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ABSTRACT The Korean government announced the “1st Basic Plan for the Transition to Hydrogen Economy” in 2021 and declared
the establishment of a hydrogen industry ecosystem by 2040. To build a low-carbon power system, resources that can efficiently
accommodate renewable energy are required, and green hydrogen is considered a potential solution. This study analyzed the economic
feasibility of green hydrogen-based sector coupling to reduce curtailment of renewable generation in the Jeju power system by 2025
under the scenario of with or without HVDC#3. The result showed that HVDC#3 significantly reduced the frequency of curtailment
from 16.1% to 3.0%. In addition, green hydrogen-based sector coupling was an economically feasible option as result showed an IRR
of 4.86% when HVDC#3 was connected and 11.45% when it was not under the condition of achieving 50% curtailment reduction.
This study shows that the higher the level of renewable energy deployment, the more delayed the HVDC connection between Jeju and
the main land, and the lower the SMP, the more economically feasible the green hydrogen-based sector coupling is. Furthermore, this
study suggests that the policy goal of completely reducing curtailment is not economically efficient.

Key words Renewable generation(A] A &A1), Curtailment(Z 2 A 3t), Green hydrogen(44 4=4+), Hydrogen charging station(4>
24 4), Sector coupling(AE] AEF)
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Fig. 2. PLEXOS optimization framework

Table 1, Jeju power system input in 2025
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Table 2, Assumption for the operation of hydrogen production

Maximum Minimum
Num Generator Generation Generation
(Mw) (Mw)
1 South Jeju CC 158 o4
2 South Jeju GT 106 37
3 South Jeju TP1 94 50
4 South Jeju TP2 95 50
5 Jeju TP1 75 42
6 Jeju TP2 74 42
7 Jeju LNGCC1 123 78
8 Jeju LNGCC2 124 78
9 Jeju LNG GT1 82 48
10 Jeju LNG GT2 82 48
1 Hanlim GT 75 27
12 Hanlim CC 109 41
13 Jeju DP1 39 26
14 Jeju DP2 39 26
15 HVDC#1 (Haenam) 150 —
16 HVDC#2 (Jindo) 200 -
17 HVDC#3 (Wando)™* 200 -
18 Solar PV 1011 -
19 Wind 752 -

* Applied differently by scenarios

1) Produce hydrogen using low 8—hours SMP of each day
estimated based on PLEXOS
2) Apply following two constraints when producing hydrogen
2a) Constraint of hydrogen storage capacity
2b) Producing hydrogen when SMP is below the price* that
secures the profit considering hydrogen sales price and
conversion efficiency
3) SMP is affected by the demand increase by hydrogen
production and price reflection is based on price
sensitivity™* in Jeju
4) Hydrogen storage capacity and the number of trailers,
hydrogen stations, and hydrogen vehicles are determined
by hydrogen production capacity
* Estimated based on hydrogen sales price, 8,880 KRW/kg,
converstion efficiency 18 kg/MWh
** Hstimated based on the linear regression between hourly

demand and price in jeju
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Table 3. Scenario setup

Land SMP SMP 0 KRW
2025 Jeju
With HVDCH#3 Case (1) Case (2)
2025 Jeju
Without HVDCH#3 Case (3) Case (4)
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Table 4. Hydrogen economic validity analysis, land SMP and HVDC#3 — Case 1

Curtailrr_lent Hydrogen Storage Num _of Num of hégrrc])éaeln Hydrog_en Inv%sot;r:ent TotaI_AnnuaI NPV IRR
Reduction | Capacity | capacity | charging Geller | et capacity (100 Mil Profit (100 | (100 Mil (%)

Rate (MW) (kg) station (ton) factor KRW) Mil KRW) KRW)

100% 515 74160 31 4 16,665 0.626 6,632 —109.94 —8,388.2 n/a
5% 190 27360 15 2 7,904 0.791 2,507 101.35 -1,346.9 | —3.02%
50% 100 14400 1 4,352 0.828 1,320 103.4 -59.4 3.97%
25% 40 5760 1 1,746 0.830 548 53.07 97.0 6.49%

Table 5. Hydrogen economic validity analysis, SMP 0 KRW and HVDC#3 — Case 2
%urtailrr_]ent Hydrogen Storage Num _of Num of h?gr%:gaeln Hydrogen Inv%s;g:ent TotaI_AnnuaI NPV IRR
eduction | Capacity | capacity chargmg iraler || proliction capacity (100 Mil Prgflt (100 (100 Mmil (%)

Rate (MW) (kg) station el factor KRW) Mil KRW) KRW)

100% 515 74160 31 4 16,665 0.626 6,632 —-107.32 —8,354.1 n/a
75% 190 27360 15 2 7,904 0.791 2,507 110.58 -1,226.9 | —2.20%
50% 100 14400 1 4,352 0.828 1,320 111,16 41,6 4.86%
25% 40 5760 1 1,746 0.830 548 57.44 153.8 7.59%

Table 6. Hydrogen economic validity analysis, land SMP and no HVDC#3 — Case 3
CRurtaiIn)ent Hydrogen Storage Num _of Num of h?grr;éaeln Hydrogen Inv%s;gt]ent TotaI_AnnuaI NPV ‘ IRR
eduction | Capacity | capacity charglng iefler | mosueten capacity (100 Mil Prgflt (100 (100 Mil (%)

Rate (MW) (kg) station o) factor KRW) Mil KRW) KRW)

100% 841 121104 32 4 17,429 0,394 10,517 15,98 —10645.4 | —24.4%
75% 280 40320 20 3 10,707 0.728 3,663 171,44 -1,647.0 | —1.54%
50% 150 21600 10 2 5,454 0.692 1,957 157,43 -19.3 4.39%
25% 65 9360 5 1 2,452 0.718 860 86.01 204.0 7.12%

Table 7. Hydrogen economic validity analysis, SMP 0 KRW and no HVDC#3 — Case 4
CRurtaiIn)ent Hydrogen Storage Num _of NUm of hégrr;)lg:eln Hydrogen Inv%s;gent TotaI_AnnuaI NPV ‘ IRR
eduction | Capacity | capacity chargmg el | srecvsien capacity (100 Mil Prght (100 (100 Mil (%)

Rate (MW) (kg) station o) factor KRW) Mil KRW) KRW)

100% 841 121104 32 4 17,429 0.394 10,517 170,05 —8,641.3 | —9.83%
75% 280 40320 20 3 10,707 0.728 3,663 309,91 154.2 4,98%
50% 150 21600 10 2 5,454 0.692 1,957 260,39 1,320.0 | 11.45%
25% 65 9360 5 1 2,452 0.718 860 138.95 892.6 14.77%
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Fig. 8. Hydrogen IRR for varying curtailment reduction rate
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