Carbon Neutral
Solution for Marine

Carbon Capture, Utilization and Storage
& Fuel Supply System
& Hydrogen Generation System
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=== 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: - L
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

CIll Carbon Intensity Indicator EE
certification

EI_|-_+_|I=IQIFE %a-x-" SEEMP verification
- EtATotE S2X|(Carbon Intensity Rating)= 5,000GT Of4f Required I Cll annual declaration
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Annual fuel consumption |l CO, factor 2008 2013 [§0§§{] 2030
[ Cll = - ——W3 Correction factors [2027]
Annual distance travelled & Source: GHG-INF.2/1/1

To be developed

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)

20252 E FuelEU MaritimeX & CiAF MHEHZE 5,000 0|4
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Well-to-wake

Emission Factors status by organizations

Fuel consumption X ET‘IE?\j\iloor:r W_C‘,t\,(;rs = Carbon emission

Category Tank to Wake Well to Wake

7|Et 20k (IPCC National GHG Inventory) °
. EU (EU-ETS) °
CORSIA* °
U (Fuel EU Maritime) °
a2 EU (EU-ETS) .
IMO ° Under discussion

* CORSIA * Carbon Offsetting and Reduction Scheme for International Aviation

Fuel's GHG Intensity

gC0,,/MJ - WiT TtW
1320
1236
: 76.1 747 741
71.6
781 78.1 725
762 653 576 669 83 1320 1210
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HFO LFO MDO/MGO LNG LNG LNG LPG LPG Hydrogen ~ Ammonia  Methanol e-Ammonia
(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.)

Panasia 7

7



01
P Pan-0CCS TECHNOLOGY
for Ship %

CCS Key Components |

\ CO, Storage Tank

ity
0 b d E{D] Carbon Capture System | Hot-HH|22H Aot CO, ME
n oa r - | (C Type Tank or ISO Container Tank)

HHZ 70 M 2HHSh= CO, 2K

Pan-OCCS™

Carbon Capture S

LT1OoO =

Pan-0OCCS™(Onboard Carbon Capture

And Storage System o Shomgs el A2,
2= CO,5 7|52z tiEshy|
Off &M o= YAIULIC

EEE CO, Aot
(-20°C, 20 bar)

Main Engine

Schematic Diagram of Carbon Capture Process

© Pre-treatment of flue gas @ CO, absorption
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CCSTest Barge Facility

APPROVAL IN PRINCIPLE

KOREAN REGISTER

IiLEAJO} ‘M8t OfAtStEIA R IET|&
OCCS (Onboard Carbon Capture and
Storage System)’ =LH £[% $t= MZ
(KR) 7|2&01(AIP) &5

Intake Gas Property General Specification
Mass Gas Flowrate 323 kg/hr Capturing Level 90%
Flue Gas Flowrate (at 40°C) 250 Nm3/hr Pressure Drop Under 500mmAq
| Fuel Type HSFO (35%) | | captured cO, 06 Ton/day |

Composition of Exh. Gas

Ingredient Composition (Vol%) | Flowrate (L/h) Flowrate (L/h@40°C) Weight (kg) Mass Fraction
N, 5.6 189000 216692 84375 23642 732%

0, 126 31500 36115 1406.3 45.00 13.9%

Ar 08 2000 2293 89.3 357 1.1%

H,0 55 13750 15765 613.8 11.06 34%

Co, 55 13750 15765 6138 271.02 84%
Summary 100 250000 286630 11161 323 100.0%

QIR 20 Voune couposT =

EERG  ACAL oz ar._uass CNTY

Feature

1 tower 2 tower 3 tower

MHh =0]off [ CHEHERY

LOCAL CONTROL POSITION

3/24/2022 2:22:33 PM

€02 IN005.36%
€02 ouT 00.56 %

S02 CGP-002 J092.8 %
0000.0ppm{ 00.56 %

291 9 QX4 B
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*MSCS: Marine Satellite Control System

Feasibility Study

== Study Process

Vessel Onboard . o
Information Survey ——  Cllanalysis ~——  Specification
== Cll Calculation  Aeto| HEZ E3|| CIl AlAt
Meto| 2F2817|7+2 124810 CIIAILIE|Q B CCS M| ZaiS MHj2sh|Ct.

@llie 2023 2024 2025 2026 2027 2028 2029 | Akl

T
s e (B 7 |
[ = N e = 256 | 243 | 238 | 233 | 228 | 221 | 214 | 207 | 200
Vessel Type Bulk Carrier Reduction| ., . P CII(AER) Scenario(~2030)
Rate =YY | (co,.t/hr)
. ETE sl
B 28,325 0.00 2.86
Fuel Type HSFO, MGO ase
5% 27,133 0.21 2.74 D D D E E E E E
CAc;r;ﬂ? ;:gln Average 9,144 MT
. * 10% 25,941 041 2.62 D D D D E E E E
Target Ship 153 knot
Speed > Knots "
Cll Analysis 15% 24,750 0.62 2.50 C C D D D D E E
Co2 Emission 323 t/h?’ BC Cape 179,147 2.563
20% 23,558 0.83 2.38 C C C C D D D E
1Cycle Voyage 20 Day
Period 25% 22,366 1.04 2.26 B C C C C C D D
Annual Voyage
S Average 51,600 Nm 30% | 21175| 124 | 2.14 B/ B|B B|C|C|cC|D
Vessel’s Target
e 2030 35% 19,983 145 2.02 A A B B B C C C

“Heto| Cll 550| B EE ESE F= 39 H&5 DSEQ H2, Cll &8 €4S flet AIEEX|A=0] ZHtE
(=13
E

SEEMP Part IIIE 7

== Components Concept

Carbon Capture System CO, Storage Tank

CO, Liquefaction
Equipment

Stripper Tower
No.1 Absorber Tower

No.2 Absorber Tower

Quenching Tower
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Fuel Supply System

M

- LNG Fuel Supply System
- Methanol Fuel Supply System
- Ammonia Fuel Supply System

12 Carbon Neutral Solution for Ship

LNG Fuel Supply System PanFGSS”

LNG Fuel Supply System LNG(Liquified Natural Gas)& A12te| AR 2 A&8H= S YRiL|Ch.

AT Do w2t HP(T ) & LP(K ) TypeLE +&fLICH

1. HP/LP Type

== Design Data

+HP Pump Dis. Press. 300 bar reciprocating pump X 2 sets
+ LNG Feed Pump Dis. Press 12 bar submersible centrifugal type pump X 2 sets
- LP Vaporizer Temp :-163°C — 45°C (Cold side)
+ HP Vaporizer Temp :-163°C — 45°C (Cold side)
+ Glycol Skid Glycol Water (Water 50 : Glycol 50)
Glycol Water Pump : Veertical 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

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

Panasia 13



Methanol Fuel Supply System

PanLFSS’

Methanol Fuel Supply System2 HH|AEHS] MethanolE MEte] HZ2

AMEdtE Ae 2 1kl 7|&=0| HaufL ot

== Reference

M/E LINE SKID

ONE SKID

14 Carbon Neutral Solution for Ship

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

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.

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

Ammonia Fuel Supply System

Ammonia Fuel Supply System @I2}=0| oF 130=0! LEL|OFE MEte| AR 2 A8t ZC=

A &tEf= ATIo SSECH= FollM LNG, LPG, HEte2 28-S 7HELICH

== 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; Dilution Skid NH, Catch Skid

NH; Supply Skid NH; Liquefaction Skid

Panasia 15
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Hydrogen
Generation System

SAXET|

Anhydrous Ammonia(NH,) I ,
||

HOJIA 3 ADLOF S HRO| HEE SohM 242 55 Storage Tank
S AZTX| AAE 8 M ME XS S510] MHE0M
MO HH S Akt ct
=718 9 UHE Enginel OhA| A BAE 5t o=
A H0l CHS LT
=
— Features : !
- - o .
I ] I :
== K LA . ' ~ Fuel Cell
Ultra-high purity Fully automatic with Fully skidded, modular q
(99.999%) fail-safe control design for low cost
installation
Electric Motor
3) L
&/ |
Low life cycle cost Fast initial and warm Real time monitoring &
for catalyst start up control through “Smart

Control Center”

Panasia 17

16 Carbon Neutral Solution for Ship




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

18 Carbon Neutral Solution for Ship Panasia 19



MRO Service
ESS For
Energy Storage System generation
R fLNG. | Fuelcell ’, For
erorming System propulsion
System | | 5’ : }: THLFA|OF SSRHAABE HAIZICZ HE HI0|HE +Hot, HHSE
for 6;9 e S| HEIS FHolo] THO| A7} Fkof T0f X 41 OfE 7|7|2E
AM&SHD Moot BHIE siAste S ote 24/7 &Y ICT7|8E Mu|A
Maintenance Repair Operation LT

Natural Gas-Reforming Hydrogen Generation System
Steam Methan Reforming

NG/
BIOGAS

== Specifications

Feed Gas

Methane (Biogas and etc) ‘

PSA
(Pressure Swing
Adsorption)

Tail Gas
Product(H,)
Capacity H, Purity Pressure
Customized ‘ 99.999% ‘ 6 barg

== Line-Up
Output(product)
Nm3/hr ~30 ~100 ~250 ~500 ~2300
Product(H,) Flow
kg/day ~60 ~200 ~500 ~1000 ~4600
Purity %vol 99.999
Pressure barg ~6.5 ~6.5 ‘ ~6.5 ‘ ~6.5 ‘ ~20
General Specifications
Feed NG flow Nm3/hr ~12 ~40 ‘ ~ ‘ ~ ‘ ~
Feed NG Pressure barg 89~95
DI Water L/hr ~33 ~100 ‘ ~250 ‘ ~490 ‘ ~2200
Water Quality (Feed/DI) uS/cm Feed Water : <650,  Deionized Water : <1
Comp. Air Quality IS0 8573-1 Class 3/3/4
Operating Amb. Temp. °C -20 ~ 40
Electricals
Power Source 380VAC 3phase 60Hz
Electricity kWh ~14 ~30 ~60 ~150 ~300

20 Carbon Neutral Solution for Ship
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BALLAST WATER TREATMENT SYSTEM

GIdEn-Patral”

De-SOx SYSTEM

PaSox’

De-NOx SCR SYSTEM

PaNOXx"

Pan-0CCS’
Panaéen’”

Pan

PANASIA

Smart Integrated
Control System

Tablet PC

N

Mobile
224 a2
- 22101 4 (0| E X|J
-Big Data 7|8t RX| 22|
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MRO Service
E-Leaming Program

IHLAJOR= AlZHIE &40 1O BIX| b= M 280 2Eist Z2 s ST

THLPAOLS] W& T2 12 MH|A E-Leaming Programe 112H2| &20f| 2} On-Off linedll A X REA AFZSH== CBT & IBT &4
OF =[O U0 A O{CIM = = 8 =H| 2 Al ChAZ 7S L ch

) |Part V. Maintenance for the Scrubber unit

51| Part II1. Maintenance for the Gas Monitoring System

] |Part IIL. Maintenance for the Gas Monitoring System 4)l|Part I1. Basic configuration & components

B )

]

Learning Program Contents CBT (Computer Based Training Program)

Chapter | Contents

PaSox System
Learning Program

1 Understanding system of product

2 Standard operating procedures

3 Compliance issues

4 Installation requirement

5 Maintenance requirement

6 Troubleshooting for the system/unit

Troubleshooting for the
component/device
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Claim Handling System

SIALS] MH|A Bl RX|E4E OIF QFRE 4

o
Y7t CIXE= T ELICH

L_oHd
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o} 817 98l BE

HZ0| nHO=Z QI =, DA HAS RX|E4 A|AHICI

Claim Handling System2| D2t H|ZHS 7t HO{=|H T At

O] =0 X|A| LICt.

SHEHZ0 =X 24 Al 0240 28 WES CHSol S=otH

AL YA BIEE L, 2 HEA= oY Claimel 22] 3 X%
AAIRLICE EEDF RPA AJAH

=
29 9 222 nASofA 2

Maintenance work process

AL S22 MH|A BZEE NS 2 DHAZ HEHEO HAIZE H2|LHE 2felo|
FSOHH, SAIIME MH|A Aletol chet JHE XIS 2o LE A2l T|=Hs S |

= JHdol ZEELC

PAASIA

Claim Handling System

\J

JIZHAL— Each coordinator

Acknowledge PANASIA — TZHA}

PANASIA — &AL

Each coordinator

Dashboard(Efext/m 2 M EH 0|Z Claim list)

To supply(Material request), To attend(S/E arrangement), To Review(trouble shooting)

_ Coordinator — Z& 7k
e-Panasia(%4), Groupware(Z )

Feed-Back Report Coordinator — 7| &2 5/Z 8/t

Groupware ZH/ZH/E-mail

Request for service schedule PANASIA — TZHA}

‘

Z2HE/DARE 0 Claim listet 871 A/S7Fs Y 2%

Request for Repair/Supply&Reminder PANASIA — &= A}

‘

QAIXIL|O] W2 H Service 4| 92| A

‘

Service plan&sService results PANASIA — DZHA}

Service plan & Z3HService reports) &5 (RPA)
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