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Units: GHG emissions
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XI2 : Maritime Forecast to 2050 (DNV)?

- detE GHG 4& ol HAX 2ds floll XA St XHE(Indicative Checkpoint)S HH5IRAS
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1) §Z&E Ml O|4X|E8XI%: (Energy Efficiency eXisting ship Index, EEXI), 2023E 1% 1URE ZQE= FHEM, AXM U

400 GT 0|49 7|& Muto] M. Y E0MY 0|5 Al HiEEHE HAHEHS 02HC= AUt i Sl tEE.
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> OHX| 2 HIE MES ffeh Vst MEL & FEA HR9| VLS Sof 414t GHG 25
- 20509 EtAEES FH6E7| oM A H29, MUK, BiE X2 712, S AH| 7§ 7=
S ot JHUeZEE O, S0l OHY HEs S HS0| E+XNY

(H 1) Al A=2| CO, HiE ZA EH

o= CO; HIE ZA HAE
A 0-100%
Lot 0-100%
X7 0-100%
12 HO|Q ¥z 25-100%
3 o= 0-100%
HSIHHTIA (LNG) 0-20%
EHQFZt 0-12%
=9 1-32%
HAZ XK 2-20%

X2 : Decarbonising Maritime Transport. Pathways to Zero-Carbon Shipping by 2035 (ITF)?

- NEtA GIR2 BREE 3 78 HZ0l INGE EtA HIE MZS Y8t ESlX| ez &8 2 Aoz
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X2 : Maritime Forecast to 2050 (DNV)® 2! Green-tech in Shipping Industry (Marine Digital)"S 7|gto2 14
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8) AEGL: Acute Exposure Guideline Levels, 2d-EX|EE
AEGL 1: 28, XM= = 25 0| 21, =20M U= 39 SA4HCe= 25 7ks
AEGL 2: S0|Z0 & QAL 7IEF AlZIBHT Q2 XIAEl= 7420 SIES U8t F= BXiR
AEGL 3: 43S 2Riole &9 XHE, AL L

Hyo| 273
7t I 11 YSE flot 20| M= Q] YFH0| dUMCZ MX|T, MEHQL HE Al F
Udd 2HES 48" = UB
-ORE A8 Al QESHE HiE0] Glol, =50| Zdots R U7| S92 gitels, Halss st
3ot YR E, EMAREY 22 WY|LEEH0| MdE = US
- A2 2o 4 Qe SN AR, kE Al BAl £, T, 2 2 SE7/0| 2AVH 4Z 4 9o IR
shef, AES Zelotl AMUTIK| =AY » U
H2) ADL0t & 2 =& AIZH0]| M2 B
AEGLS) 102 302 602 ANt BAIZF
AEGL 1 30 ppm 30 ppm 30 ppm 30 ppm 30 ppm
AEGL 2 220 ppm 220 ppm 160 ppm 110 ppm 110 ppm
AEGL 3 2,700 ppm 1,600 ppm 1,100 ppm 550 ppm 390 ppm
XF& : Ammonia Results — AEGL Program (EPA)?
L0tz 7120 7IHHY && Al Hi2A 4&ot0] o7t MX|2, =20t HE Al H2H 25 S
ol FHYM X|BEH JI0|0| HFote EH2= Qlofl oidOiME &5 Al Mef EHO= AZL0F &
A7t Uaieh S L3 ¥ 2AS Yoz 4 9
- UELOKE 2A0| D12 £O0 15 BAg U0 TXN NS U0 4 YT
> HEZ0] et ety
- BEE ORMIEAE &Zol0 sfettss St gds Sofl dit Jiset Tletd S=0[X|2, 7|& ¢=
CHH| R0 4, 2L ] =2 HUXIEEE 7= §40] /U2
-HE 2k 3 YH0M MH HEZ EXfelEz SM20] 2= TE A Sz H| g9 fga
M2 AR Al S A4 HoLs 3R R==E0 ZELHCI0IEE 399 + Us
- HEEE FAM0|H LZLOHE Zotkl= 2LA|2E Kol =40| AS
- SH 3 EEO| Fofeh Qlekd AUA|O|L, FE oA YRt JUECE HE
- 248 PANZ 4 9002 YR XY Y3 Y ¥ 24019] ME AFo| Tt WL
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5 LNGO| CHst 0|o-|k|

- XN&S floif —162°C Olstel 2X2 &7t E
- Nz E0 OE QIF & 7|7| &40 et ot HQoIH, g4t o 0|0 2ot o

7| Z2(Boiling Liquid ExpandingVapor Explosions, BLEVE)O| &4 & 4 QUS
-7tA 9| g &&= Qloh 2t & =& 0] 7|& A= O Z

(& 3) MH Oix| HeSo £

. - Liquefied
Marine Liquefied Hydrotreated -
S eci:iﬁglation Gas Oil | Diesel | Petroleum Nz(aat:;al Methanol | Vegetable | Ammonia HLé?glden
P (MGO) Gas (LPG) | (NQ) Ol (HVO) ydrog

fash&omt | 6075 | s2 104 18 | 1112 )61 132 ot

defined

Auto-ignition

tem?era)alture 250 210 410-580 537
°C

470 204 630 500

Low |-||eating
Value
(LHV. 42.7 434 46 48.6

MJ/kg)

High Heating
Value
(HHV. 45.9 46 49.3 55.2 22.7 40.2 22.5
MJ/kg)

19.9 37.8 18.6 120

141.8

Flammability

range

(% volume 0.4-8 0.6-7.5 1.8-10.1 4-15 6.7-36 0.6-7.5
in air,

LFL-UFL)

15-28 4-74.2

Density

(kg/m3) 840-890 | 820-850 | 510-580 410-500 792 780-800 681 70

Energy

density 35.7 38.6 25.3 22.2 15.6 34.3 1.4 8.b
(GJ/m3)

Volume per

Standard
unit energy 0.92 1.41
m3/cy | W

1.61 2.29 1.04 3.14 418

Toxicity No No No No Low acute

toxicity No Highly No

X2 : Regulatory gap analysis for risk assessment of ammonia—fuelled ships (Jang et al)¥
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UK Zet At US

—

- HEE et 78 H A STOMO FHI AXE Qlotdl, 0|F HMAHoh| fleh 2=Y W9

290 el s g

B x108%} sHAIRIMQIRIS)(Maritime Safety Committee, MSC)OIIA Al71&} CH|
AZE AlZol= Mulof st OPH d| D|Qled3 i 2

> MSCOIM TiRbEf= 4171=1t CA| H=E AkZoks M0 CHeH OFY A T2 7HE =2
- MSC 107XH0M= 2a7tA HiE d44E fIeh AVIsd WAl H=E AESke 499] e A 22y
3 NS MAY WHE SQI5IARn, Biennial2 25 ¥ 7158 HYUMMEMN 2024-2025EHL 2

7| W ?Ee E= A% HEAENM =S JHAGHI=Z &

MSC 1080IMe= 2IX| 5, Rt EH(\Working Group) 22 £5f Al7|& L A HIEE At2oH= AMEt9)
%

H7IA HiE dAS AlEoh| floll Bk Xetts 28l HES 78 /I, 8= 55

1/ -
&t
O
-0 222 2210 M7l Y CF| RO S £ U MBY O} H= 7 U 2718 Agstn
55 Iy RS 48 ¥ 4 U= IMO st YYE, HIYU| 5SS £5F

-MSC 110014 2K Zef2 ¢ & ER Al 25 =2 ol A0 oI, 0| ?lof &H

TH HE 00| HEE 519 YISO HIMES MSC 1090 MEHTE QA3

9) 3= -7H0|4 24 M2QIY3|, Sub-Committee on Carriage of Cargoes and Containers (CCC)

10) The International Code for Construction and Equipment of Ships Carrying Liquefied Gases in Bulk (IGC Code), H3I7tA AP
2RO A 3 (O tigt =A| Z=

11) The International Code of Safety for Ship Using Gases or Other Low-flashpoint Fuels (IGF Code), 7tA = XQISHH MHRE
ArEotks MEfo ofst =/ 2=
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MSC 107 & i MSC 110
June 2023 N _ﬁ ¥ May 2025

+ Consideration of the + Finalize a road map per fuel/technology » MSC 110 to receive reports
proposed new output with » Assign work based on priority of sub-committees with
a view to establishing a » Consider barrier to deployment and relevant draft regulatory
working group at MSC 108, regulatory framework amendments changes for approval and
and establishment of a + |Instruments to be amended/developed subseqguent adoption, as
correspondence group to keeping in mind a distinction between necessary
report to M5C 108 - Energy storage (fuels)

- Converters (ex: engines, fuel cells,
reactors)

- ‘Abatement technologies (ex: carbon
capture and storage)

X2 : NEWS BRIEF: MSC 108 (ABS)™

y AM7IED O HE 22 9H0|E L Tt

- B 49} Z0| CHA| MBSt MV 22S &XEt

-A7|Ed OHA A=t HEE A8 HA = HES flofl AEE S= HEe ey, & A, 7
= d381 Z2 A #8 WA FUE ALY

- MSC 108/WP.82] Annex 11} Annex 28 Soff &&= UiA A=t MVs S5 2 =2 7|sY 9

Y, 7IE NH 2M/EZE, 7IE M9 AXE Yoot Qg

H 4) MSC 1080lA EYEl A H=2t 71E S5

Chid = s
- s W ORI | H R mom -
oliF| A= oz AAE A= /OfLAX] &E a8d HiE Mo ¥ g4
Fatty-acid _ Fuel Cell Lithium—-lon Wind Assisted Ammonia
methyl ester Ammonia Power Batteries Power Abatement
(FAME) Installations
CO2 Abatement
H.ydrother.mal Dimethyl Ether FLel Supercapacitor _ o - onboard
liguefaction (DVE) Reformin energy storage | Air Lubrication carbon capture
(HTL) fuel g technology and storage
(OCCs, 0ccu)
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x| A= ES
- a5 A A= J|F| T Het oy =
oiF = o=z AAE A= /OfLAX] &E a2y HiE MO 2 ZA
Foils /
. Nuclear Other Battery Hydrodynamic Methane
Pyrol fuel Eth . .
Yrolysis ue thane Power Technologies Energy Saving Abatement
Devices
Methyl/ethyl ngh—Pres§ure Lowl—Fncltlon N2O
Hydrogen Solar Power Composite Antifouling
alcohol fuels . _ Abatement
Cylinders Paints
Hydrotreated Methane/Natural _ Onshore Power
. Gas Wind _ Hull Form
vegetable oil . Metal Hydrides L Supply / Cold
(HVO) (compressed/CNG Propulsion Optimization ronin
. liquefied/LNG) 9

Liquid Organic
Hydrogen Optimal Routing
Carrier (LOHC)

Fischer-Tropsc Propane/Butane
h (FT) diesel (LPG)

Propeller
Optimization and
Propulsion
Improving
Devices
Advanced
Waste Heat
Recovery

Fuel
Blends/Mixtures

A& : MSC 108/WP.8, DEVELOPMENT OF A SAFETY REGULATORY FRAMEWORK TO SUPPORT THE REDUCTION OF GHG EMISSIONS
FROM SHIPS USING NEW TECHNOLOGIES AND ALTERNATIVE FUELS (IMO)’

) ADRE E CF| G1R0] ARSS WolEt 4 Q= A IMO TFEO| O Hoi2 o Zixt Al
- 71E IMO FHIIe| ROIZ A1 MR OH 71FS X4XOR AHE, k=
- MIIETH R IR0 90| Mfo| BENS £71 & H0jRks
SA HRS0| Bk, 0lof] T2t A7|SI B IR £eloR
2G| Q5 MYUS0| Msf) B5l| M Murg £ 9
- OFH M DRI pe Al oK 2O EESE| QUoH EEI BAE X XE Y B Y0 et
ge westr eEE 3
- DE A7laTt R AR BR FEE S M RAOIL Rt EX0| et LIR0| Ofd Moy BE
.I

2 SOLASOIA EZxot0 2 Qs Arde

- IGF Code= M=s &ofi 7tA0|AL Q1ekH0| R2 H=0| MES= St=F of= £HH, SOLAS, II-1,
Part G, 7+ 562 AX| E= 7[A| EIO| XRlekd Hes MEoks 0| IGF =2 XMEot=s AR
- QeHO #A S0l tASE Hmz AMEdke MBI IGF ZEJF MEE=X| (K0 CHet =2ie10] st
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- I{SITI=0] MIQtet M4 Bt X MX|(OCCS)'1 29t HEE HIQIFH OFF XA JHUS Xotohs 2ME
4k 2 324ds YA GIACH, & oA DHYHI WY 2EMS &t = OCCS &3 M XIF
W =2E AEG|2 §olet

- Z30| OIS AHAAED 04X MZ 7122 A7j2 U OF ¢z 220| ZEA7I %S 2E &
%12 /04X KM (Fuel/Energy Storage) B0 Sy B2 X7I517|2 Bolst

fujo

- MIAIRRI 244351971 HOtoHs SHEtM 7|50)| Tt ATt QS QAS T12{5H0] Y HEH A|AH|
(Power Conversion Systems) HF0f| oiE 7|=2 Zeot=E &gt

- |AEA HEH2 MSC 108/WP.8 £4A 20f #AtH0| Cist 4H0| 25t e
HEoloH, 3|E=5 A0z #AE UMALL M2 0|5 k= 25 7ts

RIMofl 316t 237t AS0| AlEE

- Aiote S8 BX S(Wind Assisted Power)2t 32 F&(Wind Propulsion)0l| CHal &12] & = &
2 25 QXGP|2 ZFoI¥oH, £ HX = (Wind Assisted Powen2 &84 49| 519 £3
2 gelotes 28y
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ol oot e ot 882 efote =97t +d8E A2 HIEC=E, IGF Code 3 IACS HE AR
CHot ZHES oM =7t 2%t BI7IE o 2= MMM OlshtAX =E Solf § Ee2 H27t ME5
12) M4 Eta ZE HX|, Onboard Carbon Capture and Storage (OCCS)
13) 4+ HAMAIE (Supercapacitor), O|RHMX| & StLIZ E2|& MotR2ldids 0185 MU HEXR|

14) MAYRE4483], World Nuclear Transport Institute (WNTI)
15) HAZID (Hazard ldentification), H&QAAE, =J| HANAN EFst e, 3H =2 At 50| flcidt H&g Loz £ UEX]

£ NgopiLt Solste BEN YW} Wy

16) HAZOP (Hazard and Operability), ?/gQ4 & 284, M22 AAHS 2AT O YT Q0 28y EXlS It
o5l MIE YAjoP| flet HEeh HHYRIE XIHN UA=XE =Hlols Y9N 2=/t LY
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O Q7 TN
-IGF Code 4.2.2, 84.1, 84.2, 84.3% 7188 Soff YAy MUZFE &3, USE HZ Al Dry
disconnect/connect coupling 20 &5 HAZ HE, | AZ HEd, 2E HZ SHX T AESE
2 QOM, HIA Al M&5H 22| ?{ail Emergency Release Coupler (ERC)/Emergency Release

System (ERS) H&0| @+

g HSotAl %*OFE LIHAl H=SEE0| it =582 AU 2+&He 83

- IGF Code 9.4.7801M H=2sg# 27| #EH, Master Gas Fuel Valve?t AISCE M= ZR2E
SIdEE 20l 4o AaEs A= SV|HEE HARF

- |IGF Code 11.6.2382 AR FH|A AsH7| &8, 7|20 CIE ok
st71 1707t =71 BiR|E =S Eg)q%:lr

o
=
a1
~
«Q
=2
0z
1o
o
%
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1

-IGF Code 12582 ?flgi+9 &, fel+#9 27 Al Zone 12 F=EHE Hzl39 YHIHY
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(O 4) A3l 5k NE AAH> X
Cargo p|p|ng Inner shell -
\. Inner insulation layer o
(Insulation material)

Inner insulation space
(the space between L )
inner shell and outer shell) — Insulation structure

Outer shell
Quter insulation layer
(Insulation material) .

X2 : CCC 9/14, REPORT TO THE MARITIME SAFETY COMMITTEE AND THE MARINE ENVIRONMENT PROTECTION COMMITTEE (IMO)”

17) Revision of the Interim recommendations for carriage of liquefied hydrogen in bulk
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o Ji™ot2 MSC 108Xt MEEAUL &QIE

(B 5) IGC CodeOl|lM CIRE= HSI7HA S T [EL EH R
213 et ey =8 83 Type C TR 0f

Acetaldehyde 2G/2PG X
Ammonia, anhydrous 2G/2PG X
Butadiene (all isomers) 2G/2PG X
Butane (all isomers) 2G/2PG X
Butane—propane mixture 2G/2PG X
Butylenes (all isomers) 2G/2PG X
Carbon Dioxide (high purity) 3G X
Carbon Dioxide (Reclaimed quality) 3G X
Chlorine 1G 0
Diethyl ether 2G/2PG X
Dimethylamine 2G/2PG X
Dimethyl Ether 2G/2PG X
Ethane 2G X
Ethyl Chloride 2G/2PG X
Ethylene 2G X
Ethylene oxide 1G @)
Ethylene oxidepropylene oxide mixtures with

ethylene oxide content of not more than 2G/2PG X
30% by weight

Isoprene (all isomers) 2G/2PG X
Isoprene (part refined) 2G/2PG X
Isopropylamine 2G/2PG X
Methane (LNG) 2G X
Methyl acetylenepropadiene mixtures 2G/2PG X
Methyl bromide 1G 0
Methy! chloride 2G/2PG X
Mixed C4 Cargoes 2G/2PG X
Monoethylamine 2G/2PG X
Nitrogen 3G X
Pentane (all isomers) 2G/2PG X
Pentene (all isomers) 2G/2PG X
Propane 2G/2PG X
Propylene 2G/2PG X
Propylene oxide 2G/2PG X
Refrigerant gases 3G X
Sulphur dioxide 1G 0
Vinyl chloride 2G/2PG X
Vinyl ethyl ether 2G/2PG X
Vinylidene chloride 2G/2PG X

X2 : The International Code for Construction and Equipment of Ships Carrying Liquefied Gases in Bulk (IGC Code) (IMO)?
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18) BAIQMEIL Formal Safety Assessment (FSA): o2 20IA AISEE BT Tt YACZ AF 24 Iof - EH: F
7b - Y HO gor HE - Hiotol| T HIE/0(Q) HIt - QAN CfSt U TAZ T

19) SFEXHMAIAE Cargo Containment System (CCS)
20) Approval in Principle (AiP), ZMaHY I MRASHE HOOIN F2 MEZX| L2 JHE HAN st 2RSS 2ojst

= 740
1o L-= — — A—
2, M7=, AE HAQH £ A AAQ, EF MUROF Mg, HXt Y D2 5 M=2 HE0 tiotd 7|1&, 72, EE X

o Mg, 3sHA EM 3 L HIIE Soff i 7&0] M £ SHYTAE0| MEsH MelaFa BEHES HEsiole A
21) ZHMEE3S| (International Association of Classification Societies, IACS), Zt Z71H2 Q= Mg 7|29 AHSHZAM Sixy

1271 4822 714, IMOO 7|sX2 NES Mot =4 g0 et 38 tMS HS
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' tii=r Work-structure

\
Demonstratlo )

WPG: Subsystems Tes! ing for
Thermo-Mechanical
Validation (TUD)

<Da
m nal
lh Pmt totype. (GBD)

wpg Approval in Principle
=nd General Approval of the
LH2 CCS and HDMSS (ABS)

X}2 : Work Package structure (LH2CRAFT)?

5| LH2CRAFTE Qt3lad KEAIAE] U ofi5jA HYZEAJARIO| CEH RutKO

E
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1S JHEokl UAS

22) THA M3, Bureau Veritas (BV)
23) O|Ef2|0F M3, Registro ltaliano Navale (RINA)
24) 0= M2, American Bureau of Shipping (ABS)
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X2 : The Nordic Green Ammonia Powered Ships (NoGAPS) (Nordic Innovatin)®
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o SR RMolfO| ARLIOF TR T
- SR MEHUO| XtFAF HCHO|EEAE LR2D) LU MAN Energy Solutions®t E50{ 20254 AE312
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I:I

A= M3, Lloyd's Register (LR)
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HMD - MAN ES - LR JDP

1 APPROVAL IN PRINCIPAL
for HMD 50K DWT Class NH3 fuelled MR Tanker

A 3
A HYUNDAI

X2 : BHRRMEHY, ARLOEEIM 2L & QI &S (HDHCHD|E)

) BIRFHAIA(KOMAC)S] YELIO 912 ZE0|L4A A7

- KOMACS UBLIOF 12 £ AARIS ME3H A7D Mt 4

&= 3 ABSEEE AP =53

- YELIOF =8 3,600 TEU ZAHO|LM AA

Xt2 : KOMAC's ammonia—fueled containership design wins nod from ABS (Offshore Energy)?
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