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ABSTRACT With increasing concerns regarding environmental pollution contributing to ‘global boiling’ worldwide, hydrogen,
especially green hydrogen produced by renewable energy sources, has emerged as a key energy solution for future decarbonization. In
this study, an economic analysis of a 3.3 MW-class green hydrogen production system was conducted in Haengwon, Jeju, South
Korea. The target hydrogen production system comprised three different types of equipment, each with different electrolyzer types,
capacities, and performance characteristics. The levelized cost of hydrogen (LCOH) was estimated for each piece of equipment based
on the capital expenditure (CAPEX) and operating expenditure (OPEX). This study investigated the contributions of specific
components within the CAPEX and OPEX to the total LCOH and analyzed the results across various hydrogen production capacities,
electrolyzer types, and power sources used to operate the system. Additionally, a sensitivity analysis was conducted to assess the
impact of each component on the LCOH upon electrolysis, with the uncertainty of the study results estimated using a Monte Carlo
simulation. The study findings revealed the estimate of the LCOH obtained upon electrolysis in Haengwon, Jeju, to be 10.36 $/kg H»,
with electricity costs representing the largest share of LCOH and demonstrating the greatest sensitivity to hydrogen prices.

Key words Green hydrogen(“1#<>4+), Economic analysis(d A4 &-41), Levelized cost of hydrogen(v+53} =4 AHAF H|-E),
Sensitivity analysis(717=541), Monte-Carlo simulation(3ZH| 7} &2 A& 0] 4)
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Table 1. The electrolyzer equipment list of Haengwon green
hydrogen production system in Jeju

No. EEEiElER Stacl§ Manufacturer EA
type capacity
. SUSO .
E-1 Alkaline 1.0 MW ENERGEN 2 units
E-2 PEM 1.0 MW Plug Power | 1 unit
Doosan
Enerbility, .
E-3 PEM 0.3 MW Elehemtech 1 unit
(Stack)
Water
Wind power ESS Electrolyzer
o o
i Buffer tank Compressor Tube
@ 1o trailer
H, H, '!i!' H %@.
©
Grid

Boundary of economy analysis

Fig. 1. System configuration and economic analysis boundary
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Table 2. Performance of electrolyzers in Haengwon green
hydrogen production system

No. Ho Power Water
(Type) production consumption consumption
E-1 3, 123 | 56.3 kWh/kg 10.00 L/kg
(Alkaling) | 200 Nm'/h H,)* H, ™
E-2 305 | 49.9 kWh/kg 14.83 L/kg
(PEM) 198 Nm°/h Hzmﬂ sz
E-3 3, 3 | 60.6 kWh/kg 10.00 L/kg
(PEM) 60 Nm"°/h H,% 1,

Table 3. Cost information of CAPEX for economic analysis of
hydrogen by electrolysis

Contents Cost ($)
E-1 482,200
Stack E-2 316,000
E-3 378,240
E-1 139,600
BOP E-2 575,000
(Balance of plant)
E-3 456,750
E-1 74,6167
Installation E-2 106,9202"
E-3 100,199
Hpy storage Buffer tank 20,160[28]
Battery 413,200
ESS o
PCS 32,000
Land & Build, 714,286""

Table 4. Cost information of OPEX for economic analysis of
hydrogen by electrolysis
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Stack | E-2 | 31,212 $/year 2 v 24} 29 of] Tl 1R E APgsgl o, &
E-3 | 57,160 | $/year AL 20239 Y 72T E]Ql 3.5%, TES 1,400
Replacement E-1 6,963 $/year
BOP | E-2 | 28,681% $/year
-3 22,783[” $/year Table 5. Scale factors for electrolyzer system
Battery&PCS |  4,441% $/year Contents Scale factor
0&M 68,296 $/year . Stack 0.69
Alkaline
Labor cost 30,000 $/year BOP 0.68
Electricity 0.13%! $/kWh Stack 0.72
Water 0.36"* $/ton FEM BOP 0.73
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Table 6. Replacement periods for each equipment

Contents Replacement Period (yrs)
- Stack 5%
BOP 10"
- Stack 7
BOP 10"
- Stack 54
BOP 10"
FSS Battery 102
PCS
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Fig. 2. Comparison of costs of each component in LCOH
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Fig. 6. Comparison of LCOH for various power source in Jeju
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