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Most small and medium-sized bulk carriers operate on non-fixed routes, making them
unsuitable for the relatively “predictable” new energy (i.e. alternative fuel) retrofits that are
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EU : Directive 2009/29/EC of the European Parliament and of the Council of 23 April 2009 amending
Directive 2003/87/EC so as to improve and extend the greenhouse gas emission allowance trading
scheme of the Community (Text with EEA relevance)

EU : Directive 2009/31/EC of the European Parliament and of the Council of 23 April 2009 on the
geological storage of carbon dioxide and amending Council Directive 85/337/EEC, European
Parliament and Council Directives 2000/60/EC, 2001/80/EC, 2004/35/EC, 2006/12/EC, 2008/1/EC and
Regulation (EC) No 1013/2006 (Text with EEA relevance)

EU : The EU ETS and MRV Maritime General guidance for shipping companies, Guidance document
No. 1, Updated Version, 5 November 2024

EU : Commission Delegated Regulation (EU) 2024/2620 of 30 July 2024 supplementing Directive
2003/87/EC of the European Parliament and of the Council as regards the requirements for considering
that greenhouse gases have become permanently chemically bound in a product

EU : Regulation (EU) 2023/1805 of the European Parliament and of the Council of 13 September 2023
on the use of renewable and low-carbon fuels in maritime transport, and amending Directive
2009/16/EC (Text with EEA relevance)

IMO : 2024 GUIDELINES ON LIFE CYCLE GHG INTENSITY OF MARINE FUELS (2024 LCA
GUIDELINES), IMO RESOLUTION MEPC.391(81)

IMO : ANNEX 8 WORK PLAN FOR THE DEVELOPMENT OF A REGULATORY FRAMEWORK FOR
THE USE OF ONBOARD CARBON CAPTURE AND STORAGE (OCCS), MEPC 83/17
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(a) Spiral-Wound Module (b) Spiral-Wound Module Cross Section
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(a) Exploded view of a conventional spiral-wound gas separation module and
(b) a cross-section of this module.

Pictures of feed gas inlet (a) and residue gas outlet (b) of module 6419. The
module was tested on the 1 TPD system at NCCC from April to August of 2012.
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(1) ZEP*s#i%5#E Achieving a European market for CO2 transport by ship
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(2) ZEP#%E#E Guidance for CO2 transport by ship 2022
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A July 2021 SINTEF paper entitled “At what pressure shall CO2 be transported by ship? An in-depth
cost comparison of 7 and 15 Barg Shipping” concludes that 7barg /-46C is the optimal condition for large
volume shipping due to the lower vessel cost(~30%)

Source: https:!//www.mdpi.com/1996-1073/14/18/5635/pdf

X7 ZEP Guidance for CO, transport by ship 2022 Pagel4

(4) Northern Lights® T
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5.1.1.2 Recent Northern Lights projections

The Northern Lights project has provided information advising that their full chain economic
evaluation using market-based ship CAPEX costs indicates that

Vessel cargo size Lowest end-to-end costs

Up to 15,000m® Medium pressure ((~15 barg) and at -30°C)
gives lowest cost

15,000-20,000 m* Evaluation inconclusive. Either medium or
low pressure may be lower cost depending
on finer details of the project

Above 20,000 m? Low pressure ((~7 barg) and at -50°C). gives
lowest cost

Figure 6: Cryogenic ship cargo size at different pressure and temperature

The reason for the two cryogenic operating conditions relates to the mass of steel required. In

the smaller vessels the steel required to contain a pressure of 15 barg is acceptable. In a larger
vessel the mass of steel required to contain 15barg becomes uneconomic despite the greater
energy requirement to cool the liquified gas to -50°C.

X8 ZEP Guidance for CO, transport by ship 2022 Pagel5

*6  ZEP : Zero Emissions Platform—RRMZ B & OIS = % L X —H 5+l (SET-Plan) @ Tk Cd 2 BN D1
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*7  QINTEF : [FEEFMMTEME ] /v =—0 ha o AR ZE <, 195055 S-S aFgekB <cH v,
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Northern Lights / The Longship CCS project
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https://ngl.co.jp/wordpress/wp-content/uploads/2025/06/20250630#4 - & it R PR-Fn 3. pdf
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ik SAVHLCOATE EN D RHM ONE L IBEEITHEIR, S8k - BEIGE, WRILRTLEEIZ K-> TR 5,
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#*1 Northern Lights F{iMEREER

Limit for CO, Cargo within
Component ’ Unit ‘ r 2 e

Reference Conditions’
Carbon dioxide (CO,) mol-% (Minir?\ilr::‘;;m%)
Water (H,0) ppm-mol <30 ‘
Oxygen (0,) ppm-mol v <10
Sulfur oxides (SO,) [ ppm-mol <10 ‘
Nitrogen oxides (NO,) ppm-mol <15
| Hydrogen sulfide (H.S) ppm-mol <9 ‘
Ar;\ine ' 1 pﬁm-mol <10
Ammonia (NHs) ppm-mol <10 ‘
kFormaIdehyde (CH,0) ppm-mol <20
Acetaldehyde (CH,CHO) 4 ppm-mol <20 ‘
Mercury (Hg) ppm-mol <0.0003 |
Carbon monoxide (CO) ppm-mol <100 ‘
Hydrogen (H) ppm-mol <50
Cadmium (Cd), Thallium (TI) ppm-mol Sum < 0.03 J
[ Methane (CH.) ppm-mol <100 I
Nitrogen (N;; ppm-mol <50 ‘
Argon (Ar) ppm-mol <100
manol (CH;OH) ppm-mol <30 ‘
_Ethanol (C:HsOH) ppm-mol <1
'(I’\(;:)a(l:\)lzolatile organic compounds ppm-mol <10 ‘
Mono-ethylene glycol (MEG) ppm-mol <0.005
Tri-ethylene glycol (TEG) ppm-mol Not allowed ‘
VBTEX2 ppm-mol <05 1
Ethylene (C;H.) I ppm-mol <05 l
Hydrogen cyanide (HCN) ppm-mol <100
Aliphatic hydrocarbons (C,+)* ppm-mol <1100 ‘
Ethane (C;He) ppm-mol <75
Solids, particles, dust ppm-mol <1 }

Table: 14: LCO; Quality Specifications [24].
https://ww2.eagle.org/content/dam/eagle/publications/knowledgecenter/CO2 Impurities and LCO2 Carrier
Design-Practical Considerations.pdf  (Page20)
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FEAERNEES, BETHFEEHS0EERS, IMOEKRNLD@MERELED D L, 1005 b o R
LEPMMER SN TND (R, Z0Z&hbb, HEREBEBRRT V=N R T 04 FIHT HH—S
N-ERREMELRET D Z ENMICNETH 720, £72, AIEBBREOHELOESHLEZ D,

NS OEEEIIIMOTOFBENAEZTET 9 2T, (MLbEERXELRDH, & HIFSOLASEKK
BEROHA BT A AMNERDOBE L I o T2 XEICHOWTE, UTFICHMELZE#T D, B, £XEFOTT
ONEEMRET 2B TIERBE L TV RVWDOT, BEREDOLO L LTIHEHMNZIZE 20,

2.1 MSC 89/22/12

20084E9 H 12 H AD ik B W CTEDH “M.V. RICKMERS JAKARTA” & iXLIJ “18#r5A” MoOm&
EETAU-EREY, AREARNTEULEDZRL L 18O M B ELERE B b % Fil (Bik o B K%
i), =a— V=7V FPoESN TV L6640 ESHEEEOKEIZ L 2722 LOBMEFHELE RIS, M
EHEE O RS, HBEICE D 5 R 2B 2 SOLASSKAINCE Y AN D MBI SOV TIREN TONT-,
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2.2 DSC 16/5/5% UDE 56/22/3 (ICHCA : International Cargo Handling Coordination Association)
fakady - EREY - a7/ EES (DSC) KOG/ N EES (DE) 2B %, HEEEOFKIZHE
T 5 ERRAERLORE, D1 OOMEEDMAINCIEVNT, 20017 LLE CIHEY HiROHEEE 2291 0 Fik
NEUTEY, Mb AT T U ARENRERE SN TS, ZORESE, TILO C15213EMH R OHEEE O A
WCHEAESND Z L2 E 2T, EEMAROEIEEREIC ﬂbf%ﬁ%@z&i PESRIB ST, F7-, SOLASS
ﬁ@%&fﬁﬁ:lz JFFOBE-OMEM S RIBENTWD, DE 56/INF.12 (HA) TiX, HEEMHROEEERE
ELT, U=z bR —AN R 77 L—, BEGIHONL L—, BRI L—1
Ko KA DX E Y b7 L— U3 R S vz,
2.3 DE 56/22/4 (/Lo xz—)

T T—oy R 7 “MV. BOURBON DOLPHIN” O#sBHEiG A% T, B, 7o h— v RY 7,
WEM BT A T ORGEER, GEIHIEIC B D 2 HANR AR O K E O MM RE ST,

2.4 DE 57/18/1 (&[E) KR UDE 57/18/2 (ICHCA)

SOLASEH D b & THEERMICHE — SN HZBENEMFOREOLEEN RS, BENREENRF L LT,
SOLASSMEIT-1EE3- 13 R 28T 2 E ¥ Thiviz, DE5T/18/3 (HA) TIiX, SOLASFMULIERN,
T, TNICLDHIEHDSOLASKHIN L BT DA K74V ORNFICONT, &R OE, #Bi#, #5TF,
Bk, BRI N AN L=y a v = a T EEDE LD L TH I ERERESNT,

2.5 DE 57/18/4 (::L—~“)‘—3> ~)

BAFMOBEEEBICOVWTHEAMRLE T LI LR, T XTCOMBEOREH 7 L— OEBEERE7 L—
WCHEAT D 2 EBNRESNT,

2.6 SSE 1/WP.5 (SSE1MWGEEER) KR USSE 1/21 (IMOE#B)

ARk /N E B4 (SSE, HDEZAHMRmINZb D) BV T, MANSRIZONT, WAHOEEMEEICR
EL2WZ &, ABHZLR—=F KRz L—4%, FHEKmaH=2—F (LSA=— ) BHEEdE, 4+ 7=
7a=v k (MODU:%MJH) RVWIZITE A L2 Z E RSNz, 2, BEHRORNRICEWNT, BiE,
ReF, B, AR, AR, F%Jbé%%ﬁi BFriEmk OBAEMOMAbEA S L, #ReF, &b HF
I, FrHBE (%ﬁiﬁﬁ&@fﬁfﬂfu) DLEEICHEAT 5 Z LRSI T,

2.7 SSE 2/8/3 (HX)

BHEEBEIZOWTORMIE LT, @ANREE NEEBOHEERE L T2 LR RESNT, £, AES
TR AT L _X—% (U7 F), ZADL—Z KOOI LARERAA A MERNCT 2T —va vy T4 —,
Ny hFGH—, AT 9P, FREOEBEDBIICE L L b0, LSAa— FTHE S 53 :b@
@ bM< BN RE SN, 277 L, SSE 2/WP5 (SSE20WGiH#E) M O'SSE 2/20 (IMOZEHR) |
WT, NB/ REHAZLX—F (V7 N, FEBBREOHEKERE, WIS LAlRRRAA R |, 27//774/
FIZOWTIE, BRAMBHNLTHZENTELEDRMITED 5T,

2.8 MSC 95/22 (IMOZE#R)

HEE KR OB RE BN — A DSOLASEAM L EL AT 5 2 &, WEHZDSOLASEKIEH A KT A4 12k b
Wiedd2 &, £, A RITAONFIZONTE, FIHEHOGEEBLROY A »F O LK OEIEICE
DLFEE/ TRTCOHREER OV A U FOME, RTFEOBREICED S HEE, /B &k O EZE o3I B
DAFEEBEZT-bDETEZLICOVTAE, &b, BAZa—TFT 4 3 —X LT 5 BEHESDORL 2 E
FE LT,

2.9 SSE 3/8 (A&)

SOLASSFMIEBI-IEDLERKLIHTA F 7 A4 VEOMERE-T &4, SOLASFHWIERTIE, HBEEEOE
7%, WHRRIN L 22T EEBORIRME (SWL) ORERE, A4 K74 ETIE, i, MEcEbs =
PRI 2 B BT 2BV ERHE SNz, Ty W= R 74 0 FIZoNnTh, T4 RIA4 v

RICERO R BEBEERRE ST,

2.10 SSE 3/8/1 (/I xT—)

SSE 3/8DHA RTAVRERFDT L H—2 RV T I FOREEMIZONT, MMM TbhT,
2.11 SSE 4/8/2 (PoT 4457 ~iIN—T—4H&, —a——5 2 K, ICHCA, IHMA : International
Harbour Masters’ Association) X UFSSE 4/8/3 (th[E, F&)

VEBYARRE UL HBE F DR E IOV TIE, MU IRBICER Z KIE SR WIAIC, SOLASSKHGEEDOA



BIHER KR OT o = R o T oA o F

IIEDRRFF SN DBV RE ST,
2.12 SSE 4/WP. 4 (SSE4ADWGiEE)
ExR (BEEE, 7o hh—nr RV IZoAqrF, HEER), #H GERHMISRAORED &), BELED

FERE M CHERR S N 7-SOLASSKMI L ERICOW TIHREI DM Thiviz, FEBIEOHEEEIZ OV T, A%
SR T RETIIRNWET D RAMEZZ T C, @HAMNENE L THE LW L Lz, 72720, SWLOBIEIZ X
0, VIREYIZTE xRN L 2 D WREMERN R E S T,

2.13 MSC 98/23 (IMOE#%E)

SOLASSKHIMIER~DT = R T oA o FICBT 2 EFORANICEE, #EE T L5 EEE
KOTA T D I EBEEBEBNORT V= R T O T \CEFETDHZENARIN, Fi12,
WHSOLASSKHIKIER M OH A FT7 A4 RIZHOWTIEL, MSC.1/Circ.1394/Rev. LIZHLE S 5 H AL H5 1) 7Y H v
(GBS: Goal-Based Standards) ®O—fx 4 A K7 A N> TEEEZITH Z & fEn ST,

2.14 SSE 5/10 (AXK)

MSC 98/23DBiz5 4 M % 2 TBIEEE 2V TSOLASEKK WM IER DIEE A KT, WA RO D -9,
ARG & e G EEEOMICE A XS L 72 A B EREE O BRE bR 5 AR S v,

2.15 SSE 5/10/5 (AXK)

FEREOBHEREBENDEHARTRINC R > TWARNWI L2 E 2T, 0k 5 2/ OS5 ) 5

ETHEENBEICHFELRWGAEZBEL, REHERPAFTE RN E~ORMLE LT, Myd I
SHEOFEE L7-SWLL RO 2 FIRZEIY AiLd Z &N REI NI,
2.16 MSC 100/9/5 (IMCA : International Marine Contractors Association)

B MERR D BERBRAEREICIERE T DA S N 2 HEEEIL, MO BMZO D &2, BRITHH 72 E R
IS EHE, MBS TWD Z 0D, SHIEHDOSOLASKKI D xS0 b s+ & §ORENTD
niz,

2.17 SSE 6/9/1 (AA, ICS: International Chamber of Shipping) K& USSE 6/9/2 (AZA, 1CS)

SOLASEHKIBKIEDO AN Z < DR 2 EHSLCLTWD Z &, ILO C152ix@ i A O MBI LSV NE
Tk & 72 R EFERBRBRE O CTIAS FEH I TWD Z & Evn, MSC.1/Circ.1394/Rev. LICHLE S 4 5 HEEFE A1
7 (GBS) 1233 < SOLASEKKIMIETIEZAR L, T E THETL CTE @R OB EMICESWIZRNAE &
THZEDORENMTONTZ, £70, BEE, B, SEICoOV TR, BRI OV TOSWLO BIE 2%, R,
SR, BREICED A HEEICHOWTIE, EHICOWTOSWLOBIEZZR TRV LR RSN,

2.18 SSE 6/9/4 (K1)

SWLO /& A 1835 B 1L, RiEE 728 E, B aIH I XD 80E, BELORSFOR R EIC X 5 kit osy
RKBBEEREINDZ D, TR TCOHEEELOGRERICEATE2E ML T, #HHIZOWTOSWLO
R OE A % St HIREN TN,

2.19 SSE 6/WP.5 (SSE6MDWGEEER) K USSE 6/18 (IMOE#E)

HAZfgm e (GBS) 1233 < SOLASSKMIWIETId/e<, ZHE THE L T & @5 M o &k 1o 3
SWENRETHZEEAEL, £72, BHICHOWTOSWLOBIEIZ SV TIL1000kgbh B & L, Br#itsE o
EALE OFGEE, i, PR O BRI DN BEAF D 85 1258 o ff ERABR IR L TIE, SWLAY1000kg A i D 55
BTG & D FEN R E SN,

EROKIE (BEEE, 7o h—nr RV T og 0T, BERERLS), YESWLOBEIZT v — v K
Vo7 oA rFIFEA LR &, MODU=— K& 28LEOHIBR, 47 v a 7@ A xt g4t &
952 L, ILO C152{Z%EL9 B 55 12 1XSOLASSEKE H L OB BEAENE LWL KT 52 &, iR
BE ST R OB EEE OB NI DWW T HSOLASEKMWIEIZER YD AND Z &, 561, TRET, 120X
ETRMLCEEHEEBLT VIV R T O FICEAT DA KTA %, 201208 L CTERT 5
ZERARBEINT,

2.20 SSE 7/9 (BH#&)

BRIEEOHA RIA LV EOM, HT-IEELLET v =N RV T IOA4FDOHA RTA L RITHONT
OHENMTONT, To =N RV T A TFOHA RTAVRETIE, VAU FIRFFEES, 7 L —F kT
BT, BERFEEREO A U FAEROEARRGHIET 2 BFICONTIE, BARMRERERN RN 2 L2 E 2
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T, YHEFHICET IBANIIThRWZ LT RN RENT,
2.21 SSE 7/9/3 (&[EH)

SOLASZHK EILO C152 & T2oMD Brp 2 A IR K OFRGERIEE AR I F7 325 &, RF0RBR o HE N
2, MAEHOREES, ERLTEETICE IMEIEBORILCAHEEENAE LD Z L 2HEHML, MSChrHDH
AR RIS &9 MERE M Thi T,

2.22 SSE 7/WP.5 (SSETMOWGEEER) R USSE 7/21 (IMOE#E)

HEEDEEEZMZ 729 2, SOLASFHNLERDEKILNM T, £, HBREEDOTA KT 4 RIZHO
WL, Bl EREMREIDNIThON, EROEBIE, WERBICET 2RBAMEOBRL, fER Rk OFERA O RE
HEOHE, SSE 7/9/3% %8 L, SOLASSKKI L OILO C152[] O EHIM A DA EN R/ D 2 & ~DOXE
(REE T 7 OHWrIZ E S &, SOLASSAINC IS < R K OVEFRAEIZB VT, ILO C15212 55 < FEMfE
ENBEYNCER SN Z &EE2HERT D, T, SFHMRAEOHRIC3y HOMTHMZRIT ), R, R5F, M
M, 1EEIRER, BlER i oW\, &EMREE TN, T =" RV T4 TFOHA RTA
ZIZHOWTIE, SSE 7/9/4 (/ vw =—) T® “automatic spooling devices” % “remotely operated spooling
devices” IZEHTHZ LRGBS NI,

2.23 NSC 102/24 (IMOZE=#%/m)

SSE 7 CH (LS N7ZSOLASFML ERNIRAIKGE S, Fiz, 7o =NV RV T IA4 L FOHA KT
A U B EHAL S NTZBRICSOLASSEAIBIE DR ZAT 5 F# BRI NTe, L LR b, aaF v A b ARYLE
RKOFEIZLY, 2024F1A1ERBNCANT CORPFIINETH D Z &b (20214FITIISSEN B S vz e
W), BISMARHEE L U CAEYA 7 VPO ATRERIBY B WH A4 I U 7 THEGTHHD & L TERIRT 2 580
RERN (DF D, 20264E1H 1HER),

2.24 SSE 8/9 (HX)

T o= R T OAL L TFOHA RTA RIZHOWT, @A, 8%, #ah, &8, ##, RKBRLOZEN
Bt (2 via=r 7 ) B, EMMRER, FEHRA, KOZENOORE), WA OWGE, 8K, R, SR,
IR, #RME, BH, EBREOT VU R T UL U FEICED I REDBIEII DWW THERTTD
iz,

2.25 SSE 8/9/2 (HX)

SOLASEAKIIEZR L TLO C152 L CHEEEICKT 2 MM EOMERBEN R D Z LI2>W\WT, WEYF
72 ORI ERBGRE OB CIRELZ S &R 23 REENH S Z i, IMOEEFRIZx LT, ILO~DSOLASS:
HMIERORE L HURHEEAH LS L2 EET 5 L 2 BENMTbNE,

2.26 SSE 8/9/3 (AH&A)

T H=N RV T FDOHA RTAVRIZONT, BEICEEMMNER SN DA ERRIE, B4
REBREBEYNRMLELRY, B2 L0V 27 03EL, DORBRBFINBOLNLREDZ L, W72 R L%
DIRT IR L RITH NS FEmT 5 2 LIXNEEE L, 5FEIC—EomEilBRoOE 2 HIRI 2 IREN TN,
2.27 SSE 8/WP.5 (SSE8MWGEEER) K USSE 8/20 (IMOE#HE)

T o= R T OA L TFOHA RTA RITHONT, EMHRMERRIILSICRRE ET 52 &
DRETHD LD L BHIREH, RDVICAEIC—EOEHMRR ((FERE) 21X, HEEEE I”X iﬂ’m"&

WEDNENKIE LD EOD%Q“E%:LJJHL?ZOKT wAe ™ T, BEREEOTA T4 LT, 3
MR AE D3 » A O A S EE EE T I RO BND FORIRICHOWT, BEICHEETFETOHREIZ otégwﬁaini\

BHY, FERBESEAELDZ é:7b>%¢1 [&%éz}w’:o
2.28 MNSC 106/19 (IMOZE=#%/m)

MSC 106/11/4 ( R+, TACS: International Association of Classification Societies) M U'MSC 106/11/7
(HAR) 1B T 2HMILOT-ODEERELZ KM ST 9 2T, HBEEELOT VI —~V RV T o4 FO
%h%ﬂ BT 2504 K74 12250 T, MSC107 TR AR 2 R 2 TIRAKRE ™ ThNhiz, 7z, IMO
FHI[IA LT, SOLASKKBERZILOFE/ICHE T2 2 &, ILOICX LT, ILO C152i2R1) St &
HHEZRET D720, WURFEEZHELD L) EFEEITH Z ENKEI N,

2.29 MSC 107/20 (IMOZE=7#%/m)

M EBEREELRT U= R 704 o FIZBET HSOLASFRSENRIR S h, £, BETA RZ

A bREARI N, WTNH2026FE1H1IHICRLT 2 Z LGRS,



s

BROT = R T oA F

2.30 SSE 10/12/6 (k-4 v, IACS)

ILO C152& W o = [FEEEBHNC E S < G2 5EHEO 7 WEETFE O
B3T3 T & 7=SOLASSAIEI-1735 55 3- 13K HI 55 178 K OVES 3TH 2 38
% (Factual Statement) ZZ&1T

MSC.1/Circ.1696 & L"Cﬁkulh‘éﬂfco
=1

X#E
MSC 83/20/2 (=2 —Y—F > K)

B E

EREBRA, RFHAEENLDREIXERVINOE

WZxf LT,
/\ Lﬁ_%ﬁb,{t

ZE=
MSC 83

AR AT B B fﬁtﬂ:@%

EIXKBIF D, FHE

THIRERNTho-, SSE10ICHBE W T—EEE & kEISS

THLZENERSN, D%, SSE 11/10/56 & L THEH S 2%, R4 OMSC 110/211C

MEES

(SSE11)
BT,

 mmsE

MSC 89/22/12 (FV, HA, —U—=F5 K, Y x—, EEEH)

MSC 89

DSC 16/5/5 (ICHCA)

DE 56/2 (IMO=7# )

DE 56/22/2 (IMO#%5 /7))

DE 56/22/3 (ICHCA)

DE 56/22/4 (/)7 = —)

DE 56/22/6 (ISO)

DE 56/INF.12 (%)

DE 56/INF.13 (HA)

DE 57/18 (U~ U 7T,
Contractors)

AN X7, TADC: International Association of Drilling

DE 57/18/1 (i#[H)

DE 57/18/2 (ICHCA)

DE 57/18/3 (A A)

DE 57/18/4 (==2—Y—F > K)

DE57/INF5 (m=2—Y—F v F)

DE 57/18/5 (IMCA)

SSE 1/18 (=a2—Y—F 1)

SSE 1/INF.3 (==2—Y—7 U F)

SSE 1/13/1 (KA )

SSE 1/INF4 (KA )

SSE 1/13/2 (2a—Y—F 2 k)

SSE 1/13/8 (==2—Y—F v k)

SSE 1/WP.5 (SSE1DOWGiH#E)

SSE 1/21 (IMO=# /%)

SSE 2/8 (=a2—Y—TF 2 K)

SSE 2/INF.2 (=2 —Y—7 U R)

SSE 2/8/1 (»~x%X 7, IMCA)

SSE 2/8/1/Corr.1 (/XX 77, IMCA)

SSE 2/INF.5 (/3X7, IMCA)

SSE2/82 (TvT 477 - N"—=TF—%, =2—Y—F L, ICHCA)

SSE 2/8/3 (HA)

SSE 2/8/4 (ICHCA)

SSE 2/WP.5 (SSE20WGi# )

SSE 2/20 (IMO=# /%)

MSC 95/12/11 (T > T 4 T « R—=T =X F—ANF7 VT, T4,
o= v K, v =—, ICHCA, THMA,
Workers’ Federation, Nautical Institute)

=z

ITF: International Transport

MSC 95

(R
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MSC 95/12/2 (ICS)

N
7
I

N
il

MSC 95/12/8 (/SR T V)

MSC 95/22

(IMO#%5 J))

SSE 3/8 (HAA)

SSE 3/8/1

(I =—)

SSE 3/8/2

(=)

SSE 8/INF.5 (OCIMF: Oil Companies International Marine Forum)

SSE 3/16 (IMO=HE#/3)

SSE 4/8 (SSE3DWG#EE)

SSE 4/8/1

(AA)

SSE 4/8/2

(FovT 4T « N—TF—HK, =a2——5> K, ICHCA, THMA)

SSE 4/8/3

(HE, &)

SSE 4/8/4

(hED

SSE 4/8/5

(B7A)

SSE 4/WP.4 (SSE4DWG#E)

SSE 4/19 (IMOE# J7)

MSC 98/12/5 (KA )

MSC 98

MSC 98/23

(IMO## )

SSE 5/2 (IMO## 7)

SSE 5/10 (A 4)

SSE 5/10/1

(K4 )

SSE 5/10/2

(HED

SSE 5/10/3

(IACS)

SSE 5/10/4

(ICs)

SSE 5/10/5

(BA)

SSE 5/WP.5 (SSE5DOWGHEE)

SSE 5/17 (IMOE#; 7))

MSC 100/9/1 (A4, ==2—vY—7 K, ICHCA)

MSC 100

MSC 100/9/5 (IMCA)

/

MSC 100/20 (IMOZ#; 7))

)

SSE 6/9 (HA)

SSE 6/9/1 (A4, ICS)

SSE 6/9/2 (A A, ICS)

SSE 6/9/3 (1 %)

SSE 6/9/4 (KA >)

SSE 6/9/5 (KA )

SSE 6/WP.5 (SSE6DWGH#EE)

SSE 6/18 (IMOE#; 7))

SSE 7/2 (IMO=# 7)

SSE 7/9 (AA)

SSE 7/9/1 (#1[=)

SSE 7/9/2 (IACS)

SSE 7/9/3 (#1[H)

SSE 7/9/4 (/ VT =—)

SSE 7/WP.5 (SSE7TOWGHEK)

SSE 7/21 (IMO=# /)




PICERROT v =y KUV T A U F

i EED AERE RS
MSC 102/24 (IMOH¥5 /=) MSC 102 - n
SSE 8/9 (HA) - SSE 8 2022
SSE 8/9/1 (IACS) - 0 !

SSE 8/9/2 (HA) - [ n
SSE 8/9/3 (HA) - 1] I
SSE 8/WP.5 (SSE8OWGH# ) - ” ”
SSE 8/20 (IMOE#%/)7) - I n
MSC 106/11/4 (K-, TIACS) MSC 106 - z
MSC 106/11/7 (HA) ) - I
MSC 106/19 (IMOZ# i) ” - I

MSC 107/3/6 (H1[=]) MSC 107 g 2023
MSC 107/20 (IMOZ# i) I ® "
SSE 10/12/6 (K->, IACS) = SSE 10 2024
SSE 11/10/5 (RAY, =a—Y—F v K, /L7 =—, TACS) . SSE 11 2025
MSC 110/21 (IMO=5J5) MSC 110 = ”

3. ILO 1525 5%y (C152) 2D T

i R E IR 2 B NSOLASSFEMICHE SN HENE 2o 7203, sk, FIEBREICABAMINT
WBHILO 15625556 (C152) L DR EWVRERE S NS0, B TILO C152I2 W THEHE L 72\,

ILO C152i%, #iB77 8 OhMiomfEs b L <IEmE LOEEOSM T A OZ b IMHET 21F¥#) (<
BT oL ELHEDEELTEDIFHATH LN, M EBHEEE GREZ@ME LML LRVIEEYHEOKE=E
K7 v—r, BRERZ L— 53R CHEATEBENRZEEREL L TUASEHAINTWD, Bk
IO AR 72 R E RISV TiE, ILO 1605#)% (R160) Tk AffieSsn Tk, &HIZILO R160TIE,
ILOIZ & » TTFIfT &7~ “Code of practice on safety and health in dock work” DHEHHUZIIT 5 HiaOiE S
HEEETDHZENBRESNTVD, 723, 200542 “Code of practice on safety and health in ports” & L T
LEEHHLNTEY, 2025F11LAREERTIE, IMODO Y = 791 MIHBIH I N TV D9,

T 725, ILO C1520 HAHE R =IH L, “Code of practice on safety and health in ports” #5|H3 2% Z &
12725 D703, ILO R160&% Y “Code of Practice on safety and health in ports” (2 2>WTiX, < £ THRHEHT
HY, ENRMENEFZ2W LD, EhlHTZ - TE, HESNOMMEEOEEICENROND Z LIl b,

B, THHOXEOHERIIR2CETEY Lo TWnb, &b, M EEEEE TR 2 T8 ey
Rz oUW TIE, “Code of practice on safety and health in ports” ™4.Lifting appliances and loose gear(Z 33\
T, 4.1 —fREM, 4.2 HEEELOCHERAEORE, FFMRA, R, A, 431 HhELEEEE 4370
HE), 4.4 B1EER, 45 WMEO o2 HKT 25EH#E, L THESRTEY, RSHANCY, S
& —HE Y AT 5,

ILO C1520EEFHBEICOVTIE, KA Y ZLOOMUEENA D Z &2 b, 1L, REHNOHE25H1
HTIX, BERTBEMEDPHERF SN Z LR EESEMIC, WBEORBRAREHITHY, 222, WEERRHIZER
TE S5 PRSI B So iR SRR E O TR O IZ B 2 ¥ B o xh LTI, A OBRINHISL 2RO TV 5,
F7-, RIEB2RE2HE TIL, MR & HHEEA N BMR D & A8 B FR R O E RS L o 5 2, &kE L
TRIFKHOREDZRRMANSAET H DB E LRWVWEGEAIL, BIEITHET 2R EDEMDOEIEEZFED T
Wb, TOZEND, BEICE, HHEENEETIERE CTCH-oTH, FEBICIVERWRERLILGENRH D,
51, ILO CLA2IFHHE L T b oD, EWIEIZEBWT, ILO C152L [MEOMB MK 2 ED TV HES
FET S BxIX, A—A FT U T7XKETIZILO C1520ME AR LT\ %),

Zo ki, ILO C16273 M SN 2 a i, HHEENCIRG T, 7o, BT LICbRe52 806, LY
DM OEMZ ¥ & T 5BEBREFICB WL, BT 2B LICED L) B2 efATHO b & IS
PITON TN DN ONWTHFCHET H2LERD D,

703, 2025411 HRfClE, ILO C162% ftHt L7-EiX, RIICFEITHEV2TH EDOH L 72> TV 59, HLittE
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DI ZNIZHOWNTIE, HZSOLASKHMIERPRET SN UM DM I TR Y, ILO C1520ikE H 3 s
FEEOFERT2EVABOHEEBICREINTWND Z & LT, M EEHEERIC—RICEH T X 2 EHE
BENRARLTWDZ EDEIH /> TS (DSC 16/5/5 (ICHCA)),

ST, MEBEEBEROT = R T4 U FITBT 5 225 A SOLASSKAKIFIT-1 545 3- 135111
ELTHIES N, TORMEIT, M EHEEEICER I 5 HFMR A& Or EiRBRIEL, SOLASSKKHI-15 K
HTFCOMEA Y 2 —WBITT 5, O£V, ILO C1527TiE, 124 H Z#x 2V TOZEMRA O &,
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ZoOWT, MSC.1/Circ.1662D L

RO RE Lz, F72, SIMHRIOMSEOMIE Zz —#B&x LY AT\ 5, EREMEIRIOCEKTED T

5,
10 7oh—NOR)TDAFRUOBEBEEDRMES (—HRBREHE)
EHIEE EHEAR | i
I Sh7-HIEIC L 55& LFRE TR IETHE Z &
. e /INEREE e O ROHHEE D8] RS 28T 2 5 2 &
TR 1) 4 ; ) X \ MSC.1/Circ.1662
‘ ‘ . HH L AN—ZBEENDEISITDZETIAS Y EROEL, 58I TEREETFHZ L
KON R T Para.3.1.2
BE 2 EARICE RT 5 2 &
BEL N—ZHE P EERE T 5 &
N AR AL D72 D DR HEERE AR 2 5 Z & MSC.1/Circ.1662
1
B & IS PTIC R R T D 72D OEN M FEEZH A2 D 2 & Para.3.1.3
308 B AT kT 70 77 L ESAR R ORI TR A TSR A i 2 5 2 & MSC.1/Circ.1662
AN ) WAGERITIE LV ORANC S T 0 7T LAFREE §5 2 & GRATFTATO FaTEH) Para.3.1.4
EHIEGATIAAEO B Y 7 28I REE 285 s 5 2 &
MESELNDEEN, B AT, MEEREEICL Y ieds oL
ISR AT SRS T 8 2 5 A 1%, R 2T 2 @425 2 &
- KIS ITICR LT, FRdmEAsWeE o2 L MSC.1/Circ.1662
il 4045 T
> EHIE AT & O RTmEE Para.3.1.5
> FHERME#HOR IR
> NB OLRHE
> 320Lux L o FfH
N - . MSC.1/Circ.1662
AT =Y 7 HEE HEIRERAEN ATRER A T — ) U B Z A5 2 &

Para.3.1.6

WROT v Ry TREBICEW T, ZRNOHHH S FiECRABEIR AT 5 2 &
ERCHEEDL DB AN RS T 6T 2D 2 &
JBURK RE VBRI 255 73T 20> © b LA Wl RE
F L 722 aaEhics LTS 5 2 &
EVEC L2 U A YOy H LBJEOHIR, M LOREIC X 2007 2HIR S B RE L7z
BELETHZ &
BB O BAE, FER BTG R O Y A TN R T D 2 &
ROED RO SmE ERL, HERGTERTSZ &

@

MSC.1/Circ.1662
Para.3.1.7

FF =

A by sN—

Frz—V ARy R— (ULTXYRA My RET) 2D &
ANy X—DH D ITHRT D AR D Z &

MSC.1/Circ.1662
Para.3.1.8.1




BIHER KR OT o = R o T oA o F

mpEl HEWE e
. Ty Ry TREZ G T X TOREBICBW TRABNIMTZ 52 &

(VA ¥ DR 25 R LDV EOBL S &)
BB E R R EP T D 2 &

B LW AENC K L CR#ET D &

BRGAER OBAE D T2 OFEIRIT, M R OB BB R M B IC R T A 2 L
BAHMZ O ARE LKL, BESONIEEETH L

MR THIEAS FTRERB RO 7 L —% (FET L —%, ¥4 F Iy 7T L—F7 L)
A FTL—F iz b &

T L—F I BRI R Y A T LS —ORNIALE T H SR S o b

LRI LB NOT v = R 7 U A o Fodghzitiad 554 (%, PTO
M) 1E, ML LENREMEOSH 28 HRETEH & o s # A O #w
TYH—N RV T A T ORISR RFREAL, UA T RERS B0 | 85.45 0 Bk
MHERRAME TN L2V DL d 5 L

o RO
8.5.3k v %

) 77 TR

4.2.5 1B, RF, RRRVEGHER (4E)

1% MGEEE ] LRI, MOE S UTBEEEE SN M T _REIFHE L THE L, SHENEICS
Wi, MSC.1/Circ.1662% =D F FH Y ANLT-b D E72 > T3,
4.2.6 HRIEFS

RIEHANZT o= R 7oA U FICEAT 2 BEEEZHFE L2 LISy, BilicREHsE LT
“AHW” % % &BHI3T B LT,

5. 8HYIC

I ESEEER T V= R 7oA U FOEKIEROBEOR MR Eo-H, EXiZhblY
B 72— HE DR E IO W TR TN, i < SOLASSFBIT- 132 $3- 13 AR OBEEH 4 R4 & L
THIE SNz, 4%, BEEEETHEHICL2BEBENEGOL &, M EGEEBROT VI — 1~ R 7y
AU FIZHT H—RBOREEOM ENMFEIND, —FH T, #WHARSR, @AY, PBEFOILO C152~0 %},
RERRME, HflZEEHT 29 A CARAMRROBAFEET S, Rl LTI, %Y T 5EE N Y%SOLASEK
ICHBICEATE S L9, 5B LASHAINEAZE U CEEDOHBILICED 5ETH D, £, ASHAIK
EIZROT, 772N A 0 T A= a lDOIRKEIT 27 YA NORE—VOZE LU T, MEFHRLA L
fToCTHY, A% LEEEET, IMO, IACSZE) HBIMOFERN GO N BRI RE I HRILFE 21T Fiff Th
L, p, MAEHAOERICET S ZERICOW T, 5lEE, BMaMEHEEE GEEE ORI, %
B (T h— 2 R T oA FOHABE), RER (RERE) ICTEK->TWHOT, B < JTHHE
WA LEHETH S,

& Xk

1) IMO: RESOLUTION MSC.532(107), AMENDMENT TO THE INTERNATIONAL CONVENTION FOR
THE SAFETY OF LIFE AT SEA, 1974, 2023, P1~P4

2) IMO: MSC.1/Circ1662, GUIDELINES FOR ANCHOR HANDLING WINCHES, 2023

3) IMO: MSC.1/Circ1663, GUIDELINES FOR LIFTING APPLIANCES, 2023

4) IMO: ILO Code of practice on safety and health in ports, IMO” =7 %A1 b,
https://www.imo.org/en/ourwork/facilitation/pages/ilocode-default.aspx, (ZM2025-10)

5) ILO: Ratifications of C152 - Occupational Safety and Health (Dock Work) Convention, 1979 (No. 152),
ILO NORMLEX,
https://normlex.ilo.org/dyn/nrmlx_en/f?p=1000:11300:0::N0O:11300:P11300_INSTRUMENT_ID:312297,
(£HH2025-10)
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6) —XENEAN A AYMEFH2 - SOLASSAIIT-153-13H1 0| & OMSC.1/Circ.1663, AT =7 %A1 |,
https://www.classnk.or.jp/hp/ja/activities/statutory/solas/solas_treaty/lifting/, (Z/2025-10)

7 —RUEEN B A EER S  SOLAS II-1F W IEIC L 25 EEEOHEMIZOWT, ClassNKT 7 =H /LA
7 A —3 a3 No. TEC-1340

8) —MHMMIENBAMEEWRS  SOLAS M ELIEIC L DT v =2 RU V7oA v FOFEMIZONT,
ClassNK7 7 =J1)vA 7 % A—3 3 No. TEC-1359

9) MU EIEN B AYER 2 SOLAS -1 SIEIC A 9 H8EE OB EAF~DHIZIT OV T, ClassNKT 7
=JinA 7 A= a No. TEC-1361



IMO GHGHIEHF#Ix Rz E 2 /ma A hy 32—y a v

IMO GHGHIJEH#HAxI KA Ex a3 A v I 2 b —v g v

BEAE VUV —V RV ATp—A— g X —
1. [FL®IZ

BUE, ERFSVEEXEREFHE IMO) CRMES (EU) BNEETHIREHNRAT R (GHG) HEHHIER S
DAL E VD, MO TRE RIEHAICEL L TW5D, 2D ORENIHEICEEA R B2 ERKT 57200
Pz & EE 57, MESLOREERIECMAAD 7 A4 794 7 VERICEEN R EEE T HEEL 25T
WD, FSRADME I D REFOBINCEMT = A b, & SITITHEM OB ARLLE D72 D DFE W EN b
HAloBmIc KE EAESND Z L5, BAEIMO TERMNED 5TV 5 GHGHIRUT [ 1 7= d 6 T 5=
(LLF, TH#IxR) & d) TiE, BEIOGHGHRE & BEFERIICHIR T 5 Z E R |HEM T D,

ZOHRRIRIC OV T, 2025410 A ICBfE S 72 ilEFRFMEPC (MEPC/ES.2) 128\ C, MBREMOE R
DOF7= 0 Z B EIZERIRICET 2 FEDN VFERIE S, AEICIEELR) 72 DD, IMORRTMIKEILDTT
MBI SN TR Y, 5% b EBENZRMMAO S & TREHE#Z & T el iGN 72 GHGHIBER R 23 3R &1
HZEICEDYIFT RV, ZOD, S%BILIINE TORLBEL L& LITRRO L TIIBH IS E# L < 72
0, BELE DL OOl SR R R EE LI L 7o TL b,

ZOXEIBBEROLE, SHOWEER T, BEFOBIR & BHI XS 2 2 M Z2REICEIE L 72 R % 8 3Hm
DARRIRET2D, ZOFIRPAAD S & T, BRI R FMEIC G 2 B2 FACEET L2 2 81X, 4%
DRSS ZICB W TR TEHE L /05,

AfaTiE, IMOTHRFI SN TWAHFHXRKIZONWT, AZDaAXA vy Ialb—varyYy—zZHn, E&L
THH 2 A N ORBEZFN L, $ISPEIE ORI L 2B 2 FERT, 2B, 5%OIMOD#EmOERIZE -
TiE, A MOREBEEAVDRELS BT DAREEND D, A T RER R, BRSCTATRRERE
WIS, REVNHEELZEHESFFICIVER LZL0THY, BREMEMR-CHGE, GHGHE 72 K ORiEsk
HEREDLNWVTREKELEHLED, LER-T, AREIAZOYIab—rary—nrazHnizy Y 45
Wo—flL LTI,

2. REIaRXR FDEFE

IMOD HF %5 1X, BRBHEH AR 37210 The <, BEOREERBENOHEHAETE2EDT A4 71 7 L2k
OHEHEEZBET 50 ENH D, 1RO X I ITRBEERB O E MR LT 5O TIER <, BEORE - i
% IR - A2 U EER A A BT L0 THY, M EORLEBICE EELTBREY T4
F = BROBKRFBC T AIEA LB W2 D, LERN-> T, FHKICBT2HHlax h2IELL
MRS 5 7-9121%, ZOHERFMOREAETH D [Well-to-Wake (WtW) | OEZ F&2HET 5 2 LN EHE
Thod, LFTIE, ZOEMEKMZRFMEE L BEHIEICO N TIRRD,

(1) Well-to-Waketk i EDE 2 5

WK DOIMOD CO2HE MR K Tix, & LTI EBBEICHE 5 m#H e [Tank-to-Wake (TtW) | D2
EXIHRELTCE, LrL, IMODOHFHIRER CIX, REIORIEERE (Well) 2> DIABEERE (Wake) £ T
DOETREIIBT 2GHGHEH &2 AT 5, Z 0w, =& 2 RERFICGHGZ JEL L 22 WREHC
HoTh, WEBETHEBZ2EEATRAT—2HOTOIITEKARE LTEWEHEEZFTD Z &1
%, —7, BAEWMEIRALE—HKROENEDAC (EHEZEREIY) 7 LTI S 7-CO2%F|H LT
ik S izefueld X 5 ZeBREHE, T4 7V A 7 VR TOHRELZ KIBICEBTE 5, 20k, &K
Bt THRUGERREE ) 23HHl = 2 MCER T2 SRR O R E M Th 5,
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(2

K1 FHRABREDOSA THA O ILIZE T BCHGHEHED A A —2

GHGHE O RE

PREFOBRBEMERE 2 R TR RIEED IGHGHRE ] TV, ZHEIBRBO=R AL X=X DT A 74
A 7 VOGHGHEH B & L TE#HEN D, H21E, H—0BRE 2 AT 25 8OGHGHEDE 2 4R LI
HLOTHY, BWELOGHGHE X Z OMRELO THEHRH) & TREE] ICL-oTRIETLZENTE D,

GHGaEE

« IRNVF—YEDOGHGHEH R [9c0,cq/M)]
= [GHGHHHE 12 IR ¥ —HES ITEDHELEE

GHG#E

- RECRERE GIALME) 9

- e CREE GIALME) &

IxNF—HES

X

x

M2 GHGEREDEFEH

EEEOEMICBNTIE, HE—DRBIOAZHER TS SIZRLT, EEOBEZHFRAT 7y — A bES
N5, ZoOgaE, BREFZ LICR 722 GHGHEE 2B UNIFHET 5 72 0121E, SFREOFEREE, T7hbb
TRANAF—HEEIZSC CEYELZREHT IS ERH S, Hlz1E, BRI LHIICEMM (HFO) &
A AEE (B100) #ZnZNRIERH L7HE%2%5 2%, HFOOGHGHEE % 95.48, B1000O GHGH#E
%2212L T 5854, MEOTFR AL —HERCTMELLHTLHZ L2, 2EOFEEHGHGHE LK
60.22& 725,

IOk, EREIE LTEmMEZHANZADL S, —IBICKRFRE (B30, B100, e-fuel/s &) %8 A
52T, BROGHGHE 2 AEMEU FICIZ D Z ENARETH D, Z DIRIRFBIREI OER /3y HE A &
L7 7 a—F%, BREMIE O R EMECMEE A BN G Led <, BEMTHHINARING & L CiER
b,



IMO GHGHIEHF#Ix Rz E 2 /ma A hy 32—y a v

(3

4)

GHGHEE : BB OMNZERALVEES
- FRBOERIES (IRNF—HER) [CRUTGHGEETI9EEZE TS
Heavy Fuel Oil KM A71—E1 (100%)

AN /
fl : THFO1&IB100JZ1tond DERALEESS

Well-to-Wake (WtW) GHGHFHE

HFO WtW GHGIREE HFO IfN¥—4E2 B100 WtW GHG32EE B100 IRNF—HES
95.48 gCO,eq/M] X 40,200 MJ + Erxe gCo,eq/MI* X 37,200 MJ
= 60.22 gCO,eq/M1]
HFO IfN¥—HES B100 IXNF¥—4EE
40,200 M3 + 37,200 M3 .
*B100DOGHGE (ENKIREE

IRNF—HEE

M3 HBEHOMHEERL-BEEDEHGREDHE

BIEL O GHGHRE

IMOMRIE LIZLCAT A KT A > ClX, AaH128FHEOREMEGRE (fuel pathways) BERINLTE
D, ENENIZHOWTGHGREDT 7 4+ /v MENRHAGEE 785, bod b, BIRFR TIEZ < OBREHC
SVWTF 740 MERELPHEEL TWAWRRICH S, HblE, HETEEME LT EEARBREO
Well-to-WakeX—ADOGHGHEE D BZ %R L T\W5, ZORIZRT L HIZ, EREIOGHGHEE 121X K
EhFEND D, Hlz2E, W (LSHFO) 1X#195gC02eq/MJ, LNG (#XE: )55 : Diesel slow) 134
772C02eq/Md, /SA FHEB30TIE#I76gC02eq/MdJ, B100TiL#122gC02eq/MJ, X Hile-A X J — )b
Re- 7 VE=T1L10~13gC02eq/MIFEE F TIRVME L 2D Z A ESIND, —FH T, {bAadHkD 7
L— A& ) —/LT#1103gC02eq/MI L MLV vy, 2D K51, RUBRETH- T, fEEET
AVWHEN D =R X —JRLFE OB EIC L - T, Well-to-WakeX— A2 TOGHGHEE T K& S B b,

gCo,eq/MJ
140
130 ey e e J—KkE 132.40
————————————————————————————————————————————————————————————————————————————————— JL-FYESF 123.64 JL—EN
120 ’ B MR
110 BmLin
o0 - SRR - R el GL—A5I-1 102.86
HFO (Low Sulphur) 95.48
LNG (Otto slow) 85.33
LNG (Diesel slow) 77.19
FuelEU Maritimef#l{@ B30 75.92
NAARBERD
- B100 2212 GHGHE R
s e e e e = - e-A#> (Otto slow) 19.54 20340
5 Ne-7uEF 12.64 e-fuel®d
i e-A8)—) 12.47 GHGEEEE [
2025 2028 2030 2035 2040 2045 2050 c-A%y (Diesel slow) 11.40 5~20
——1IMO GFI Base Target ——1IMO GFI Direct Compliance Target
(2035£ELIFE{3 ClassNKAETE) (20354 LI E ClassNKABTE)

H4 KB DOWel |-to-Wake GHGERED B & & H&IE

Hiil = A NS & e b

IMOH iR O TR &2 22T O ERIE TH D, 2L, Mo ZEGHGHE D LRI A kbl - 728
BT, ZOEMSTE U THHAEEZ X O ATH Y, WHEFEIIRSO L O IZFHE IS, 2030F T
OIWHEHAMIZ, XA VI b arTIA4T A« X—4y M@ils (Tier 1) (2% L CT100USD/t-
CO2eq, ~N—R « #—74 v MEiSr (Tier 2) 2% L T380USD/t-CO2eqM M fEE ST D,



ClassNK#:# No.12, 2026 (1)

GHGREE

(FFRI=ESIHE)

[9COseq/MI] =3 X FHOIRINFT—EHEE X HEGHM
[gCO.eq/MI] [MI] [380 USD/tonCOeq]

GHG:EE

(Base Target)

[9C0eq/MJ] } =5 X FHOIRINF—HEE x HibEHME
CO,eq/MJ M] 100 USD/tonCOy

GHGH&E [gCO,eq/MI] (MI] [ fl eq]

(Direct Compliance Target)
[gCO»eq/MI]

X5 #MHEDFHEFE

ZORIEOL LT, BHENLBMAIC LY UHEO A 2K TE 52EH1L, ELELTRORATHD,
()  GHGIHRE DM TR OB (R FRRE O )

(b)  AFEOZ X —EERBEOHI (KRE %)

ZoESIE, ARIEFIINOOKES 2 A DO LA NMHEROBRE R D, BF~OXISKE LT,
IRERFBIRELOBADPER SR TWH A, FEERICHIMMA I 52 FRICIZ-EDOHINLA D5, 207,
IRBHIRHA 721 T <, i OEMD R L F —FIH=ROm L, bbb DRESRE] bIhET
LIBICHERER L2 D,

3. FEAMEKDIR A VY b

ARETITFHHRICL > THRAET DR NN EOREIZR DD EEIET 720, FD7264,000DWTD T 5
AR ERE L, fRIChbizo TRERBREIOFEHZ T 2 AICHESN S 2 X OB ERRA LT,
WHREICB T DRSS (£ T2050FEF T—&) I TFD LB TH A,

FEROBRENREE & : HFO5,000 ton

PREHA% © 500USD/ton

LH 4> : (Tier 1) 100USD/tonCO2eq, (Tier 2) 380USD/tonCO2eq

THEHAR : 2025~20504F
K6~ B0, BEHMERZ —E S RE LT-5E, 20254 OERM = 2 MIB L2250 5 USDHE & 72 5,
—7J7, IMOFHIxR ORI L 0, Hillla 2 FBEL L, 2030FERFTEIC IR BN 2 0] 5 kI
ET D, FFITR—R - Z—7y MEIES (Tier 2) OHHEBEOREIIRKE <, 20358 K m T20254 . +102%,
20404E12 1% +202%, AEBIIZ20504FEITIZ+280% ICET D LA SN D, T74bbL, ElMEHWEIT2HE,
Bl = 2 F M OEMBE 2R EZ RE L BT, BREEBELZRANICEZ DARENRS D, Z ORI,
IMO O F1 X R AR IR BIREE~D AT H AR T T2 DN 22 likg > 7 F L& LT¥iET A2 L2 R L T05, R
BHZHE 21T D72 W R Y, GHGHEH EIZHA L-HiH 2 X N OB RIZE Y, BEFOBREHRE M OB I 2EIC
Koisd, ¥, BEHE & PHREROMHE DO GFHBEM 2 A FOREEZ ED DNV I —R0F v D —FD® T
AL FTIE, MRE - EME OIGRIE IS ERN R A 525, MRE LT, BTN, REUWELR,
B DO ZHNRBEM B OF /R L a2 ST a A MEBEIK O RN R AR &0 D,

F7-, RNTRT LD, Hilllox M, BRENEE ISR E L TEInT 52035 5, 20284E8: o
T, BB EEBOE EHEH L7284, Ko7 eVLOC (Very Large Ore Carrier) 72 EBREHE
BOZWIMNTE E AN R E <, HRTEMLL00 5 USDA B2 5 KHEIZET S, —J)7, BREHEEEOD 2]
INBURS (B 2 N T A RV =N T Y TR, B2 A N O EEIX IR ER T H D 03,
EMERE FIRIR e LT T VWKL 2 D,

ZOZEND, FHRIKa A NOEBIIMESCY A XL TR L OO, BREMERESEM R OLEN
E2TOMMTHBORETH D Z LB 0D, FFRIBREHEE BEDOZ WIS DWW T, REBRE OB A E#E T
DAL & Vo e B IS R OB N EFH L 12D,



IMO GHGHIB il R &2 2 fea A by I ab—va v

w2_Fuel costs m3_IMO GFI (Tier 1) costs  m3_IMO GFI (Tier 2) costs
10 +280%
9 +239%
8 +202%
7 IMO GFI:IZW‘M:IXM&E
=] 6
] s + 102
-_é 20254
4 +289£t +39%
3
2
1
o L .
2025 2026 2027 2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040 2041 2042 2043 2044 2045 2046 2047 2048 2049 2050
M6 FEHOEAZMHBELIZENIR L
W Fuel costs E®IMO GFI (Tier 1) costs ® IMO GFI (Tier 2) costs
. VLOC / Capesize (9,000 ton) Il ‘
)
= Panamax (5,500 ton) N INEN
Q
x Handymax (4,500 ton) AN ‘
=]
@ Handysize (3,500 ton) 0
17,000+ TEU (27,000 ton)
2 12,000-16,999 TEU (21,000 ton)
=
8 8,000-11,999 TEU (20,000 ton)
c
I 6,000-7,999 TEU (18,000 ton)
c
8 3,000-5,999 TEU (13,000 ton)
<3,000 TEU (5,500 ton)
} =
g ULCC / VLCC (15,000 ton)
c
g Suezmax (10,000 ton)
8 Aframax (8,000 ton)
T
S Panamax (6,000 ton)
0 2 4 6 8 10 12 14 16 18 mil. USD

7 20285FBFR TOME /YA XFDIR b+

4. 2R MHERIZ @ T3t 5

KETIE, B2 FofEEZ B E LS RICONT, 20E2 RO B2 BARNREGICESXH
2, IMOHFHIX K CTIE, MELOGHGHE IZIG U MHAERENH -/ a X FNEHEL L TNb 570, Efit
RO ERIR K BN OE A &, Rtk L REM A WS¢ A BHAN —BEE L 25, KETIE, BREK
= OJodEMT, B L OREMIFH 2 RER E LTERY B, TNENOXIKRPIEN 2 A MESEIZG 2 5 EIZS
WCT—ARAZT 4 @B LTHLNIT S,

4.1 MEHRE

R RICB W Ca A N EREZIHIT 5 LT, TTROMLREIIRELETH D, BEHEHI-CARREHR
~OBIER E L LT, BBEYCGEIIOHEE A M o0 H o R A RIECTE D, Ry — xr
R OBREHY E E:5,000ton (HFO) DA A x5 & L, RE 2 5%ck# L CHERMITY E £4,750ton & L7235 %@
%ﬁﬁbto%@ﬁ%%.8QT¢O%%%5%&%?5;&;IU,%ﬂﬁ%i®ﬂ9uﬁofﬁﬂﬁﬂpﬁ
FINCARIR T 51Fh, GHGHEH EICHAI L TR SN2 8iH = 2 M L FRIFFCHI S LD, T7hbb, RESGEITR
BHE OB R & SR Z2 RGO N D AT, B TEAMDIEOE VR TH D, 20404 F TD13
EMDOBFHTHD &, BESUNRBEIZL > TEHLNLEIERRIZUTO LB TH D,
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PR BB #1,625,000USD
JRH = A - HIEAA #1,617,042USD

INHELSETAE, 2040 F TICHS24 5 USDD = R MEITEAS HAAEN D, /bbb, BREBWEICL DL
BIL, BREVEENE Y S FFERBEOHE 2 A N E L7259 2 ERERTE D,

RETIAL 2_Fuel costs  m3_IMO GFI (Tier 1) costs 3_IMO GFI (Tier 2) costs 7-8A3.24 mil.
70 usb
” -
50
(=]
2 40 -
= =
E 30 - | -
™ =2
20 - | . |
-
- - B |
— —
10 = B =
o W
c c c c = c e c s [ s c s ] c s i c = = [ = = [ - s
g 28/ 2 £ 8 2|2 £|8 £|& |2 £|8& 2| L £|8 2| £/8& &£ 8
(=] (=] (=] [=] (=] (=] [=] (=] (=] (=] [=] o o [=] (=] (=] (=] o (=] o (=] o (=] o (=] o
(=] n (=] 2] (=] 2] [=] n (=] wn [=] n o T3] (=] n (=] n (=] n (=] wn (=] n (=] n
& n & N & R & N8 R & ~nl3d KN|l& KNISE KN S KN S& KN B NS R~
wn < 's] < (s} < "s] < wn < wn k-3 wn < (1] o n L3 wn < n k-3 wn L3 n o
2028 2029 2030 2031 2032 2033 2034 2035 2036 2037 2038 2039 2040

M8 MEREICLDHIR MHIEZR

4.2 REREM

IRE 3 D BAR 22 LA & LT, BRI £ /T HE C & B EEMIC W TRFHT 5, iE 2K TS5 2
ETRBHEBREAZIMHI T 5 & L HIC, GHGHEHERB L OWIH = 2 hOIERIC b 53 58005, BT
HHAR 2RISR & LTI EAMN e TEE L CTHER SRS,

AR —ATiE, 7V — 2K (X5MAEDINI0E) Zxt8IT, 202840520354 £ TOS4ENRM], 11.5knot
P> 6 OIRGEEM A LM L =B DR E ik Uiz, Z 2 TIEBEMER 2500USD/ton & L, #ifT HEdk L ONHE
REIE D 2% ZE L CREZITo 72, 10.45knot|ZJEGEML L7354, 7 U — MEEOBRE = 2 M X O =
A NI BT /R E o7,

HHEEM (11.5knot X 10%) : SEMAFI 2 A F=47.04(8USD
JOBERT (10.45knot X 11%8) : 8RS FH 2 2+ =#96.75(USD
BOEIZ L0 ERIRME TS 5720, [A—HEICB W TR OGS & & #Fd 2 72O 1E 0B INE AN S5
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1. INTRODUCTION

The shipping industry, although responsible for less than approximately 3% of global CO, emissions"), faces mounting
pressure to decarbonize. In June 2021, the International Maritime Organization (IMO) introduced a mandatory Carbon Intensity
Indicator (CII) rating requirement for existing vessels. Ships receiving lower ratings must implement improvements or risk
operational restrictions. In July 2023, the 80th session of the IMO’s Marine Environment Protection Committee (MEPC) revised
its greenhouse gas (GHG) reduction strategy, setting a net-zero emissions target for around 2050%. In April 2025, MEPC 83
approved the IMO Net-Zero Framework draft, establishing basic and direct compliance objectives. Should a vessel’s annual
GHG Fuel Intensity (GFI) exceed targets, shipowners must purchase remedial units to offset the compliance deficit®. This
creates dual compliance obligations, CII and GFI, for operational vessels.

Bulk carriers constitute over 40% of the global commercial fleet by deadweight. Small-and medium-sized bulk carriers
represent nearly 80% of the bulk fleet by vessel count, with over 99% reliant upon conventional fuels. The fleet’s average age
is at its eldest since 2010, with more than two-thirds of bulkers aged over 10 years old. Clarksons forecasts a rise in bulk carriers
with D/E CII ratings—from 31% today to over 40% by 2026. That would downgrade over 1,000 vessels in just one year. Whilst
mature energy-saving technologies (e.g., energy-saving appendages, low-friction coatings, propeller retrofits) are widely
adopted, newer solutions such as wind-assisted propulsion, air lubrication systems, and carbon capture are being trialed on some
bulk carriers®.

Retrofitting for alternative fuels remains challenging for small/medium bulkers due to their variable, unscheduled “tramp”
routes. Without the magic of the ever-scaling Hammer of Thor, at this moment, it is “mission impossible” for alternative fuel
storage capacity planning, unlike container ships which have fixed port rotations and established retrofit precedents. Bunkering
infrastructure for alternative fuels is still under-developed and unevenly distributed. Despite years of LNG dual-fuel vessels
operations, only around 210 ports worldwide currently offer LNG bunkering, over 50% of which are in Europe, while Africa,
South America, and Oceania collectively account for less than 5%. Methanol and ammonia bunkering capabilities are even
scarcer. Even with ample affordable green fuel supplies, global bunkering accessibility remains limited at this moment.
Additionally, concerns over fuel system reliability and operational management persist. No operational bulk carrier has
undergone dual-fuel retrofitting to date. Thus, there is significant market demand for reliable, cost-effective decarbonization

pathways for aging small/medium bulk carriers without resorting to alternative fuel retrofits.
2. IMO REGULATORY FRAMEWORK FOR CARBON EMISSIONS FROM OPERATIONS

The operational carbon intensity rating system, effective January 2023, calculates annual attained CII for vessels >5,000 GT

as:

X, FG X C;

1
DWT x D o

Attained CII =

where:
j is the fuel type;

FC; is the consumption of fuel j in ton;

* COSCO Shipping Heavy Industry CO., LTD.
** Nantong COSCO KHI Ship Engineering CO., LTD.
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CFj is the carbon conversion factor for fuel j in tonCO, / tonFuel;

DWT is the deadweight of the bulk carrier at full load draft in ton;

D is the sailing distance in the reporting period in nautical miles.

The required annual operation CII value for ships to be reduced against the CII reference line, and the formulas are calculated

as:

CII reference line = a X DWT™¢ 2)

zZ
Required annual operation CII = (1 — W) X CII reference 3)
where: a=4745, ¢ =0.622 for bulk carriers;

z is a general reference to the reduction factors for the required annual operational CII of ship types from year 2023 to 2030,

as specified in Table 1.

Table 1 Reduction factor for the CII relative to the reference line

Year 2023 2024 2025 2026 2027 2028 2029 2030
Reduction
fact 5% 7% 9% 11% 13.625% | 16.25% | 18.875% | 21.5%
actor

Based on a comparison between the attained CII values and the required annual operation CII values, vessels will be assigned
ratings from A to E. A ship rated as D for three consecutive years or rated as E in one year shall duly undertake the planned
corrective actions in accordance with the revised Ship Energy Efficiency Management Plan (SEEMP).

To achieve the target of net-zero greenhouse gas (GHG) emissions around 2050, the draft “IMO Net-Zero Framework” was
proposed at MEPC 81 in March 2024, and approved at MEPC 83 in April 2025. This framework will require ships to
progressively reduce their Greenhouse Gas Fuel Intensity (GFI) value, over the full life-cycle of fuels, each year. Vessels failing
to meet GFI targets will incur compliance deficits, necessitating economic measures to balance these deficits. The attained

annual GFI of a ship in a given year shall be calculated as follows:

2jGFI; X Energy;

Energytotal

4)

GFlattainea =

where:

GFI;, expressed in gCOxq/MJ , is the GHG intensity, expressed on a well-to-wake basis of a fuel type j;

Energy;, expressed in MJ, refers to the energy consumption of fuel type j by the ship in the reporting period;

Energyol expressed in MJ, refers to the total amount of energy used by the ship in the reporting period.

The target annual GFI (GFIr) of a ship shall consist of two tiers: a basic target annual GFI and a direct compliance target
annual GFI. The GFIr shall be calculated as follows:

7
GFl; = (1 — ﬁ) X GFl, 008 (5)

where:

GFla00s is the GFI reference value equivalent to 93.3 gCOa./MJ (well-to-wake), representing the average GFI of international
shipping in the year 2008;

Zr is the annual GFI reduction factors to ensure continuous improvement of the ship’s GFI, consisting of both an annual
reduction factor for the base target and for the direct compliance target, the values of which are shown in Fig. 1. The 2040 Zr
for the Base target shall be set at 65%.
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Fig. 1 Annual GFI reduction factors for the target annual GFI relative to the GFI reference value

Fig. 1 shows that the direct compliance target consistently requires a reduction 13% greater than the base target in the same
year, through to 2035. If this differential persists from 2035 to 2040, the GFI compliance targets exhibit a “first accelerating,
then decelerating” trend: from 2028 to 2030, the GFI annual reduction rate is 2.0%; from 2031 to 2035, the reduction increases
to 4.4%; from 2036 to 2040, the figure will rise to 7.0% to achieve the base target of a 65% reduction by 2040. Beyond 2040, it
would slow to approximately 2.2-3.5% annually, aligning with the IMO’s net-zero goal for year 2050.

At the end of each reporting period, if the attained annual GFI is below the Direct Compliance Target, the ship shall be
considered in direct compliance and be eligible to receive Surplus Units (SUs). These SUs may be transferred to other vessels,
banked for use in the following two calendar year reporting periods, or voluntarily cancelled. If the attained annual GFI is below
the Base Target but above the Direct Compliance Target, the ship shall balance the Tier 1 compliance deficit by purchasing Tier
1 Remedial Units (RUs). If the attained annual GFI is greater than the Base Target, a Tier 2 compliance deficit arises in addition
to that of the Tier 1. The ship can balance its Tier 2 compliance deficit through one of three approaches: transferring SUs from
other vessels, using banked SUs from the vessel’s previous two years, or purchasing Tier 2 Remedial Units.

3. EMISSION REDUCTION MEASURES FOR EXISTING BULK CARRIERS
By the end of 2024, approximately 40% of global ocean-going vessels have been equipped with at least one kind of energy-
saving device®. The authors categorize the primary energy-saving and emission-reduction measures for mainstream ship types

into the following six categories, as demonstrated in Table 201D,

Table 2 Energy saving and emission reduction measures for medium/small bulk carriers

Pathways Energy Saving Measures Energy Saving Effect
) Energy-saving devices before/after propeller ~2~9%
Hydrodyénarplc Energy Low - Resistance Coatings ~2~5%
e Optimize the propeller ~2~T%
) Speed and Route Optimization Less than 5%
Operations Management - —
Trim Optimization Less than 2%
Clean Energy Install Wind Power System ~3% for A Single Rotor
Machinery Install Shaft Generators ~3%

Onboard carbon capture

Install Carbon Capture System (CCS)

Depending on capture rate

Alternative Fuels

Blended Biofuels

Depending on blending rate of
Biofuels

Retrofit LNG, Methanol, Ammonia fuel
system

Depending on the proportion of
available and affordable renewable
fuels used.
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On bulk carriers currently in service, the most widely applied measures primarily include low-friction antifouling paints, and
energy-saving devices (ESDs) installed both fore and aft of propellers. In addition, propeller retrofitting also produces a
significant reduction in emissions. Since 2008, the global commercial fleet has progressively reduced operating speeds, in order
to reduce costs and as a mechanism to control supply-side capacity. By 2014, the average speed of bulk carriers had dropped
below 11.5 knots. Although there was a brief, minor rebound in 2021, 11.5 knots was still the ceiling for the average sailing
speed of bulk carriers. Subsequently the average speed has continued to decline to just above 10.7 knots recently. To achieve
better ship performance, in the past three years, over 1,000 bulk carriers have undergone propeller replacements during dry-
docking.

Other measures such as machinery optimization, installation of CCS, and software-based energy efficiency monitoring
solutions have reportedly been explored by manufacturers. However, authenticated performance data remains scarce, with
limited implementation track records observed on operational bulk carriers to date.

Among alternative fuels, biofuels have garnered significant attention from ship owners. However, according to DNV’s 2025
Biofuels Whitepaper, over 99% of global biofuel production is allocated to road transportation. The remaining supply must also
accommodate the larger appetite of the aviation industry, which generates higher CO, emissions, leaving a severely limited
supply for shipping. Currently, biofuel bunkering is available at just 24 ports worldwide, with none in Africa or South America.

Therefore, energy-efficient solutions for currently operational bulk carriers remain severely constrained.

4. TECHNICAL ASSESSMENT OF CII-COMPLIANT CARBON-CUTTING SOLUTIONS FOR 10-YEAR-
OLD KAMSARMAX BULK CARRIERS

4.1 Calculation Examples
We undertake our investigation based on a 2016-delivered KAMSARMAX bulk carrier as the case vessel, for which the

shipowner has kindly shared its 2024 operational results as shown in Table 3.

Table 3 Annual operation statistic for target vessel
Average Speed (kn) Cruise Range (nm) LSHFOC (t) MDOC (t) CII Rating
12.5 62700 5840 540 C

Based on the operational data above, it can be found that without implementing emission reduction measures, the CII rating
of this ship will decline in the coming years. Since the IMO has not specified future reduction factors for CII and GF]I, in order
to estimate the CII rating and GFI compliance costs for the target ship over the course of its remaining operational life cycle,

whilst also controlling variables, the following assumptions provided in Table 4 were adopted for our analysis.
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Table 4 The calculation assumptions and definitions in entire operational lifecycle of the target vessel
Parameters Assumptions

Ship Operation Cycle | The vessel has an operational life of 25 years and will operate until 2040.

From 2031 to 2040, the CII requirements become more stringent, decreasing by 3.5%

CII reduction factor
annually.

From 2035 to 2040, the difference between the direct compliance target and the basic
compliance target is 13%.
From 2035 to 2040, the annual reduction factor for both direct compliance and basic
compliance is 7%.
Low-sulfur heavy fuel oil: $520 per ton; Diesel: $600 per ton; 100% biodiesel: $1500 per ton.
Assumption: Fuel prices remain unchanged from 2025 to 2040.
The price for Tier 1 Remediation Units is $100/tonCOx.q, and for Tier 2 Remediation Units
the price is $380/ton COxzeq.
Energy Saving Effect | Silicone-based low-friction paint: 5%; Propeller retrofit: 6%; Single wind rotor: 3%

GFI Value LSHFO: 95.48 gCO2¢/MJ; MGO: 93.93 gCO2¢¢/MIJ; Biofuel: 15 gCO2¢/MJ (assumed)

Organic silicone paint addition: USD 0.3 million; Propeller modification: USD 0.4 million;
Single wind rotor: USD 1.5 million; Carbon capture retrofit: USD 6 million.

GFI reduction factor

Cost of fuel

GFI fee

Direct Extra Cost

Annual costs cover the initial equipment investment, yearly fuel costs, GFI compliance fees,
and similar expenses, and excluding the costs of equipment maintenance, the cost of after
Annual Cost CO; captured oft-hire losses during retrofitting, freight revenue losses due to speed reduction.
Neglect the influences on DWT (equipment number, if any) when installation of CCS or
Wind rotors.

Total Cumulative

Cost Accumulated annual cost from 2025 to the statistical year.

The GFI compliance costs of this ship are shown in Fig. 2, on the basis of the above assumptions, maintaining unchanged
fuel consumption while continuing to use Low Sulphur Heavy Fuel Oil (LSHFO). From 2028, payments for both Tier-1 and
Tier-2 deficits will be required. Among these, Tier-1 deficit costs are relatively lower, with cumulative payments of around USD
4 million from 2028 to 2040. Meanwhile Tier-2 deficit costs are significantly higher and increase annually, accounting for about
95% of the total GFI compliance costs in 2040. The combined Tier-1 and Tier-2 deficit costs during the 2028-2040 period will

substantially exceed the vessel’s original newbuilding price.

[—Tier 1 compliance deficit I Tier 2 compliance deficit -——e=Ratio for tier 2 compliance deficit
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Fig. 2 IMO fuel compliance costs for the target vessel from 2028 to 2035

Fig. 3 illustrates the required reduction in fuel consumption ratio for this vessel to maintain a CII rating of Class C throughout
its operational cycle. In 2030, the vessel needs to reduce its fuel consumption by approximately 10%, compared to 2024. By
2035, this fall in annual fuel consumption needs to reach 30% compared to 2024, and by 2040 reach 50% below levels. Therefore,
to satisfy the CII rating requirements in different phases, a staged approach implementing various measures is necessary to

achieve compliance. We adopt a three-phase “progressive” retrofit strategy for this vessel, based on the CII reduction factor and
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GFI annual reduction rate, as well as the availability of biofuels in the market and the maturity of carbon capture technologies:
Phase 1 retrofit measures are implemented from 2025 to 2030, Phase 2 from 2031 to 2035, and from 2036 to 2040 for Phase 3.
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FOC reduction

20%
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Fig. 3 The proportion of fuel consumption reduction to meet CII Class C requirements for the target vessel

4.2 Retrofit Plans for Phase I

Phase I, the reduction factors for CII and GFI are relatively small, offering a wider range of feasible emission reduction
solutions. Priority in this phase is given to speed reduction as the mitigation strategy. As shown in Table 3, the vessel’s average
speed in 2024 is approximately 12.5 knots. Considering that the main engine requires a minimum load over 40% for prolonged
continuous operation, the minimum average operational speed after slow steaming is about 11.5 knots. Table 5 compares the

CII ratings under reduced speed scenarios for 2025-2030.

Table 5 Comparison of CII ratings after Phase I speed reduction

Vear Keep original speed Case 0-Reduced Speed
Average Speed/kn Cll rating | Average Speed/kn CII rating
2025 12.5 C 12.5 C
2026 12.5 C 12.5 C
2027 12.5 D 12.3 C
2028 12.5 D 11.9 C
2029 12.5 D 11.5 C
2030 12.5 D 11.5 D

By slowing down, our vessel will maintain a C rating from 2025 to 2029. However the CII rating will drop to D in 2030 as
any further reduction in speed is no longer possible. Whilst reduced speed can cut down fuel consumption and GFI compliance
deficit costs, if port time and other non-sailing periods are not shortened, the reduction in average speed will reduce the annual
sailing distance and consequently reduce the revenue of the vessel.

Based on speed reduction, other emission reduction measures can be combined to lessen the GFI compliance costs. Given
that energy-saving devices, such as a Semi-duct system and a Rudder bulb system have already been installed on this vessel
during the newbuilding stage, Table 6 selects emission reduction measures suitable for this vessel. While not covering all

optional measures, the analytical approach applies equally to other reduction solutions.
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Table 6 Comparison of emission reduction measures in Phase 1 for the target vessel

Case Measures of Emission Reduction Emission Reduction Effect Initial Investment
Silicone Based Low Resistance Paints Comprehensive Energy Saving o
1 . L . ~USD 0.7mill
Case together with Optimization of Propeller Achievement: 11% USD 0.7million
Case 2 Install 3 rotor salls' and tak§ adyantage of Comprehel'lswe Energy Saving _USD 5 million
meteorological Navigation. Achievement: 9%
Case 3 Install a Carbon Capture and Storage Maximum Carbon Capture Rate _USD 6 million
System of 30%
Case 4 Blended Biofuels Depends on qufuel Blending The retroﬁt‘gn.g
Ratio costs are negligible

In Table 6, Case 1 assumes a speed reduction with a dry docking commencing at the beginning of 2026, including silicone

antifouling, repainted every 5 years; Case 2 assumes a speed reduction, with dry docking and rotor sail retrofitting commencing

in early 2026; Case 3 and Case 4 are both based on a speed reduction and aim to reduce GFI compliance deficit costs, with

retrofits beginning in 2028. In Case 3, the annual carbon capture rate is fixed at 30%. In Case 4, a mix of biofuels is used to

ensure the annual attained GFI meets the GFI base target line, avoiding the Tier 2 compliance deficit. Table 7 compares the CII

ratings under different cases, and Fig. 4 shows the comparison of annual cumulative costs for each of the cases.

Table 7 The comparison of CII ratings in Phase 1 for the target vessel

Case 0 Case 1 Case 2 Case 3 Case 4
Year CII rating CII rating CII rating CII rating CII rating Biofuel blending Ratio
2025 C C C C C 0%
2026 C C C A C 0%
2027 C C C A C 0%
2028 C C C A C 8%
2029 C C C A C 10%
2030 D C © A C 13%
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Fig. 4 Comparison of total cumulative costs in Phase 1 for different cases

Combining Table 7 and Fig. 4, it can be observed that in terms of CII ratings, implementing nothing but a speed reduction,

will see the CII rating will drop to Class D in 2030. In contrast, the CII rating for Case 1 to 4 can all meet the Class C criteria.

Among them, after the installation of CCS, the CII ratings are Class A every year.

Regarding the total cumulative costs, Case 1 is implemented from 2026 to 2028, which has an total cumulative cost lower

than Case 0 by 2028, indicating that the static payback period of Case 1 is less than three years. By 2030, the total cumulative

cost of Case 3 (the installation of CCS), is less than Case 2 (the installation of three sets of Rotor sails). This indicates that,

under the given assumptions, a carbon capture system (CCS) is more cost-effective than wind-assisted technology. Additionally,
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Case 4 has the lowest operational cost in Phase 1.
4.3 Retrofit Plans for Phase II

In the second phase, CII ratings and GFI compliance requirements become even stricter, with the annual reduction rate of the
CII reduction factor increasing from 2.65% to 3.5% and the annual rate of the GFI reduction factor increasing from 2.0% to

4.4%. Table 8 compares the CII ratings for all cases in this phase.

Table 8 The comparison of CII ratings in Phase II for the target vessel

Year Case 0 Case 1 Case 2 Case 3 Case 4
CII rating CII rating CII rating Cll rating | CII rating Biofuel blending Ratio
2031 D C D A C 18%
2032 E D D B C 23%
2033 E D D C C 29%
2034 E E E C C 34%
2035 E E E C C 39%

Table 8 indicates that conventional energy-saving methods cannot enable compliance with a CII Rating of C. Only adopting
a carbon capture system (CCS) or using biofuels can guarantee compliance. Among these cases, Case 4 meets the GFI basic
target while still achieving a CII Rating of C. However, the bio-fuel blending ratio progressively increases, rising to 39% in the
year 2035.
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Fig. 5 Comparison of total cumulative costs in Phase II for different cases

Fig. 5 presents a comparison of the annual cumulative costs under different cases from 2031 to 2035. The results indicate that
prior to 2034, of all of the energy conservation and emission reduction measures, Case 4 always enjoys the lowest total
cumulative cost. After 2034, however, the cost advantage of installing CCS starts to be realized, emerging as the plan with the
lowest total cumulative cost amongst these cases.

4.4 Retrofit Plans for Phase III

The compliance requirements for Phase III of GFI become more stringent, with the annual reduction rate of 7%, which is
higher than the annual reduction rate for CII. Table 9 compares the CII ratings of different cases within this phase. Due to the
configuration of auxiliary engines and boilers in the subject vessel, the maximum possible carbon capture rate for Case 3 is 30%,
while Case 4 meets the basic target requirements of GFI by blending a certain proportion of biofuel. Fig. 7 compares the annual
costs in different cases.
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Table 9 The comparison of CII ratings in Phase III for the target vessel

Year Case 0 Case 1 Case 2 Case 3 Case 4
CII rating CII rating ClIl rating CII rating CII rating Biofuel blending Ratio
2031 E E E D C 48%
2032 E E E E B 57%
2033 E E E E A 65%
2034 E E E E A 74%
2035 E E E E A 82%

Table 9 shows that only Case 4 can maintain the CII rating requirements, but the biofuel blending ratio at this stage is
extremely high. Furthermore, since the GFI reduction rate is significantly higher than the CII reduction rate, Case 4 could
achieve a B or even an A CII rating while meeting the basic GFI compliance target. Case 3 has a carbon capture rate capped at
30%, so it cannot further improve its CII rating. In terms of total cumulative costs, the results in Fig. 6 show that installing a

carbon capture system is the most economically beneficial option at this stage.
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Fig. 6 Comparison of total cumulative costs in Phase III for different cases

4.5 Combined Emission Reduction Solution

Based on the segmented analysis of the previous three phases, we have consolidated the emission reduction pathways from
all stages to determine a solution that technically maintains a CII rating Class C, while minimizing total cumulative costs
throughout the vessel’s operational life cycle. In the Combined Solution, based on the application of silicone anti-fouling paint
during the dry docking period, the limitation of the CCS system’s capture rate at 30%, and the B24 Biofuel blend currently most
popular (24% biofuel blend ratio) as the calculation conditions. Table 10 presents the emission reduction measures and CII

rating of the Combined Solution and compares it with the solution that involves a conversion to renewable methanol (Case 5).
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Table 10 Comparison of Combined Solutions for emission reduction measures and
CII ratings for the target vessel

YVear Combined Solution 1 Combined Solution 2 Case 5
Measures CII Measures CII Measures CII
2025 No retrofit C No retrofit C No retrofit C
2026 C C Speed C
2027 Speed Reduction C Speed Reduction C Reduction C
2028 + Silicone anti-fouling paint C + Silicone anti-fouling paint C C
2029 + Propeller Optimization C + Propeller Optimization C C
2030 C C C
2031 ) A ) C C
2032 . 'Speed R'educt%on ' A ‘ ‘Speed R'educt%on ' C Speed C
+ Silicone anti-fouling paint + Silicone anti-fouling paint .
2033 oL B oL © Reduction C
5034 + Propeller Optimization B + Propeller Optimization % . C
+ CCS (Capture rate:30%) + Blended Biofuel (B24)
2035 C C Renewable C
2036 Speed Reduction C Speed Reduction A Methanol C
2037 + Silicone anti-fouling paint C + Silicone anti-fouling paint B B
2038 + Propeller Optimization C + Propeller Optimization © A
2039 + CCS (Capture rate:30%) + C + Blended Biofuel (B24) C A
2040 Blended Biofuel (B24) D + CCS (Capture rate:30%) D A

In Table 10, the primary distinction between Combined Solution 1 and Combined Solution 2 lies in their implementation
sequence: Combined Solution 1 prioritizes installing the carbon capture system before adopting biofuel, whereas Combined
Solution 2 employs biofuel first, followed by the installation of a carbon capture system. Case 5 performs a methanol dual-fuel
retrofit in 2028 to reduce GFI compliance deficit costs, with the renewable methanol usage ratio set so as to satisfy the annual
GFI base compliance target. Results indicate that under a 30% carbon capture rate and maximum 24% biofuel blend ratio, both
Combined Solutions 1 and 2 achieve CII ratings of C or higher in all years except 2040 (rated D), which satisfy the IMO’s CII
rating requirements. Case 5, utilizing renewable methanol at GFI base compliance target, which meets CII requirements (C or
higher). However, Case 5 requires the proportion of renewable methanol to surge dramatically from 7% in 2028 to 80% by
2040!

Fig. 7 compares the annual cumulative costs of the two Combined Solutions. Case 0 represents the scenario considering only
a speed reduction without other emission reduction measures. The results show that by 2040, the total cumulative costs of both
Combined Solutions are lower than Case 0. Specifically, the total cumulative cost of Combined Solution 1 is over $5 million
lower than that of Combined Solution 2. However, prior to 2035, the total cumulative cost of Combined Solution 1 consistently
remains higher than that of Combined Solution 2. Therefore, if the vessel operates for 25 years, installing a carbon capture
system early in the period could be considered to reduce annual costs. Conversely, if the owner plans to sell the vessel at 20
years of age, or if the vessel will not engage in ocean-going transport, just using biofuel without installing the CCS system can
allow the ship to meet the CII rating requirements and reduce operating costs. Case 5, which uses renewable methanol and
results in total cumulative costs by 2040 that are not only higher than Case 0, but also higher than the two Combined Solutions.

This indicates that under current assumptions, using renewable methanol on operational vessels is not economically viable.
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Fig. 7 Comparison of total cumulative costs for the target vessel within her operational lifecycle

5. EMISSION REDUCTION PLANS FOR MEDIUM/SMALL BULK CARRIERS IN OPERATION
LIFECYCLE

Based on the analysis of retrofit schemes for the 10-year-old KAMSARMAX bulk carrier with a current CII rating of C, a
feasible “step-by-step” retrofit solution has been developed, as illustrated in Fig. 8. The horizontal axis represents the retrofit
measures applicable at each year in the process. The corresponding research methodology has also been validated on an 11-
year-old ULTRAMAX bulker.
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Fig. 8 ‘Gradual’ retrofit plan for medium/small bulk carriers within their operation lifecycle

6. CONCLUSIONS

Currently, no single measure can perfectly meet IMO decarbonization requirements both technically and commercially. This
study also validates its approach based on numerous assumptions. Although many boundary conditions of these assumptions
may change in the coming future, the “step-by-step” emission reduction approach can be extended to other existing Bulk carriers.
The conclusions are found to be as follows:

(1) Medium and small bulk carriers of a certain age can achieve lifecycle compliance without converting to a new source of
propulsion.
(2) Operational vessels should prioritize emission reduction technologies with identifiable effects and affordable costs.

(3) Improving the “inherent” energy efficiency of the vessel outperforms adopting alternative clean energy sources.



ClassNKH#:# No.12, 2026 (1)

REFERENCES

1) IMO, 2020. Fourth IMO Greenhouse Gas Study 2020: Safe, secure and efficient shipping on clean ocean, London:
International Maritime Organization (IMO).

2) IMO. 2023 IMO Strategy on reduction of GHG emissions from ships [S]. MEPC.377(80), July, 2023.

3) Zhang Shuang. Overview of the IMO Net Zero Framework [R]. Dalian: Dalian Maritime University Shipping
Development Research Institute, 2025.

4)  Xu Wanying, Li Renke, Rao Guanglong, et al. Application Status and Prospects of Ship Energy Saving and Emission
Reduction Technologies [J]. Ship Engineering, 2024(4): Front Insert 16-Front Insert 31.

5)  Clarkson Research. Fuelling Transition: Tracking the Economic Impact of Emission Reductions & Fuel Changes
[R].2025.3

6) DNV, Energy-Efficiency Measures AND Technologies: Key solutions and strategies for Maritime’s decarbonization
journey [R]. DNV:2025

7)  Mu Yadi, Chen Weimin, Dong Guoxiang. Review of Research on Energy-Saving Technologies Based on Ship
Hydrodynamic Performance [J]. Journal of Shanghai Ship and Shipping Research Institute, 2022, 45(3): 14-19, 24.

8) Lu Mingjian, Dong Shengjie, Yan Xinping, et al. Overview of Ship Carbon Capture, Utilization, and Storage Technology
[J1.

9) Chou T, Kosmas V, Acciaro M, et al. A Comeback of Wind Power in Shipping: An Economic and Operational Review on
the Wind-Assisted Ship Propulsion Technology. Sustainability. 2021; 13(4):1880.

10) Sun Miao, Cai Zhiyuan, Yu Long, et al. Research and Application Status of Ship Energy Efficiency Intelligent
Management Systems [J]. Ship Engineering, 2025, 47(2): 13-22, 37.

11) ABS, Beyond the Horizon: Carbon neutral fuel pathways and transformational technologies [R]. ABS:2024

—100—



IMO D Eh)

IMO D &Eh[h)
— IMOTOERFHENE - RO —

PIEAHT B

AfEICBWTIE, EEEFEEE (IMO) (2B 5 EBRENEOFHIMZHENT L TnD,

Al TlE, 2024410 A 2B S 7= 82N ERE (R EZ B2 (MEPC 82) K U20244-12 4 IZBiE S 7z
F109E1E 2 aF B S (MSC 109) DOF#HENEEMI LIz,

A5 LARE, 20254F4HT7TH N 5H4H 11 HIZH83mEr Rk A#Z B2 (MEPC 83), 2025410H14H 725104
17 B IR ERER BSOS 4 (MEPC ES.2) &U2025£E6H 18H 2> H6H2THIZH 110 L2228
2 (MSC 110) 2B Sz, _h%@%%fﬁ% ALY =7 A FPTRAMLTWDSED, LTDY 7 5D
R STz,

https://www.classnk.or.jp/hp/pdf/tech info/tech img/
T1354j.pdf

https://www.classnk.or.jp/hp/pdf/info _service/imo an
d iacssMEPC%20ES2 sum.pdf
https://www.classnk.or.jp/hp/pdf/tech info/tech img/
T1363;j.pdf

FHeslmifrriRbithiiZ B2 (MEPC 83)

R REEZ B2 OERF2S (MEPC ES.2)

H1ioeyE L2 Z B4 (MSC 110)

FRROFHEERAZEZDHEDIMOSAICBIT dFHB ML DAY =7 A FTHRAM LTS, LEIZIELTT
WHZRI N, : https-//www.classnk.or.m/hp/]a/mfo service/imo_and iacs/topics_imo.html

—101—


https://www.classnk.or.jp/hp/pdf/tech_info/tech_img/T1354j.pdf
https://www.classnk.or.jp/hp/pdf/tech_info/tech_img/T1354j.pdf
https://www.classnk.or.jp/hp/pdf/info_service/imo_and_iacs/MEPC%20ES2_sum.pdf
https://www.classnk.or.jp/hp/pdf/info_service/imo_and_iacs/MEPC%20ES2_sum.pdf
https://www.classnk.or.jp/hp/pdf/tech_info/tech_img/T1363j.pdf
https://www.classnk.or.jp/hp/pdf/tech_info/tech_img/T1363j.pdf
https://www.classnk.or.jp/hp/ja/info_service/imo_and_iacs/topics_imo.html




ClassNKK #:3k

No.12(2026 4E( 1))

iR : A A

JEAT: —RMEEN BAEFH S BAirrZeeT
T102-0094  HACERTAUH KACRRHHT 3 3% 3 75

ML 03-5226-2737

E-mail: ri@classnk.or.jp

Fll: PNERNEN T Savessan

T162-8001 HARAHEXTAMENT1 TH1E L &
03-3266-2111

AFEITHIWMINIZ R TOFTRFEARL, —MENEN BARMFHSOFF Al 25l - 5352 LT TEEE A,
FLFEOIEHE T EO I E, ERRETTEFITES N,
© 2026 ClassNK






ClassNIKK #z3R

—RE@EA QRN BEH =
BT ZErR

T102-0094 HREHFTFREXLEHIIIHEIS
Tel :  03-5226-2737

Fax: 03-5226-2736
E-mail : ri@classnk.or.jp

www.classnk.or.jp January 2026




