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_ In particular, Korea needs 22.9 million tons of imported clean hydrogen by 2050
Rec_e'ved 25 October, 2023 to achieve carbon neutrality. However, a large amount of carbon is emitted dur-
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search estimates the carbon emissions of importing green hydrogen from
Vietnam, Australia, and the United Arab Emirates to Korea, and calculates im-
ported green hydrogen prices under carbon emission market regulations.
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Fig. 1. Diagram of hydrogen Import chain levelized with cost and environmental estimation
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Table 1. Parameters of hydrogen import process except for hydrogen production process from IEA™

) Hydrogen shipping carrier
Process Parameter Units
LH, LOHC NH;
Installed capacity ktip/yr or ktioi/yr or ktnus/yr 260 4,200 2,800
Plant CAPEX USD million 1,400 230 2,240
Annual OPEX % of CAPEX 4% 4% 1.5%
. Electricity use kWh/kgH, 6.1 1.5 4.8
Hydrogen conversion*
Natural gas use kWh/kgH, - 0.2 -
Start-up toluene kt - 260 -
Toluene cost USD/ti1 - 400 -
Toluene markup Ktioi/yr - 100 -
Capacity/tank tH, 3,190 51,750 34,100
CAPEX/tank USD million 290 42 68
Annual OPEX % of CAPEX 4% 4% 4%
Export terminal —
Electricity use kWh/kgH, 0.61 0.01 0.005
Boil off rate %/day 0.1% - -
Flash rate % 0.1% - -
Capacity/ship tH> 11,000 110,000 53,000
CAPEX/ship USD million 412 76 85
Ship speed km/h 30 30 30
Shipping Annual OPEX % of CAPEX 4 4 4
Fuel use MJ/km 1,487 3,300 2,500
Boil off rate %/day 0.2% - -
Flash rate % 1.3% - -
Capacity/tank tH, 3,550 61,600 56,700
) CAPEX/tank USD million 320 35 97
Import terminal —
Electricity use kWh/kgH, 0.2 0.01 0.02
Boli off rate %/day 0.1 - -
Capacity Ktior/yr or Ktnps/yr - 4,200 1,500
Capacity CAPEX USD million - 670 460
Annual OPEX % of CAPEX - 4% 4%
. Heat required kWh/kgH, - 13.6 9.7
Hydrogen extraction
Plant power kWh/kgH, - 0.4 -
H, purificaition (PSA) power kWh/kgH, - 1.1 1.5
H, recovery rate % - 90% 99%
PSA H; recovery rate % - 98% 85%

*Green ammonia synthesis (hydrogen conversion) parameters are derived from green ammonia synthesis parameters and green
hydrogen production parameters with water electrolysis provided by the IEA.
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Table 2. Consist of hydrogen transport ship fuel

Ship Year LH, | LOHC | NH;
2030 HFO 95%, Bio-diesel 5%
HFO fucl 2040 HFO 40%, Bio-diesel 60%
based ship
2050 Bio-diesel 100%
Clean fuel ship| 2030-2050 | Boil-off Ha| O™ | NH,
methanol

Table 3. Market-based carbon reduction method

2030 2040 2050
Carbon
ffset pri
OUSEEPIICE | 60 tCOsq. | $250/tC0seq. | $88/tCOseq.
(SBTi
Scenario)
Carbon tax
1,2114C0s¢q.
(JapaN | 61354 COneq. | $6734C0eq, | 12 11/1C04
proposal to (assumption)
IMO)
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Table 4. Periods of hydrogen carrier on each importing proc-
ess

Export country Process LH, |LOHC| NH;
Export terminal | 154 | 144 | 144

Vietnam Shipping 6.7 6.7 6.7
Import terminal | 9.9 9.6 12.6

Export terminal | 154 | 123 | 129

Australia Shipping 11.3 11.3 11.3

Import terminal | 9.8 9.6 12.4
Export terminal | 154 | 125 | 129
UAE Shipping 18.7 | 18.7 | 18.7
Import terminal | 9.6 9.6 12.0
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Fig. 2. CO, emissions in the Well-to-Port process for marine fuel and hydrogen carriers
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