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junhyuk.im@poscoenc.com Abstract >> This study evaluates a power-to-gas (P2G) system that combines sur-

Feceived 28 Aor plus renewable power with battery energy storage system (ESS) to enhance

sties';’z 29 M‘;r;ly' 2282255 clean hydrogen production. The enhanced system stabilizes intermittent energy

Accepted 11 June, 2025 supply and supports efficient electrolyzer operation. Simulation-based analysis
includes capacity factor, degradation, and levelized cost of hydrogen (LCOH) un-
der varying scenarios. Results show that ESS integration improves operational
flexibility and economic viability.
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Fig. 1. Basic operating principle and re-actions of a water
electrolysis
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Fig. 2. Conceptual diagram of power-to-gas (P2G) system

Table 1. Improvement potential in hydrogen supply cost

Classification Pre-improvement | Post-improvement
(’18, KRW/kg) [(*25to 30, KRW/kg)
Production cost | 1) 2573 | 1,821-5.462 (25%))

(electrolysis)

Storage cost o
(compressed storage) 285 217 (24%1)
Transportation cost

2,61 y
(tube trailer) 7,66 615 (66%1)
Total cost 10,365-15,214  |4,653-8,294 (51%])

*Note: Assuming surplus electricity cost is 0 KRW/kWh and
renewable energy utilization rate is 10-30% (equivalent
to 2.4-7.2 hours per day).

*Source: CRIRO (2018), H2KOREA (2017).
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Classification Value

Rated Power 21 Mw

Max. Qutput 19.99 MWh =

Min. Output 0 MWh =
- Ave. Output 3.58 MWh =
- Capacity Factor 17 %

Hourly Wind Power Generation Data (8,760 data points)

Detallnfol for the Sangmyeong Wind Farm in Jeju Island (21 MW)
Period From Jan. 1, 2023, 00:00 to Dec. 31, 2023, 24:00
Source www.data.go.kr/data/15119454/fileData.do

Fig. 3. Information of wind power generation data source
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Fig. 4. Integrated operation scenario for P2G

Op. Scenario
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Fig. 5. Battery-ESS operation scenario (charge/discharge vs.
standby)

Study Cases - <9 <© =N

No.| Electrolyzer Op.Mode | H2 Production > ==

1 Standby 0 -

2 Cold Start Apply 0%

(Standby duration>2hr) | of Normal Op. Output = < =
Hot Start Apply 50% - J

3 | (Standby duration<2hr) | of Normal Op. Output < =
N Apply 100% ‘ L

4 Normal Operation o\ "PPY 000 j—

Fig. 6. Electrolyzer operation scenario (full/partial load vs.
standby)
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Table 2. Summary of case study conditions

Category | CASE#1 | CASE #2 | CASE #3

Power

CASE #4

source Surplus RE|Surplus RE |Surplus RE| Surplus RE

Electrolzer AKL AKL AKL AKL
2 33MW | 33MW | 33MW | 33 MW
LFP LFP LFP
Batter ESS| N/A 2MWh/ | 2MWh/ | 2 MWhH/
1 MW 1 MW 1 MW

ALK 1%/y| ALK 1%/y

Degradation|  N/A NA LR 9%y | LEP 9%y

LCOH Aol A% 715 714, 22 W 713
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Table 3. Case study conditions and LCOH calculation results
Category CASE #1 CASE #2 CASE #3 CASE #4
Po. receiving Wind 7.9 MW Wind 7.9 MW Wind 7.9 MW Wind 7.9 MW
Cap. Factor 17% 61%" 61%" 61%"
Op. Annual Op. 8,760 h 8,760 h 8,760 h 8,760 h
Cond.
Sys’ life 20 yr 20 yr 20 yr 20 yr
Discount 7% 7% 7% 7%
C Alkaline Alkaline Alkaline Alkaline
e 33MW 33MW 33MW 33MW
Spec. Eff 70% 70% 70% 70%
Life 10 yr 10 yr 9 yr? 3yr?
Equi 1,700,000 1,700,000 1,700,000 1,700,000
Sl quip- KRW/KW KRW/KW KRW/KW KRW/KW
cost 20% 20% 20% 20%
Anc. f Equip. cost of Equip. cost of Equip. cost of Equip. cost
Electro- of Bquip. quip. quip. quip.
lyzer Elec. - - - -
(Basic) (Basic) (Basic) (Basic)
1,080 KRW/mo 1,080 KRW/mo 1,080 KRW/mo 1,080 KRW/mo
Water
(Usage) (Usage) (Usage) (Usage)
QLA 0,950 KRW/ton 0,950 KRW/ton 0,950 KRW/ton 0,950 KRW/ton
cost
O&M 2% 2% 2% 2%
of Cap. cost of Cap. cost of Cap. cost of Cap. cost
Ete 1% 1% 1% 1%
’ of Cap. cost of Cap. cost of Cap. cost of Cap. cost
Ca LFP2 MWh LFP 2 MWh LFP 2 MWh
Soze, P- &1 MW &1 MW &1 MW
Life - 16 yr 11 yr¥ 11 yr®
Battery
ESS Cavital cost ) 624,528 624,528 624,528
i KRW/kWh KRW/kWh KRW/kWh
03,804 03,804 03,804
O&M cost ; KRW/KW KRW/KW KRW/KW
H2 Prod. 87311 313,292 174,142) 174,142"
(kg/y)
Results LCOH 11,296 3,606 7,399 11,568
(KRW/kg H) (Ref)) (32%) (66%) (102%)
No. of Stack#1 Stack#2 Stack#6
. Stack#1
Equip. Repl. Battery#1 Battery#1 Battery#1

DCal. value from battery operation scenario
YElectrolyzer degradation, 3%/year

=

AP AL
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