Carbon Neutral
Solution for Marine

Carbon Capture, Utilization and Storage
& Fuel Supply System
& Hydrogen Generation System
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=== Carbon Neutral Solution for Marine
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2 Carbon Neutral Solution for Ship
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Strengthened IMO strategy on GHG reductions

Units: GHG emissions

= Emission pathway
in line with IMO’s
GHG strategy

Peak as soon = Business-as-usual
as possible emissions

Total - issi
20% reduction Emission gap
Intensity:
40% reduction
Fuel:
o Total:
5% energy share 70% reduction _ Netzero
GHG emissions by 2050

2008 2020 2030 2040 2050

Total: Well-to-wake GHG emissions; Intensity: CO, emitted per transport work; Fuel: Uptake of zero or near-zero GHG technologjes, fuels and/or energy sources
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GHG ReductionTechnologies

Category Technology Details GHG Reduction(%)
Ship design optimization 10~15
Resistance efficiency Resistance reduction technology 2~7
Ship energy effeciency Structure lightening 0~10
improvement High efficiency propulsion development 0~20
Propulsion efficiency ESD Development 0~7
Electric propulsion, eco-friendly engine development 0~100
Alternative fuel(1) low carbon fuel LNG, LPG, CNG 20~30
Hydrogen 0~100
. Methanol 20~100
Alternative fuel(2) zero carbon fuel Ammonia 20-100
Clean, alternative Bio 20~100
and energy Electricity(Battery) 0~100
Fuelcell(Hydrogen) 0~100
Alternative fuel(3) non fossil fuel Wind power 1~32
Solar power 0~12
Nuclear power 0~100
Navigation optimization Voyage and speed optimization 0~60
Fleet optimization Cargo volume optimization 0~30
Operating efficiency Operating optimization Vlessel-port interface, AMP 0~5
Onboard CCS Post combustion 0~60 |
Ship operating system Internal energy efficiency improvement, waste heat reclaimer 2~7
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The new FuelEU Maritime regulation (Fit For 55 by the European Union)
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Well-to-wake

Emission Factors status by organizations

; Emission Factors — e
Fuel consumption X (T-W or W-W) = Carbon emission

Other sector (IPCC National GHG Inventory) °
o EU (EU-ETS) .
Aviation
CORSIA® °
EU (Fuel EU Maritime) °
Shipping EU (EU-ETS) °
IMO ° Under discussion

* CORSIA * Carbon Offsetting and Reduction Scheme for International Aviation

Fuel's GHG Intensity
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(Otto (Otto (Diesel (Butane) (Propane) (natural (natural (natural
medium slow slow gas) gas) gas)
speed) speed) speed)

(Source: Prepared by ClassNK based on the emissions factors listed in the FuelEU Maritime Regulations, etc.)
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TECHNOLOGY

CCS Key Components \

CO, Storage Tank

| AR D 5 T 7CO,z AT
Carbon Capture System ‘ (C Type Tank or ISO Container Tank)

BEARD oRET 2COZHHE

|

CO, Liquefaction Equipment

HWEINICO,DRIL
(-20°C, 20 bar)

Main Engine

Schematic Diagram of Carbon Capture Process

© Pre-treatment of flue gas © CO, absorption

HEH Z1EQuenching Tower T CRREE LY AENEI NIz X IFAbsorber towerI T EAH] & 2 L CO,MD
BREINE T, QWIBINIH XLintake FanliZ & D ADRININE T, BEBEPacking BYIARATEBIC LD
A0 LAbsorber towerl SR SN E T SRR EFRE) L Towerth 1 ZD/NEUE#RIBL £ LTz,

Treated Gas
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uenching | Absorber Heat Stripper Liq:i:eu

Flue Gas tower ed 7 tower Exchanger tower
Coole
Gas
1\ ——>|  Reboiler
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Cooling s Lean Amine == Heating Source
Water

l) Regeneration é Liquefaction & storage
CO,MIRUR S N7 7AFIEStripper towerlZBSR L £ 95 2 IZCOKETRET B8
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CCSTest Barge Facility Feasibility Study

APPROVAL IN PRINCIPLE

== Study Process

INFT T ORERAACO2EINEE TH B Vessel [ | Onboard ol
FOCCS(Onboard Carbon Capture and Information Survey

Storage System)] |$5&[E THI& TERE

fERiHBE (KR) D osEHcET 28K

R (AIP) EUF

== (|| Calculation IREDOCNCE DT BEZ L 3 2 EMEEREZEEE L TClS 1) A= 1ERL

Intake Gas Property General Specification
Mass Gas Flowrate 323 kg/hr Capturing Level 90% - A Company, 180K Bulk Carrier
Flue Gas Flowrate (at 40°C) 250 Nm3/hr Pressure Drop Under 500mmAq
|Fuel Type HSFO (35%) | | captured co, 06 Tory/day | el | 2023 2024 2025 2026 2027 2028 2029 |kl

Composition of Exh. Gas 256 | 243 | 238 | 233 | 228 | 221 | 214 | 207 | 200

Ingredient Composition (Vol%) | Flowrate (L/h) Flowrate (L/h@40°C) Weight (kg) Mass Fraction

Vessel T Bulk Carri . . CII(AER) Scenario(~2030)
N, 756 189000 216692 84375 23642 732% e uarmer : Reduction| o, gy | Reduction
b
0, 126 31500 36115 14063 4500 139% Vessel Size 179,147 (DWT)
Ar 08 2000 29 893 357 11% Fuel Type HSFO, MGO Base 28325 000 | 286 D|E|E|E|E|E|E|E
H,0 55 13750 15765 6138 1106 34% o g .4 T 50 27133 021 | 274 D|D|D|E|E|E|E|E
Co, 55 13750 15765 6138 27.02 84% Consumption ’ > 10% 125941 | o041 | 262 plmlelalelclele
Target Ship ’ ) i
0 15.3 knots
Summary 100 250000 286630 11161 323 100.0% Speed Cll Analysis 5% | 24750 | 062 | 250 cleclololololelc
e 323 Uhr il it el 20% | 23558 | 083 | 238 e clclclc|ip|Dp|D]|E
LOCAL CONTROL POSITION 1Cycle Voyage ° ’ ) i
3/24/2022 2:22:33 PM Period 20 bay 25% [22366| 104 | 226 Blclclclc|c|D|D
o Annual Ve
€02 Absorptivity 090.58 % nf:Jl;:tanOcyeage Average 51,600 Nm 30% 21,175 124 2.14 B B B B C C C D
€02 N 005.36% Vessel’s Target
s ot 00 SR e 2030 350% | 19983| 145 | 202 Al AlB|B|B ClC|cC

—— ' ClIA, EFMEXIS3EEEE COTFMDIBE. BEBCIDHFAELER T 3 /-0 OFHENS 1 7-SEEMPD
ACTIAL D20 Partll # R L. FBEFOERNEHGTESNET,

i | = Components Concept
e | o |

Carbon Capture System CO, Storage Tank

11

CO, Liquefaction
1 tower 2 tower 3 tower Equipment
REBFIDESICEHELPEIETIL SIRGEEDY LR Y MEE BRI 2 —T 11— Stripper Tower
- SFARRBBIBICADE TR A RBIERRIC B AT CNFOTOERE=R VY No.1 Absorber Tower
No.2 Absorber Tower

LRT L DEH)
Quenching Tower

*MSCS: Marine Satellite Control System
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oo / LNG Fuel Supply System it
Solution
for Ship ///
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Fuel Supply System

1. HP/LP Type

[ == Design Data
(

O E)' «HP Pump Dis. Press. 300 bar reciprocating pump X 2 sets

E— + LNG Feed Pump Dis. Press 12 bar submersible centrifugal type pump X 2 sets
INF > T DFGSS/LFSS(H R /RG> - LP Vaporizer Temp :-163°C — 45°C (Cold side)
AT LNEING, PYEZT . X2/ —)L7&
DB MG T 2 X T LT,

+ HP Vaporizer Temp :-163°C — 45°C (Cold side)

+ Glycol Skid Glycol Water (Water 50 : Glycol 50)
Glycol Water Pump - Vertical Inline Centrifugal type X 2 sets

Heat Exchanger : Shell&Tube or Equivalent
e Glycol Water Tank : abt. 0.5 m’

+ LNG Storage Tank IMO Type-C Single Shell Tank
IMO Type-C Double Shell Tank
IMO Type-C Lattice Tank
Material 9% Nickel Steel or Equivalent

- LNG Fuel Supply System

- Methanol Fuel Supply System
- Ammonia Fuel Supply System

2. LP Type

== Design Data

* LNG Feed Pump Dis. Press 18 bar submersible centrifugal type pump X 2 sets
« LP Vaporizer Temp :-163°C — 45°C (Cold side)

+ Glycol Skid Glycol Water (Water 50 : Glycol 50)
Glycol Water Pump  Vertical Inline Centrifugal type X 2 sets
Heat Exchanger : Shell&Tube or Equivalent
Glycol Water Tank : abt. 0.5 m’

+ LNG Storage Tank IMO Type-C Single Shell Tank
IMO Type-C Double Shell Tank
IMO Type-C Lattice Tank
Material 9% Nickel Steel or Equivalent

+LP BOG Comp. Injected Screw Type (16 bar) X 1 set

12 Carbon Neutral Solution for Ship Panasia 13




Methanol Fuel Supply System PanlESS”

AB ) —)LLFSSIEX R/ — )Lk e RS SR D e DX X — JUREHEGE S X7 LT,

Pressure to engine 13 £ 05barg
Temperature to engine 25~50°C
Inert Gas Used Nitrogen
Heating Media Glycol Water (25wt.%)
Cooling/Heating Water L.T.C.F.W(36°C)
ATEX Classification Zone 1

== Reference

Propulsion Engine Fuel Supply Application
Methanol Supply Pump  Dis. Press. 6 bar.g / Sealless VFD Control

Methanol Fuel Pump Dis. Press. 13 bar.g (Diff. Head 71 m) / Sealless VFD Control

Fuel Heater Temp : -18 deg.C -> 25 deg.C / Glycol water 25~40%wt. Shell &
Plate or Equivalent

Fuel Filter Duplex / 10 micron

Fuel Strainer 100 micron

Fuel Pipe Material Austenite Stainless Steel (A213-TP316)

Generator Engine Fuel Supply Application
Methanol Supply Pump  Dis. Press. 8 bar.g / Sealless VFD Control

Fuel Heater Temp : -18 deg.C -> 25 deg.C / Glycol water 25~40%wt. Shell &
Plate or Equivalent

Fuel Filter Duplex / 10 micron

Fuel Strainer Y Strainer / 100 micron

Fuel Pipe Material Austenite Stainless Steel (A213-TP316)

Main Frame Material SS400 or eq.

M/E LINE SKID
Common Utility System for MeOH LFSS

Glycol water system Vertical Inline Centifugal x 2 set
Medium : Glycol water 25~40%wt. / LT water (36 deg.C)
Glycol water tank : abt. 0.5 m3
N, Purge & Drain System N, Supply train with valve (Automatic Purge system as an option)
Penumatic acting drain pump : 60LPM
Drainage level control buffer
Safety Leak Detection Sensor (LEL 25% H/C)
Automation Control Panel & HMI

ONE SKID

14 Carbon Neutral Solution for Ship

Ammonia Fuel Supply System

7 YEZTLFSSIE. FINRAMILI0°CO T > Z T E MMM C L TER T SMBMRD 720 ORMEHRIGS 27 LT,
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== Design Data

*LP Pump Dis. Press. 18 bar Multi-stage centr. Pump X 1 set
*HP Pump Dis. Press. 88 bar Metering Pump X 1 set

+ BOG Compressor Dis. Press. 18 bar Qil Injection Screw Water Cooled X 1 set
- Vaporizer Temp:-24°C — -18.7°C
- Water seal Temp:-24°C — 60°C

* NH, Supply Skid IMO Type-C Single Shell Tank. (abt. 5m’)
Material 9% Nickel Steel or Equivalent
LP, HP Pump

- Heat Exchanger Shell&Tube or Equivalent

- NH; Liquefaction Skid BOG Compressor & Seperator
* NH, Dilution Skid, NH; Catch Skid IMO Type-C Single Shell Tank. (abt. 5m3)
- Heat Exchanger Shell&Tube or Equivalent

+ Aqueous NH; Pump Dis. Press 7 bar Diaphragm pump X 1 set

== Reference

NH; Supply Skid NH; Liquefaction Skid NH; Dilution Skid NH; Catch Skid

Panasia 15
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Carbon
Neutral
Solution
for Ship

Hydrogen
Generation System
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— Features

Ultra-high purity
(99.999%)

%

Low life cycle cost
for catalyst

|

Fully automatic with
fail-safe control

Fast initial and warm
start up

16 Carbon Neutral Solution for Ship

- (@

Fully skidded, modular
design for low cost
installation

- ([E3

Real time monitoring &
control at
“Smart Control Center”

Anhydrous Ammonia(NH,)
Storage Tank

Electric Motor

Fuel Cell
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TECHNOLOGY

Ammonia Cracking Hydrogen Generation System

== System Flow (PSA include)

Installation Comparison

) Anhydrous )
Exhaust Fuel + Air Ammonia Process Air
r—T l ~ - ~
IAir Treatment
= = Off-Gas " System
_Bum_er:"' A H, . i Control -
] ) 4 o System 7
H I Ammonia Vapo‘ri;er& ey 11 j j -' | (995‘%%} FMugIdﬁ?g H,0 Themal m
t reatmen 2
[ Exchi?]ger = [ Cracker | k= | Heat | j=pf TSA ‘ > [ PSA — T System :
L L Exchanger r B | T u |
= = NH,
[ J T <0Tppm ssss m

Fuel cell Power System

Ammonia Cracking System l— ~ l

Sea Water H,0 '
(I r
Electric Motor - - Ammonia Cracking &
== System Flow (PSA exclude) Diesel Propulsion System Fusl Call Povar SyStem
Exhaust Fuel + Air Anhydrous Ammonia Process Air
1 ‘ l I ~ 7 o
' Development
- ol & - {niods Gas _A"g;e;;’;‘fﬂ [ Busan Ammonia Eco-Energy Business ]
Burner] l — Gorirol - 50 Nm*/h NH, Cracking System Manufacturing / Task
g y
+ —5 | e
Fuel cell

Module

H, N,
— " ; . 2 (75%) (25%) Thermal
Heat Ammonia Vaporizer & Treatment m
L o — L ! > Heat ) $ TSA ' 4 System x
[ Exchanger Cracker Exchanger — —J
- 3 NH,
<0.1ppm -
. Conversion| ®®®e =
System

Ammonia Cracking System I - Fuel cell Power System

Sea Water H,0 » .
d_F_ == Specifications
3 .
Electric Motor Type 50 Nm’/h NH, Cracking System
. . Cracker with TSA/PSA High Pressure
== Specifications A g
H, Capacity 50 Nm*/h
Product(H,) )
Feed Gas Pressure H, Purity Low : above 99.97-8%
Capacity H, Purity Pressure
Ammonia ~15 barg Customized Above 99.97-8% (NH,<0.1 ppm) 10 bar.g Residual NH; concentration Below 0.1 ppm
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] Part V. Maintenance for the Scrubber unit

5§ [Part I1I. Maintenance for the Gas Monitoring System

) ..‘7 7'7‘_‘

E Lt MROY—ERIE. TP =7 DEMRIRIC K D REEDRIR PRz XN
BIEY—EZ LET. AMHIRBY T 5BHEEEPRIEPTIENNEE TEHRA >~ L , i ,
RIS ST B O ¥ T PIEEE A EACE D S S EE DS AE GIOEn-Patrol” Learning Program Contents PaS o)X smart Learning Program Contents
g -] — S — (DS IEAhER =X
%’5 t/\tu_j ) I\ 77 D D EEE)JJ—'—% rlEI‘J:L_ -tf ia—o Chapter Contents Chapter Contents
1 Introduction of GloEn-Patrol™ system 1 Understanding PaSOx™ scrubber system
M RO-U- — t“ Z HREEICSL—Z>T > 2—%KE L. EFEEERELTVED, 2 Major system component 2 Standard operating procedures
5 U EFSREID o HmmDER A BIEREROIUFTECA VTR
Jdx IE - Eiﬁ R OEBERIRM . I—H—ONGEAE S 3 EHO%HE 3 Standard operating procedures 3 Compliance issues
x s/ — j_ s/ Z &t JO7 7 LT, 4 Health and safety issue 4 Installation requirement
T =) Fe SN — BRI A B R T R
Training Center & Engineer Training LANJLDOENY—E XEMHTEZ L SEOHEATONED, 5 Installation requirement 5 Maintenance requirement
6 Maintenance requirement 6 Troubleshooting for the system/unit
HETOY S LER 7 Troubleshooting for Filter unit 7 Troubleshooting for the component/device
] S 8 Troubleshooting fot UV unit
apter ubjec
] T ——- 9 Troubleshooting for other components
ntroduction of Company
2 Basic operating procedure
3 y CBT (Computer Based Training Program) IBT (Internet Based Training Program)
aintenance requirement
4 Hands on practice ()
5] |Part I1. Operating on the Human Machine Interface (Open mode) R

5 Hands on practice () Lpe?r-rr:i?; e

6 Troubleshooting () ’

7 Troubleshooting (Il &IIf)

8 Evaluation & Satisfaction Survey
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Global Network

47 Global Service Networks in 37 Countries
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Integrated Control System

PANASIA Headquarter & 1st Factory

PANASIA 2nd Factory

Pan-MSCS & (. Maritime Satellite  38EH) L. fiBfRICEEHINT/NNFT>T D
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Pan-MSCS
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South Korea (46744)

T +82-51-831-1010

F +82-51-831-1399

E panasia@worldpanasia.com

98, Mieumgukje 3-ro, Gangseo-gu, Busan,
South Korea (46747)

Ev I T —2ntheER L OBEMOIRERZz S5 L. BFHERNED
RN ZER TSI 5L DICHERITTRAY— b2y TERERREIRIE T
WE9,

PANASIA JAPAN Corp.

S — — . PANASIA CHINA Corp.
= - T : e e . g
il pBL

|

22  Carbon Neutral Solution for Ship

RM C-205, No.2080-50, Lianhua Rd,
Shanghai, China (201103)

T +86-21-6235-1601~3
E china@worldpanasia.com

NO.600, Osaka Ekimae Dai.3 Building
6F, 1-1-3, Umeda, Kita-ku, Osaka,
Japan (530-0001)

T +81-6-4795-8748

E japan@worldpanasia.com

Rivium 3e Straat 25a, 2909 LH, Capelle
aan den IJssel, Netherlands

T +31-10-79-53-005

E europe@worldpanasia.com

Panasia

23



PANASIA

HEAD OFFICE&FACTORY 55, Mieumsandan3-ro, Gangseo-gu, Busan, 46744, Korea

MARKETING
EUROPE B.V.
JAPAN CORPORATION TEL: +81-6-4795-8748 E-mail: japan@worldpanasia.com

CHINA CORPORATION TEL: +86-21-6235-1601~3  E-mail: china@worldpanasia.com

&)

PRINTED WITH|

SOY INK

2024/01/29 ver.

TEL: +82-51-831-1010  FAX: +82-51-831-1399
www.worldpanasia.com E-mail: panasia@worldpanasia.com

TEL: +82-70-4860-7912  E-mail: marketing@worldpanasia.com
TEL: +31-10-79-53-005 E-mail: europe@worldpanasia.com

To reflect PANASIA’s corporate philosophy of seeking eco-friendly and sustainable value,
.. this booklet was printed with naturally biodegradable soy ink that makes paper recycling easier.



