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1. TH| 0L X| 2l F HIO]|20f|L{ ]|
CtHH pol=133]

= 3P HEO| ALE ZAQt HHYIHSHIUX|ENY, S, HIO|R §)2f AL F712 20501 ofi x| o] 4T FE0| Y7Hsofx|= HLE
« HO|20|L{X|E= HEF of|LX| HEL| F2 RO =M, HH| x| SS0M XtX|SHs HIF 0| SXH 6%01[A 2030 13%, 2050 18%2 S7} o4&

[ 2022'F 7|F 2050 71X| 2] of| L4 X[ 2] WS} ]

TUOB
= Other renewables ATYHOILAR] (Z21, B2 S)

. m Solar

= B ke
i B Modern bioenergy ————> H}0| 20]|L4X|
: - - M Hydro
Nuclear

M Fossil fuel non-energy use
. Natural gas: with CCUS
*. Oil: with CCUS
=, Coal: with CCUS oM dE HAH7EA, M| MEHS)
= Unabated natural gas
m— — M Unabated oil
H Unabated coal

2022 2025 2030 2035 2040 2045 2050 ©® Totalenergy supply

0 —eo—&i

Note) TUOB = Traditional Use Of Biomass. Unabated coal, of and natural gas refer to the use of these fuels for combustion purposes without CCUS
(Source: IEA Net Zero Roadmap 2023)

3

2. HHO| 20||L{X| F UK Hio|2e1R

= HIO| 0] X|= CHsH 20| AFSE|H, £35| & S22 WA HIO|LHZRT} HXH 4%0|M 2030'F 10% 0|42 SHE Ao = o &E

[ 222 HO|20)|94X] =5 MY (~2050) ]

Bioenergy demand Bioenergy supply

BO--- E/ R - ---

w

— [
| Pl —
O .
2010 2022 2030 2040 2050 2010 2022 2030 2040 2050
Modern solid bioenergy
@ Liguid biofuels| @ Biogases @ Electricity and heat @ Conventicnal bicenergy crops Organic waste streams
Traditional use of biomass Industry @ Forest and wood residues Short-rotation woody crops
Conversion losses @ Buildings and agriculture Forestry plantings Traditional use of biomass

(Source: IEA Net Zero Roadmap 2023)
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AL
3. 75 228

B HIO| Q& A|XF FO}

- HH 45
T2 H
HIO|Q A1 42 205047HX| K|

Units: EJ/yr

H0o| HO| QM AR 2030\ A7IX| X|&

20| Ho|2 2 =2& TI|X| HFo 2 HEA F

- |
S

=7

371510 7| HIo| A= 2|

= =R-:]
TE=2

g Hio|e ¢ AE H

2, 2050'47IX|=

32 AIR0| 8 Aoz THy

S7HI7H EreE Hoz Hast
A8 HOE MEILL YTHHOR MBI ofzie B3 W oL $2o

Hat (~2050) ]

1990

2000

2010

2020 2030 2040 2050
(Source: ETO 2030 - Transport in Transition, DNV)
5
-I- H =
3-1. HO|Azo| Hat. 2 BE
E2HerHls Mo = 203047X|= HEO| HIO|2HE ALEO|
o a8t 1% S7t8 HO= ot

50%

.

2030 2050

2010

Sy e

2022 2030 2050 200 2022 2010 2022 2030 2050
@ Ol ® Naturalgas @ Biofuels  © Electricity @ Hydrogen & Synthetic fuels
Milestones 2022 2030 2035 2050
Sales share of plug-in hybrid, battery and fuel cell electric vehicles 13% 70%  98%  100%
Twolthree-wheelers 16% 78% 100% 100%
Cars and vans 13% 67% 100% 100%
Buses A 56% 90% 100%
Heavy trucks 1% 7% 85% 100%
Alternative fuel shares 5% 20% 36% 3%
| Biofuels 5% % 12% 3% |
Electricity 0% 8% 22% 74%
Hydrwen 0% 1% 2% 16%
Fualllng infrastructure T i A H o
Electric vehicle public charging points (million) 3 7 18 A
Hydrogen refuelling stations (thousand) 1 12 15 45
(Source: IEA Net Zero Roadmap 2023)

- B EIIRF R S

Xto| Szt 7k&SHE| 0, 2050 0f| =
H|Z0| 90%2 MLE| 7, o|of ufz}
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3-2. HIO|2 QI RO| &t gtT B2

» 2T EE0M= 2030'377HX| HIO| 2R 0]2]Q| CIHE CHX|HR = HAXOo R Sxfjst Mgl
= 2050 0fl= T 7HS T 7|2 WAHE e-Fuel AHO| 37%71HX| F71510, HIO| AR E 33%/HX| X|£E22 F71e Ao = o det

[S5 22 HHE HY (~2050) ] [ 23 2 HIO| 2 A E Mix HY (~2050) ]
3 18 - o . . W SAE
50 -] PtL (Power to Liquid) - = ShA U H7|58) $2
o5 |[H At (Alcohol to Jet) - HiE= 7|3 A g
12 . A 5 I G-FT (Gasification) - =X kA
‘ ‘ e-Fuel 45 [ HEFA (Hydrotreating) - Hl#& Eralg2
i - | 40
I
6 Hfoloiz [ 3
£l
Sl 1
2015 20202022 2030 2040 2050 15 A
@ Fossil fuels @ Biofuels @ Hydrogen Ammeonia @ Methanol 104
@ Synthetic kerosene Electricity
Wilestones 2022 2050 2035 2050 ul
Aviation g .
International and domestic aviation activity (trillion passenger-kilometres) 6.0 109 1.4 165 2020 2025 2030 2035 2040 2045 2050
Avoided demand from behavioural measures 0% 9% % 20%
Share in final energy consumption
Biofuls 0% 10% 225 33%)
Synthetic hydrogen-basad fuels 0% 1% 1% are (Source SyNRG, 2022)
(Source: IEA Net Zero Roadmap 2023)

= 32 £E0AME 2030'E7HX| = HO|2A 27} CHE CHH|H = C| W2A| ZHHE|O 8% +ETHX| 57} o &4
= 2050'40]= HIO| AR, =2, AHL|O}, HEHE S22 Energy Mix7t 0| 4E|H, 1 & HIO|R2LHRO| HIF2 19% +E22 MUY

-

[8ie £& HHE ML (~2050) ] [HeBE vs HZHE]
12 of o mam sn mo
74 X = 2 7E g3 &
6 B I FAME
A . PNE={ 2 AIRE7
=& ! Low Biodiesel t87ts t8 &7t
Hlo|Q¥= '[_J
spere [
Ab
2015 20202022 2030 2040 2050 HVO/SAF Ofo‘gg et A-IIS
@ Fossil fuels @ Biofuels @ Hydrogen Ammonia @ Methanol t&7ts
@ Synthetic kerosene Electricity
Milestones 2022 2030 2035 2050 etLjot/
shipping 1 ol thixyielz ﬂii:'ﬂ-%/#i AtJ-SAF
International shipping activity (triliien tonne-kilometres) 125 145 1685 265
Share in final energy consumption
Biofuels 0% 8% 13% 19%] (2o (2o
: o o
Hydrogen 0% 2% T 19% .
Ammonia 0% &% [T High e-Fuel NS ANEIs
Methanal 0% 1% % ™%
(Source: IEA Net Zero Roadmap 2023)
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~ . 2-stroke QI AFRS} 2-stroke Q1121 AFR3, = 2 57
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[EPTE=ES MGOCH| 1 81 B2 MGOCHE| 1581 22 MGOCHH| 2 5EH e 7|2 FORLRAL SE S0l 2710 U Zuhy
= g =25 - =5 5 =20 Lo Mgl HALY E=/Ce =SS
= 254, &
ok L2 olgf Uesleiyos 2 ol Sreolsry 7|2 FO2RAL et = I
EX A ) N N s
7 A% T COTEPE SIS EOTEPSEIN cozuE 2 NOXNZOMIBZIASHER  erad 2 ezojcRtClS
gk )
Blended Biofuelo|
K =T w(t=1
H|2 Mehtane Sip 42| Ze Bio- e M8t M oS AR 0|2 7| IR TR HaoltEe AR E2g) HZA| LAY 7| AE T2,
== [t e s H 22 TR =42 A4 B8 ZetsHof

(Source: Attemative Fuels Outlook for Shipping, Bureau Veritas, 229)
9

4. GSZEIA B30 HIO|2AMHle

= GSZE| A= B30 (Bio-HSFO) HIO| 2 MEIRE 9HEE 33 AR, e 35X Q15 52 A1 LdEo| Hio|MEtg HE ALY
0] 3. MEPC80 O| % ScrubberS HAst MutE0| Bt HIZE ZH5E sl JLi| MAISa ©= S Srljsirtn AS

GSZHA-HMM, HI0| 2 48 g 22 ZAH|0[H M X AIE

GSZHA HIO|RHWE ISCCEU RIEA ... 2e(FE
U FRAEE R =
120230806 2T 810 +H 20230808 27 #g |oE|tL;A r

HOME - F3 - 2dd
El2tE 'Ho| 2 A4t
SN IS 2R H 33

GSZE|A-Z AT 00| X|2HIBH R, HLO| 8tS: AR
HEl0j 2t

_13_




a GS Caltex

Biofuel Delivery Statement (2187’4 &5 £A, TBD)

BioFUEL DELIVERY STATEMENT

B52) O™l &

2z Bk X

72
oo

™™

- ane g

CHH| 2 4 Life-cycle GHG HIZ (100-year GWP) ]

from Ii Ml

Conventional
biofuel from crops

H=0f w2t B MZo| HabH. 891, HE 7t AR N SMAR 7|4 tHHHRE GHG HIE % ot AX| Y8

Fossil-based

alternative fuel

200 i
150 ‘
= 100 ‘ .
e e e e e T P - - e = - - - -
o
o
2 so . 1
@
=3
2 ‘
&
o
=
B 5 !
-100
¥ ¥ 4 T [3| 8 E |B| B 3 ¥ § §® | ‘B 4
= @ o = 2 a2 g @ = = = 3 1 s o 2
7 Pig B o s ] B 2 B e g 2 2 B | s
2 = 2 = B £ E = B g g = a E = e
8 3 = & [E|] 53 ® |¥|] ¥ B E ¥ ¥ |)3 B 8
E§ £ e & || £ s |2| | & & = = |% &5 &
2 E 3 @ E g O = B g £ = & g =
= 8 =] = e 8 Q = 2 = = = 5 = 5
= 5 = 2 E b =1 oy E S = = £
= o 8 = o > a = = 5‘ % = =
=2 5 E @
Lol a
M Feedstock extraction and biogenic carbon uptake W Fuel production B Combustion Luc
g

Total GHG emissions === MGO (0.1% sulphur)

Source ICCT, http

(Source: Altermative Fuels Outlook for Shipping - Bureau Veritas, 229)
12
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H53) #= 5 7|50 wE Ho|H = Hit

Vegetable oils =

s L Nydroprocessing

. Transesterification

Rencwable diesel
(BTL
Syngas
Methanol
Biomass-to-liquid synthesis
Gasification, pyrolysis, Bio-oil
HTL

Biomethanol

Hydroprocessing Rf‘nI.I:E:::rrlllir diesel

Biocrude
Hydrolysis

r/
crops Fermentation Bioethanol

. S >
pasnnbas Ajjjenb jany Buisesssug

Aviation

Road

Anaerobic digestion Biogas . I‘iﬂIm-:'li;:l‘(lnw e ;_-7-- ) Heat/power
|
Key . Feedstock . Technology . Intermediate/product
(Source: Argus Presentatior)
13
54 =2 HY & Availability
= 2030 22 HYE Availabilitys €7t 5 38~53MOLE ~Fo = HUE
Availability of waste and residue’ feedstocks —
regional split.in 2030
(Source: Neste, 2023)
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Navigating biofuel utilization in shipping sector:
Global regulations and Technological challenges

Gunfeel Moon
Alternative fuel technology research team
Korean Register
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Introduction

1. Global(IMO) GHG regulations
2. Local(EU) GHG regulations

3. Precautions when using biofuel

Global(IMO) GHG regulation M

¢ IMO GHG Strategy(through MEPC 80th session)

() GHG emissions to reach net zero by (close to) 2050 © Approval of interim guidance on biofuels (MEPC.1/Circ.905)

» Indicative checkpoints:

- Reduce GHG emissions by at least 20% by 2030 account for well-to-wake GHG emissions
- Reduce GHG emissions by at least 70% by 2040
1. Satisfies the Sustainability Criteri ding to th
@ Zero/near zero tech./fuel/energy source uptake at atisties the sustainability Lriteria according to the

least 5% by 2030 (striving for 10%)
() Agreement of a plan to develop and finalize mid- of WTW GHG emissions of MGO fuel
term GHG emissions reduction measures

2020 0 Ernissioen Per
Bornpon Work Reduciion: &%

» Pending the development of the comprehensive method to

international certification system
2. Reduction of more than 65% compared to 94 gCO,.,/MJ

(i-e. achieving an emissions intensity not exceeding 33 gCO,,/M)J)
3. CFyiofuer: Certified value multiplied by its LCV
(For blends, the CF should be based on the weighted average

T
LB RetucHon: 5%

Bane yea for

ooa:
o | Fotal GHG Emisiorn

| 2030; CC, Ervissions Per

| » Transgorl Wk Reduchion: 47%

Ernisiion Fuels Uctole:
(Sivbeag Rt 10|

(9 o er
et retucen T8 4. In any case, CF value of biofuel: >0
(CFuncertified biofuel = CFfossiI fuel)
S 5. Interim guidance revoked upon greenhouse gas
Errissicrns R tion; . . . . .
s | methodology implementation via LCA guidelines.

2030 TeweyNiwar-Jawey G

of the CF for the respective amount of fuels by energy)

_20_



Global(IMO) GHG regulation

¥ Confirmation of conversion factor of biofuel and its blends

OEHITEEENAE

1. Confirmation of whether or not the sustainability criteria @ scc F RSB
are met through an international certification scheme P

2. Confirmation of the WtW GHG intensity value

E= Eec El Ep Eld Eu® Esaa  Eoos - Eoor
+ + 200 + 648+ . | : = 2648 gCOZegh

—>
3. Check the calorific value of the biofuel, 0.0375 MJ/g*
* EU RED Il Annex lIl, FAME’s value

4.1 Determination of CO, conversion factor of biofuel
CFp19o = E(8C02¢q/M]) X LHV (MJ/g)
= 26.48(gC04¢q/MJ) X 0.0375 (MJ/g)
=0.993
4.2. CF Calculation of Biofuel Blends (70% HFO + 30% Biofuel)

Fuels Blending Ratio CF Fuel cons.(ton) LCV(MJ/kg)
o — ne SEERE— HFO 70% 3.114 6515.3 40.2

S i i ok T e ——
Biofuel 30% 0.993 2792.3 37.5

e e T =~cerhi oy

o b bt e et e i —
iy e
:—!N_—-I-—I-- L +
A e e R e LCVhroxCons.poXCFHpo + LCVgjoXCons.pio XCFhio

e e e e ]
e CF
B30 Energynro+Energygio

_ EnergyuroXCFuro T EnergygioXCFpio _ 2.508
Energynro+Energygio )

Local(EU) GHG regulation M

VONTITRUEAAE

¢ EU ETS ¢ FuelEU Maritime

GHG Intensity Limit

() Applied ships: Ships with 5,000 GT from 2024 ) Applied ships: Same as EU ETS Year (9C0zq/MJ)
(Inclusion of 400-5,000 GT to be evaluated in 2025) @ Reference 91.16
GHG emissions: CO,, CH,, N,O rom 34(-2%
© GHG emissions: CO, from 2024 a e TR Emm :zzz :: :ZE;/{;
(Include CH4 and NZO in EU ETS from 2026) @ CoZe calculation method: From 2035 77.94(-14.5%)

Well to wake (whole life cycle) From 2040 62.90(-31%)

F 2045 34.64(-62%,
() Voyages: Same as EU ETS om (-62%)
From 2050 18.23(-80%)

) €Oy calculation method: Tank to wake

() Voyages: 100% of intra-EU voyages
50% of extra(in/out)-voyages —

EU ETS 2024 2025 2026
CO2 cost from 2020 base levels (tank to wake) 40% 70% 100% -

Ex.) No penalty until 2039

() Biofuel certified under EU RED’s criteria . "%ggﬂgs&

: CO, considered zero -

SR — N—
oY) o . M A M T “
Kl ompn s W\ Her
_,r'l'"r\.f'h‘-"r PR P L fond 1_u'rkf Y \
A llj' ot

!
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[ L]
Analysis of Cll rating M
OEHITEEENAE
¢ CIlI Rating status(abt. 2,000 vessels) and improvement Methods
All ships | — ) Need for improvement in Cll ratings
e L] ::!I‘::nglshw
E = GereralCamnShip

. — - mﬂ‘m‘&h*lﬂmr ) CH Rating

L — . e il =5

5 [ ke st e ! c

s ¥ | - -

- =
100
%
1 U ke % ® -

€1 Rating

Bulk Cal:rler Tanker Container LNGC} -

N A — :.I

S~ 65% 8% .. 61%
Acton requines from 2007
Source: Donggi KIM(KR Green Ship Technology Team), KR Decarbonization Magazine, Vol. 04, Autumn 2023 T retain rating C 7

Biofuel as an alternative marine fuel

1. Alternative marine fuel 3. Precautions when using biofuel
2. Characteristics of biofuel for ships 4. Case study
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Alternative marine fuels

(ARRITREEAAY

¢ Potential of various GHG reduction methods for achieving net zero targets

() Technical measures: up to 75% reduction () Comparison of lifecycle GHG emissions by alternative fuels

() Operational measures: up to 50% reduction
P P

Hull and
superstructure

5
T B8
© Alternative fuel application: up to 100% reduction : = TW CO2e per fonne (HFO equiv)
> Biofuel(FAME, HVO, FT-diesel): A ‘drop-in fuel’ suitable for § WTW CO2e per fonne (HFO equiv)
ICE, addressing short/mid-term regulatory compliance £ o —TIW HFO

2 5 — WIW HFQ —— WTWHVO (RED Il

E

£ 4

2

5 3

2

5 2

i,

g

8 0

Q (LY =3 T = =

H z = IR g8

8 g & € =

g =9 B z T O

= - £ © & =
9 2 g T
3 5 2
< 3

Methanol (Blue/Green)

Alternative marine fuels M

¢ Alternative fuels applicable to ship (only ICE)

) From a WtW(Well to wake) perspective, to achieve net zero goal,
» Grey Ammonia — Blue/Green Ammonia
Grey LNG — Bio/E LNG . . .
Grey Methanol — Bio/E Methanol e eseBiofuel biofue blends
(FAME, HVO, bio heavy oil, FT-diesel, etc.)
Grey LPG — r(enewable) LPG
HFO/MDO/MGO — E diesel, Biofuel(FAME, HVO, FT-diesel, etc.)

7 R Main fuel: Blue/Green ammonia
Ship type Operational mode Bio/E LNG, Bio/E methanol
Renewable LPG

YV V V V

Existing ship Only diesel mode
(Mono fuel engine) - Conventional fuel oil
- E-diesel

- Biofuel or biofuel blends
(FAME, HVO, Bio heavy oil, FT-diesel, etc.)

Existing ship or Diesel mode
new building shi - i i i
| fuel 9 f P Cor}ventmnal fuel oil £, * Two stroke fuel mix forecast towards 2050
(Dual fuel engine) - E-diesel E " - 349
. . = Single fuel: 34%
- Biofuel or biofuel blends & Amnonia: 279
(FAME, HVO, bio heavy oil, FT-diesel, etc.) e - Methanol: 21%
Gas mode EYE Y
- Main fuel: Ammonia, LNG, LPG, Methanol PP LOSPOIEPILEECEIFI I LELFPELLIF IS
- Pilot fuel: Conventional fuel oil or #Singe Fuel WING WLPG sEthane ®WMethand  » Ammonia

Biofuel/biofuel blends
(FAME, HVO, bio heavy oil, FT-diesel, etc.)

_23_



Characteristics of biofuel for ships

(ARRITREEAAY

¢ Representative biofuels for shipping sector

() Definition of biofuel (Cambridge Business English Dictionary)

» A fuel that is made from living things or their waste
and is less harmful to the environment than other
types of fuel

() Feedstock conversion routes to marine biofuels

Feedatock [ Fuel precirsar |

Processing

Ermm | e

Linucsiumis
Blcenses

) Process pathway and TRL of biofuels

Process pathway and Technology

Fossil fuel  Type of Readiness Level(TRL)
4 Feedstock
replaced biofuel Process Process
TRL TRL
step 1 step 2
Bio-methane l‘:_naerz_)blc 9 | Upgrade
igestion Agricultural residue,
LNG 9 | sewage sludge, food
Synthetic Anaerobic 9 Me:ll:an_e 9 wastg
natural gas digestion synthesis
from CO,
Anaerobic Agricultural residue,
digestion 9 sewage sludge, food
} 1 |gi b | |to F Svnthesi 9 waste
Gasification 7 Lignocellulosic
of biomass biomass
Residuals & | FAME Trans- 9 - - Waste fats, oils,
distillate esterification greases(FOG),
(e.g., HFO, Hydro- vegetable oils
VISFO, MGo) |HVO processing | 2 - - (palm, soy)
" Lignocellulosic biomass,
Fast pyrolysis . " y
Residuals | (FP) bio-oil Pyrolysis 8-9 | Upgrade forestlgé:%nceultural
(e.g., HFO, 6 il
VLSFO) Hydrothermal | Lignocellulosic biomass,
liquefaction liquefaction 6 | Upgrade forestry/agricultural
(HTL) bio-oil |'¥ Residue, wet waste
* FT-diesel: Process step(FT synthesis). TRL(6/8)
Bio heavy oil: Byp of the biodi f: ing pi ( )

Characteristics of biofuel for ships

¢ Air pollutants from ICE using biofuel

@) Approval Ul regard to biofuel (MEPC.1/Cir.795/Rev. 6)
» Biofuel blends(<30% by volume)

- Treated as conventional petroleum-derived fuels

(No special NOx emission trials or evaluations)
» Biofuel blends(>30% by volume)

- If the NOXx critical components and operational
values align with the engine's Technical File, then
there's no need for NOx emission trials.

- If needed, verify engine's NOx emissions meet
MARPOL Annex VI and NTC 2008 using specified fuel.

) NOx emission trend of biofuels

NOx emission

Fuel type
Decrease Increase
FAME - 10-20%2
HVO 0-20%" -
FT-diesel 0-20%"> -

VONTITRUEAAE

(&) SOx emission: Closed to zero (in case of neat biofuel)

5% m/m

% mym Biofuel Blend in Fuel

(] S, e 104

) BC emission: decrease with the application of biofuel

- MGO
50
- 00

EShimethod!

e
o

eBC (mg/m*)
5

=
B

g EERED

E S0% 5%
Engine Load (%)

o
Engine Load (%)
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Characteristics of biofuel for ships

OEHITEEENAE
¢ Biofuel price forecast

Estimated

() Comparison of the biofuel price

" Fuel Feedstock pm?::: en mz';it?;Ie
> Alfalaval report(2021) 2 R (USD/GJ)
- FAME: approx. 2.6 times compared MGO L s C rame |vesetableoi| 20t 13t0
- HVO: approx. 3.5 times compared MGO P H waste FOGs > 22
> 1CCT report » - Cwo |umal e | g
- FAME: 1.3 to 2.2 times compared MGO é - — " —
- HVO: 1.5 to 2.4 times compared MGO . l l . diesel |lodi biomass| 66 ar
- FT diesel: 1.5 to 4.1 times compared MGO ) \ « Basod on MGO price 16 USO/M
> MMMC report 9 M e e M

- Bio oils: In 2030 and 2050, approx. 2.2 times
compared to LSFO

) Analysis of the biofuel price
> Biofuel price: FAME < HVO < FT-diesel

-2 = -
» According to the MMMC report, while the price of " i 25 o
bio-oil is expected to remain stable, it is reasonable : = ;| i
to predict that the price will increase due to ' 2 S
competition for biomass with other industries. - DR W
S 2022 AEY 2058 2050 v [
Road 5% 11% 12% 3% .
z;"‘;:iiir’ha’e Shipping 0% 8% 13% 19% =5 .
Aviation 0% 10% 22% 33% - .

Precautions when using biofuel M

VONTITRUEAAE

¢ Potential issues from biofuel use and corresponding solutions

() Oxidation and storage stability

> Lower oxidation stability with higher oxygen content— more prone to degrade over time
— the formation of acidic products (possibility of accelerating formation due to increase in water content)
— 1. Affects the fuel compatibility,
2. increase sludge build-up potentially clogging filters, separators and injectors
3. Corrosion of the fuel system’s components lead to damage of fuel pumps, piston rings and injectors
> Expansion of fuel storage period through additives (cost & rare usage)
» Proper tank coating / frequent tank cleaning / more frequent bunkering

© Microbial growth

» Water affinity of biofuels — Risk of microbial growth (microbial require moisture to grow and reproduce)
» The most effective way for reducing microbial growth: control of water content

» Draining of fuel tanks more often and frequent water level checks

» Increase sampling frequency of biofuel blends in tanks

> Addition of biocides is not recommended due to environmental and health concerns.

(@ Deleterious materials

> Presence of deleterious materials (unreacted feedstocks and by-products) in biofuels
Glycerine, as a by-product in transesterification process, can react intermediates
— Clogged injector and form deposits on valves, pistons, and injector nozzles

» The biodiesel should not contain Free-fatty acid, methanol, glycerine, or glycerids.
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Precautions when using biofuel

[0y LR
¥ International standards for marine biofuels
) International standards related to biofuels (&) WA 2: 2022: Development of a national(Singapore) standard
> 1SO 8217: allows up to only 7.0 v/v % FAME in for marine biofuel to support marine biofuel bunkering
distillate (DF grades) marine fuel » As a quality standard for biofuel blends, it contains up to
0 [
» HVO quality unspecified in marine fuel standards 50 volume % or mass % FAME
(EN15940: standard for automotive paraffinic diesel fuels) > FAME for blending: Compliant with EN 14214 or ASTM D6751
FAME (EN 14214)  HVO (EN15940)
Properties s S
Min. Max. Min. Max. ) i

Cetane number 51 - 70 R
Density @ 15°C [kg/m3] 860 900 765 800
Flashpoint ['C] 101 - 55.1 - —
Viscosity @ 40°C [mm2/s] 3.5 5.0 2.0 45 Specification for marine biofuel
Lubricity [pm] - 400
Aromatics [% (m/m)] - 1.1
C residue on 10% distillation residue [% (m/m)] - 0.1
Sulphated ash content [% (m/m)] - 0.02 - 0,001
Water content [% (m/m)] - 0.05 - 0.02
Total contamination [mg/kg] - 24 - 24
Oxidation stability @ 110°C [h] 8.0 - - 25
Acid value [mg KOH/g] - 0.5 - 0.01 3%’{‘"‘
Cloud point [C] - :;g((m))

Case study M

TSR
. . . .
¢ Cll rating improvement with biofuels
Vessel type Vessel information Fuel type *Assumptions .
1) same travelling distance and route with fuels
- Deadweight: 120,000 tons - Case A: HFO 100% (Base) 2) In the case of biofuels and mixed fuels, 50% of
Container - Gross tonnage: 114,200 tons - Case B: B30(HFO 70 m/m% mixed with Biofuel 30 m/m%) the fuelis substit based on the mass of HFO
(10,000 teu) - Distance travelled: 70,000 nautical mile - Case C: B50(HFO 50 m/m% mixed with Biofuel 50 m/m%)
- Fuel consumption (HFO): 18,240 M/T - Case D: Biofuel 100%
| Photo of PCTC vessel completing biofuel L
blends test
¥
E
g 7.000
i
3
o
2 6000
Source: https://www.vesselfinder.com ;
3
£
£
Fuel type CO, [tons] Attained Cll [gCO,/dwt.mile] ,g —
Case A (HFO, 100%) 56799.4 6.762 g_
Case B (B30. 50%) 51745.1 6.160 &
Case C (B50, 50%) 47778.4 5.688
4,000
Case D (B100, 50%) 38107.9 4.537 Fasa Su3A 2025 1024
Year
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Summary and Suggetion

Summary & Suggestion M

Step 1. Checking the current status of your vessel under GHG regulations

» Confirm the moment of regulatory non-compliance
» Verify the annual GHG reduction rate to be achieved

Step 2. Review of GHG reduction measure implementation strategies

> Verify the GHG reduction characteristics for various measures or combinations of measures
of the ship, concurrently analyze economic feasibility

Step 3. (If) Applying biofuels as a regulatory response measure
> Selection of biofuel supplier: Review WtW GHG intensity, LCV, fuel quality, Verify technical and =

operational issues with the engine maker/equipment manufacturers of the respective ship, etc.

Step 4. Bunkering and operation of biofuels

> Upon first use, consume the fuel as quickly as possible
» Identifying and resolving issues — Considering increasing quantity and/or usage duratior

Step 5. Verifying GHG reduction characteristics for the last year

» Comparative analysis between predicted and actual GHG (Greenhouse Gas) emissions
» Move to Step 1
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Appendix | - Pilot project for marine biofuel

[0y LR
4 Promotion of the marine biofuel pilot project underway
() Pilot project (Sep., 2023 ~ Dec., 2024) overview
> Project lead: Ministry of Trade, Industry and Energy & Ministry of Oceans and Fisheries O e el Ministry of Oceans

KPetro(Korea Petroleum Quality and Distribution Authority)
> Duration: Participating shipping companies: HMM, H-LINE, GLOVIS, SINOKOR
> Ship and navigation route(as of October 24%"), mainly B30(HFO 70% + Biodiesel 30%)
1. HYUNDAI TACOMA(HMM)
- Route: ROK(9/15) — Singapore — Brazil — India — Singapore — ROK
2. SILVER RAY(HYUNDAI GLOVIS)
- Route: ROK (9/16) — Western United States — ROK
3. HL SUCCESS(H-LINE SHIPPING)
- Route: ROK (10/9) - Australia - ROK
> Plan: 1. Establishment of criteria for the use of biofuels in ships under domestic law
2. Confirmation of biofuel quality characteristics
- Land-based test: Verification of performance and environmental impact
- Sea trial: Confirmation of stability and durability

3. Establishment of biofuel quality and performance evaluation criteria (Revision of public notice)

Appendix Il - Abbreviations and Acronyms M

VONTITRUEAAE

BC: Black carbon GHG: Greenhouse Gas
(SU7H2)

CF: Conversion Factor HTL bio-oil: Hydrothermal Liquefaction bio oil
(HE A=) (Z5 A3} HO|2 HR)
EN: European Standards HVO: Hydrotreated vegetable oil

(2 M2l AEY HB)
EU ETS: EU Emission Trading System ICE: Internal Combustion Engine
(EU HHEH HaHH) (Lhet712h
FAME: Fatty Acid Methyl Esters LCV: Lower Calorific Value
(RI%A M o AE|2) (GEES-E))

FOGs: Waste fats, Oils, Greases TtW: Tank to Wake
FP bio-oil: Fast Pyrosis bio-oil Ul: Unified Interpretation

(S5 Y26 o2 A7) (Y BYslA)
FT-diesel: Fischer Tropsch diesel WTW: Well to Wake

@A EEH O

20
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ABETTER WORLD

Gunfeel Moon
Alternative fuel technology research team
E mail address : gmoon@krs.co.kr
Team : mer@krs.co.kr
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1. S| 2 M ALQ| & El M

¢ IMO GHG Roadmap

7|E (2018'd) 7174(2023'd 7€, MEPC80)
20084 7|& 20084 7|&
EbAZIOFE : 2030 (40%), 2050 (70%) EFATIOFE : 2030 (40%)
=2k 20504 (50%) GHG HIZ=ZF : 20304 (20%), 204014 (70%), 20504 (Net-Zero)
________________ e
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GHG mRE! B0% TS 205023 Axl

GHG miS & mias

2008 ZO018{ah GHG studhy) 20320 2040 2050 2100
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A 247t
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As-is

HUX =& 7S At A

To-be
Hztd s detg et A

Remark

- Ol X =& 7 X|& 2R
(BHY &)

Tank to Wake H{Z 7%=

Well to Wake HiZ |4

- G2 MF7| Bt

*

Ammonia Methanol

Emissions from
production and
transgportateon

WELL-TO-TANK

co2 CO2, CH4 N20
Mute X (EEDI, EEXI, ClI) MEHFleet) T#A| (Oll: FuelEU Maritime) | -. MEh MOfF=7| 18, =Xt= MEF WA
0

CHH|HE (Alternative Fuel)

TANK-TO-WAKE WELL-TO-WAKE

.
BN et Emissions Impact

Emssions from
burning or using
Aan energy source

+

PN|

¢ IMO HiO|2AH =T AA|X|

(20234 108 M &)

- ]

» MARPOL 1 26, 27 & 28(DCS A CInof| [H2 HIO|2 = AREO| CHE A X|E (MEPC.1/Circ.905)
v Ho|@ A= o| MEF ALED} 0|0 [HE 247t HiEY Z5S ZLSIIAL HiEA 5= =2 :
VOIS 87g 558 H0|QAE| 22, cll HA WolM “HiPd(wtw) 7| E i EA = (ChH” X
- A ASHA(SCC, RSB S)E £ 21T X 00 [HE X|&£Itsd 7|& UF
-sie IS0l et M A E MGOS| 24Tt WW HIEZ 94 g CO,,/MJ CiH| 65% 0|4 2=
v 2 YAX[EZ LCA Guideline|| 2|3t GHG HIE% H7} WHEO| L= FA| HEzld
> (KAl) HO|2QlE HiEAH - ienly Gpcoseytiy— 1Ticv pavky [ciconyr| B
Vv S8 500 M/T (B30) i e T T
v WEW GHG Intensity : 14.9 g CO2eq/M) o e
v LCV(Bio) : 37.2 MJ/Kg R
- CF(Bio) : 14.9 x 37.2/1,000 = 0.554 e e T
CCRER) B W HIE oA 7tE B N ————
BioFuel 30 150 | 37.20 0.554 5,580.000 )
(Cons VLSFO x LOV.VLSFO x CF VLSFO + Cons Bio x LCV_Bio x Cf Bio) _ P e —
(Cons_VLSFO x LCV_VLSFO x + Cons_Bio x LCV_Bic) RE |G (@CO%eq/al] Oy (BDN) O
BAL HFO 14 4888 1.522.1
V BAU ChH| 23.3% SA7IA 25 A
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2023 2024 2025 2026 2027 2028 2029 2030 2031 2032 2033

Vv Cll Reduction Factor : 20274 ~, OfH 2.75% H&(717)
Vv B30 247tA T8 233% HE
v Cll 7§ M H|-&(USD/ACO,) : & 325(3t=, A7tE), 177(2EHEE)

Bio-diesel Bio-methanol e-Methanol
=y 130 70 240 15 452
(USD/G)) : : : X .
CF
(WtW) 93.6 14.9 20 0 0
ez 102 . 1 1 1
(MJ/Kg) 0. 37. 9.9 9.9 86
GHG &% HIE
(USD/tCO,) - 177.9 3384 662.4 3494

- S1& T} Source : (KR) A Case Study on Economic Feasibility Study of Ships Using Alternative Fuel, /11 tt7t H-&

3. HO|2AH =] 2472

7= HO|R A= AL0]| CiTh 24 7tA 2 I s N
EEDI / EEXI a3 glg Zl e L
cll = BE Al 45 7Hs (3H 9F, Wiw 7|F 33 g CO2eq/MJ O[3t £5) v A e
EU ETS / MRV Z% 7bs (Sustainability Criteria 358 42, HiZE 022 47H o4 <, \Z
FuelEU Maritime “4= 7t (ME A AR A= 7|8 Bio|2 AR H Q) i

Emission reductions

@ 5 Tecmony

[*EP}_] Scope 3 IE_I-—+—IC->| E%7H 9_' -?— & 6‘" -g— J E._'A1 HI ﬁ Maersk and Amazon finalise ECO Delweryj%r:alﬂ:\:rﬁ“h B

2NE Che ‘23 ‘24 ‘25 ‘26 ‘27 ‘28
LR 5002 1, HTAL2Y-HEHAL
OB LY #2502 1 QUEY 4HL R2 1 @S A 2HY R2 1
A F2H 014 BF
Y [emza71g = o5gd 4 500 1 ooEY euE = -
@B 48B 92 1 A T 27) O|A £ (R07|2t 21) lsJ:rf::enkcu signs up 1o Hapag-Lioyd ‘book and claim’ green
EUW B57| 2] & OIEY = 55 277|8 &
HE O AS 7Y " 1) G il . &
rvi
USA | A% Z77|Q (AIZ 075~72 2] & OjE 12 S 1) reen Sailing Service  from umm
Carbon Insetting Procedure
S BATIY AMB 075 R |, AB075~7Y HE 1 K OIEY 1Y e ) T’
]
1ssp | =7H2 GAAP(Generally Accepted Accounting Principles)oll 2 gt S X2 (=2} »“ & | 1§ }‘
HEES MMt 5 E 7|9 | et Dot

- Source : KDB At12% (2023. 6. 19)
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¢ I A Bunkering ¥ &F Atz 274

2
0z

M8t Hyundai Tacoma (6,350 TEU Z1E{|O[L{ )
22 : FIL (Far East — India — Latin America)
Bunkering : 500 (HFO 70% + HIO|2C|"2(UCOME) 30%), 9/15 £

@2 3N GsTHYA

AHE 7|17] : FFF 7|2 Main Engine) & 2 7|2 (Generator Engine)
o8 108
A8 712F:10/10 ~ 16 (% 6~7Y), Q1= — HatE &3 77t + — :
° B = = e sy OE AR EN Bz Az

>

>

>

| 4

p A= ME EAM ZADb: On Spec. (47|13 : VPS, & 35 4Q)
>

4

> AHE = A : HFO Purifier 7 B A 9 M/E Piston Ring & Cylinder Liner 4 Z1t &Ef ¥
>

Mut o|A ; 7|= R ot X10] S, (T B2 A2 7|7t 0, O B2 Track RecordE E8F 24 T Q)

5. Hlo|2d 2 28 X|E

¢ Ho|2ARS| £E4H

» Drop-in Fuel : AH| 7§ GI0| SA| A8 7ts53% ¢lg

IT o
> 9 Hu p dE ME FA Zu (12712 23
Fuel Property Unit MGO FAME HVO B30
Cetane Number - 40~55 50~65 80~99 As load Asload 6M 12M Asload 6M 12M
Density at 15°C Kg/m3 0.82~0.85 0.88 0.77~0.78 Density @ 15°C
0.9691 | 0.9445| 0.9474 | 0.9498 | 0.9314 | 0.9340 | 0.9364
Kinematic viscosity at 40°C | mm?/s 2.5~45 45 2.5~35 (kg/l)
LHV MJ/Kg 42~44 37~38 34~44 Viscosity at 50°C
72 204 249 30.0 12.8 144 16.2
Oxygen content % 0 ~11 0 (cSt)
Sulphur content Ppm <10 <10 <10 Total sediment
o <0.01 | 0.01 0.23 0.36 <0.01 0.1 0.17
NOx Emissions % Baseline +10% | -10%~0 (% m/m)
Lubricity - Baseline Good Poor
Total acid b
Oxidative stability : Baseline |  Poor Good oralaad number) 57 1 028 | 035 | 037 | 032 | 043 | o063
(mg-KOH/h)
Cold Flow Properties - Baseline Poor Good
- Source : European Maritime Safety Agency - Source : BP Shipping (Maersk Mc-Kinney Moller Center = A0 A |, 2023. 06)
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p LS} OFHd (Oxidative Stability) X X% QHH M (Storage Stability) 271 74

pSke A

A M3 oPEY MY S A T2 AR st MEsts s3E 580t A

I

=, Sludge,

Bacteria M

b OIME(HEZI0h @@ B B (2D 42 LB L tas.
BESX UM HHOR M o S M T

(22| Point] LR
o MOPER SRR iz

712 29 Py Tt
\/ 7 J Eﬂ = AEn T ELPRE R
- O: HMMQ| &2, 374 o4& 23 FX|, 1 0|4 S AT 30l B AL
- "ItH AH& E= Bunkering = &

VHEYEI W 2 T BESE {2

b

5. Hlo|e¥g 28 X|& M

- ]

¢ [®ZX] Focus area - Subsystems

Prime mover(s) ' Fuel Oil Suppy System (Booster and | Fuel Oil Treatment System (Settling & Purification) ! Fuel Bunkering,
i Conditioning) ! \storage and transfer
\.rentir‘gfg
mixing ' R
i Service -
tank i tank(s) Settling Storage

- fank(s)  Yransfer tanks

Main engine pumps
Auxiliary engines Heaters

Oil fired boiler
etc, Viscosity
| |regulator |-Jwv‘,-1

Rewmppe T | ' Overtow
+ Engine re-tuning and « Viscosity control + Tank cleaning * Fuel specification and
adjustments * Preheating according to + Draining capability documentation
* Lubrication recommended fuel injection + Monitoring of purification « Stability and storage
< Cofrosion temperature system properties

+ Potential clogging * Fuel temperature
Verification of compatibility of
sealing materials and metals

+ Compatibility of sealing
materials and injection pumps Potential clogging

* Fuelleakage (viscosity) - Verification of compatibility of
* Power output and fuel sealing materials and metals
consumption

Monitoring of fuel filters

Volumetric energy density
* Tank cleaning

Fuel storage for other
consumers

+ Fuel temperature

- Source : DNV
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[ L L]

g5 Fuel Standard Test Methodology i Fuel Standard Test Methodology
FAME Contents EN 16709 EN 14078 Water Content EN 16709 EN ISO 12937
Total Acid Number EN 14214 or ASTM D7467 | EN 14104 or ASTM D664 Carbon residue ISO 8217 ISO 10370
Strong Acid Number - ASTM D974 Phosphorus - IP 501
OXid(Zttiﬁq Osfg)b””y EN 16709 EN 15751 Ash EN 16709 EN 1SO 6245
lodine value EN 14214 EN 14111 Vanadium - IP 501
Copper strip corrosion ASTM D7467 ASTM D 130 Cat fine (Al-Si) - IP 501
Bacteria, Yeast, Fungi - LP2301 Group | metals (Na+K) - IP 501
Flash point ISO 8217 ISO 2719 Group Il metals (Ca+Mg) - IP 501
Cetane Number EN 16709 EN ISO 5165 Sodium + Potassium - EN 14538
PO'}’]%Cr'Lcc:rrggaﬁc EN 16709 EN 12916 Lead (Pb) - -
Total Contamination EN 16709 EN 12662 Low Calorific Value - ASTM D240

5. Ho| ¥ g 28 X|&

- o]
XX 1 1 X| A oF =
¢ [HX] HMM H}0| 2 H & (FAME Bio-diesel) |2 AIY BF
» 100% HIO|2H 2 b E HO|AZ
i Fuel Standard Test methodology ~ Limit Value Unit = Fuel Standard Test methodology  Limit Value Unit
Total Acid Number* ASTM D7467 ASTM D664 Max 0.3 mg KOH/g
Total Acid Number EN 14214 EN 14104 Max 0.5 mg KOH/g Strong Acid Number* - ASTM D974 Max 0 mg KOH/g
) Oxidation stability EN 16709 EN 15751 Min 20 h
Strong Acid Number - ASTM D974 Max 0 mg KOH/g (at 110°C)
lodine value EN 14214 EN 14111 Max 120 g iodine/100g
Oxid(z?(;r; ()s}ca)lclility EN 14214 EN 14112 Min 8 h Copper strip corrosion | ASTM D7467 ASTM D 130 No.3 Rating
Flash point ISO 8217 ISO 2719 Min 60 °C
lodine value EN 14214 EN 14111 Max 120 | g iodine/100g Cetane Number EN 16709 EN ISO 5165 Min 51 -
. ) . P aromatic hydrocarbon EN 16709 EN 12916 Max 8.0 % (m/m)
Copper strip corrosion| ASTM D6751 ASTM D 130 No.3 Rating Total Contamination EN 16709 EN 12662 Max 24 ma/kg
Flash point 150 8217 150 2719 Min 60 o Water Content* EN 16709 EN ISO 12937 Max 0.05 % (m/m)
Carbon residue* 1S08217 I1SO 10370 Max 0.3 % (m/m)
Cetane Number EN 14214 EN ISO 5165 Min 51 - Phosphorus* N P 501 15 ppm (m/m)
L Ash* EN 16709 EN ISO 6245 0.01 % (m/m)
Total Contamination EN 14214 EN 12662 Max 24 mg/kg -
Vanadium - 1P 501 Max 540 ppm (m/m)
Water Content EN 14214 EN 1SO 12937 Max 0.05 % (m/m) Cat fine (AI-Si)* - IP 501 Max 48 ppm (m/m)
. Sodium + Potassium* - EN 14538 Max 5 ppm (m/m)
Carbon residue ASTM D6751 ASTM D4530 Max 0.05 % (m/m)
Calcium (Ca)* - 1P 501 Max 30 ppm (m/m)
Phosphorus EN 14214 EN 14107 Max 4.0 mg/kg Lead (Pb)* _ _ Max 10 ppm (m/m)
- *= MAN ES EnALg
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5. Hlo| Y= &8 K|

[N B
¢ [EX] Recommended materials
» 100% FAME » Trial Observation from using B30
\EIE] Recommended Not recommended Material Observation
Carbon Steel / PVC (Transparent) | Fuel Hose, Level Indicator Hardened, non-brittle
. Brass / Bronze / Copper / Lead
Metals Stainless Steel / . .
- / Tin / Zinc NBR Fuel Hose, Fuel filter gasket |Minor degradation of elasticity
Aluminium
HDPE Biofuel IBC Tanks No effect
Nitrile rubber / Neoprene /
Elastomers Flurocarbon / Nylon / | Chloroprene / Natural Rubber / 316L stainless steel Fuel pipe No effect
Teflon / Viton Hypalon / Styrene-Butadiene /
Rubber / Butadine rubber GRE Fuel Tank, Ship Hull No effect
Polythylene / Polypropylene / Copper Injection washer No effect
Polymers Carbon filled acetal . .
Polyurethane / Polyvinchloride
Hardened steel |Fuel Injector, Components Normal wear & tear
Others Fibreglass Lube oil Engine lubrication Normal degradation
- Source : LR - Source : Nanyang Technological University

- o]

¢ X|27X| No Major Issue !! HEE

=

-
2 S oz

oS

roj2| FH7HE o Aow A¥E A

> g 24 o5 A =
- Ho|eolz Eeh of Rl 1SO 8217 7HE 2
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OEHITEEENAE

OFA| O}
OFA| O}

SE+eiAot

OLA| Ot BFAL OFA|OF Main Buyer
Ma'aden, Sabic PAU' PKT2 YARA ZoEYstE BASF Asahi Kasei

1. PAU (Panca Amara Utama, 22 L|Ol/H|& M|ZA}); 2. PKT (Pupuk Kalimantan Timur, & 2L|O/H|E X|ZA})
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O 24 : Air Liquide, Aramco, BP, Essent, ExxonMobil, Linde, OCI, Shell, Sasol, Vopak, VTTI
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IMO 2023 GHG Z=

D HD SR =M

» H|H
- 7ttt ot WEA =X sf2e| 2HItA HEHS HAXCE ElE

> O| 2 (Levels of ambition)
- 30E MK 25 YR Y Carbon Intensity 40% X 22008 CHH])
_307HK| BELA OIF / Near Zero EtA 2 5% AMZ(10% 7| = 2)
- 'S0 ()R] 2H7tA =HIEE Net Zero 24 (Well to Wake 7| &)

» S BH K| HE(Indicative Checkpoints)

- 30ETMK| 2ATIA SHISEF 20% LHE0%THA| =2, Wiw) o el to-tank
- A0ENMR| 2 M TEA SHIEEF 70% 2 (80%HK| =3, WiW) Use on vessel <=

Well to Wake

Feedstock
O

Fuel production

Logistics
O
Bunkering
and storage

Overview of GHG intensity of each fuel and limits

e IRETI

Provisional
calculations

B Reduction Factors

[ 2020 level

2040~ -3

2045~: -62%
2050 ~: -B0w%

HFO LFo MDO LNG LNG LNG LPG LPG H2 HH3
MGO Ot Ofp Dol (Butane)
Madum  Sow Sk
Spee  Spe  Speed

unisBlyr \World Maritime Energy Demand

1990 2000 2010 2020 2030 2040 2050

B Electricity Ammonia B Natural gas
B E-fuels N Bicenergy WH Ol
Natural gas includes LNG and LPG. Historical data source: IEA WES (2022)

P HDSHIZ MY

433 dmo| £7 dlzo| 22| £4 |
oz A Cpxd =i E:" LHV VolEnergy | Storage | Storage Tank
= c= == M | | Fuel type density |pressure| temp.

(2050 0] A [MJ/kg] MI/L b °C volume*
Advanced | " VB ZHE 80| 7IE o= 28 |- Ho|enj2 330 K| 7h540l MI] | Tbar] | [Cl
dvance AL TH5BE B R0l g4 Z st Qo MARE 5H) 72-238 || Liquefied 34
biofuels = = o o sl o Iquene 19 12.7 1 10 4.1
-olmet 2 A g CE2 2&/83 Hofoto AM Ammonia : or or 20 :
S AACEIL 2R 22 9 7HHo| B—
wojoosr |+ ING ThA Jbs gee 57 28 ssaze || fdefied | yop | gs 1| 253 | 76
= < LNG QIZ2t AHR 7ts CEEY U Y AR ydrogen
HUAS= PR Methanol| 20 | 1538 1 |Ambient 23
sn - STl U MO 7+ - EHAZ| Fol82E Nt 66-154
- SHEHO|| [OFEf 7FZ4 SHOFEl £ 012 | o A2/ MAF J1ZA =2 -
statof mat 742 WopE £ 9IS {2/09 H& 7t 59 (321000 || \rothane | 50 34 : 162 | 23
CES SN HE W g - €O, B 2 7t i
LPG 46 255 1 -42 2
CRERA HR(CO, UH T2 818)
CETI|Y BHOA Mat CEY, B S MGO | 43 36.6 1 |Ambientl 1
Lo} MRz ThE M (Bt ojo] Me| 7|& 4% (67-114) :
- I LIOF AF 0| key £9) .
} HFO 40 35 1 Ambient 1
milestone
- . . LHV : lower heating value, *tank volume relative lu(.?mvu;“iunalMCﬂ tank
- E7|5 2.2 Advanced biofuel0l CO, M0l Fa3t 482 o Y. S R G i T o 20
EYIIHOR 1B 4 J|uo] iR, SO A3 ABLIOL e B2 HEASlO] SXHO WS B HOE oy
PHaE IR U D HEO W3, S AR X BT iZ TR - £ASUM U QI0HM T2 By oy

E _, ”-\’ E H A A pathway to decarbonize the shipping sector
by 2050, 2021. 10
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Alternative Fuel Ship Order

D HD SR =M

S O™ 20204 0|Z 2ABE ZAXA| e
: o o - DNV Class®| 58% 0| '&2L|0 DNV
- LNG : LNG 28t 8l Containerd F%l S22 Order 7} ('Iassmlj(58ﬁ g = Lof
CEPTE- o Ready'2 &
> e _| I(SH M XK = ol = e o - OEII-ELlol-Egl KJQO'" J_élﬂﬁ
- LPG : LPG T'_‘n_l'n_-l _I_I_I EEE Orders7f ;':3”'% T'_'gl' 7/\0' 6-H7;1£|D;| OFELIOF = X|
- BEHS : Containerd =T PR 2 S4%T S7HA| §H:EH 01|ME - e
- =2 : Cruise ship & 28 Mg - °
’ Growth of alternative fuel uptake by number of ships* ‘ ’Alternative fuel uptake by Ship type*
VG eLAG e |y n ®LNG ®LPG @Methanol ® Hydrogen
% of fuel in NB arders, by GT Bulk cariers [EER
y Car carners
‘ Car/Passenger ferres [JEI
Contamer ships
Crude oil tankers
Cruise ships [EEN)
Fishing vessele |
Gas tankers [IENNNNETTY
General cargo ships [
7 ra Offshore supply ships [EE
NG Carriers ® NG ® 1PG  Methancl @ Conventicnal fuel Oil/Chemical tankers
e e Other activities [l
ot 20 s v Dl an Jarvsaey U ok Other offshore vessels |
roPax [l
.I Ro-Ra cargo ships [|j
Tugs
o 0 o w w
* LNG carriers are not included in the LNG fuelled numbers
4
1 1L — AL
AmL|or Metof Hatt 7= D HD B EM5HY

Risk area Requirements
« Highly toxic to humans
oHE + NH3 Exposure to Crew
» Emergency response plan and accident preparedness
=4 « Emissions data for engine, especially N.O
- - Commercial availability of engine
7l& . .
« Construction at reputable shipyard
7|Z/7H » Documentation for equivalences, Flag approval, insurance
=rhe « Toxic cargo not allowed to be used as fuel.

graLjoto] oIN| R HE |

IE s g8 % ZE H[2
0 ~ 2 ppm A oF X
~ 25 ppm =4 (HIX| &) St AR H ASEE XIS 85 & (8AI7H
~ 300 ppm =4 (d0ld) O= =8 HUATAMATA ZAHLAESE (302)
~ 3,500 ppm =9 (&)
~ 6,000 ppm =g (BHY) FREHMEE H =4 8 308)
6,000 ppm 21t =4 (M)
150,000 ~ 280,000 ppm | 2HAH-ZE (SO, AMY) | HABHSHA ~ AL HoH




Lo HiEAA X FOHE 7L MP7|E DHDOw=RZsM

» M E YELO BiE A 7H0| E8tRl =& KHO| EXH
- ATLIOL HE FHO| FHEB MF @ Fto|=atelol £ oy
» QRO X RIfHIE7IAE Tt 7|22 MY Ths 2 Mok Me-Kinmey Matler Conter
/ for Zera Carbon Shipping
Med Y2 L|of HiEtA S 70| =2kl Lo A REHHIE7IA MY7|E
M= 5 %/HH” ozt = A e Enginels) GCU/ baier i - S
oHA| E = Egoell i
GCU/ boller m - EGR ﬁ!_'ﬂg@
ABS 10 ppm 25 ppm 150 ppm e fhoker . gan
pp pp pp Relquefaction Lﬁrfgc:}l R — i
BV 30 ppm 30 ppm 30 ppm NH, NH, NH, NO, N
ClassNK 25 ppm 25 ppm 300 ppm
DNV 30 150 350 Boil-off Purging Combustion,
ppm ppm ppm venting, siip
gas freeing
KR - 25 ppm 300 ppm ;ﬁﬁ's .75;;{2@ . E.Eﬂgine{ﬂé
LR - 25 ppm 220 ppm Technology maturity: Avallable Under development
6
T~
(o] 5 A A =0 <] M3
B dRL|of AT AL HYZ|7tA HHE S D HDZH=Z MY
’ NH; slip ‘ ’ N2O ‘
- Crevice volumes Lff O¢ _orL|of AS P = NS
o=ol =& HEA S -I'-g_}-skzs_og oF i > 3
= HH H 2H =< = 1o === T Eznun 1
- SH|7|HE QH# 1,200 KO 2& 3 H
THoAMe HE S glutnoiH| ZAO|AM A ™
(%7|9HH7|) HEI')éI;I %wnu
HO SH A e Ol - N,O i oAR[S| Qo
S ohE Ee e 229 @AZHO| WA yrmeei=m,
=N NHjs slip during valve overlap Temperature [K]
NOx ‘ Emission reduction targets (v fmtsymisee
- Thermal NOx; 22| A ZTZHO|AM A 7|9 NH;s Slip 10~30 ppm
ElA Q| )ﬂ-j\_j 4SSl S M O| Ak R
s HA7F Qee) AL (600K Ol NOX Tier Il (= 2 g/kwh)
- Fuel NOx: 20| ZAQf A Z7(9f £ha7}h Al
A Soot cxddatior N2O 0.06 g/kWh
formation 2 i SOX N/A
PM N/A

Rich Fusliir mix
BIS K

"
prats
Products of rich combuston
CO, UHC. particulates
0 K

€0z, Hz0

* NH; Slipdt NOx 1:1 HfE% SCR 22| & 2ot
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7= Y2L|Of ATl HAAAAR Sl HAg £/ B HD B = MeHY

ek X Z A Fuel Ammonia | MGO LNG
Flash point [°C] 132 52 -188
ol 7Y
Auto ignition temperature [°C] 651 250 595
Boiling point at 1 bar [°C] -34 20 -162
ASA0IZ2 Otto (=& o) Low Heating Value [MJ/kg] 18.6 4.7 50.0
o= AR Y Y
Flammable range in the air [%] 15~28 0.6~5.5 5~15
el Pilot fuel Pilot fuel
= Medium High(CI¥ £5) Laminar flame speed [cm/s] 12 90 40
28 Medium High(CIACHH] X3} Energy density, liquid [MJ/L] 12.7 36.6 212
NOx Low Medium
off Stoi. Air-Fuel Ratio, mass [-] 6.04 143 17.2
o | N,O" High Low
A
ol NH; Slip High Low Air consumption [-] 94 97 100
1) N2O GWP100 = 273 (ARG, 2021)
8
o . g CIMAC =
2t Lot Xl : Daihatsu (Japan) CIMAC23 D HDB=RE MY
4-stroke Single Cylinder Effects of presence of NH; Effects of presence of NH3
Research Engine on emissions and Hz on emissions
e G E—— — f of 9
b o 1 : - S == ERwdd% - YR L0} 80%
o S ‘ T L E— BE2AZI,
= i =] r s N E 3005w, S a 1 - OF
E‘.‘I.\F\I'\Hllllillll‘l v 0 : : : s ? 9 .O_E: 200 \I/. - HCH)X .‘ O_l: ‘]leoggoppp;]rrl]
@[ur.lmﬂn =@ 1 3.1 ! '
I L .H““-\_\ 16 ; 5 N,O : Qlt 80 ppm
Lqatss [ —° & 16 £||- CI72 CiH| °f 60%
} 1| |om————" t &l GHG Hamar 2ol
sl [ ]l i} | e 7’ (80% 2 LIOF )
cylinder i ok indr FTIR gy émuni = 1 - Pilot Fuel Fraction
' 0 - ; ' 15000 _ | 20%
rpm /Power | 1,500 / 7.7 kW L /,_,._-—-*""4 10000 & o0 ||~ 2= K pEkO| et
Bore / Stroke | 112 / 110 mm F_e B froo £ 1| NH3 Slip 251t
L i L 1 £ <5000 < 3o AANS A
Air supply Naturally aspirated _, 100 T T . =it o e . = 201, A= A0
- - E B5F a—"——e—01 NOx 4,000 ppm,
Ammonia Port Injector(30bar) + || 5o} 4 4 NH3 6,000 ppm
supply Heater S st 4 ] 130 :
el o Sosch | z % L L " . (Piot Fuel Fraction
iesel pilot osch Injector . ; E o8 _— = 5%
supply (1,000bar) - \'\ T :::% {06 g
; - F o044 T2 104 8%
Hydrogen Pre-mixed with NH3 : : i P Joz BE
supply mass flow 0 0 40 60 80 b 5 10 15 2 25 0
EFpna [%] EFuz [%)] 9
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Qb Lo} AZl : LEC (Austria)

CIMAC )3 P HDBHR MY

CONGRESS

4-stroke Single Cylinder

Ammonia-Diesel Combustion at 25 bar BMEP

Research Engine M= o 1.1{ ° 7z
. cperation u Diesel operation d48 =
= = 1.0 1|« NH, desdl operation | . 1.0 H o N3 chesel operation | —a 1% 5
€l combustion concept :mgﬁeﬁg 0 Boost pressure bar] (L pe— ! ﬁ E
: 08 IHw Hgh i §
o | 12
3 05| MLow § 30:
g £ ‘go.s £ i L /
2 E, 04 E 15
O w o |o g
I E 02 118 &
40 0 10 20 30 40 50 60 W &0 0 01 .1 16§
NH, Air Crank Aogle (0] 13 14 15 18 I?EA'F?[A]1'9 20 2122 23 13 14 15 16 1.75;';\'5[»]19 20 21 22 23 gl 1 :: ‘]
£ osl
m 1,350 / 1,500 A T b 118
P / e N N =T IR o s o =
external compressors 03 | B0 gkt R
Air Supply with up to 10 bar boost os| 9 M7 @ Sl 112 13 14
pressure =07 7 rea
Jos M - O 30%, ¢8| 1.6 =40
Diesel pilot | 5 500 bar inj “os NOx IS AL N2O 0.9 g/kWh
supply ,200 bar injector ” x LIZ AL N20O 0. g/ ,
NHs Slip 2f 30 g/kWh
Ammonia Central mixture 2: - AaE WEA 5H0 NH; Slip 3
supply formation i i i il I N.O M2 7ts
13 14 15 16 1.7_18 18 20 21 22 23 13 14 15 16 17 18 19 20 24 22 23
AR R
10
CIMAC
CONGRESS 23
Lo} QEl : MAN ES, 4-Stroke (Germany) D HD B2 ZMsHY
Single Cylinder Test Engine || rpm / Power | 1,800 / 180 kW _
. Bore / Stroke | 175/ 215 - @210 90%0) NOx 2 200ppm, el
5 | i . NH; Slip 2F 90,000ppm @_‘
. | external - YL L0} 20%, B4(900rpm)0f| A :
Air Supply L ot oF w
’ compressor N20&= < 5ppm, NH 2f 600 ppm, e
i i NOx 2f 630 ppm
SDL:EspellypHot 1,600bar Injector - PP
Ammonia 224600 bar)

| SUPDIY

Injector (WLOAL)

RCEM* - LSl g

Variation of ammonia share,
IMEP = 17 bar@1800 rpm

Variation of engine speed for constant
ammonia share, IMEP = 12 bar

Q. W)

2 B 8882383
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i
2 1 L] 1 2 3 a4 ] L]
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e S e p—
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Energetic Ammonia Share [+]

s -
45 50 66 60 65 TO 76 $0 B 90 95
Energetic Ammonia Shars [%]

T —

88
|
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|
|
|

] o P |
7] =m0 bmip = 12har
i ™ charge aif pressura = canst.
o = = const.
o | o 50 Injection pressuires = canst
zn | i % haod charge aif lemp. = consl.
o _m " cond [~y
- = -
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* : Rapid Compression Expansion Machine
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o . H H &l
2k L|OF Xl : Wartsila (Finland) CIMAC )3 P HDEHRZMHY
Low Pressure Ammonia Engine - 21,7, |TH 70%2| YEL|ot 2THER AEsl= AT VEHE US
™ - Y= L[OF 60% _*Oﬂ COzeq. 60% 22
- 2023 K| == LEL|OLE &2 F5t= 7E +E
=0 OI_I'IX_-I §!‘E Eahmust g
- FZL|OF A 207H
- YELoL 3 ER2F % 8 |ZF Pool
- CCTV = HX]
- QI 2 = | (PPE) B A8 o
e - QAR RN AzSaetel Ea flushing H |-
C ox : AL LS
- - - EO_IET dgl Stﬁ ;4 i s e Possible Ammonia
High Pressure Ammonia Engine || - 2&d & #H3 Outlet/Leakage Points

B
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Diesel Liquid NH3
gl i

Pilot Main
fuel feed fued feed g Ny DN NGOG CSPETIU CEpION NSRRI I TR CERMRRLCY-

ooy e sl
bfoon o hine s e

P HDSHIZ MY
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| 1
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MAN Energy Solutions

MAN B&W ammonia
-geveippme nt

Agenda

MAN B&W ammonia engine development: Groundbreaking first engine test

1
2
3
4
5

MAN Energy Solutions

Outlook for ammonia as a marine fuel
Ammonia engine development

Ammonia engine auxiliary systems and safety
Summary

Questions & Answers

2023 MacNet & 2fA| 0| Lt T- MAN B&W ammonia engine development  10/30/2023 2
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LPG
ME-LGIP
Methane Ammoni
ME-GI & ME-GA onia
—>
dual-fuel engine orders
MAN Energy Solutions 2023 MacNet & 24| 0|Lt IT- MAN B&W ammonia engine development ~ 10/30/2023 3
The dual-fuel success
Dual-fuel driven ships equipped with MAN B&W engines
2] T %)
LNG 2008 & 2012 2015 o
a3 & )
) =
Py 3 o
(0] >
Methanol 2012 § 2013 g 2016
3 3
3 o
[0}
Ethane 2014 =~ 2014 2017
LPG 2016 2018 2020
LNG —lean burn 2017 2021 2023
Otto cycle
MAN Energy Solutions 2023 MacNet T 2FA| 0| Lt IT- MAN B&W ia engine 10/30/20: 4
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Two-stroke ammonia engine development schedule

2019

Pre-study

v NH; combustibility
investigation.

MAN Energy Solutions

Two-stroke ammonia engines

Market introduction

2020

Project kick-off

v 4T50ME-X test engine
received as platform
for the ammonia
engine development.

v HAZID workshop on
engine concept.

v" Combustion chamber
1st evaluation.

MAN Energy Solutions

2024

2021

Engine concept Engine combustion Full scale engine

R&D

v Engine basic concept
defined based on
R&D and simulations.

v Ammonia fuel supply
& auxiliary systems
specified.

r — 2025

- 2026

2022

and emission

v Ammonia fuel supply
& auxiliary systems
established in
Research Centre
Copenhagen (RCC).

v 1 cylinder engine and
auxiliary system
preparation at RCC.

2023 2024

1st engine

test delivery to yard

< Full scale engine
test at RCC
evaluated for 1st
commercial design.

v 1st bunkering of
ammonia at RCC.

v 1stengine confirmation
atRCC

« 1stammonia fueled
engine delivered to
yard.

« Full scale design work.
« Specification of

emission after-
treatment.

2023 MacNet Z1 2FA| 0| Lt II- MAN B&W ammonia qngiasdealopmest

Marine =

Full sales
release

Positive seagoing

experience
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1 Outlook for ammonia

as a marine fuel

MAN Energy Seolutions

2023 MacNet 1 2FA|0|Lt IT- MAN B&W ammonia engine development ~ 10/30/2023

Two-stroke contracting mix forecast

Expecting a rapid uptake in ammonia engine contracting by the end of this decade

Two-stroke Contracting by Fuel

30

GW

25

2 =

o

10
5
2018 2019 2020 202 2022 2023 2024 2025
July 2023 mFueloil mLNG ®mLPG wmEthane mMethanol

Assumptions: Scenario is based on known factors such as world trade growth, EEDI, EEXI, expected CO2 regulation (currently unspecified), etc.
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Ammonia Source: FRD/MAN ES
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Two-stroke fuel mix forecast towards 2050
Distribution of 34% single fuel, 27% ammonia, 21% methanol, and 15% LNG expected in 2050

GW fleet
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Assumptions: Scenario is based on known factors such as world trade growth, EEDI, EEXI, expected CO2 regulation (currently unspecified), etc.
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Price of e-fuels?

It is not possible to foresee the market-based prices of e-fuels —

indicators

2023 MacNet 7 2FA| 0| Lt IT- MAN B&W ammonia engine development

Cost2 in USD/GJ (left) and USDALSFOe1 (right) for the cheapest e-fuels

10/30/2023 9

looking into the production cost provides certain

Ammonia is expected to be the
least costly energy dense e-fuel
to produce

E-ammonia is made from green
hydrogen and N,, which is
available in the atmosphere and "
cheaper to obtain than the
biogenic CO, needed for carbon
based e-fuels

10 1

a
2020

Source: Maersk Mc-Kinney Maller Center for Zero Carbon Shipping https://cm:

2025

Position-Paper_Oct-2021_final_2022-06-07-102920_edoy.pdf page 58

MAN Energy Solutions
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Demand for ammonia from shipping is expected to be high

Expected demand for
ammonia from large
merchant marine shipping
2030: 22 million tons

2035: 70 million tons

2040: 141 million tons
2050: 345 million tons

Very large opportunities for
ammonia and methanol carriers

MAN Energy Solutions
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*Mass of the fuel types: Energy content of fuels varies due to differences in gravimetric heating value
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Developing the MAN B&W dual-fuel
ammonia engine

What do we know from literature?

No commercial ammonia engine exists

Academic research
» Successful running of ammonia engines in lab conditions
» Only small-scale engine results exist

Known challenges

+ Diesel type (Non-premixed) combustion: poor ignition and incomplete combustion
+ Otto type (Premixed) combustion: slow/incomplete combustion or even misfiring

Challenging engine emissions
* Unburned NH;
+ NO,
* N,O (nitrous oxide or laughing gas) — global warming potential (GWP) 298x that of CO,

MAN Energy Solutions 2023 MacNet & 2FA| 0| Lt IT- MAN B&W ammonia engine development  10/30/2023 14
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Technical challenges with ammonia

Ammonia is not a hydrocarbon

Gmbustion and emissions \ ﬁl-board handling and safety \

Ammonia is a poor engine fuel Ammonia is toxic and has an unacceptable
odour even in low concentrations

« Difficult to ignite

« Slow to burn

- High evaporation enthalpy Handling is known from ammonia tankers

Ammonia handling is significantly more

Emission characteristics will be different from
challenging than that of LPG/methanol

conventional engines

k J \N\oventing to surroundings is permitted /

MAN Energy Solutions 2023 MacNet & 2fAf O|L} IT — MAN B&W ammonia engine development  10/30/2023 15

Ammonia engine development

The LGI combustion principle

The MAN B&W ammonia engine design philosophy
“Ammonia mode”:

— Small pilot flame needed to start ammonia
combustion

— Initial tests conducted with 10-15% pilot as a first Pilot fuel
step > R&D target is around 5% pilot oil at 100% NH
load for L1-rated engines 3

- We target for same heat rate as “fuel oil mode”
“Fuel oil mode”:

— We target identical performance as a
conventionally fueled diesel engine

MAN Energy Solutions 2023 MacNet T 24| 0L} IT- MAN B&W ia engine 10/30/20: 16
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Ammonia engine development

The LGl injection system

Hydraulic oil

Sealing oil~ ML

Fuel Booster Injection Valve ¢----------------- i

.................... « Hydraulic accumulator

Ammonia supply .

- » Hydraulic control valves

---------------------- * NH3 Double-walled pipe inlet

............. « NH3 Double-walled pipe
outlet

MAN Energy Solutions 2023 MacNet 7 2FA| O|Lt IT- MAN B&W ammonia engine development  10/30/2023 17

Status at Research Centre Copenhagen

Status on the ammonia test engine

« Ammonia combustion tests have been initiated within
our R&D planning

» The ammonia prepared cylinder no. 4 is operated on
diesel and ammonia and data are gathered for
various parameters and configurations

» The ECS software is also being tested and verified.

+ Data on the operation of the auxiliary systems are
gathered and analyzed &

MAN Energy Solutions 2023 MacNet 7 2£4| 0] Lt IT- MAN B&W ia engine 10/30/20: 18
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Ammonia engine development

How do we handle potential Nitrous Oxide (N,O) emissions?

N,O is a very potent GHG with GWP of 298.

It will also be accounted in on-going adopted
regulations

* Nitrous oxide (N,O) will be removed by
engine tuning
Ammonia slip and NOx emissions

* Unburned NH; and NO, is removed in the

SCR reactor Exhaust flow

. - . NO, and NH

» Dosing of additional ammonia to SCR A :
reaction if needed.

» Known SCR technology is suitable and A
MAN HP-SCR reactor can be applied <

MAN SCR

MAN Energy Solutions

Ammonia engine development

Initial combustion tests

N, + H,0, NO, compliance

2023 MacNet 1 24| 0|Lt IT- MAN B&W ammonia engine development ~ 10/30/2023

« Cylinder pressure is following the diesel principle Cylinder pressure at 50% engine load

» Combustion has good stability behavior and acts like
other fuels of hydrocarbon origin

* Robust compression and expansion curves and very
good combustion stability on a cycle-to-cycle
pressure variation

MAN Energy Solutions
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Comparison to other fuels

« Similar combustion characteristics as

methanol in our LGI principle Ammonia Methanol

Heat release rate Heat release rate

+ Analysis of the gathered data indicate
that the correct timing for the process is
within scope

* MAN ES engine has achieved to
demonstrate that even though ammonia
is not a hydrocarbon fuel, when
combusted with our LGI principle, it can
combust as a hydrocarbon (e.g.,
methanol)

MAN Energy Solutions 2023 MacNet & 2FH|0|Lt IT- MAN B&W ammonia engine development  10/30/2023 21

Pilot consumption and emissions

Pilot consumption: Similar to other LGl engines

NO, emissions: Similar or slightly lower than reference diesel
operation on MGO

NH; emissions: Considerable — we plan to balance it to the NO,
emissions and then remove both by SCR
technology
N,O emissions: Very low
MAN Energy Solutions 2023 MacNet & 2fA| 0| Lt T- MAN B&W ammonia engine development  10/30/2023 22
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3 Ammonia engine auxiliary
systems and safety

s d
N, - .
. .‘i
o
| —
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The ammonia test engine at the RCC

MAN Energy Solutions 2023 MacNet F 2F 4| 0| Lt IT- MAN B&W ammonia engine development 24
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Ammonia engine auxiliary systems

Overview of RCC in Copenhagen

Pipe arrangement
madification

Fuel valve
train

Engine
modification

Double wall ven-
tilation scrubber

MAN Energy Solutions

Ammonia engine auxiliary systems ...

System overview

Supply and
recirculation
system and
water seal

2023 MacNet 7 2FA| 0| Lt IT- MAN B&W ammonia engine development
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Ammonia Catch System

Progress — water seal ‘ Gasses in MAN Energy Solutions holds
a patent on the water seal

Optimized from initial design Clean gasses out

Approx. skid size: HX for
* Length: 7m cooling
« Width: 2,5m water

* Height: 3,5m

System designed for the first
commercial ammonia engine of the 60-
bore type.

Ammonia

water out Transfer pumps

MAN Energy Solutions 2023 MacNet 7 2FA| O|Lt IT- MAN B&W ammonia engine development ~ 10/30/2023 27

4 Summary
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Summary

Ammonia engine development

» High expectations to ammonia as a marine fuel

» Combustion tests in progress with positive results
» First MAN B&W ammonia engine size is 60-bore

+ Seagoing experience before full sales release

Ammonia engine development is progressing at

full steam ahead!

MAN Energy Solutions 2023 MacNet & 2FH|0|Lt IT- MAN B&W ammonia engine development  10/30/2023 29

5 Questions & Answers
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Disclaimer

All data provided in this document is non-binding.

This data serves informational purposes only and is especially not guaranteed in any way.

Depending on the subsequent specific individual projects, the relevant data may be subject to changes and
will be assessed and determined individually for each project. This will depend on the particular characteristics
of each individual project, especially specific site and operational conditions.
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m MAN Energy Solutions

Future in the making

Thank you
very much!

Sangbae Cha (X}t 22%)
Head of Marketing Marine Solutions

MAN Energy Solutions Korea
sb.cha@man-es.com

Mobile : +82-10-5882-7511
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