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1. GHG regulations 3. Decarbonization scenario

2. Life cycle analysis 4. Fuel properties




1. GHG regulations
k| =

GHG Xl CHE, CHHIH = S §41 7|= 7l

284

Phase GHG emissions of
ships out ASAP in this
century

|
VisioN »>»> Decarbonization

1
TARGET »p»>

1. Carbon Intensity to decline
- Further Phases of EEDI for New Ships

2. Carbon Intensity to decline
- (tCO2/ton-mile) 40% by 2030 and 70% by 2050
compared to 2008

3. GHG emissions to peak and decline
- Peak GHG emissions as soon as possible
- (Total annual emissions) 50% by 2050 compared to 2008

CO, [mill tonnes]

EUROPEAN GREEN DEAL

REACHING OUR
2030 CLIMATE RS
TARGETS

+ EU 2030 Climate Target
40% — 55% (1990 baseline)

- £ Forest
+ Maritime sector € ey P % cumare P4
TARGETS

- EU ETS (emission trading system) .«
- FuelEU Maritime

Pim: Y
=D «

#EUGreenDeal o

European I
Commission

3500
mmmm Design and technical measures (EEDI) 8.}2}?:‘!;&;&“’% be revieed. and
3000 s QOperational measures (SEEMP the mitigation target can be
P ( ) further strengthened through the
WSS Emissions gap to fill using innovative ~ MEPC 80" (luly, 2023) meeting,
2500 measures, fuels and technologies
— = - Business-as-usual emission scenario
2000
1500
1000
500
0 (@)

2010 2015 2020 2025 2030 2035 2040 2045 2050
Source : IMO action to reduce greenhouse gas emissions from international shipping

A wide variety of design, operational and economic solutions

Achieving the goals of the Initial IMO GHG
Strategy will require a mix of technical,
operational and innovative solutions
applicable to ships. Some of them, along
with indication on their approximate GHG

reduction potential, are highlighted below. 5-50%
Fleet 2 up to T5%
" management, 1-10% -50% Extensive speed
‘ 1’ logistics and Voyage Concept, optimization
e incentives optimization speed and
o capability

5-15%
Power and
propulsion

systems

> 80-100% : 2-20%
& Hydrogen and = Hull and
50-90% &5i0-LNG/LPG  Biofuel 3rd other synthetic g 1-10% superstructure

Energy
management

Full electric\\‘A generation
o
)

Source: IMO action to reduce greenhouse gas emissions from international shipping, IMO



2. Decarbonisation scenario

CreFeh Bt ALtE|2
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GW fleet
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100%
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60%

50%

40%

30%

20%
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* IMO2Q| =7|H=f 7|F, D|2jMc ofl &

I I I Pgo‘(" Fleet Development, Average Year, m. GT
I 27% 2250 | wOil Fuelled Fleet
LNG Fuelled Fleet
2000 | WLPG Fuelled Fleet
(@ m Methanol Fuelled Fleet
@ i 0,
o’ 0| e aciie  Zero carbon fuel: 31%
21% Battery Fleet . 'l“
1,500 = Nuclear Fleet [
o carbon fuel: 23%
N> 1,250 'lIII
15% 1,000 |
G:32%
@\0‘3 750
&®
500
34%
250
R A M A Rt Rt it gt g T o | |
. : EEIZEENISEBEIEBITISZIG
mSingle Fuel mLNG ®mLPG m=Ethane mMethanol =Ammonia & SSEEREEEEEEcEEes
* oo |-'|| £ 9|5t AL Al
Two-Stroke Contracting DF %, kW 2050 OH-'_—I xﬂE 'I"I LI H 0" (=3

Fleet Development, Average Year, m. GT
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mOil Fuelled Fleet
LNG Fuelled Feet
MLPG Fuelled Fleef il
mmethanol Fuelled Fleet
mAmmonia Fuelled Fleet

Hydrogen Fuelled Fleet 5l IIII
-
Battery Fleet = IIIII

whuclear Fleet Zemca[bonrlml 80°A)
, II||| w
1%

%

[

e LR L E R

fRarESHEE SRERR\RE
2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 Source: Clarkso_ns ResearCh’ F_uel_llng Transn_:lon:
WLNG WLPG - Ethane mMethanel @ Ammonts Tracking the Economic Impact of Emission Reductions

Source: MAN B&W Ammonia engine, Motorship PFF conference, Nov. 2022

& Fuel Changes, Mar. 2023



3. Life cycle analysis

HMFE7| FH(LCA)MA 2] GHG 1A

© HMEHQ Mt o1z

co,
T

Combustion

Tank-to-wake

‘é" Photosynthesis COZ,
45 WR i,

Blomass & Transport Productlon Combustion
__cultivation 11
I Well-to-tank Tank-to-wake

Well-to-wake(life cycle)
%“c?odﬂ(e-fuel)
O, or N, co,

(from air) ° T

El

- - DAC "R
r .o
H20 Hz Ror s &

Electricity Electrolyser SyntheS|s . Combustion

Well-to-tank Tank-to-wake

Well-to-wake(life cycle)

Tank to wake
CO2 emissions

VS.

Well to Wake(or propeller)
GHG emissions



3. Life cycle analysis

8 dz H|

Feedstocks

Green
electricity

Natural
gas

L=

%

Biomass
Biowaste

e-fuels Blue fuels

Production

Electrolysis of
water

Ha

b

Steam methane
reforming CcOo,

¢

S
Carbon storage

Biofuel synthesis

Biofuels

0

Liguefaction

-

Ammonia synthesis

Synthesis O

co, Liquefaction

Carbon capture P

Synthesis

Fuels

e-hydrogen

Blue hydrogen

e-ammeonia

Blue ammania

e-methane

Bio-methane

e-methanol

Bio-methanol

e-diesel

Bio-oils

WTW emissions
(% of LSFO emissions)

3%
16%
3%
20%
9%
7%
3%
2%
4%
9%



4. Fuel properties

M s &4

Energy storage type Supply Energy Required Supply Injection Emission reduction

energy density tank volume pressure pressure compared to HFO Tier Il

MJ/kg MJ/L m3*! bar bar % % % %

HFO 40.5 35 1,000 7-8 950 SOy NOy CO, PM

. - 300 methane 300 methane 90-99 20-30 24 90
Liquefied natural gas (LNG -162°C) 50 22 1,590

380 ethane 380 ethane 90-97 30-50 15 90

LPG (including Propane / Butane) 42 26 1,346 50 600-700 90-100 10-15 13-18 90

Methanol 19.9 15 2,333 10 500 90-95 30-50 5 90

Ethanol 26 21 1,750 10 500

Ammonia* (liquid -33°C) 18.6 12.7 2,755 70 600-700 90-95 Tier 95 90

Hydrogen (liquid -253°C) 120 85 4117

Y

LNG

Source: MAN energy solutions, Engineering the future two-stroke green-ammonia engine, 2019

CHMH =0l H80oj S Az W3 8 H[W(LNG A& W3 7|F)

Powered by alternative fuel

Alt. fuel
tank




CHXI=: XMEI A=z

1. LNG

2. Methanol
3. Biodiesel




1. LNG

LNG =7 MOl sig U HAHZH g4

Global Fleet
o " Worldwide growthin.lsNG use andinfrastructure
Global Fleet

(excluding LNG carriers)

Pass. Ferry
Other 8%
29%

Boxship
12%
Offshore
13%
Bulkel

4%

Global Orderbook

KEY PORTS

[

LNG BUNKERING VESSELS

LNG-FUELLED VESSELS

Bulker

Tanker
7%

JANUARY 2023

LNG Carrier
37%

Left image source: Clarksons Research, Fuelling Transition: Tracking the Economic Impact of
Emission Reductions & Fuel Changes, Mar. 2023

\ Right image source: SEA-LNG, LNG-Delivering decarbonisation, 2023




1.LNG
NE7|H AR2A LNG?
HEtEE MZ7|ze 8%, Mg 0|5z A7)

iCER Technology

Positioned adjacent to the engine

© TTW CO2 i ZE +H|
— WTW GHG HiE A

e
%0

£

-

MEGA ehgine with EGR

&2 MZ7|&@ SX UFI| Ax)

Each step along the 2050
way cuts GHG emissions
Source: : sea-Ing.org I}II - =
- QT L5 H X2t (~50%)
- FHE|A2B(~70%)
- dad HE EA (~90%)
Source: MAN energy solutions, Managing methane slip

© HIEHESE (CH4 GWP: X 29.8, over 100 yrs.)

175 MW LNG Hydrogen 4 st. engine | * LNG-=2x Z 4 I
e e Rl W - Z0HH| 1 25 %
4 - co, MZE :30%
- Mg E Mzt

unburned methane

A

-
Source: press release, Riviera, October 26, 2022, HHI-EMD tests new
LNG-Hydrogen engine,

Source : - Transport & Environment, Methane escaping from 'green’
gas-powered ships, Apr. 13, 2022



1. LNG

Synthetic(E)/bio LNG

.- oo & I='|'0|27 |'*(L|qU|f|ed biogas) — ESL shipping

- 100% XAl s} HEO| 2 7tA HE (June, 2020)
(produced by Gasum iit)
- LBG : HXt2lo 2 HE| MASHLNGR 387158 7IA A=
- ESL it= MESXol My}t EE CHH|, GHG & &2 85%7IX|
MzdIlsd 2

 HIO| 2M|EH(12,000 tonnes! 2| HFO| 2 M| Er2 ‘441 X| &) - CMA CGM
- 20214 SEEE 3137} U A|, HIO|SHEt HE AL THs
(HZ7|X ZEOIN 22 67% CO, M) Blhab
1 2%40] LNG 21 0] L44(1,400 teu)O] | 6 - @ﬂ] .
MEHHEREIE 1HU M7 Mo Y28 4 Qs HEY ,
2 3P Q12 7|kto| Opcl AXYA M 7tA ————

H
2
In
Hu
=
|ru
L
1|
n
R
2

©@ d LNG(Synthetic NG)- MAN Energy solutions

S b -sMoam ol LNGSE MTIMOILR] 718 B NG 2 20 tons 2
720 U7 =, - S AR 7|49 LNG CHHI, 56 tons2| O| At3hErA HZH 2t of 4

Availab!



2. Methanol

Muet A2 2 M HIEHS

| o H
HIEt=S 2FStA]: CH;0H (the simplest alcohol) D) HCoOH

HIAM2= ojo] 28k = Tz
(120,000 A|ZH O[&k2] AT 27T A|IZH 2 Q)

HiE= %Z S’8(sox, Nox, PM, CO,)

SA2 ME U 28 HH| FEL (LPG: -42°C, LNG: -162 °C, NH;: -33 °C)

ml lE—F% g E -g—a' OHFE_4I: 1 3 bar Methanol Fuel Availability at Ports

HiEke WA olmat ojo] 12274 E{O]Y 28 = T

=1l
=
nE
bot
>
I
ru
Mo
rm
> Mo
=
[
o
=
rn
o

Source: Eelco Dekker, Methanol plotting a course to

@ I]'II.E_I'% AI‘%O’" EH-6|;|' IO_I‘EAO-l .T_I'_I-In" 6“’2’*"-63: %Ao-l, ﬂﬁ-*—l, El’xH % low carbon pathways, Motorship conference 2019



2. Methanol

I EHE: A

HiEH
- O Hd

=

Blomass

Renewable
electricity

L

l
=R
==

Natural gas

H

==
Brown methanol

Source: www.methanol.org

ATV ErF=VISETSKEECCE] Elcl EISHT EEWU ECI BT Zali OIRVI T 2N alg E
ocean —going vesselsto operate on green' methanol from 2024
(9 strategic green methaaol partnerstips in 2022)

. LLngnn oy

Ly

R Y
i)

)

Main engine: MAN ES 8G95ME-C10.5-LGIM EGRTC

LD )Y

LD DO

Sized by mt/year  Existing @ Upcoming @ To be confirmed

o
Source: Methar{ol Institute, S&P Global commodity insights, 2023
T ————

! L1 L3 oo “:_,__;
HIVIVIplacesiord enfersCimethanol el ed container(©,000iteu) shipss |
willle delivering in 20255 4 '

Methanol supplier: Proman, PTTEP, European Energy, Hyundai coporation, €etc.



3. Bio-diesel(or heavy oil)
HO| L2 E/ X S8

Classification of Biofuels

15t Generation Biofuels

» Also called conventional biofuels. It includes sugar, starch, or
vegetable oil

2"d Generation Biofuels

» known as advanced biofuels and can be manufactured from
different types of biomass. The biomass contains lignocellulosic N
material like wood, straw and waste plastic @ EI-% ),\_I-ga-jl_}ﬂ %!'E %'IJ)I

3rd Generation Biofuels © " el=zg}, 74

» Extract from algae mostly marine algae

7:3; !l:
T

Switchgrass Jatropha Camelina i Agricultural wastes



3. Bio-diesel(or heavy oil)

HHO| 2 C|’22] sl S Ol Al

NYK Line

“Frontier Jacaranda” completes bunker
biofuel trial in voyage, June 30,2021 ...

&) Ship : Frontier Jarcaranda(182,757 dwt bulk carrier)
& Fuel: 7% biodiesel blends

“Hapag-Lloyd bunkers first ship in the
Netherlands with biofuel’, Feb. 4, 2020

Hapag-Lloyd

(@ Fuel : B20(a blend of 80% low sulfur
fuel oil and 20% biodiesel)




4. LPG

LPG =

XM ¢iZ(only to LPG carrier)

LPG Carrier Fleet Age Profile, Million cu.m.

6.0

5.0

4.0

3.0

2.0

0.0

<1990

2
Source: Clarksons Research, Fuelling Transition: Tracking the Economic Impact of Emission Reductions & Fuel Changes, Mar. 2023

Uptake currently limited to LPG carriers!

19951999

2000
2001

2002

d 2888

Conventional

o~

LPG Dual Fuel

g

™~

200
O 2010

LPG, VLS IFO

Engine Designe MAN B. & W.

Contract Bullt Name

o2/2014
o2/2014
0272014
0272014
oa/z014
04/2014
o7/2014
02/2014
o920
o2/2014
08/2013
08/2013
ngo3
1172003

Buitt Name

2017 BW mindoro
2016 BW Baider
2014 BW Brage
2014 BW Frevia
2014 8w Frign
2016 BW Manellan
2016 BW Malacca
2014 BW Hord
2014 8w Tucana
2014 BW Vor

2014 BW Volars
2015 BW Gemini
2015 BwLeo

2015 8w Libra
2015 BW Orion

mDWT

er

mowr
54.647
S4.446
54,446
S4.416
54,446
54.647
54.647
54,446
S4.561
54,446
54.561
54.561
S4.561
54,561
54.561

Technalogy

o1
48542
47384
47.9¢5
47384
47384
48542
8542
47384
47342
47565
47342
a7342
47342
47342
a7342

Model

status
In Service
InService
InService
Insarvice
InService
In Sarvice
InService
InService
InSarvice
InSarvice
In Sarvice
InService
InSarvice
InSarvice
In Sarvice

Technology
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel
Diesel

2011

2012

2013

ther Alt. Fuel

Ratrofit
02072
0572021
082021
1172021
1172021
032022
02022
0772021
1072021
os/2021
062021
1072020
1172020
012021
1272020

m LPG Dual Fuel Conversi

-
™~

2015
2016
207
2018
2019
2020
2021
2022
2023
2024
2025
2026

o
3

Vessel FACTS:
BW Gemini, 84,000 cbom VLGC, Owner BW LPG
Main Engine 6G60ME-C9.2 - 12,400 kW,
* built in 2015 to be fueled with HFO
« converted in 2020 to be fueled with LPG

+ first LPG fueled vessel in the world

+ 14 sister vessels will also be converted to LPG

Compared to OIL - LPG provide
significant emission reductions:
+SOx by 99%
+CO2by 15%
+NOX by 10%
+ PM by 90%




5. OCCS(Onboard CO, Capture and Storage)

MELA HE FEM + MUO|MBIEIA EHAIAH

L

Air Cco, ==
Post-Combustion Fuel [ J [ J NO, | reee———— ..
Power & Heat : 1
: 2. Post |
= itreatment;
¥ CO, = ! ]
Air O, Steam N, Fe system fonI
Pre-Combustion Fuel Gasification I | Reform & Capture Combustion :- ----------- = i COZ_ i
i 1. Usage of | %5 ireduction;
Power & Heat I (net) zero | L i (Storage or |
| carbon fuel | PRESEEERETSFRIUS | discharge) |
_ e N T
Fuel e !
Oxyfuel
2.1 det8 O|M3tEtA ZEH K] (e.g.) . MSIEEA HICH HiE (e.g.) ZHO|{d occs HE HF FT (FLHMAL,
— oA - & o 55 AMA FIXFHAH M2
e T8 & ZH2, XY B, 413)
S gy Wy g :

f 124 choe =» | e

G | eatge cooline ]
T —_

A e e

500m S - i 3
Le@m ST Ry
G"';IJT—J L0 o
= %’XN‘ 'm-czammﬁwmwsnwmwn;coz.m
Source: Jan Boyesen(MARLOG), How ship-based
= CCS supports the transition to future fuels?, Carbon
Source: www.conoship.com Capture & Storage webinar week, Aug.18, 2021. Source: KOREAIT Times, May 1, 2023
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1. Ammonia

2. Hydrogen




1. Ammonia

(o) | |- E
Lol £
HZ L Etx EXE  CO, HIE 210] H™H A 75
o A & 2t 7H5(-33°C or 20°C, 8.5 bar) — LNG CHH| =3 X2 dH| 228
MAMCZ o|O| CHEF ‘44t Sl 285 SHIR 28 5)
T2 BC} 71ASHA 7} Eof et et .
B,
© Ygt Mt dgRct23be| e W3 =e - oHE &4
Supply Energy Required
- — Energy storage type energy  density (ar;kvnlume
© ofH BH(Z S4) 812 AW MFZ BAN) Fo e b
Ammonia(liquid -33°C) 18.6 12.7 2,755
@ OL:LE_CT'D_E-Iol'xI |:|*| HH?I?I-& % Onl'E LIOI- EH7I HH% _*_I _+_§I- Hydrogen(liZuid-ZSS“C) 120 85 4117
© =gt HAMSIE HIE o4& (BE L] B4, £2 XP7|AERE § 7(9)
— [ 8F2| HAMIE MATK E+ M8 EHe S ST
= ame -
s (o] « | = [ ¢« [ ]+ s ’
oA P P s for Tier Ill opefation?
v o] o T T | | Tier Il operation?s .-




1. Ammonia

Lo ATl 7H'E B

©) ole| HAXI|=AL S

2019

ot L|Ol &

2020 2021 2022 2023 2024

Pre-study Project kick-off ~ Engine concept  Engine combustion Full scale engine  1stengine delivery
R&D and emission test to yard
v NH3 combustibility v 4TS0ME-X test engine « Engine basic concept « 1stengine « Full scale engine + 15t ammonia-fueled
investigation. received as platform defined based confirmation at testat RCC engine delivered to
for the ammonia R&D and simulations. Research Centre evaluated for 15t yard.

engine development. Copenhagen (RCC). commercial design.

* Ammonia fuel supply
& awdliary systems
specified and

established in RCC.

v HAZID workshop on
engine concept.

« Specification of
emission after-
treatment done.

v Combustion chamber
15! evaluation.

Source: Peter H. Kirkeby, MAN ES engines for alternative fuels, Motorship
PFF conference, Nov. 2021

ZUQ A2 L|oF A WHI|(FS 4WH) AT 'Y

Supported by:

*

Federal Ministry
for Economic Affairs
and Energy

(R 28H)

e L o |
Reduction in CO,
0% -25% -50% -15% -100%
A
VAN
/7 AN

Fuel flexible today r
2025

s

Fuel flexible today

s Retrofit 2025
X-Engines

Source: www.wingd.com

e~
Al
s
¢ EEICETTT T A HYUNDA
HEAVY INDUSTRIES CO.LTD.

on the basis of a decision

by the German Bundestag A

AMMONIAMOT

MAN
MAN Energy Solutions

2021 2022 2023 2024 2025
MES MOCS
LNG £ o
HIZDFLM TAT

MeOH O O

H22CDF-LM TAT

-

I Jq: H32DH OB.T-
NH, O — .
NH3 DF Engine Development
15GH 0

* AmmoniaMot project

* Indicative: 2020

HZ2CDF Demonstration Test imixed)
rN

& On-board Verification (~2024)

[ ]

(~Dec. 2023)

concept readiness: 2023

v



2. Hydrogen

AA EAl O XX I A El
© 2, 230l H|EY TpA i
@ % N
T
~ o X2 4H| MK L2
© 82 = [EE=
-] . Fuel type energy density | tank volume
N _T'_ (MJ/kg) (ML) ()
HFO 40.5 35 1,000
A — Ammonia(liquid, -33 °C) 18.6 12.7 2,755
@ Ti EE'I- 1u-xH Hydrogen(liquid, -253 °C) 120 85 4,117

Case 1: LH2 powered vessel: | sio
system with Internal.-Combustion Engines
fe— sssssnses
S e ) — —m =
i /hyrogen mirture s M=
Co ]
- _] L Sl
e - asssssssns
HYDROTUG S e D) —
2. Compression = |
| v o 5 . < =
Case 2: LH2 powered vessel: Electric propulsion 57— .c......

\' system with PEM fuel cell e —

3. Combustion ‘

(-
Diesel auto-ignites ™
under pressure o high temperoture -
. — —_— =
\ = —_ fllu +0,

—l ﬂ:ﬂ
Source: www.behydro.be, Mar. 2022 Source: Alexander Feindt, H2 in shipping-Fuel, technologles and ferry
use case, Motorship PFF conference, Nov. 2021







Fuel mass [-]

5. Summary (Toward Carbon Neutral Shipping)

A s FEIM
- 2% 2%, WA B4, 28 253
- 2M[CH 0| 42| HIO| LI E E-diesel
- 0| 2B B, Onboard-CCS &
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© HHYE FEMEG =
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uE
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=
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Option: LNG & Methanol
- (LNG 92 [R) HEt= AXl S 71s HE 18
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Sso
~
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- (Fossil based low carbon fuel A [R) CO, XZ+ $HA| 18,

bN|

2 occsel ®g na
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2 s s 338 S7}EE N
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b s - (RELA QIR A2 O|F [R) ADLIO} SO RELA E =
]
I 5 o= iy
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Source: : Modified from ‘Fuel mix and carbon intensity over time’, Claes

Tretow, Methanol DF operation — an owners experience, Motorship PFF ° -
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5. Summary (Toward Carbon Neutral Shipping)

ol=22| EHEILS} e F& g 21}
. 121 2 A4t
- 32l gdzo] i

Port of Melbourne to establish green Green methanol bunkering project to trial
methanol bunkering hub InSingapere/n 2023

:"Tif”'?f October 5, 2022 ¥y B ® in
EET—— = =

Port of Gothenburg aims to
become bunkering hub for
renewable methanol

MAERSK

PORTS & LOGISTICS.

v April 26,2022, by Naida Hakirevic Prevljak

Swedish Gothenburg Port Authority has published general methanol
operating regulations for ship-to-ship bunkering and is making arrange
to set up a value chain with the ambition to become the pri
hub for renewable methanol in Northern Europe.

into a more holistic pply

Maersk inks green methanol fuel MoU with
Shanghai port
28 Mar 2023 by Jamey Bergman

Memorandum of understanding (MoU) will see the two parties work to implement
ship-to-ship methanol bunkering operations

oo00@ i

BLNG Beliina carried out the first LNG bunkering of an LNG-powered PCTC at the Port of Singapore in March (source: MOL)

Port of Singapore gears up for multi-fuel future
of 2030

17 Mar 2023 by John Snyder



KR’s Decaronization library, portal service

KR DECARBONIZATION MAGAZINE

Guidelines for Selection of Metallic
Materials of Containment System for

| Forecasting the Alternative

BIUEL  Fuel

Ammonia
.5",— shipping use

Our Previous Issues

AMMONIA
AS MARINE FUEL

EGISTER
R&DDivision

N REGISTER = —
e ovsen Providing the best services,

Creating a better world.

IN REGISTER
R&D Division

Ammonia Outlook Report:
Setting Course for a Zero-Carbon
Marine Fuel

PROVIDING THE BEST SERVICES,
CREATING A BETTER WORLD

Technical document to be published
- Methanol Outlook Report (Sept. 2023)
- KR decarbonization guide (Oct. 2023)

. https://www.youtube.com/@TheKoreanregister
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