(Mandra[2023];
Gordon[2024]; Lloyd Register[2026]). =3+ AelolgA BE-S Ak
ey 45y dAd s Aute] 4247 LNG 31 & Agsia
Row, H i) FE = WeE F49 ujF A
20254 7] 71 AA Aele]dA ] oF 0.3% Tl PF-=1
AcHAlphaliner[2025]). ©]213F T8 FAlls-2] A5 Ado] of

7] 27| dA S-S A, 23l rleT) diAldE EYUE
Z2038)7) 93 A A FAAA 2] eAE BoiFET)

FASE 23} 7159 EFFQ £ 913 IMO NZF &
o7t AAFEA, A dbs g} 183 A6 7)ed Jleds
5, BA 9 2471 g SAS B3 Tkt a9 e
3 3tk Lee et al[2023b]2 7331 IMO 247k 745 Ak
F9 &g Aesla, 5 A5 74 ¥} AL nx=
Jqg T80 2 vASN} =5 A3EE §4 FA thest
o A87 A5 7]NE Ak 2912 FAGT A1 G FA8ka,
Arte) A&7k 43T AR A3E HT 9y A
S AA B ATE $-3= SAcH(Yang and Kim[2025]). Kim and
Choi[2024]&= FLT oUA] AR 205 7381 7+ A9
Al (FuelEU Maritime) th-8-& 918t 3jF A58 v]8-HI HA
HAldE E3IES A8k, 27k 1S OlFX]9] 540)
T Q7AR e |2 GEke HETe 24 Al oS 50l
88 71531 712 A RE ARSI 019} 8 ek, dEvet &
237 Aut ASE yejEh= YADRS vl T 2A7pA uiE
EAL v 1-H715 AF 5 B 15 tHLindstad et ol [2021];
Ramsay et al.[2023]). 93 Aol = OCCS 7]&8 98 789
Bk dicke 2 AAEH, 7 71e] A4 7Fsd vl g 725
B71e}71 % 8F tH(Cho et al[2023]; Lee et al.[2023a]; Lee et al.
[2025]).

T2} o3t A8 ATES T2 IMO T oS $I% =
7] A AA A5 v18 88 7Y F AAE B Adi(fleet) T
F9) vl g 28 FHo= Fad FUt Bskoed, B3 A5E
e 8 gaisl 7ie Heo) g v 8 S THY
o7 N5l AN R AEE AFHLE AT A= Al
o)k, =3 gekad) A W 719 2] e 5]
% QAEE A FFE FFHoT FAT AT GA] R3]
2354 ok AJstolrt.

ol2)3t AL sl B A7 IMO F71ZA)7} 15,000 TEU
= Aele|VAe] vlX= ZAE 98-S Aut el B4k,
g3eA3) 7]E A8 mE F71 v Hels SEF o= B}
She 21 BH O = i} o] & S5 23elM e FASE: dAFTEE
A% MO 712219 A4 249 AREFA(GFS)S) thAll &5
| #H L Z(GFI compliance approachys A& 3t} o]o] 33 ox=
MEPC 837l 5918 F7]2A] AlUZ| & 7|Wke = Tharste
B EHRA S Falisle] T2 gekas) ds 9 Ve gEUol,
% vek2, 0CCS)9) AAAE 15,000 TEUR ZEloWA AlElE
53l g o= u|weit). =3 eaFY 7)E0] 2] AkE 98l
IMO A A A Ul ZNZs(Zero or Near-Zero fuels, technologies
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and energy sources) B3 AA7} 2= A ou|E HESL, 7]
& AV gxo) Lok JAEE FFE EA5) vpxEo g
F712A A3 AR 7)E 383 4] EFAANE s A
U)o B8 T3l FAEE 2ea3) A2 AR T2 Wil
i3k AAFE S AN B

2. 7Nl = EASEE St
a5 S7|=A

02@7})\

IMO2] 247}~ 745 A& Fig. 19 2o) 714 4], &%
A x), ZAF 229 A 7] BFE FEEh 2EE Al8E
W7)ZX|(BED], EEX], CI)= F2 Auke] oA &&-& @35
3 JRAEkE ] 238 sHERlok. ¥, 2025 48 MEPC 833
3)2)oll ] F918 F7)ZXE 205037 FA| -2 ©AFH(Net
Zero) B A Y3l Au 452 AES BAE= A2 F
718t} olefdt T/ AP A8 2 A SRR 9 A%
(0CCS) 7k=9) =917 FAlel] st d3ks v o= Ade.

oo FQlE F7IEA9 F2 IR AT EFA(GFS)S o
A & “W<HGFI Compliance Approach)2. 2 Q98 <= 9t}
GFSt= Z et A7t 1 MI9] AUAIE A4 E o gsh= 24
712 wiE A ton CO,eq/MI EHZ A 3)5}a1, o] vjE 7]
& HAF 2 E 3= AR TAlelt). o3t $712%)9) A=
7t AA = IMOAA e F A5 AP H7HLife Cycle
Assessment, LCA) AFNE ZAZ 3lx glon, Hdul 59| A
Ak &5, AR A 3PN uiEE e A7, W',

ozt A EE AT Akl 71E WiEAlsTH A8 E 2 Yok
(IMO Secretariat[2024a]; IMO Secretariat[2024b]; RESOLUTION
MEPC 391(81)).

Aute] LA7IA AKE(GFL e OFN AH4 S T8 AlAka
o j= A8 79 sk, K= B3 V)7 5 AR 98
% Mg oJulsh IMO Aet A8 20| dlojejo] e B
18 Y8& mET El= A% 719 jo] A3 (Well-to-Wake) 7]
F 2712 JAYEE Ju)ste, D€ gCO,MIZ EH L)
EnetgyL' Aute] ds /3 & ARE3l] 203 oAE vt

3, Energyy,r> Bl 713 53t Auto] ARE3 & o 2g 9
wlske @4l Mielth. Efi IMO LCA 7l EeRRlE EUE 4
A=A, Auto] Ao Lo ABAME RS EOIZ 4] ()7} 2]
AIA 719t B (CFlLymed)S AETTHIMO Secretariat
[2025a]).
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2 El;x Energy;
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2023 IMO GHG A&kl w2}, IMOE 20503737k =A|a8-<)
BT H(Net Zero) 248 S3E= A48, 2030d 2 2040 &
%3+ A3 A3 (Indicative Checkpoints) 0 E HA &I o]l o}
2} MEPCE S5 247k~ AoFE (Target GFI)E 7]& 5 (Base
Target)$} 21 £ Z-¥E(Direct Compliance Target)Z -5}
37934 Tt Target GFI (GFlp,.)= 21(2)8F 2°] 2008 7] &
Well-to-Wake 24 7} A S E(GFLyge)ol A= BEAF(Z,
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Fig. 1. IMO's GHG reduction measures for achieving Net Zero in international shipping.
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Table 1. Annual GFI reduction factors (Z;) for target annual GFI
(IMO Secretariat [2025a])

uT Z; for Base target Z; for Direct compliance
= (%) target (%)
2028 40 17.0
2029 6.0 19.0
2030 8.0 21.0
2031 12.4 254
2032 16.8 29.8
2033 21.2 342
2034 25.6 386
2035 30.0 43.0
2040 65.0 78.0
2045 76.0 89.0
2050 87.0 100.0

Reduction Factor)S: 2-85109 AT}, GFlys Ak 93.3 gC0,/MIZ
= e, 712 BE 9} A3 5 FH e Zp a2
Table 1] AXEIIATE. ANV GFly, .= Fig. 29 AR v} 2
o] YehtH, g B 7|12 Fxel 23 F5 530l ) Tier
13} Tier 2% 722t} 2040 71F 712 F3of| OiF Z+= 65%
Z §e]=%l3, MEPCE 203635E] 2040d7k4] 28 7]& 9
AR 5 X9 7, 4E 20329 197K A= SitkamMo
Secretariat[2025a]). 2040 o]F gk 7|2 B39l A Fr 5
I 78] 21o] A fAEths AAlskl, 20504 % A +
T BE9] 7, 7] 100%] 2 =S 7

GFlpyger= (1 = Z;/100) X GFlypg @)

o}z A2} Fig. 29} 20 Tier 28} Tier 102 H7kg) AHuke-
F581A] B35 9 CD(Compliance Deficit)s | o). 712 =
I GFR= 581010 A &4 53X GFIE 5751 X3 Tier
19] X8RS GFl st A T BE Holo] AA oA 22
& J3% v CDE A

Compliance deficity,,,= (Direct compliance target GFI— GFI )
% Energy i 3)
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3
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Fig. 2. Target GFI and Tier classification.
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RU 1 ($100/ton CO,,,)
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WhE 718 X GFIE £5°5H X3 A2 GFLmmest 718
B3 zjolo] AA oA 2R F-S F3 9T Tier 28] CDE B3,
A 5 X GFIY} 7|2 ZE GFI Zjolo] AA oA Axe
£ 35t 9k Tier 18] CDE A ).

Compliance deficity,, = (Direct compliance target GFI
— Base compliance target GFI) %X Energy,om 4)

Compliance deficity,, ,=(Base target GFI — GFI 4. % ENergy
(&)

uES A4k CDE 44417171 $18 RU(Remedial Unitys 7
ufjsliek 9, RU 712 Tierell wket 215 2 8-dct. @A) 7|&
(2030:37H4)2. = Tier 18] RU 7F32 100 USD/ton CO,,,, Tier 2
2] RU 7} 380 USD/ton COxE #JFo] 3it}. 2030 o] F
RU 71 & 3F =91F F3 242 AAo|th

MGO(Marine Gasoil), LNG & 315 7S] A5 & X453
O AMEHE AWEL BF GFl,,.& A F 0T 355P) 9
Hg AoZ oggr}. o]z AutEL Fig 3o Yehd v} 2
o], GF1 71§ 2% 2433 Huto 2 RE SU(Surplus Unitys 7
wiStAW, GFS AAlA A3% d2)HE B3 RUE g =
A APAuke] GFI &5 ¥-5%(CD)YE Aafsliof gt

SU= A3 & 53 GFZE] 2738 Aol Al F-o=]w, Tier 2
w At A7t 7bseheS AlwEo] k. T, Tier 1 &
9] Ak RU 7Ho] AtF o2 W] wio) Al=gE HE
slejeke Al olde o2 AYE). Fig. 3o Uehd vis} 2
o], SUE §H3 Mut2 a3 45 I9) & BES B3 (Banking)
st Aol 2@ ool AHduke] GFIEA7EA Foks) 5
EHo= A3 &4 & At o= SUY 88 fFA9E 1A
gro2H, 23} 7458 A3 Aluto] B ZAEke] GFS 1A o
& A 7 A & 729 A9EE /M 5 A=E vt
B O] Aukg -85 dlAlel A% NS ATE &
W& Aojt}.

-e-Target GFl_Base
-a-Target GFI_Direct

Tier 2

2032 2033 2034
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Fig. 3. GFI compliance approach under IMO Net-Zero Framework.

3.IMO 37| ZEX|7} 2EtA3 71500 01Xl= &t
INZs B2 HA = Yt

3.1 HIBEe| E4 Hig

£ AFeAE IMO 71247 E4EE 33 836dM T2
gekas) 7] AAA e vlwshr] f181 15,000 TEUH
ZelolyAde 4 o= ARsta, haste ulgae] ¥4 %
HE Fg8igt A2 22 Aoy Al F2F AwE,
10,000 TEU ©]/3<] w7} Aelojd o] AA) o] HdEgelA
42%% A8kl 21.2H (Environment+Energy Leader[2025]), 53]
14,000~17,999 TEUR A3 F2 22 HALEC] ZAT] A
2of ANH o2 gt tEHQ] Aut FEE 2] F3 Qlok
(Alphaliner[2025]). =3 th3 Zg oAl AAsH= 247k~
& GA] Z7teks FAHIE Bolal glo], FAlse 2ekast 3
o] J3e o) thy Aol $47 02 eRd 7FsA)o)
&} tEe] 2 F2 ANEL 15,000 TEUF olde] Auke &
o2 ING 37, Werg 33, 2o} gt (ready) 24 5 Tt
&5 2eka:3) 71ES A8 A oS 2 e )8 HA3E
3t Ak F751a lrh(Alphaliner[2025]). ©12]3H 414 &5

Table 2. Variables and assumptions used in the cost-benefit analysis

€ 13T o, 15,000 TEUF AdoNAe &F 2ekis) 7|s &
SR ke Bl o b e i B g el 5 2 oS IR o R e S
Z wd=e, olef ulet £ A7) ¥4 o dute s HAAsigict

4 i 712 0CCS 71& 34, I¥ 4Rl A% A,
I3 veks A Ao FEACH, 7} 7le 4 digl F
71183 7o) B T3 7|EolM vt Table 2= H)
£72] Ao &8¥ 72 )8 9 A FES it A5 4 7)
2 g Zlolo}. 7} ¥]8(Cost,, ) CAPEX, OPEX, 18]
31 Cargo Loss® #3191t} CAPEXE 71& A4S 93l Zast
7] BAMIE 2Jujsl9, 0CCSe] 3% EH- N8 A =] 23]
H1E HkedEieh. vbE T3 gRyol 1 T wieke Ade] A4
o= 71€ LPG 341 fARE AR 798 JAZ EES &
FIN2E F7} T2 = wedskA) o1, AR Al e v1g 2}
ol F2 duv F7HET E FA E4& B3l ISt
OPEX: 7)& 34 oF WAsh= A7k 29v1E Yuiditt. occs
9] Z%olh= A1) +3 2 o, A} ARE FJvE T
or, ¥ gRYol W I¥ vgke HF] A= FMAE
(MGO 5= LNG) tiH] 3715k dsnlE 94 4442 571 v
£.0 2 ul9d515ic}. Cargo Loss= 2 Aol F951H4 1123k 1)

= oCCs 71E A8 A g dw e 9w
PR 71& MGO/LPG A4 3 #
— occs gl 4xg  ATMOOLPGFALR AL NLE e azd P A=
BRESIE S = e g ge | EE I%‘-?ﬁi[é‘*_f I%Zr =2
= 9 3 M W EA 2
271 & - -
OCCS ZH] &9 Ao 3 3+ < £ (MGO/LNG) thH] A5 H] 314 A 5(MGO/LNG) tH]
Wepl  &H5 A7+ &) M Agnl S8
OCCS M| FAZ AT 312 FEUt AR D2 3 #d 44 BAZ vee AEDa 9 9 2
Cagoloss AAFL AL WE AT A A& AATL A2 WE AR S AAZAR HE AATL 7
5o &4 o] &4 ol T Qizh o] &4
Ao vgavas RU 70 31510] G 4 & v & 2%
Benefit) QI AEn SU %o 491, ZNZs 24 SOl el @ B4
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£ YRo2 Gekas) 7E A8 wel A Hu) E= dsa
7} 2R T3] SR EA 318 A A TFe ] Hasla,
ol wle} A= A7 9 ] AAF ougit}. occse) 3
o= A A 2 A8 gl WE AT FAF N
89, 23 Yol 8l I vjekE Fge] Aol dsHa
o} B FX] X o W& 3 FAZF LS Wdseld. 53] 2
A= ©]218F Cargo LossE TEU 7152 A7) £42 APS F, o]
E Azt &%) 5] Fadoz gatsle] vl gHe] Ao EFHs)
Frh= AollM 71E A7) 2pEA S 71K

3HH, HO|(Benefiy 1A & ¥ & 39 79} QAEIHE
Tt} WA, gei3) 71E 88 T3l Akl GFrl A
2 A¢ RU T 39 &= glov e o)F u|§ A7 a2
FeIRch. £33 AR EF FEE 29 e Ao su
uiE 33 ZAE S-2o] AT 5= QIO P o]F W FH X
it o Yoz} 3§ MO A Yol ZNZs B4 A=t =
Y2 A%, AP Ve M A QAR E Be S 9low
2 INZs ¥ 57¢] gA He] 247 33t

E dFqxe 7z 7l AR F71 s 7 e A
B2 vt 2 AAA g1 7Fs A 38 QA Be] I
8 FEE H/RIT. &, 53 AR o] 71 vl & 3
3] 3K= A9 AP 71e0] AAE Fxsks 2oz FNsisit.

3.2 FI| HIE(Cost,,) LFIE 218t F2 718

4, 0CCS A|28E E3 CO,& THSH= v 295 & @9
H]€-(CAPEX, OPEX) tond F $225~$235 2.2 71438}
THRINA[2023]). )= Aol A 2] £, A3}, A dAlolA <F
$180~$190/ton CO,2] H]-go] T, o]F XHF CO,5 +F
313z G5+ A= dl oF $45/ton CO,S) F71 H]go] EAsTh=
A3y AF2 ¥4 A 7Nke 2 4R X0 tHRINA[2023]).
0OCCS 71&9) A%k Ala B AAH 3 Fs)e] we) 20503 730=
g v)8<] $185/ton CO, FEo2 4T A 02 ADTHHCho
et al.[2023]).

BAFY A8 E9] Af & F71 A8v]E tiA 95ad
AR}, I3 viehE)e] @rlelA 71E AR MGO, LNG)S]
WHE 2R A8 7t 7H AlolE 7R e R AFsith. MoE
712A FEIEH7 99 20l PR dHE B3 oA
A5 FF 714 HEE AAIF vt IS ™(IMO Secretariat
[2024c]), T2 A4 o @71= Fig. 40l At 2023d%
H 205097k4]9] A8t A 71 A AwEd, A8 31y
AR (HFO, MGO, LNG)?] Wh= A& 07 sllsh= FA4E B
Q. FAIF S 2, HFOE 20239 7| 12.1 USD/GIEA] 2050
8.5 USD/GIE, MGO= 159 USD/GJ®IA] 11.7 USDIGIE, ING=
15.9 USD/GJell A 10.1 USD/GIZ 22t #a® Z10= o Sdn.
ojef 1kal, bio-LNG, bio-MGO, bio-methanol 5 Bl0] 2 A8+= A
&7 s du gx o Aokn} JimjgoZ Qs A 7|3 Tt
AF A% g FA3] 22 71HE A8 2o = ¥Rt 53]

-+HFO -MGO +LNG
+-g-Methanol -+g-Ammonia +bio-LNG
+-bio-methanol -+Blue ammonia <+Blue LNG

+8-LNG
~bio-MGO

Fuel Cost (USD/GJ)
8
(=]

2023
Fig. 4. Fuel cost trajectories.

2030

2040 2050

bio-MGO= 20234 282 USD/GFIH 20504 39.6 USD/GIE 23513 4
& 2o Agdct. 9 4 7N FHASL] e-methanol(ZH
W eh2)3} e-ammonia(ZH FEUYohE 22t 2023 7]E 724
USD/GJ % 55.0 USD/GJellA 20501 ol = 1 713] 45.0 USD/GJ
gl 31.2 USD/GIE] & T2 A 2 o= o). 53], 1
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Table 3. Cargo loss due to fuel and technology transition compared to conventional systems (RINA, 2023; MMMCZCS, 2022a; MMMCZCS,

2022b)
JIEds OCCS 7] &4 (80% X£7) dRYold g A feg dg A
MGO =24 -1,200 TEU -1,200 TEU -610 TEU
LNG 314 -1,100 TEU -1,100 TEU -510 TEU

o3, olrlo}-Hu] 5 AAY A6 FY=H, 47k of 5~75]9)
45 35 sk 2102 mlelE). Cargo Loss(3HE A &
o] B4 F3E S8 Az 738AE 295 A o= Hgs
R, BE T3 71Ee s &4 24 358 25t o= F
A Aol 7h= k= gHA(full load)e 2 #3881, B4 &
ZR= oF 50% 52 AAEE ¥tk 44 8 S U
& Zlolt}. Aelond 9L 2 A3 At AR we) &
F3 o, AR AL dHkEQl TEUF +92 <
$1,250~$3,750 L. E R EHI Qi) 2 AFelA = 20249
112 7]F Shanghai Containerized Freight Index(SCFD)E F=3}
o, TEUY 9L $2,331.6°.F 7} 312l th(Shanghai Shipping
Exchange[2024]). ]9} 22 7F3 dellA LNG F3 Z oA
ol 0CCS ] g T I3 gR Yol g =2 Fgko 2 Q3
¢} 1,100 TEUS] 3HE A £4do] 2AE 34, A &9
°F 18.0 MUSDZ AH3 €}, =3, 13 dehs FoZ A
75 <k 510 TEUS] 3] &4o] st o] & Qg Azt &4
AL oF 8.4 MUSDE F3¥r}.
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Fig. 5. Expected penalty (RU purchase cost) for a fossil-fueled 15,000 TEU container ship.
Table 4. Expected GHG emission for fossil fuels
LNG
= o
= Lot Otto Diesel MGO
Fuel Consumption kg/hr 4,274 4,805
GHG Fuel Intensity (WtW) 2CO,,/MJ 853 77.2 93.9
GHG Fuel Intensity (WtT) 2CO0,/MJ 18.5 18.5 177
GHG Fuel Intensity (TtW) 8C0,,/MJ 66.8 58.7 762
A7k GHG & 3 (WEW) ton CO,/yr 105,039 95,019 115,626
CO, "l & (TtW) ton CO,/yr 70,523 70,523 92,459
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Fig. 6. Cost-benefit analysis results for a 15,000 TEU container ship compared to MGO use.
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Fig. 7. Cost-benefit analysis results for a 15,000 TEU container ship compared to LNG(Otto) use.
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Fig. 8. Cost-benefit analysis results for a 15,000 TEU container ship compared to LNG(Diesel) use.
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Fig. 9. GFI threshold for ZNZs rewards.
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Fig. 10. Required ZNZs rewards for OCCS application in a 15,000 TEU container ship fueled by LNG (Otto Cycle).
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Fig. 11. Required ZNZs rewards for OCCS application in a 15,000 TEU container ship fueled by LNG (Diesel Cycle).
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Fig. 12. Required ZNZs rewards for green ammonia application in a 15,000 TEU container ship fueled by LNG (Otto Cycle).
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Fig. 13. Required ZNZs rewards for green ammonia application in a 15,000 TEU container ship fueled by LNG (Diesel Cycle).
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Fig. 14. Required ZNZs rewards for green methanol application in a 15,000 TEU container ship fueled by LNG (Otto Cycle).
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Fig. 15. Required ZNZs rewards for green methanol application in a 15,000 TEU container ship fueled by LNG (Diesel Cycle).
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Table 5. Scenario of IMO mid-term measures and commercialization timelines for key decarbonization technologies
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Fig. 16. Target GFI trajectory under delayed adoption of IMO midterm measures.
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