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Abstract — In 2023, the International Maritime Organization (IMO) adopted the revised GHG reduction strategy at
the 80th session of the Marine Environment Protection Committee (MEPC), targeting Net Zero in international
shipping by or around, i.e. close to 2050. To achieve this ambitious goal, the IMO is currently deliberating mid-
term measures, including the establishment of GFS(Goal-based Fuel Standard), FCM(Flexible Compliance Mecha-
nism), and the introduction of a GHG levy. On the technological front, the focus has shifted towards the adoption
of various carbon-neutral fuels, such as green methanol and green ammonia, alongside the emerging OCCS
(Onboard Carbon Capture and Storage) technology. A work plan is being developed to establish a regulatory framework
for OCCS, which is expected to significantly influence the commercialization and deployment of this technology
in the coming years. This study conducts an in-depth analysis of the impact of mid-term measures under discus-
sion at the IMO MEPC on OCCS technology, using a case study of a 15,000 TEU container ship. It also aims to
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forecast the timeline for OCCS technology to achieve economic feasibility. Additionally, this research examines
the projected costs of carbon-neutral fuels, such as green ammonia and green methanol, which are also being con-
sidered as key solutions for achieving carbon neutrality in international shipping. Based on this analysis, the study
derives the relative economic criteria for OCCS, enabling it to compete effectively with these carbon-neutral fuels.

Keywords: IMO(=7 A 3| A} 7] 5-), Onboard carbon capture and storage(A1 4 €43 %] 2 #74), Greenhouse gas
(2A712), Alternative fuels(t 3191 5.), Cost analysis (H]-& -27)
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Fig. 1. Candidate fuel usage scenarios for ship decarbonization.
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Fig. 2. Flexible Compliance Mechanism currently under discussion at IMO.
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Table 1. Assumptions of Price of Remedial Compliance Unit and GHG
Levy

g Remedial Compliance Unit GHG Levy

= ($/ton CO,eq) ($/ton CO,eq)

2027 350 150

2030 300 200

2040 250 250

2050 200 300
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Fig. 5. Expected Well to Wake GHG Intensity for conventional fossil fuels.
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;

wiole}, A 0%, A5 4 Avlo] Feelof & % RCU
ol ul o] Z7heks A W Ao oabErh 20508 71%

O & MGOE AR89, Azt 2F 57.3 MUSD/yr2] H]E-(RCU
o B]§-: 22.6 MUSD/yr, GHG Levy: 34.7 MUSD/yr)S F-g3ljo}
shct, v, Ef s AR O] 247k wiEo] AUl oR 4L
LNGEZ AF-31S ufi= 2I7F ¢k 49.7 MUSD/yre] H]-&-(RCU -ul
H]-§: 19.6 MUSD/yr, GHG Levy: 30.1 MUSD/yr)S A &-3fo} s}
Aoz BAEQLE & G} Fig. 42 2 ¥ (Strive) At
FoE = 49 HE 2050950 Fesjorehs ddEE Y
S, 713 E¥E(Base)E WEE AlukE] 2 tiv] 2030 =9 2040
WEel 25 o 3424Q1 155 3P| wlitell ddellx] g o
2 RCU 71 H-&3} GHG LevyS F-2alloF 3t}(Fig. 7).

7€ IMO A} 47k F7)34] AU 2 (Table 1)l whzt

49 LNG (71=9 %) VLSFO HSHFO MGO

Fuel Gas Consumption kg/hr 4,274 5,104 5,104 4,805

Carbon Factor (TtW) g/g 2.750 3.114 3.114 3.206

CO, &% ton/yr 70,525 95,355 95,355 92,424
mFCM(MUSD/yr) =GHG Levy(MUSD/yr)

70.00 |
Cost of OCCS & Cargo Lass (27.7 MUSD/yr)
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Fig. 6. A case study of economic penalties for GHG emissions from 15,000 TEU CNTR (Base 7]<).
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Fig. 7. A case study of economic penalties for GHG emissions from 15,000 TEU CNTR (Strive 7]<).
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HARE W A7 pRsorshs 18t vlarst vk (Fig. 6, Fig. 7 Fig. 70l =4 0= wAslnh. 0CCS 715 el uhe 57t
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I B st ulg, 2HE COE G AR AR SFSho vlg, = QI A dE Aitelo] o) F Zvbshs A 203014 2040
2L A B AEell COsE B AEshe Hlgo] by Alel® ot 53] Fig. 79) wF 3 (Strive) A 2.5 A
AN 2 COZE A AdRl= FEolopt g 15 &8 Aol wEw, = %‘Eﬂ 7dEhglel ek Advel] ke

BRSPS 7 Q] wheoltt Bgt, 0CCS gn] A= Q1% Bka S EP} SISl Hof, S Bl MGO 15 541 Adufel o] occs
A 8= EAo] w- T2F B eItk MMMCZCS(Mersk  ZBAd0] 20304784 #1d 7hsAdo] szobl 21 o= 719l

Mc-Kinney Moller Center for Zero Carbon Shipping)oll W=, T} o= o< A2 745 ol we} HAysh= 71421 vl8-S

LNGE 982 AM3RE= 15,000 TEUR ZAHe]y Ak 273 ton/  OCCS 7142 =3l 27 5= oS AAksH, sid 7]<z0] A
day(17F 52,640 ton)2] CO,E XA 3= OCCS A4S A3 2 BRoa] dAZQ] tigle] & 4= QIS5 Hojeth

73-F, ©F 1,100 TEU?] 3}= 24} &5 &4Ho] e Zlow 7} I ollk] e AV Aol A= AT Al B
= SITHRINA[2023]; MMMCZCS[2022b]). th/daduro 2 st ghalido] =2 & Al =
15,000 TEUR ZHO|HAL F2 FAY A o4, okA]  F3E FA381k, o1& AFCE 0CCS 719 A4 efdAES 3
ob-&u|)yg s, A7k oF 5~73] G PAkE FASh B A Theke 2 Qw|rt Qlvkar A
TolX= Cargo LossE B2 0® Al Qlal] 95 732 7F - 7)5ee] G wolli= 2 &
gato] EANG Akt S dAp F vRs wAS wbdo®  0CCS AR HA faS A1%S| Asjof g Zlojo)
ek, 57 22 9F 50%2] AAlE R stk A

a18sked, OCCS AAof| wE Cargo Loss WA &3 75 AL & 2 EIAZEE 6422} OCCS 7[=29| AMIN Hlw

A} H(TEAhE SISt AHolY #9022 A Ak, Aol 3.8l E F7132A7F 0CCS 71=2] 287 *h‘lﬁ‘rfﬂl Hlﬂ
wpzt JA] WEEAEE AEbARl AR A e o3, ofrlol  ddke HRA O R FA8laL, OCCS 7o) BA S gHsk= Al
Hu)yedE TEU & $1,000 ~ $3,000 755 HQITh 2 AFos AL o=sigit). 3.8 4= occs&a} A Al Eas ut
2024 11'€9 84 7]+°] SCFI(Shanghai Containerized Freight — QFOR F5 1 Qli= vbads] AR (7w Y Yo}, 13 wgka)o]
Index)E F13te], Adoly £US $2331.6/TEUR 73t 714 g B4skar, o3t B4& H}%ﬂi OCCS 7]&°] &
(Shanghai Shipping Exchange[2024]). 2F 7} 7IHFC.2 1,100  AFH AFoA 44 SHdM AA-AE 7F = Sl AA
TEUS] 35 &7 £4=2 Q13 A7F &2 oF 18 MUSD/yrZ 7|52 E&3I9H

FHt A4 Co, 2ol 285 18-(€F $140/ton CO,)(Cho #H LSFOS} LNGE 5= AMg-81= 15,000 TEUR AEo]Y
et al[2023]), 2R E COE FT A% A2 %3k 0]8(F  Aulel 82%2] CO, 3 &&S 7%l OCCS AlXHkE 4838101 7
$30/ton CO,), 1T I CO,Z A7 AAsh= B8k $15/ton COYS  ANS B413F AI= MMMCZCSOlA] #AX3E b Qlet, o] 2430
FeH oz 1HT u, A7F 52,640 ton2] COS FA W A4 A A= 77} 486 ton/day L 273 ton/day?] CO7F A= AU o
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Table 3. Evaluation of key alternative fuels (Lee et al.[2023])

L

AR89 2 4

2 sHAE dr YA rEs AR
MGO LNG E-Methanol E-Ammonia
LHV [GJ/ton] 42.8 48.6 19.9 18.6
Volumetric energy density [GJ/m’] 36.6 20.8 15.8 11.5
Storage condition AFQE A -163T Aot Ak 34 C
Fuel tank size 1 (Ref)) 2.3 2.3 4.1
Relative CAPEX 1 (Ref.) ~1.3 ~1.15 ~1.2
Availability A 4, vAE FAel E2 olabksleka X3 vl GATHAR T
) o] F- @715 24 A) NFEEE
Fuel cost [$/GJ] 12 9 31~74 22 ~41
744 ato] Aato] =8E gl on o] 2 ¢laf ok 1,100 TEU~1,200 7} A% £A1E Ao 7 oatw 1 Itk (Lindstad er al.[2021]).
TEUS] 3H2 24 £40] Hhsh= 210 2 B71EIchRINA[2023]; g AR v 0CcCse] iy AAld 7I1es Ak 2
MMMCZCS[2022b])). FAFSHAl, PRV oHE AR ARGk Ad 3l WA 4] ()7 2], A5’ CO, WiE A (CFp,, Table 2)5 &

=3 3 AA) S5 S0 BAE otk dEYoks 7)€ 3 A
Fof| v]al o] W7} vrol of & A% ' =37} 2759 (Table 3),
ol AR o F 3E A el I It oE S04, 15,000
TEUT ZAEle]y Aol 0CCs 24 Auta} fARE 252] 24
7k A% ZyE @A™ ok 20,000 mP 2559 Yol A8
A% WA Besh, o]& 3f oF 1,100 TEUS gk A4 &4
o] wAgsl 71 0 7 o AFETHMMMCZCS[2022a]). ©]of] £ 1ol
A= 15,000 TEUR ZIHOIY ks 7|Eow, sk A4 8% 3
3z A SeollA muol AR E ARShe Au} 0CCS AlA
go] 245 Muo] fARE 2718 ZEethal 7Pdsldct. ot 7
e o R, Al A5 7H Qs E8-sto] 0CCs 719
A AR 715E A8
H IMOoIFE A7 H3Pg (Well-to-Wake) H71H= 7HEo 2 3
227 A 35 ARl tigh =207} EUE] eE a1 gl o] 2t
=0] BgoflA] thofst ks Wl gk An) 2Ase Ak
FQ HiRke R HEEI glom, o] HAoM= A7k njEEE
gk ohgl Auk 331 7|, g A 2 WA A=) A
Al 27 R Yot} 1 wg
Jot S F FENY Qlrk. 79 AR Yol e, Id
A9 e EE AAE 205097 F $22/GI ~ $41/GI2)
7Hade o]& Ao 2 HAdH th(Lindstad ef al.[2021]; Lagemann
et al.[2023]; IRENA[2021]). ¥, e-|gh&-& AlZ)AY olq=] 715k
TR E AR TR FA0) th7]ellA A4 EHE olakstERA
(Direct Air Capture, DAC)E 9452 3o A3/ & Q3. o]
3 eHlEhE-2 2714 705 Al T8l ] §13k S8 fAe] =
G QAL 18 54 AAE DAC, 1831 A 34 3ol kg
5 & YA FoF 13 o, 7]& Aukf- o] =2 7S
RO ot ALk 71zo] HA gk 2050378 % 19
| o] 7+A L& oF $31/GI ~ $74/G] +5U Aoz AL}
(Lindstad ef al[2021]; Lagemann ef al.[2023]; IRENA[2021]). ©] ]l
Hlal A54 3452 MGO2F LNGS] 7182 <F $9/GJ ~ $12/GJ
FEOE AFHI Qo Feka U gkaFy Asele] 714 Ao
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=

LH(LHV,,,, Table )°Z LFF0] MGOSF LNGE 7/} 152 AF
g3to] 1 QI euxE Ak o) Bk COo, BlESS A3t
Atk MGO2] 7% 0.0749 ton CO,/GJ, LNG2] 73-$- 0.0566 ton
CO,/GIZ AAFEITH,

CF Fuel

Eco, (ton COJGJ) = = l
Fue

PR}, T¥ mgkE) 112 7HA Xl ($/GIyE e8], 0CCS
71429] AAA edA 715(0CCS B89 e yS 2] (2)¢) o)
Axtaigie. vle Az e} AR 7t 712 2JolE 1 GI9] AUAE
A= shE CO, WIEHH(E )= W, 3
YPARZE thAIF o 2ZH | ton? COS #Esh= bl 71302 &~
Bz AR VIE(Co8t s reen ) AES T A ETE OCCS 7]
=5 Sl 1 tone] COE X3 W AAst=d] So7h= v]go]
COSt 441, Groen fiel ola7} H= 1072 OCCS 7142 Atz AAA 7]
T(EC yece)s 2731

SREER

COStGreen fuel COStFuxsil fuel
Eco,

ECpces ($ton CO,) < Costyygreen fuel = @)

A 78 dEUolE Ao OCCS HIE-2] A3 S wESH
ZA3}E Fig. 8ol HERARITE Table 35 28310 A MGO%:
% gkRYote] 744 Aol $10/GI ~ $29/GJ, LNGS}e] 7+ =}
o] $13/GJ ~ $32/GJ oJt}. 1/ Rl s 7pFo] 7 vk
AukE] 264, MGO % LNGE AHg-sh= AdHke] o, 24 -3}

A7) B)g-9] ABkAE 717} $134/ton CO, 2 $228/ton CO,E
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