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ABSTRACT

Energy efficiency policies are traditionally evaluated based on lifetime energy savings and initial costs, often overlooking
the broader benefits. This study evaluates the avoided costs of energy efficiency from a long-term system perspective to ensure
a more accurate assessment of end-use electricity savings. Utilizing LEAP (Low Emissions Analysis Platform), a
scenario-based energy system modeling tool, and aligning with South Korea’s 11th Basic Plan for Electricity Supply and
Demand (2024 - 2038), we apply a 12-month, 24-hour time resolution to capture the critical impacts of peak loads and the
increasing penetration of renewable energy. We construct two counterfactual scenarios where demand-side management does
not take place; additional electricity demand is supplied through either solar PV or gas generation. Our findings reveal that
when demand-side targets are met, the average annual generation cost in 2038 is 124.8 KRW/kWh. The average avoided cost
in 2038 is 148.5 KRW/kWh and 180.8 KRW/kWh for the two counterfactuals. Analysis shows that with increasing penetration
of renewables, the range of hourly avoided costs increases. Energy savings can offset expensive marginal generation costs
during peak hours and avoid the costs of building new capacity needed to meet increasing demand. These results demonstrate
that the economic value of efficiency resources should be evaluated based on hourly avoided generation costs. Furthermore,
the rising share of renewables shifts the hours with the highest avoided cost, making granular hourly estimates essential for

capturing the true value of efficiency resources in sustainable power system planning.
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Table 1. Cost category by source
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1: Costs internalized through policies such as ETS, RPS

2: Societal costs exclusive of policy costs

3: Demand Reduction Induced Price Effect; accounts for the effect of energy efficiency policy on energy price
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Table 2. Scenario overview

. Elec. Demand | Elec. Gen. Capacity (GW)
Scenario Year
(TWh) (TWh) Total Nuclear Coal LNG SolarPV Wind
2024 546.0 597.7 158.9 26.1 40.2 46.4 28.2 2.3
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2024 546.0 602.9 158.9 26.1 40.2 46.4 28.2 2.3
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2038 735.1 799.4 397.4 35.2 22.2 73.4 186.5 40.7
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Table 3. Input specification for the generation sector (values in 2023 KRW)

Capital Cost Fixed O&M Variable O&M Fuel Cost Max Utilization . Decommissioning .

Branch (1,000 KRW/MW) (1,000 KRW/MW) (KRW/MWh) (KRW/Gcal) (%) Lifetime Cost Efficiency

(Years) (KRW/MW) )
2023 2038 2023 2038 2023 2038 2023 2038 2023 2038

Nuclear 4,318,828 | 5,550,126 175,983 233,033 4,352 4,352 2,565 2,578 82.6 82.6 60 1,119,000,000 325
Coal 1,916,000 | 26,920,000 | 49,390 52,896 480 480 46,087 26,997 64.6 64.6 30 95,800,000 36.6
Gas 1,371,000 1,462,857 41,320 44,089 400 400 102,463 | 69,354 100.0 100.0 30 68,550,000 454
SolarPV Utility | 1,296,000 653,366 38,592 34,024 100 100 0 0 15.4 16.6 25 55,757,000 100.0
SolarPV Self 1,834,000 1,096,716 22,245 19,849 0 0 0 0 15.4 16.6 25 0 100.0
Wind Onshore | 2,707,000 1,928,250 56,647 55,822 100 100 0 0 23.0 24.5 25 135,350,000 100.0
Wind Offshore | 6,073,000 | 3,318,288 130,569 129,657 100 100 0 0 29.0 30.8 25 303,650,000 100.0
Hydro 5,102,000 | 5,102,000 154,149 154,149 0 0 0 0 232 232 100 255,100,000 100.0
Tidal 8,011,000 | 8,011,000 | 230,000 230,000 0 0 0 0 19.5 19.5 100 400,550,000 100.0
Biomass 4,197,000 | 4,197,000 147,303 147,303 4,700 4,700 105,000 | 105,000 853 853 30 209,850,000 35.0
IGCC 5,800,000 | 5,800,000 130,340 130,340 3,300 3,300 46,087 26,997 87.0 87.0 30 290,000,000 43.0
Other 3,811,000 | 3,811,000 91,579 91,579 1,220 1,220 49,498 100.0 100.0 30 190,550,000 36.0
Fuel Cell 6,057,000 | 6,057,000 136,116 136,116 3,500 3,500 102,463 | 69,354 100.0 100.0 20 302,850,000 88.0
Hydrogen 1,488,000 1,488,000 44,832 44,832 400 400 177,059 | 91,629 100.0 100.0 30 74,400,000 80.0
BESS 1,270,000 791,700 36,000 21,516 0 0 0 0 100.0 100.0 15 72,000,000 35.0
PSH 5,551,000 | 5,551,000 30,177 30,177 869 869 0 0 100.0 100.0 100 271,550,000 64.0

A detailed explanation on references and methodology for each specification is available in Appendix 1. (https://doi.org/10.5281/zenodo.18308391)
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