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Abstract >> Water electrolysis is a promising clean hydrogen pathway but re-
quires substantial high-purity freshwater, raising concerns under increasing wa-
ter stress. This study evaluates an integrated seawater-based hydrogen pro-
duction system combining reverse osmosis (RO), electrodialysis/electrodeionization
(ED/EDI), and alkaline electrolysis (AEC). Incheon, Yeosu, and Ulsan are exam-
ined as representative Korean coastal sites reflecting local seawater salinity and
temperature. Economic feasibility is assessed using the Levelized Cost of
Hydrogen (LCOH), and environmental performance is evaluated via life cycle as-
sessment (LCA) aligned with Korea’s clean hydrogen certification framework.
Results show that adding RO-ED/EDI increases LCOH by only 10-15 KRW/kgH,
relative to municipal water use, as electricity dominates total costs. RO-ED/EDI
adds 0.064 kWh/kgH,, about 0.1% of total electricity use. LCA results indicate
that RO-ED/EDI integration increases indirect emissions by only 0.02-0.03
kgCO.e/kgH> under grid electricity, accounting for less than 1% of total emis-
sions, with negligible effects under renewable or nuclear supply. Overall, sea-
water-based electrolysis secures water supply without materially degrading cost
or certification feasibility.

Key words : Desalination(243}), Hydrogen Production(4=A 4 A, Water Electrolysis
Z2HM3f)), Hydrogen Production Cost($AAAFH|-R), Water Scarcity(8 £%)
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Table 1. Regional seawater Characteristics and low-temperature correction results

Sites Salinity (mg/L) |Low Temp. correction rate (AT, %) | SEC (kWh/m®) CAPEX (W) OPEX (W)
Incheon 24,340 337 2.516 24,383,000,000 13,092,000,000
Yeosu 27,145 2.57 2.784 21,731,000,000 13,092,000,000
Ulsan 31,460 2.43 3.222 21,562,000,000 13,092,000,000
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Table 2. Electricity consumption of desalination and electrolysis
process by region (kWh/kgH,)

Sites Incheon Yeosu Ulsan
RO 0.0503 0.0557 0.0644
ED/EDI 0.0139 0.0139 0.0139
AEC 56.408 56.408 56.408
Total 56.472 56.478 56.486
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Table 3. GHG Emissions by Scenario (kgCO./kgH>)

Sites Incheon Yeosu Ulsan Benchmark
RO 0.017 0.019 0.021
0.053
ED/EDI 0.046 0.046 0.046
AEC 18.77 18.77 18.77 18.77
Total 18.83 18.84 18.84 18.82
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