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10) Commer, B. 2] 391(2022), “Comparing the Future Demand for, Supply of, and Life-Cycle Emissions
from Bio, Synthtic, and Fossil LNG Marine Fuels in the European Union”, ICCT
11) B 1A oA= renewable LNGZ 17|
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,\\.eo (’o‘x& vo“\ o 3 > b'e‘\\ K & «(\o“° & N
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\éf «p“o < (2020 average) dual fuel engine from waste diesel dual fuel engine
s\o 0\ O\@
<« é‘f ?-,&’\e Source: FuelEU Maritime proposal supplemented with calculations in ISWG-GHG 9/2
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13) Ship & Bunker(2023¥ 6% 159%}), “MSC Cruises to Take on Synthetic LNG from Gasum”
14) 7FAA18(2021d 10¥€ 2094, 54, ©45H &4 LNG A 122 YAY Alx
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16) Air Pollution and Energy Efficiency Team of IMO Secretariat(2023), “Update on the IMO Future
Fuels& Technology Project(FFT Project)”
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Xt&E : Meersk Mc-Kinney Mgller Center for Zero Carbon Shipping

17) Meersk Mc-Kinney Mgller Center for Zero Carbon Shipping(2022), "
- What can the industry learn and adopt from regional regulations?"
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- 1 20k 20239 1E HEEO e & JTOHEE MEZAEEY 7[R C1 Green
Chemicals AGO| S£Xt
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s JZHEE 9350 82 7|20/ 252 E¢
Maersk?| JZIHEHE 2N mEL Y HZE g
_ AR (E/ D) T g
AAE =A AedF 202434 | 202594 | '26\dol% Ogji]
ABAEHA RBALZHA RBAEZIAL
1 | CIMC ENRIC =t bio-methanol 50,000 200,000 =
200,000
= _ : LK
2 | European Energy | §l0f=Z | e-methanol ~300.000 o)<, Jo]
3 | GTB == bio-methanol 50,000 300,000 =
4 | Orsted diot= e-methanol 300,000 o] =
bio& 100,000
A O] A ) -
5 | Proman 292 | o methanol ~150.000 =0
6 | WasteFuel o= bio-methano 30,000 o)
7 | Debo o= bio-methano 200,000 =
8 | Carbon Sink LLC. o] =+ e-methanol 100,000 o] =+
bio&
9 | Sun Gas Renewables o= o-methanol 390,000 o=
~ 600,000
St ’
A 330,000 ~750.000 990,000
Xt& : Maersk SL|0[X| S AZ7|A} F2
HEFESFT Y2 OF%] A 0|Lt Maersk?| =X TtEL{M o|F HHOIHME FH
o= W F7tts YN B
- 234 6EY WX S5 MY T HESFIMER2 F 24X FSH 0| F UM
182 Melgt LHHA| MEt2 HE2S 23 = U= S Ed 5 SAHY
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- MMl MEE Fotl UEsE Maersk 20| ZFEAS| CMA CGM, = COSCO, 83 0O0CL,
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10.1-201 9.0-181

<USD 6/GJ
feedstock cost

USD 6-15/GJ
feedstock cost

<USD 6/GJ
feedstock cost

16.4-38.4 14.8-34.6
22.9-50.9 20.6-45.8

1.4-27.8 10.3-25.0

USD 6-15/GJ

feedstock cost e [C=e

From combined

renewable 41.2-81.4 371-73.3
source

From DAC only 67.8-119.6 61.1-107.6
From combined

renewable 12.6-31.7 1.3-28.5
source

From DAC only 14.5-31.7 13.0-28.5

Xt= : IRENA(2021) & Methanol Institute

H7tso|HX[e EEZE @3 7|72 IRENA(nternational renewable energy agency)2t
E

|

HELE RT3 49| Methanol InstituteZt 2021H 3522 RtMdsh XM HX|Z M9
HES MY ENA00(A DZI0EZ| MAHIE OFS CHE

JdZInElE MAHE2 CHEF 50| ME oKX H|E Q5 Yot oo [E Ozl
MAH H| 20| g} HIO|OfA F 7FZ9| 3l Carbon creditd] 2|3t MAH|E HA ==
DAC 7|&2n) &M ™k, HO|QUAZREHO| F& 7[=L™at CHEF MAitof| [ME HIE Hat
S LYot Q00| Foks O/& ZHo =z ofoE

IRENAS| HEAMO| [EM CH7[HOZ HIO|Q MZOM FESte HIO|QMEIES| AL g
MAF H2E2 9 16~51E3, e-HEI2 S 41~81HE{(DACTIOZ O|AISIEIA S MAISH AL

ACH o 12028) =E22 FEE

d

Ol §&, A&, HOfHE 52 Moot MAH[ELRE, FELH9 O MEo| stMAR JHA0|
GJY 1023 QR Mot Toi7tXel NEtH|8 S8 ZotstH 2F 3~10Hi7HX| &2 7t40| &
Aoz FHE

Ol2{st HE2 7|& UM 3| CHE3L, carbon credite] E& S22 2050EH9 H==l
MALHI KO A HIO|QHEFEO| AL GIT 11~42Y8, e-HEF2O| AR 12~32E37HX| WOtZ
Mt

MAH|EO| ZAsts 42 NE2XO|L ZF 2019 E2H4 0| =0t 7tAQ| H It HXY| A
AZ CHH| 2 1.5~6H TN 4SS AeZ 2¢

20) IRENA(2021), “Innovation Outlook - Renewable Methanol”, International Renewable Energy Agency &

Methanol Institute

21) DAC : direct air capture, oJAIst&t4a0] Z27|& A =z 7
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H] SHAslo) & EH|ES Hl
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. Hj 4 2 2 F
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- 20404 O|= Fuel EU Maritime2| T X| I
HiZ20] =2 2HAMLNGe| H|E&2 374 5| M55t

Aot O] SOoAM = HEHE0| 7+

F/HHoR FOMX|HAM O|itobEraot o &
i =9f HIE0| ddH= 7HX|7|

Longspur research®| ¥ &H|8 H|WHAT Zu}
TH2| : EUR/MWh 2025 2030 2035 2040 2045 2050
<Grey fuels>
VLSFO 130 230 580 1,030 1,679 2,079
LNG 92 92 133 583 1,232 1,632
Hydrogen 1,356 1,455 1,805 2,255 2,904 3,304
Ammonia 1,045 1,145 1,495 1,944 2,594 2,994
Methanol 387 487 837 1,286 1,936 2,336
<Low carbon fuels>
LNG 285 285 285 285 285 285
Hydrogen 492 492 492 492 492 492
Ammonia 262 262 262 262 262 262
Methanol 244 244 244 244 244 244
Xt&E : Longspur Research, "Attention All Shipping — Methanol Gains Momentum"

22) Forsyth, A.(2023),

23) ZutEo= grey fuel A=of Z3FEo] Qloif WA o] AHPOo =2 greyds
75k Qlol LNGE SHHLNGE Jtj2 ARESH Zloz 'vol

24) RetA gl HIO]QLNG, T2 4 Hlo]Q FX e-HERE, J3otn

"Attention All Shipping Methanol Gains Momentum", Longspur Research
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 Fuel EU Maritime2| HEEIE 3|m|s} 2lIAdz0| SHE HEZOANZ HEHS0| E
dzldz9 HE0| 71 &2 Aoz ot BtH 2040¥ 0|F LNGe| OzZldz =&Y
H&2 100%0|ALt o0 2&st =&0| & Aoz o4
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Fuel EU HI'ZE| 2|u|E 2I¢t J2H=E ST HE
Green fuel blending levels to avoid FuelEU penalties

2025 2030 2035 2040 2045 2050
LNG 0% 0% 8% 97% 100% 100%
Hydrogen 32% 35% 45% 57% 75% 86%
Ammonia 27% 30% 41% 55% 75% 87%
Methanol 12% 16% 29% 47% 72% 88%

Xt&E : Longspur Research, "Attention All Shipping — Methanol Gains Momentum"

- H2E| 2jL&ez Ogojgzet xaote] AZIAE HER SHTe 4 AR HE2

—

Ctsol 2ot 220 HA| HEE B8O a2 LIEYH

- LNGE= HIEHEEI0| ofst
H|-2 Q125

|'0}'

HiZ0| =2|5tA 285N Cha2| &= OB TR MA§7EA| 2ot

Fuel EU HI'ZE| 2|u] 75 SHTH=O| HRHE
Blended fuel costs to avoid FuelEU penalties including CH4 slip

2025 2030 2035 2040 2045 2050
VLSFO 130 230 580 1030 1679 2079
LNG 107 126 194 281 284 284
Hydrogen 289 297 326 363 417 450
Ammonia 203 206 215 226 241 251
Methanol 106 112 133 161 201 225

Xt& : Longspur Research, "Attention All Shipping — Methanol Gains Momentum"

25) ¥ Fuel EU Maritime & EUQ| 1Al& olateteant 4] tiifolt] mige st B 247tas HE 59
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26) Chryssakis, C.(2023), “Methanol as fuel heads for the mainstream in shipping”, DNV
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27) Cames, M. 2] 291(2021), “Ammonia as a marine fuel - Risks and Perspectives”
28) Alfa Laval 2](2020), “Ammonfuel - an Industrial View of Ammonia as a Marine Fuel”
29) MMMCZCS(2023), " Managing Emissions from Ammonia-Fueled Vessels" &%
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qEL|ofe] 54 ENE HEREMO H2L|OF A R0 7HE Tt EH F St
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ROt =H2 HREA E857|0f 7t REHA2R2 28 & SHLOIH 483t O[F7HA|
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Maersk Mc-Kinney Mgller Centers= 121} 20| HiE X F=)S TSt HA|g

oELiole] SN =F AH HiE U FE3

No  Emission from Source

1  Gasventmast Tank & line safety valve. catch & detox system

2 Ventilation of double wall pipe system  NH, fuelliquid and gas piping in engine room, piping from bunker station to engine room
3 NHa slip from various consumers Main engine (ME), generator engine (GE), aux boiler, GCU, relig. plant, compressor
4 Ventilation of enclosed space Machinery/fuel handling system in that space or from surrounding space

5 Instrument Gas detector, calorific meter, calibration gas

6  Bunker station Hose connection/disconnection. quick coupler. emergency release system

1 3 5
NH, Gas
4
' 4 6
Tank Connection Space N Q‘
Vent Mast | Fuel T T
i
Fuel Preparation Room \ [ 1]

Tank
% \ — Bunker Station
Tank Open/Semi-Closed/Closed
ME/GE/Boiler Fuel  olding —
Tank
Engme Room Space

ﬂr\_)

' e
NH, Solution ‘j/ \!‘ \Jf
B c D E
Ne Discharge from Source
A Deckwater spray system Lekages from piping system and storage tank on exposed deck
B NH;catcher and detox system Main engine, generator engine, aux boiler, GCU, if equipped, compressor
C  Heatexchange fluid Heat exhanger (tube/plate)
D Enclosed space bilge system Leakages from independent tank, piping. stub piece, valve, plug etc. If equipped, local water sprinkler for NH;
E  Water curtain / spill tank system Leakages from bunker hose, quick coupler, emergency release ystem

XtE : MMMCZCS(2023), "Managing Emissions from Ammonia-Fueled Vessels"0|A 21&

- Of2et = f[H0| CHoli FEL[ote] =d0| M0 oKXl s=8 Fe2 00| Iefk|of

Aol s 3= FZ0| 2t IMOL| IGC(International Gas Carrier) code T#83H0| W O]
O|R0{X|1 U0 T LZL|ot Az && Al HEO| 7t A0|2t= FEO| X|HfH Y
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M| Hzep 220 A0M 7t ot SiARZE 7|3 T StLel 4=el 8 g2 olh|
YELIOF 525 &8 sEt LHALH, ATALH S0 2ot JtojEatQlat X|HES
M XS
=2 oo

F2 Mgo| g=Ljor #H 70| =l

Classification Soclety ppm limits for release, alarm, and safety

systems activation

ABS 10 ppm as release/exhaust limit, gas alarms at 25
ppm and safety systems activated at 150 ppm

BY 30 ppm exposure limit, triggering shut down and
other safety measures

Class NK 25 ppm as.release/exrwaLlst hmit., same safety and
alarm provisions as Korean Registry

DNV 30 ppm as release/exhaust limit, gas alarms at 150

ppm and safety systems activated at 350 ppm

Safety systems activated at 300 ppm. Alarm

Korean Register sounds at 25 ppm

Prevent venting in normal and abnormal conditions.
Safety systems activated at 220 ppm and alarm
sounds at 25 ppm.

Lloyd's Register

Source

ABS, "Guide for Ammonia Fueled Vessels®, September
2021

Bureau Veritas, "AMMONIA-FUELED SHIPS TENATIVE
RULES - NR671 - JULY 2022", 2022

ClassNK, "Guidelines for Ships Using Alternative Fuels
(Edition 2.0) - Methy/Ethyl Alcohol/LPG/Ammonia, June
2022

DNV, RULES FOR CLASSIFICATION, Ships, *Part 6
Additional class notations, Chapter 2 Propulsion, power
generation and auziliary systems®, July 2022

Korean Register, "Guidelines for ships using Ammonia
as fuels (2021.26)", 2021

Lloyd's Register, Notice No. 1, Rules and Regulations
for the Classification of ships using Gases or other
Low-flashpoint Fuels, December 2022

XtE : MMMCZCS(2023), "Managing Emissions from Ammonia-Fueled Vessels"Of|A{ Q&
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o HOZ0|M2| Pilot project= = E EL[Ote] HAHZO Cgt X 3XHLs==2 A|T
S)0f Cist QtMd G E St 25 HBHE2 =8 Jts58 A2E AE30)
S ZENEE= T 2471 7|91 7|20 FHOSY O|FM2D £ ofAMALl HRT}
71012 8 HoR Wt
HAHZO| it M 3%} M BIt=E EE AILQE 0% 213t Color Line Of Z4E{DO|'20{|Af
ZL|ote] HHEO| O|FE f 7tA9| =& S0 28 540| o= B Fes O[X[=X|
Hotet
ot HEES XA "AHE Ao OS5t DNvZF €329 Z|=F AlZgo|M HHECS
RA(quantitative risk assessment)S &5t0| O|F0{Z
192 BEo| JlerA MIYYIARRE N0 YHYS JIshe YAO|D UYBLIOH: D4
£ 0o 7tYAl 3 Eo=zRH Sg%es QH(1-ALN X2UIE 718 HAHYMOZEH 4
2dof ot SS= 2H1-B) &= e
20t2 M2-3E 71 HAHE M =RH 440 ship-to-ship HAlez Sg5E= ¢
b= 1200 22 2F Mt 7|l Hato| 25 ZttAl YMAOAM QEL|OHF WESHH
52 Jtednt HYS ot AR AETK| S0Ae +=E2 S2E A B2t ZF =83}
o =2 fldzz EIHE
20t2 £=87ts% =22 BItE|L FIt XX E Z|Ciot +=8510{0f oitCt= 22

30) XFAMIsE UYl-8-2 Green Shipping Program(2021), “Report for pilot Ammonia as Fuel” &%
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Green Shipping Program?| ¢2L|o} HHY Q3= HAE FH
< Color Line E{O/E > < QRA WHE >

ngmnh e m e .

|

] |

Collection and analysis of :

comple mentary data |
y —_
— | e |
scenarios) ' ------- 3

1
A 4 Y

Frequency analysis Consequence analysis :

|

[ y ] :

Risk determination :
; i
Risk criteria |—»|  Riskassessment  f— — —p| m;m:‘,':"::, :
e 1

¥
Finally Accepted
Situation

0R
L)
re
-
N
i
o

| Maersk Mc-Kinney Mgller2]
A5 A2 Lotz FgA| =M
|

g =+ Ao ZE X330

SO YZL|OF M2MF0| ?H

S Alfa Laval S&= 2020 Z-det 7|=H0|H32)E S
FEL o A=ol Sgur My MY 8 HE 2 FE 7|00 oiX|T SES| S 7ts
7 A
=

o
Yool EXfot= A= 7|
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Z0| HSA DO gt =0 257(2] ESFAX|, 7tA7F XEE= €25 S0 X[ 0{0f
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- QHEAIAE”2 THAR| XL ZYEt0] At ASEl= AILHEO0] BEO| E ALz oY

31) APt Y8 Lloyd's Register & MMMCZCS(2023),“Recommendations for Design and Operation of
Ammonia-Fuelled Vessels Based on Multi-disciplinary Risk Analysis”™ 2%

32) Alfa Laval-Hafnia-Haldor Topsoe-Vestas-Siemens Gamesa(2020), “Ammonfuel - an Industrial View of
Ammonia as a Marine Fuel’
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A= : Alfa Laval 2/(2020), “Ammonfuel - an Industrial View of Ammonia as a Marine Fuel”
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HHH, 2030 7HX] 2D L|Of35) LA St H El M HOLEO| 20t 2040
EANX] dA HE T TZHNEE F 71HtECZ oM EF0H =F2 LIEILD o
JdLtore EXZEH-0| AL EFRED e Z2HET 22 Y [IRENA(2022)]

IRENAS| 1.5°C A|Lt2|2= 2050E7HK| 566 E2| 4
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At HAE5H 16WEE F20[0 2030E7HX| DSYRL0OF T2ME= ALt 34HELE

34) IRENA(2022), “Innovation Outlook - Renewable Ammonia”
35) & 2x] 9A] IRENA(2022), “Innovation Outlook - Renewable Ammonia”ojJA] 1835t 4X]Qlg ERoA L
O

It ol Al renewable ammonia® ®7|5t1 Qlon] EuojME A4 JddrUotz ®7|5H7]

36) Societ for Gas as a Marine Fuel
37) SGMF(2023), “Ammonia as a Marine Fuel - an Introduction”
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T O
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A=o| =7 BUHQ HSS XA Aoz 0=, M58 EXNHET}L O|FOX|LL
UASLt +=Q0Hl S22 50| O|F0E + AS AUX|= OFS| OjX|+=¢

700

600

500

400

300

200

Ammonia demand (Mt)

100

o = N M ST N W s 0 0 O d M S N W s o0 o0 O NN M S nmw oS o0 o
N N AN NN AN DN NN MM MMM MMM S Y S Y S S S S W
C O O O 0O 0O QO O 0O 0O O O C O C O 0O O O 0O O O O O 0 O CC O O O O
NN NN NN NN N NN NN N NN N NN NN NN NN NN NN NN N oy

@ Fertiliser applications @ Other existing uses @ Shipping @ Hydrogen carrier @® Power generation (Japan)

XtZ : IRENA(2022), “Innovation Outlook — Renewable Ammonia”
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- JO2IADLIOLS| AL x| M AHZ CHH| 2025~2030 7K 72~205% =2 21.5~457L =
FEst0 JoLt MR HHEHIE S| 2l 2040~2050E 0= 14.8~24.1F 2 77HX| SF2f
o Ao =2 o4

- 7|1E dE UHEJANAN 2 =22 WHOHXE St =48 =8SH= ofo|EZ|E OZIYEL|O}
42 sAXe| stMAr JHAFENA RE = YS A2 = oot AXHES2 12ist &
HE HOA OZI2L|0F CHH| N dS 22T Jtsd = HMAIE

Alfa Laval®| @@ L|O} 7} F=H

S 2025~2030 2040~2050
M4 X|] ML 71 302 2/MWh 30 2/MWh
VLSFO 7124 (USD/GJ) 12.5~15 12.5~15
ME tzL|o} 7t (USD/GJ) 135 135
g2otL|o} 71 (USD/GJ) 18.8~215 18.8~215
JzletegL|of 7124 (USD/GJ) 21.5~45.7 14.8~24.1
sto|E2|= JzletaL|ot 7t24 (USD/GJ) 16.1~215 135

Xt&E : Alfa Laval-Hafnia-Haldor Topsoe-Vestas-Siemens Gamesa(2020), “Ammonfuel - an Industrial
View of Ammonia as a Marine Fuel”
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38)https://www.lr.org/en/about-us/press-roomy/press-release/industry-leaders-join-forces-on-ammonia-fuelled-tanker-project/
39) https://www.Ir.org/en/about-us/press-room/press-release/global-energy-major-joins-castor-initiative/
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40) https://www.classnk.or.jp/hp/en/hp_news.aspx?id=8542&type=press_release&layout=1
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Source: UMAS (2020) LNG uptake “Baseline” case (based on Future 3: “A limited role for LNG”)
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Fuel adoption views,’ Expectations of fuel adoption among those who
% of respondents (n = 23) have a view,? %? of ships operated (n = 15)

[l other

Nuclear
[ Green hydrogen
[l E-ammonia

| do have a view Blue ammonia
E-methanol
B Biomethanol

[l Bicdiessl

E-methane
Biomethane

B Liquefied natural gas

B rueloi

| don’t have a view 35

2030 2050

1Question: Do you have a view on what types of fuel your flests will run on in 2030 and 20507
2Question: What is your expectation of your fleet’s adoption of the following fuels?

“Weighted by fleet size.

Source: Survey of shipping companies conducted October-November 2022

Xt&E : MMMCZCS(2023), "The shipping industry's fuel choices on the path to net zero"
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B Fuel oil, methane, methanol,

ammonia
Fuel cil, methane, methanol,
ammonia, liquefied petroleum gas
4 or more
fuel families

B Fuel oil, methanol, ammonia
B Fuel oil, methane, methanol

. Fuel oil, methane, ammonia

Siuettamiies | Methanol, hydrogen, nuclear
Methane, methanol, ammonia
Fuel oil, methane, nuclear

2 fuel families

Fuel families are combinations of interchangeable fuels, such as heavy fuel cil, marine gas oil, marine diesel cil, and bicdiesel; liquefied natural gas,
biomethane, and synthetic/e-methane; biomethanol and synthetic/e-methanacl; green and blue ammonia; green and blue hydrogen; nuclear; liquefied
petroleum gas.

2Question: What is your expectation of your fleet’s adoption of the following fuels?
Weighted by fleet size.

Source: Survey of shipping companies conducted October—November 2022

XtE : MMMCZCS(2023), "The shipping industry’s fuel choices on the path to net zero"
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