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Introduction

* Why OCCS, its Opportunities and Challenges




Chapter 1

Why OCCS, its Opportunities and Challenges

OCCS 1s an immediate solution

to achieve Net Zero by 2050

Q To adopt OCCS to vessels to meet Net Zero by 2050, especially for existing fleets i1s inevitable
e However, in the process of applying it to actual ships, there are various technical, operational,

and regulatory hurdles.
* Large CO: storage in * Unfamiliarto * No experience for * Energyis consumed * Equipmentconsumes
non-gas carrier seafarers unloading and during carbon capture space and adds
e Amine e Assistance from utilization. and liquefaction. weight, resulting in a
« Refrigerant shore-based experts reduction ofcargo

is required. capacity.
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Real-Ship Application Overview

* Briefon real-ship demonstration consortium
: Korean Register, PANASIA, Samsung Heavy Industries, HMM

* VesselInformation
* OCCS Flow Diagram & Specification
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Briefon real-ship demonstration consortium

Consortium for Onboard Carbon Capture System
Teaming up to reduce the GHGin short term

Survey &Research

Container Ship Operation
 Drawing approval

+ Ship owner

* Risk assessment + Captured CO, unloading
Classification - Safety rule development

Ship Owner

pAwSM OCCS Supplier &Retrofit Liquefaction Facility

 Carbon capture system supplier + Liquefaction system supplier

* Retrofit engineering + Captured CO, utilizing
Equipment Maker

Ship Builder

TN E
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VesselInformation

Fundamental Design check-up points

SHIP’S PARTICULAR

Vessel Name / Flag HMM MONGLA / JEJ U, KOREA
Vessel Type Container Vessel
Vessel Capacity 2,200 TEU
Fuel Type HFO ( With SOx-Scrubber)
1-Cycle Voyage Period 270 days voyage/year
Fuel Consumption 29.7ton perday
Vessel CO, Emission Per Year 24,977 Ton.CO,/year
Item Spec.
Electrical power 6650 kW
Composite boiler 1.6t(Exh.) /1.8t(O.F)

FW Gen. 25 t/day
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OCCS Flow Diagram & Specification

@ Pre-treatment of Flue Gas (> ) CO: Absorption @ Liqucfaction &Storage

Flue gas is cooled, and particles and
sulfuroxides are removed. It is then
pressurized and sent to the absorber.

The cooled gas contacts a chemical
solvent in the absorber, selectively

capturing COz.

torelease the captured CO: and
regenerate it forreuse.

The solventis heated bya reboiler

CO: is liquefied through compression
and cooling, allowing safe marine

storage and efficient onshore

off-loading.
- Pan-0CCS Ve
\ OCCS Specification
|
Treated Gas | ¢ T Viile
e ° S ﬁ' _ Feed Flue gas volume 14,000Nm>/h

“ Capture level 90%

—> +— Condenser Captured CO: 1,039kg/h
Cooled
Gas Product LCO: 1,018kg.LCO»/h

Purity of product o

LCO 99.9%
Solvent flowrate 11.3ton/h

Heat ’ ! Additional fuel 123ke/h

Engine Flue gas Condition Absorber Exchanger Stripper Reboiler Liquefied CO» LCO: Tank for OCCS g
Waste heatusage 15% of

T \ usag heat energy
Rich Amine == ILean Amine
\ " T Captured COs 6,596ton/year
N AN
Key Features

&

Combined functions of
Scrubberand OCCS

& Optimized Space utilization

AT

@ Improved energy efficiency




Design Optimization
and Efficiency Considerations

Feasibility Study

Technical Challenges

- OCCS Optimization — Space &Energy

- LCO: storage design

- Supporting Crews

Voyage Summary of HMM MONGLA during Past 1 Year
Offloading LCO:
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Feasibility Study 1 Successfully Completed & < PARASIA

The system has been applied to various vesseltypes, including bulk carriers,
tankers, and gas carriers, with supported capacities ranging from 0.5 to 8 tons per hour.

m CNTR. = LNGC = PCTC mB.C mC.O.T =P.C = Other

5 1

\

9

s

Total
32 vessels
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1. Technical Challenges I OCCS Optimization — Space &Energy

Adding OCCS mto optimized designed vesselis a challenge.
However, one tower solution and Reboiler for Amine delivers a Optimized solution in efficiency

CO:
" . . . emissions
; For Reduce Energy Penalty
6,596 2,492 20,873 : :
TPY TPY Py » Waste heat for amine heating
""""""""""""""""""""""""""""""""""""""""""""""""""" * Low energy for amine solvent
* High efficiency heat exchanger
_____ Capture
d
CO:
A 4
Finalcase
with OCC
Fossil fuel Capture 0CCS LN

Amine economizer

Operation

11
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2. TechnicalChallenges I LCO: storage design

Design of LCO: Storage is various and requires the common standard

Triple point and Critical point

Low Pressure Conventional Unit
Pressure 7~ 8 15~ 20 bar(a)
Critical Boiling Temperature -49 ~ -46 29~ -20 °C
o NPetica ] point g9
=
= | 73.8bar(a) Density 1152~ 1140 1070 ~ 1029 kg/m*
e i
Tr'f’le Storage Efficiency High Low
Ptriple point _ pomt |
5.2bar(a) Dry Ice Possibility High Low
-56.6°C 31°C Tank Cost Low ngh
"Ttriple point " Teritical
Temperature
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3. Technical Challenges I Supporting Crews

Real-ship OCCS project was designed not only perform its functionalitybut beyond through on-line support

T Realtime &replay view ’ Location view

[Vl Minimize extra work for crews [Vl Safety of crews and ships [Vl Providing a guide

new system to crews can cause extra simultaneously monitor the system Immediate support can be provided
workload to operate from the ship and manufacturer. when necessary.

13
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Voyage Summary of HMM MONGLA during Past 1 Year

Liquefaction Set-up Flexible Line Purging & Valve Arrange HMM Safety Check

' W' 2%

14
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Voyage Summary of HMM MONGLA during Past 1 Year

LCO2 offloaded at the port and brought to produce Green Methanol

No. Date Route Detail Performance
: MOK - NGB - Initial setup,
oo ! Jull2— Aug 4,2024 SHA- CGP installation inspection
SIN- NGB .
2 Sep 12— Oct 19,2024 CGP — PKL- SIN Testing capture system
SIN- NGB L .
3 Oct 19— Nov22,2024 CGP - SING Testing liquefaction system
4 | Nov22- Nov30,2024 SIN- NGB Operating full OCCS
and LCO: storage
Dec 31,2024 — .
5 ’ SIN- NGB Off-loading (17/16Ton
@SlNOTECH ENERGY J an 6’ 2025 g ( )
6 Feb1- Feb9,2025 SIN- NGB OCCS Notation
3 B Operating full OCCS
7 Apr 16— Apr24,2025 SIN- NGB and LCO: storage
May 19 — May?25, .
8 y y SIN- NGB Off-loading (15/10Ton)
2025
9 Jul22 - Jul3,2025 SIN- NGB Maintenance

15
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Off loading LCO:

Real-ship results, optimized design, and regulatory compliance combine to complete the total solution.

SG

Crient ‘SINOTECH CCS CO.LTD
\Report No. COPCSH2500133-0182
Date of Joo I 13Enanes To 13-Jan-2025
Clienf's Ret. T ONA
SAMPLING REPORT vessal D owa
Gargo D Camon dodoe
Hingbo, China
Date of Report. 13-Jan-2025
Page No. 2
Sampiing Method: ASTM D1265-23a
SAMPLE DESCRIPTION CONTAINERS SEAL NO.
DATE SAMPLE TYPE y
STATUS SOURCE | PURPOSE  @TY Type (§GS-0GC)
13~Jan-2025 - CICU3831787 Anarysis Fals Cyingers Tap -
13-Jan-2025 - CICU3E81757 Analysis 1"3L | vaporbags Tap -

Weainer conaiion aurng samping
o

=] Abnormal weather condition:

Unlzss oihenaise Instructzd, the above samples will be ratained only for -

PROPERTY METHOD RESULT UNITS MIX
Carbon Dioxide GB/T1886.228-2016 >99.9% (V/'V) -
Water by Dew Point GB/75832.2-2016 2.14ppm (v/v) -

METHOD RESULT UNITS MIN MAX
GBIT1886.228-2016 >899 % (VV) -
nt GBIT 5832.2-2016 214 ppm (v}
drogen Sulfide ASTM D5504-20 <01 mg/m*
Sulfur Dioxide ASTM D5504-20 <0.1 mg/m*
Methanethiol ASTM D5504-20 <0.1 mgim*
Ethanethiol ASTM D5504-20 <0.1 mg/m*
2-Propanethiol ASTM D5504-20 <0.1 mgim*
Carbonyl Sulfide ASTM D8504-20 <01 mg/m*
Dimethylsulfide ASTM D5504-20 <0.1 mg/m*
Diethylsulfide ASTM D5504-20 <0.1 mgim*
Total Sulfur ASTM D5504-20 <1 mg/m®
Ammonia as NH. HJ 635-2000 <1 mgim*
Formaldehyde Content HJ 601-2011 <1 mgim*
Acetaldehyde ASTM D7423-23 <1 mglkg
Hydrogen GBIT 8722-2023 <50 ppm (viv)
Nitrogen GBIT 97222023 <0.01 % (VIV}
‘Carbon monoxide GBIT 8722-2023 <0.01 % (V)
Oxygen GBIT 8722-2023 <10 ppm (viv)
Mercury Content EPA7473-2007 <100 ngm*
NOX ( NO+NO2 ) ASTM D4589-21 11.6 mum*

rrrrrrrrrrrrrrrrrrrrrrrr — End of Analytical Results ——————————
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GreenMEOH

Declaration of CO; Utilization

SRR R

1. Purpose of CO, Utilization — %L4EREHIFH H

CO, is an essential raw material in our methanol production procass, By
incorporating GO, into our manufacturing operations, we aim to not only produce
high-quality methanel but alse contribute to the reduction of greenhouse gas
emissions through a circular economy approach

LR PRI IR b G BE A e s T R A IR T, I
VA BT 2 e W L A R, S ST AN 2 B iR U B
iRt
Il. Source of CO; —HL{r@kiK
The GO, utilized by GreenMEOH is sourced from the Onboard Carbon Capture
System with purity over 99.9% (v/v}, which is reliable and compliant with all relevant
environmental and safety regulations.

A R HERS S BHEE (R A Stk B TSRl S R A, RN S TR R R
1 BN 22 42k R

1lL. Utilization Amount of CO2 — FLikF) H &

® 1" Offoading: 32.2 tons 95— 32.2 f

® 2% Offloading: 24.1 tlons 3 e 24.1 W

MNote: The on-site records of the weighing and measurement are provided in the
appendix.

He L eh IR I B .

IV. Production Process ‘Ef= T2

The methanol production process of GreenMEOH involves the reaction of CO; with
hydrogen (H.) under specific temperature, pressure, and catalyst conditions. The
chemical reaction can be simplified as follows: CO,+3H,—+CH.OH+H,O. This
process is carried out in a state-of-the-art production facility, ensuring optimal
conversion ratas and product quality.

B B PR P T 2 R AR . B AR AT, B
B R RA LI T COz+3H;>CH;OH+H;0. i T 270 R~ i
PRI B 0 ) 4 S N

X PANASIA
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Regulatory Gaps and
Class Experience

* Regulatory Gaps and Class Experience
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Regulatory Gaps and Class Experience

—— Rich Amine — CO:

— Lean Amine — Heating Source

Treated Gas

HAZID STUDY

Node 5 LCO: Storage Section
Node 4 CO: Liquefaction Section

CO: Liquefaction Section

: (!
[

/'_\

Condenser

Quenching Absorber Heat Stripper - Liquified
tower > tower Exchanger tower & CO:
Cooled
Gas ~—P| Reboiler
A
IR sl p NS I
Quenching Section CO: Absorption Section CO: Stripping Section

Node 1 F.G.CSection Node 2 Absorption Section

Node 3 Stripping Section

18

O RN WA UON®

m Intolerable risk

=
o

No. of Hazardous scenarios
O R N W b U1 OON 0O

Node 1

Wintolerablerisk - Manageablerisk  m Negligible isk

aal b

Nodel Node2 Node3 Node4 Node5
Human Risk

Node 2

Manageable risk

Node 3

Bintolerablerisk  ~ Manageablerisk W Negligible risk

JJJJ]

Nodel Node2 Node3 Noded4 Node5

Asset Risk

Node 4

oORr N WA U N ®

m Negligible risk

Nl

Node 5

Rintolerablerisk Manageablerisk M Negligible risk

L -8 81

Nodel Node2 Node3 Node4 Node5
Environment Risk
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Regulatory Gaps and Class Experience

HAZID STUDY - Identifying 5 major issues among 252 issues

Category Identified Issue Measures
- Use of class IIpipes with appropriate material
- Installation of drip tray liquid detector
Leakage o . .
- Forced ventilation fan in handling space
- ESDvalve forsolvent storage arca
Solvent o .
onven . - Drain lines for winter season
Freezing .
- Heaterin solvent storage area
Personal Accident - Personal protective equipment (PPE)
- Emergency showerand eyewash
- Forced ventilation fan in handling space
Leakage - CO, detector
- Installation of vent mast
Cco, Engine Room Ingress - Separated area from engine room and accommodation
. - Pressure control logic and alarm
Freezing .
- Set-up procedure for tank connection
Over-Pressure - Maximum storage daycalculation for BOG
Refrigerant Leakage - Forc.ed ventilation fan in handling space
- Refrigerant detector
Solvent - Fire extinguisher (Non-flammability)
Equipment - Install fire detectors
Fire
Refrigerant - Install fixed fire extinguishing system and extinguisher
Tank - Water spray for CO, tank
Fresh Water Consumption F.W Shortage - Apply additional fresh water generator

19
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Regulatory Gaps and Class Experience

HAZIDSTUDY - CO: Leakage

Closing Device For  Closing Device For
Ventilation Outlet Ventilation Outlet

Closing Device For A\ﬁ A\Ji.ﬁ'

Ventilation| Inlet

. ,.-{"||Closing Device For
=] @ W I Ventilation Inlet
"~

. Space Mon‘nored‘By J
Smoke Detectors |

™.,
\\\ Closing Device For
A Ventilation inlet

Identified Hazard

CAUTION

|7

v Pl

]\-‘ @ ’*\ Fixed Water Spray
Closing Device For . /A
Ventilation Outlet '+~ Space Monitored By T

Smoke Detectors
A\/B 1
]
- B
A _/'/ ko ) CO2 &refrigerantdetector
A ™

‘\\\ ;_\‘ @ /3&\ [ || Fixed Water Spray
AN Y ~

", Space Manitored By
Smoke Detectors

7
T e \‘

\
\
/
ENNEN!
-

ye . R LD y .
e kg | Forced ventilation
| e ——
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Regulatory Gaps and Class Experience

HAZID STUDY - Liquified CO. Tank

i —
FLOW CHART SCHEME T P W s = \iﬂ.
Sl | S| S | s r 1k 3 - =l
i s ) AN sy = = = i
13 - . Ji p o - N
P BT 7 S T T ¥ sz e dg;— A .
& T S ‘ 2
& o |
15500 i HE2 N ?H o =2

© CICU 388177

NO.4LCO2 STORAGE TANK f | —— 3 \R

Control Measure @,g%

NO.3LCO2 STORAGE TANK

NO.2L.CO2 STORAGE TANK

ssssss
-.-i-
-
a®

Pressure controlvalve
/ Emergencyshutdown valve

Emergencyshutdown valve/ safety
valve / pressure sensors

21



Chapter4

Regulatory Gaps and Class Experience

Safetyissues and Measures | Near miss In Operation

Amine Solvent Leakage

Done Safelyin Accordance

with the Guidance

Future Improvements
Safety Manual for 00CS PEI'I'DQ':CS

Amine Solvent Leakage

5 Upon detection of a chemical leak, immediately notify the Minim iZing I_Bakage Of

entire vessel of the leak situation through the emergency
alert system.

Detection and Alert 2 Shut down equipment and, if the leak is in the absorber 1
supply room, stop the equipment through the Remote
S ey e S G e Solvent &CO2

(ECR).

o Identify the location of the leak and restrict access to the
affected area.
5 Beaware of the emergency shower location, and if
to the solvent, wash thoroughly with water.

Leakage Location Check and
Restrict Access

O Minimize exposure to chemical hazards by wearing

e e @  Minimizingflanged
connection

5 Ifventilation is required in the leak arca, activate

Ventilation Measures I before
entering.

th situation to the
personnel and provide regular updates on the situation.
Continuously inform all crew members of the situation

e b < Minimizing instruments

o Identify the source of the leak and, if possible, contain
Leak Containment and or limit the leak.
Cleanup O Take measures to prevent the chemical from spreading.

Situation Reporting

CD-004
Dulu %VO M & _ follow up by washing with fresh water to remove any : o s

CD-005 lcp-008 oo R —— &  Optimizing piping routes
00.0 %VOR| 1.1 %VOL C After the incident, prepare a report on the chemical leak

. and response actions taken, and submit it to relevant
CD_ mﬁ Report Preparation authorities i necessary.
& Conduct safety training and education for the crew to

00.0 %VOL|_00.0 %VOL et S e i e
Page 14 of €6 PA B!RSM 00CS-OM-01

& Once the leak is contained, investigate the source and
use absorbent pads or booms to quickly absorb it;

IﬁItIﬁIﬁIﬁIt
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Regulatory Gaps and Class Experience

ROK’s Past Activities and Future Plans at the IMO

Proposal- IMO guideline MSC 109 Presentation OCCS Technical Seminar

The First and Largest
Onboard Carbon Capture System

forExlst)m)Iégsel
Q@
cocce MSC MSC MSC CcC CccC OCCS
108 109 110 1 12

Guideline

Proposal- UICO2 Tank

HMM MONGLA installation INF - HAZID Report ProposalPlan based on realexperience
MO == £ e o (] == £

23
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Conclusion
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Conclusion — Optimized Resolution

Through this Project, We aim to develop safe and efficient OCCS to achieve decarbonization.

* Through HAZID study, Safety Rule developed
* Realtime monitoring provide safety.

Value Chain —

* Unloaded CO2 and Utilized it as * High efficiency Carbon Capture * Minimize the required space for
Methanol with waste heat recovery. OCCS.

* Land base support can make crew less burdened

“True progress in decarbonization comes from innovation, collaboration, and shared responsibility. ”’

25



Thanks for your attention

Ohg Youngju Kim Joonghun

GeneralManager Senior Surveyor
. . KOREAN REGISTER .. .
yc.ohg@worldpanasia.com kimjhas @krs.co.kr

marketing@worldpanasia.com kimjhas @naver.com
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