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ABSTRACT

Amid growing concerns over global supply chain disruptions, the imperative to achieve carbon neutrality, and increasing
demands for energy security, this study proposes a systematic and comprehensive framework for analyzing the Levelized Cost
of Electricity (LCOE) for renewable energy in South Korea, with a particular focus on solar and wind power. Recognizing
the urgency of transitioning to clean energy, the study develops a standardized classification system that disaggregates key
cost components, including capital equipment, operation, maintenance, and land acquisition. A refined LCOE calculation
methodology is introduced to reflect the unique economic and technical characteristics of renewable energy systems in Korea.
Using the latest available cost data, the study derives national-level LCOE estimates and constructs a database to support
ongoing cost tracking and policy evaluation. The sensitivity analysis reveals that LCOE responsiveness varies considerably
with changes in input parameters, providing a quantitative basis for evaluating the relative influence of each factor.
Specifically, for solar PV and onshore wind technologies, economic lifetime, capital expenditures (CAPEX), and the discount
rate are identified as the most influential variables. Among these, variations in economic lifetime exert the greatest impact
on LCOE due to their direct effects on investment payback periods and the distribution of fixed costs. Based on these findings,
the study presents policy recommendations aimed at reducing renewable energy generation costs, improving investment

efficiency, and enhancing the overall competitiveness of South Korea’s renewable energy sector.
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Table 1. Comparative review of domestic and international studies on LCOE of solar, onshore and offshore

wind energy

Country/region

LCOE trends and characteristics

Key factors and background

Relevant institutions/reports

United States

Continuous decline in solar LCOE
In some areas, lower than fossil fuel
plants

Improved economics of solar systems

with storage

Economies of scale from large-scale
projects

Declining installation costs
Advances in energy storage

technologies

EIA: Regular LCOE assessments by
technology

* Lazard: Annual LCOE comparison

reports

BloombergNEF: Analysis of storage
impact on LCOE

MIT Energy Initiative: Long-term

technology cost curve studies

EU

(European Union)

Southern Europe (e.g., Spain, Italy):
low solar LCOE

North Sea region: competitive offshore
wind LCOE

Resource characteristics (sunlight,
wind speed)

Differences in installation and O&M
costs

Governmental support and

technological advances

European Commission: Country-level
LCOE comparison studies
IPCC: Emphasis on climate-induced

resource uncertainty and simulation

Low solar LCOE in desert regions

Low wind LCOE in western inland

Low land cost in deserts

High wind speeds in inland regions

Chinese Government: Large-scale

renewable project leadership

China
areas * Technology localization and * IRENA: Reports confirming China’s
* Generally below global average LCOE | infrastructure development low LCOE performance
* Guaranteed fixed tariffs (FIT) .
* FIT system reduced solar LCOE . * Japanese Government: FIT operation
. L . * Secured return on initial investment i o
Japan * Emphasis on distributed systems in . . * Regional research institutions: Case
] . » Expansion of decentralized energy X .
island regions studies on islands
systems
* Continued technological
. » Solar and wind projected to be improvement L
Australia * CSIRO: LCOE projection models

cheapest energy sources by 2030

Policy planning based on long-term

projections

South Korea

Rapid decline in solar LCOE
Onshore wind shows high LCOE
Offshore wind expected to lower costs
Economic feasibility of rural

distributed systems emphasized

Module price drops due to mass

production

* Terrain and wind variability

challenges
Improved electricity access through

rural distribution

KEEI (Korea Energy Economics
Institute): First national LCOE study
Korea Energy Agency, KEPCO
Research Institute: Wind energy
studies

KDI (Korea Development Institute):
Policy proposal on rural distributed

systems
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Table 2. Comparison of major input assumptions used by institutions for LCOE estimation

Lazard (2024) | IRENA (2024)

EIA (2023)

BEIS (2023) IEA (2020) This study

CAPEX

o (6] (6]

O0&M

Land cost

Decommissioning cost

Discount rate

Debt ratio

Loan interest rate

Corporate tax rate

Subsidies/tax incentives

Inflation rate

Capacity factor

OO |O|D|O|O|O|O | X |HX|O|O
O|O | X | X | X | X | X|O|X|O|O|O

Project lifetime

OO | X | D|O| X |[X|O|X|X]|O

Construction period (0] X

QO[O | X | X |X|[X|X]|O|O|X]|O
O|Q|O | X | X |®X|O|]O|O|OC|0O|O
O|Q|O | X | X|O|X|X|O|O|O|O

(0}

Note 1: A refers to analysis conducted for both subsidized and non-subsidized cases
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Table 3. LCOE input data and assumption for solar PV, onshore wind, and offshore wind

Category Solar power Onshore wind power | Offshore wind power Data
Installed 100 kW .
. 20,000 kW 100,000 kW * Standard system assumption
capacity 3,000 kW
100 kW: 1,303 * Solar (100 kW, 3,000 kW)-Onshore wind
CAPEX (KRW 1,000/kW) 2,928 5,500 ~ 6,468 power: KEEI (2024)
3,000 kW: 1,157 (KRW 1,000/kW) (KRW 1,000/kW) - Applied site-based pricing
(KRW 1,000/kW) » Offshore wind power: KEEI (2024)
* Solar & Onshore Wind Power: KEEI (2024)
- O&M costs include insurance cost
» Offshore Wind Power: Ministry of Trade,
100 kW: 2,758 Industry and Energy (2014) based on the
O&M (KRW 1,000/kW) 1,039,394 12,506,916 Mid-to-Long Term Offshore Wind Power
3,000 kW: 305,387 | (KRW 1,000/kW) (KRW 1,000/kW) R&D Roadmap
(KRW 1,000/kW) - Reflects 2014 O&M cost
(11.4 KRWI1000/kW)
- Annual inflation rate applied from 2014 to
2022
* Article 2 (1) of the Enforcement Decree of the
Act on Support for Areas Around Power Plants
(2021.2.9. Revised)
- Offshore Wind Power: Applicable when
. capacity exceeds 10,000 kW
Community 100 kW: None . .
- Solar & Onshore Wind Power: Applicable
benefit 3,000 kW: 0.1 0.1 (KRW/kWh) 0.1 (KRW/kWh) .
when capacity exceeds 2,000 kW
payment (KRW/kWh)
* Support amount calculated per Enforcement
Decree of the Electric Source Development
Promotion Act, Annex 2 (Art. 27(1))
- Renewable energy subsidy unit price:
KRW 0.1/kWh
Performance » KEEI (2024) p.41-42
. 0.45% 0.3% 0.3% . .
degradation rate - Domestic product warranty status considered
100 kW: 1.33
(Million KRW/year) | 104.78 549 * Solar - Onshore Wind - Offshore Wind Power:

Land cost

3,000 kW: 39.78
(Million KRW/year)

(Million KRW/year)

(Million KRW/year)

KEEI (2024)

Capacity factor

15.4%

23%

29.4%

KEEI (2024)

Discount rate

4.5%

4.5%

4.5%

Social Discount Rate of the MOEF
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Category Solar power Onshore wind power | Offshore wind power Data
Corporate 100 kW: 9.9% .
20.9% 23.1% » Applied current corporate and local tax rates
tax rate 3,000 kW: 20.9%
* Solar and Onshore Wind Power: IEA (2020)
Department for Energy Security & Net
. Zero (2023) IRENA (2024)
Ecnomic .
lifeti 20 & 25 years 20 & 25 years 20 & 25 years » Offshore Wind Power: IEA (2020)
ifetime
IRENA (2024)
- Lifetime applied based on recent technology
trends
Construction 100 kW: 2 months * Solar-Onshore Wind-Offshore Wind Power:
. 6 months 3 years
period 3,000 kW: 3 months KEEI (2020) p. 86

Self-consumption | (Included in (Included in

(Included in

Solar - Onshore Wind - Offshore Wind Power:
KEEI (2020) p. 27, KEEI (2017)

rate Capacity Factor) Capacity Factor) Capacity Factor) - Based on delivered output; no duplication
applied
SMP 96.3 KRW/kWh 81.9 KRW/kWh 81.9 KRW/kWh
100 kW:
63.9KRW/kWh » KEEI (2024) p. 46
. (Multiplier 1.2) 75 KRW/kWh 75 KRW/kWh - Bid prices vary by solar scale
3,000 kW: (Multiplier: 1.2) (Multiplier: 2.5)
63.9 KRW/kWh

(Multiplier: 1)

HI-&(HA, AlE, 48] 5)°] =, A7|Hozs &9H]
‘(OPEX)& TAE= 39S 7HHE A2 £A4HH.
stA|qt 53w LCOE #kQl 88.93¥/kWh}l Blwdh uf
O3] 15%(251d 71%) ~ 21%((20¢ 71%) &< F=olth
9] HE LCOEZ &2 olfi= B2 o8&, =2
Axw] 9 QI§|7} vlE, W2 FHIeEA0 TE HAH]
59 ggFo g FEHr}

S4EE A, 20249 7]E 20 MW 1R A9
LCOE: 142.63 ~ 152.43Y/kWh $Z08 25, &
o 717H wek 208 712 152.43Y/%kWh, 25 7|
142.63¥9/kWhzZ EA= 1}, Fig. 22} Zo] 2020 HH
2023A7HA| 9] IA FolE HWH S4FY9 LCOE=
166.8U/kWholl A 167.6Q/kWhE A5 ASAS B
o ZRUI9R QI 55T A A 7+ A 5
QF gRlo] AIolE, V& T4l &9 a4 A

Journal of Climate Change Research 2025, Vol. 16, No. 4

o] Hl& 35S 4 & AT Aoz daEd. vyt
20249 0= 178.79/kWhE Q1&g o] A, &FA]-A24] A
%, 580 BA 5 584 8902 9F 6.6%9] Hlnd &
9] Aol Yetgth I-o® o, vt S4
%Y LCOEZ} di9 Batgh el 106%(259 71%) ~
120%(20l 7]5) ot Al Hil & 7|55k Qo
St %ﬁfﬂ 22 o] 8 E2 /WA 4 glAA
H|-&-0] ANl =2 EH]E, A GFReE
E]ojof gt

g B, dA gl et & om,
2024 71 100MW R0 A &5 52 Al
2 A A F91 AR 719he] LCOE: 234.59 ~ 250.41
WkWh =202 A= &9 7|7t w2t 204 7]
Z 250.419/kWh, 254 7|3 234.59Q/kWh& UERFO

™, A LCOE ¥ gH[H]-go] AR5z HF2 62 ~65%
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2 oh$ ®2 SO/ ol WFU] 16 WolE % V1Y W FUSB 5 ol wasi @
o} x7] Quzt EXF Q17 o} thE ¥AE Y fiH] A& 2= 9},

HE &L e w2 FRUS AR olgt & Azdoz Ay AoUx] FAY = goFRe nE
42 A AR FFYFIAE D Am T FIHA| & P 71 st 59 71 o] 9lof LCOE7}

T A 2FAANA T Eel 7MY =2 TFSAI F A&A o2 stEstal glom, 7P AR =2 ovAd
ol 8 IAE AEsta Qv AT L2yt 4t oz FAsta it vhA S-St S48 LCOE
Z29] LCOE7} 319 B 150.41¢/kWhETH 56%(25d = W5 8]lo] mE v]& 459 JdFor L A4t

= [ = QO 1}x= Sk ARSI E o] o A /\ & o]
71%) ~ 66%(20 7]%) ¥7] "ol AEHES FFT gt ASAIE Holal 3loH, &£E+= £8F oh
300
250.41
=0 23458
200
é 152.43 150.41
= 95p 147 63
=
£
114.21
106.82 10752 006
100 88.93
I I §9.32
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Note 1. International data represent global averages from IRENA (2024); LCOE for small-scale solar PV not provided
Note 2. 2023 average exchange rate applied; 1 USD = 1,307.90 KRW
Fig. 1. LCOE results of solar PV, onshore wind, and offshore wind
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Fig. 2. The LCOE trend for 20 MW onshore wind power in Korea (2020 ~ 2024)
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Table 4. 20-Year economic lifetime scenario
Discount rate
2.5% 3.5% 4.5% 5.5% 6.5%
CAPEX
S1 (91.88) S1 (96.10) S1 (100.46) S1 (104.95) S1 (109.55)
0% S3 (88.64) S3 (92.41) S3 (96.30) S3 (100.30) S3 (104.40)
’ ONS (120.72) ONS (127.07) ONS (133.64) ONS (140.39) ONS (147.32)
OFS (194.53) OFS (206.81) OFS (219.85) OFS (233.64) OFS (248.19)
S1 (97.66) S1 (102.42) S1 (107.33) S1 (112.39) S1 (117.57)
1% S3 (93.29) S3 (97.53) S3 (101.91) S3 (106.41) S3 (111.03)
’ ONS (128.49) ONS (133.19) ONS (143.04) ONS (150.64) ONS (158.43)
OFS (206.63) OFS (220.45) OFS (235.13) OFS (250.66) OFS (267.03)
S1 (103.45) S1 (108.74) S1 (114.21) S1 (119.82) S1 (125.58)
o S3 (97.94) S3 (102.65) S3 (107.52) S3 (112.53) S3 (117.65)
° ONS (136.27) ONS (144.22) ONS (152.43) ONS (160.88) ONS (169.54)
OFS (218.74) OFS (234.10) OFS (250.41) OFS (267.67) OFS (285.87)
S1 (109.24) S1 (115.06) S1 (121.08) S1 (127.26) S1 (133.60)
0% S3 (102.58) S3 (107.77) S3 (113.13) S3 (118.64) S3 (124.28)
’ ONS (144.04) ONS (152.79) ONS (161.83) ONS (171.12) ONS (180.65)
OFS (230.84) OFS (247.74) OFS (265.70) OFS (284.69) OFS (304.71)
S1 (115.02) S1 (121.38) S1 (127.95) S1 (134.70) S1 (141.61)
0% S3 (107.23) S3 (112.90) S3 (118.74) S3 (124.76) S3 (130.91)
’ ONS (151.82) ONS (161.36) ONS (171.22) ONS (181.36) ONS (191.76)
OFS (242.94) OFS (261.39) OFS (280.98) OFS (301.70) OFS (323.54)

Note 1. Base LCOE calculated with a real discount rate of 4.5% and 0% CAPEX variation
Note 2. S1: Solar PV 100 kW, S3: Solar PV 3 MW, ONS: Onshore Wind 20 MW, OFS: Offshore Wind 100 MW; LCOE unit: KRW/kWh

uebs A ALt 7)E FAE S SAVIH R
LCOE A ZHE 98t o] Q4 HT}

4.2. LCOE &k &M

E Lol A= LCOE (Levelized Cost of Electricity)2] %1
A= 45 A8 AR2BHCAPEX)S 714k HiH] £20%
9] ol 10% =, SRS 2.5%014 6.5%714] 1%
Solz WEIA Abele. BAS 2usteth. CAPEXS}
A& 247 27) FAH| G AR 22 v AdHd
FFS A= 847 olg9 AS5E LCOEE F2ou|s)
Al S7HAA A B7tel 2EAQ] FFE vAER F
8 B4 HeE A5 535 g HMesS 22d
7371 WE/dol et vzdstA wgoh=
TFet AXBA S w9 AAF QA AL fl9 o
23t Mo WEe A8kt

obd 2 HIF H S dHl9] 7le LA et
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|5=rgo] A== FAIE 1LEst, 7IE £ 204
A AFE 259 £ AU E IR F83te=w
7|% W3F7F LCOEY mAl= kS A 2453t
FF 100 kWS HS AA £9 208 49 91.88 ~
141.619/kWh 7S 7FR At 258 Y 749 85.55 ~ 133.64
H/kWhe] 3t 7HIt HFg 3 MW= AA 9 204
oA 88.64 ~130.91Y/kWh, 254 83.71 ~124.93¢
kWhe] ZHZ 7HAH, SA4FES AA 8 20494
120.72 ~ 191.76Q/kWh, 25@0] A4 112.18 ~ 181.39/kWh
9] 3 7Het SidE 2 FA = 2004 194.53
~323.549/kWh, 25304 181.66 ~305.699/kWhe] 7t
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Table 5. 25-Year economic lifetime scenario

643

Discount rate
2.5% 3.5% 4.5% 5.5% 6.5%
CAPEX
S1 (85.55) S1 (89.99) S1 (94.60) S1 (99.39) S1 (104.29)
20% S3 (83.71) S3 (87.67) S3 (91.80) S3 (96.06) S3 (100.44)
ONS (112.18) ONS (118.87) ONS (125.83) ONS (133.03) ONS (140.44)
OFS (181.66) OFS (194.09) OFS (207.39) OFS (221.56) OFS (236.57)
S1 (90.51) S1 (95.51) S1 (100.71) S1 (106.09) S1 (111.63)
10% S3 (87.72) S3 (92.19) S3 (96.83) S3 (101.63) S3 (106.56)
ONS (118.87) ONS (126.40) ONS (134.23) ONS (142.33) ONS (150.67)
OFS (192.01) OFS (206.00) OFS (220.99) OFS (236.95) OFS (253.85)
S1 (95.48) S1 (101.04) S1 (106.82) S1 (112.81) S1 (118.96)
0% S3 (91.74) S3 (96.70) S3 (101.86) S3 (107.20) S3 (112.69)
ONS (125.56) ONS (133.93) ONS (142.63) ONS (151.64) ONS (160.91)
OFS (202.36) OFS (217.92) OFS (234.59) OFS (252.33) OFS (271.13)
S1 (100.44) S1 (106.56) S1 (112.93) S1 (119.52) S1 (126.30)
0% S3 (95.75) S3 (101.21) S3 (106.89) S3 (112.77) S3 (118.81)
ONS (132.25) ONS (141.46) ONS (151.04) ONS (160.95) ONS (171.15)
OFS (212.71) OFS (229.84) OFS (248.19) OFS (267.72) OFS (288.41)
S1 (105.41) S1 (112.09) S1 (119.05) S1 (126.24) S1 (133.64)
0% S3 (99.76) S3 (105.72) S3 (111.92) S3 (118.34) S3 (124.93)
ONS (138.95) ONS (148.99) ONS (159.44) ONS (170.26) ONS (181.39)
OFS (223.05) OFS (241.76) OFS (261.79) OFS (283.11) OFS (305.69)

Note 1. Base LCOE calculated with a real discount rate of 4.5% and

0% CAPEX variation

Note 2. S1: Solar PV 100 kW, S3: Solar PV 3 MW, ONS: Onshore Wind 20 MW, OFS: Offshore Wind 100 MW; LCOE unit: KRW/kWh
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