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Efforts for Decarbonization

‘Roadmap to 2050

Initial IMO GHG Strategy Revised IMO GHG Strategy

Carbon Intensity (-40%)

Carbon Intensity (-70%)
Total GHG (-50%) *

MEPC 72nd MEPC 80t Compared to 2008 . Compared to .2008
2015 | 2020 2022 | 2025 CO;
———O— — ? o .
2018 2023 2030 2050
EEDI Phase 1 (-10%) EEDI Phase 2 (-20%) EEDI Phése 4 ?? (-40% to -60%)
. . . Expectation
EEDI Phase 3 (-30%t0-50%)  EEDI Phase 3 (-30%)
For CTN, LNGC, LPGC, G/C ! For Others
EEXI &
CIl 1stYear of Measurement
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Efforts for Decarbonization

‘Decarbonization Solution
 EPL & Shapoli

 Energy Saving Technologies
- Wind Assisted Propulsion
- Air Lubrication
- Extensive Speed & Voyage Optimization

» Alternative Fuels
- LNG
- Hydrogen
- Methanol
- Ammonia

» 1Carbon Capture:
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Efforts for Decarbonization

‘Carbon Capture Technologies

« Categorized into
- Pre-combustion Treatment

 Post-combustion technologies are more applicable for ships - It requires less
alteration to the design and retrofitting of ships in service.

» Post-combustion

- Adsorption

- Membrane Separation

- Cryogenic Separation
* Most mature technology
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HAK OCCS - Process and System Schematic

'CO2 Absorption with NaOH Solution - Store as CaCO03

H20 + NaOH

<
CO2
Absorption
H20 + CO2 — H2CO0s3
H2C03 + 2NaOH — Na2C03 + 2H20
H2C03 + NaOH — NaHCO03 + H20
Cal

Regeneration

Na2C03 + Ca(OH)2 — 2NaOH + CaCO03
NaHCO3 + Ca(OH)2 — NaOH + CaCO03 + H20

Separation
a NaOH (Aq)

CaCO0s3 (Solid)
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HAK OCCS - Process and System Schematic

!ystem Schematic Diagram (For Ships without SOx Scrubber)

(scrubber Tower ) =~ v >
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Details of Development

Utilize Test and Operation Experience of SOx Scrubber

* Configuration & Positioning Spray Shielder

« Spray Nozzle Type & Angle for Quenching and Absorbing
« Packing Selection

* Monitoring & Control System, Etc

Viewm @ *  newalereslbe] e | Tised @dagleine Flaw il @ 1500 200 =
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Details of Development

Laboratory Scaled Test ‘Pilot Scaled Test

» Verifying Chemical Reactivity » Verifying Interconnection Between Devices
* Developing Control & Automation System

CO2 SCRUBBER

F:_ Control Panel - Circulation Tank ;
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Details of Development

‘Onboard Test

 Verifying OCCS Performance in Onboard Operation Condition (Capacity: 50 kg/hr)
* Installed on 174K LNG Carrier (Located Engine Casing Funnel Top)

[ HIAIR KOREA Co.,Ltd. 0



Details of Development

‘Onboard Test

* Performance Test Result
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Details of Development

‘Onboard Test

e Test Result

HI AIR KOREA Co.,Ltd.
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Onboard Test
» Verifying Liquid-Solid Separation * Verifying NaOH Regeneration

[ HIAIR KOREA Co.,Ltd. 3



Details of Development

‘Ecotoxicity Test
» Effect of CaC0O3 on Marine Ecosystems

« Test under Supervision of KOMERI(Korea Marine Equipment Research Institute)

NOEC LOEC LC50 and/or EC50
Category Test Organism
Conc. (mg/L) End Point Conc. (mg/L)
Phytoplankton Skeletonema sp. 400 800 72h-EC50 1008.63
Zooplankton | Brachionus Plicatilis 800 1600 96h-EC50 1339.35
1000 2000 7d-LC50 2824.18
Fish Menidia Beryllina

1000 2000 7d-EC50 5112.85

- NOEC: No Observed Effect Concentration

- LOEC: Lowest Observed Effect Concentration
- LC50: Lethal Concentration 50%

- EC50: Effective Concentration 50%

[ HIAIR KOREA Co.,Ltd.
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Details of Development

‘Dilution & Concentration Analysis of CaC03 when Discharged

2
length({m)

« CaCO03 Concentration at End of Overboard Pipe: 0.48%
* Dilution Rate at 4m from Pipe End: 8.33

- Discharged Water Velocity at the End of Pipe:1.2m/s ______________________
« CaCO03 Concentration at 4m from Pipe End: 0.48 / 8.33 --0 058% (abt. 580ppm)J.
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System Calculation and Sizing Configurator
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System Calculation and Sizing Configurator

‘Capacity Calculation and Component Selection

HI AIR KOREA OCCS SELECTION

3. Cll - Carbon Intensity Indicator Curve

Cll - Carbon Intensity Indicator

= \ HI AIR KOREA OCCS SELECTION
S

s —_n
% \ — 5. System Description
£ 25000 \ —
i - 5.1. Design Basis 5.3. Tanks
S 20000 —o— Artained CII 3. Based Operation Period: I 55 [days a (a0 Storage Tank 3,442 [m3/55days
E —o—Tagerql b. CO2 Capturing Rate(Capacity): | 1,445 [kg/h or 3,748 [ton/55days
< 15000 c. SOx Scrubber is not installed b. CaC03 Storage Tank:
- Considering Discharge CaCO3 into Ocean
06— [ 126 [m3/2days
5.2. Main Equipment or 228 |ton/2days
0.5000 a. CO2 Scrubber Tower: 11.9 |m in height - When CaCO3 is stored on board throughout voyage
34 |m in dia. 3,466 |m3/55days
0.0000 b. Circultaion Pump: 225 m3/h or 6,266 |ton/35days
AT, AD0. WL EE R 20 IADS  CMDL AT R e W0 G, 20 c. Transfer Pump: 60 [m3/h c. Chemical Tank: 23 [m3
YEAR, d. Sludge Pump: 60 |m3/h d. Circulation Tank: 120 [m3
. Sea Water Pump: 403 |m3/h 2. Mixing Tank: 60 |m3
+ Estimated Electric Power Consumption for the CCS System: * Note
abt 314 kw

The values above are indicative and only for reference.
HI AIR KOREA Co, Ltd
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Application - Absorbing Tower Arrangement

Two Stage Type:

* For New Building and Retrofitting
 VLSFO & LNG Fueled Ship
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Application - Absorbing Tower Arrangement

Single Stage Type:
* For Retrofitting where SOx Scrubber Already Installed

CO2 Absorption:
(Closed loop)
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Advantages and Special Features

‘System Comparison with CO2 Absorption using Amine Chemical

= Engine Exhaust Gas
Alkali Water

m— Sea Water

<C02 Absorption using Alkali Water> <C02 Absorption using Amine Chemical>
Absorption using Alkali Water Absorption using Amine Chemical
Installation Area Small Large
(One Scrubbing Tower Required) (Multiple Towers Required)
Electric Power Low High
Consumption (Pumps and Control Panel) (Pumps, Heaters and Liquefaction)
After—Treatment The Solids Produced after Separation Additional Liquefaction is required and
Can be Discarded at Sea or Traded LCO2 should be Stored in Type-C Tank

[ HIAIR KOREA Co.,Ltd. 20



Patents & Customized Design

* Joint Development and Research with IDSMIE
- Since May 2020

- HI AIR KOREA Carry out Product Design, Component Selection and Manufacturing
of the System

- DSME Carry out Principle Design for Application of the System to Ships including
Arrangement of Each Components

« Joint Patent Between [1} HIAIRKOREACo.Ltd. and 2SMIE
- Including 1020200132181 /1020200139682 / 1020200139692:

“Greenhouse Gas Emission Reduction Device for Ship and Ships Equipped with
This Device”

e Customized Design based on the CO2 Capture Rate, Optimized for Each Ship in

accordance with the Operation Condition and Requirement to Meet the Relevant
Regulations

[ HIAIR KOREA Co.,Ltd.
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Ongoing Studies and Future Plans

‘Ongoing Studies

* Designing System for JDP with DSME, GASLOG & ABS
- Feasibility Study of OCCS Installation and Operation
- 174k LNG Carrier (CO2 Capture Rate: 1000 kg/hr)
- Seeking AIP Led by ABS

« Following-up the Rules and Regulation (Participating in the MEPC79 Preparation
Working Group under the Ministry of Oceans and Fisheries of Korea)

* Improvement of the System as per Challenges Encountered during the Onboard
Verification Test

 Powder Storage and Handling

o Utilization of CaC03

[ HIAIR KOREA Co.,Ltd. -



Ongoing Studies and Future Plans

Future Plans
e 2" OQnboard Verification Test with DSME

Additional Marine Ecotoxicity Test
- In 400 ppm to 800 ppm Section

CFD Analysis for Dilution & Concentration of CaCO3
- By KOMERI (Korea Marine Equipment Research Institute)

Real Scale Pilot Project
- Looking for a Shipping Company for Joint Development

Design Settled by 2022 4Q

Ready for Commercialization by 2023 TH

[ HIAIR KOREA Co.,Ltd. >3



Thank You

For any further information, you may contact our partner
in Greece o OCEANKING . www.oceanking.gr
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