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ABSTRACT

In order to reveal the levelized cost of energy (LCOE) of Korean and foreign wind turbines, a study was
conducted for Korean onshore wind farms. Actual CapEx and OpEx data were obtained from audit reports for
26 onshore wind farms corresponding to 53.87 percent of the total onshore wind farms in Korea in the Data
Analysis, Retrieval Transfer (DART) system. In addition, capacity factor (CF) data were calculated from data
provided by Statistics Korea. Random numbers were generated from distributions that were fitted by the datasets,
which were used as input data to perform a Monte Carlo simulation (MCS). The levelized fixed cost (LFC) and
the levelized variable cost (LVC) were calculated from distributions of the CapEx, the OpEx and the CF. As
a result, the LCOEs of the analyzed total Korean wind farms, and Korean and foreign wind turbines were 147,
148, and 146 USD/MWh, respectively. The averaged LCOE of Korea was estimated to be 4 USD/MWh lower
than that of Japan, while it was much higher than German and global averages.
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LCOES Hal #Ask=d] 9l
to] S60=59e AAFAA 28 (Data
Analysis, Retrieval and Transfer system, DART)[14]
o IR IA A A FEHRALA Y CapExs}
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E(Capacity factor, CF) 5
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2.1 LCOE
o] o1l M= LCOES 2AH]4<1 LFC(Levelized

fixed cost)9} WEH]E LVC(Levelized variable
cost)d] oz AEdPu 1 AL vSa 2

LCOE (USD/MWh)= LFC + LVC o)
LFC = % (2)
( AEP(i))
=1 (1 +r)
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Table 1 Wind turbine capacity and the ratio of analyzed wind

farms
Description Value
Capacity of accgmulated onshore wind 1585
farms in 2021 [MW] ’
Capacity of analyzed wind farms [MW] 84
Ratio of analyzed wind farms [%] 53.87

Table 2 Capacity and number of wind turbines by

manufacturers
Description KM FM
No. of analyzed wind farms [unit] 11 15
Installed capacity [MW] 289 565
No. of wind turbines [unit] 153 233
Average capagity of installed wind 20 29
turbines [MW]
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Table 3 Input data and fitted distribution after Shapiro-Wilk test

Category Parameters l\g)at;) f Mean Min Max SD %P:YZ altjzi[ Distribution
CapEx [USD/kW] 26 2,506 1,572 3,655 527 0.900 Weibull
All OpEx [USD/KW] 165 7 13 200 31 0.000 Normal
CF [%] 56 21.8 11.8 32.0 44 0.672 Weibull
KM CapEx [USD/kW] 11 2,015 1,867 3,655 530 0.062 Normal
OpEx [USD/KW] 65 72 27 152 25 0.008 Normal
M CapEx [USD/kW] 15 2,499 1,572 3,222 506 0.218 Weibull
OpEx [USD/KW] 100 it 13 200 34 0.000 Normal
7} ofolE w3, A F T, golE FEAL OpExS  %oldolddth webA AR She HEA A w
By 25 A5 B2k 29 CFe sfolE ¥ 2 Feibdr|ge zhe 14 To7 <3k fARS
k. H|-8-9] AJso] 9oz e,
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B/, SATER] 97|17 HolHE 4R 4o + Korean Manufacturers O Foreign Manufacturers —— Global Avg,
st 59 2 47 45 %, 2.0 %, 20 Wdold 4000
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38 AA CapEx dlelee] Bg vhehdch S 520 BT
AeA5e) Caphxt 20124%E HolE7} 50 220 | — i
A7b AT A FRS Gt 2AS Ho|w :%1500 .

81, 2AATAEe CapExs 200593E Hole]
7 R EH st dAHAE FAE Hola 9
o} Ak ejabubd kAo #AGle] el CapEx:
AAZFA w8l 43 =58 ¢ F Jdrh e
CapBxZt AAFAC W3 e 21 BRTAL 9
AAeFo 2 et ujgo Zv) WY Hge Fvf g
i AAFSL oA 71E s outz Qg dulE
o] 4+ S0z Bebdn:,

Fig. 2& SAbddgx] e} b 59 OpExs
AxEE HoEth 201295E fahddduxse] O
o7} £-E QI 2017 7HA) *Ji} b AGA &
9] OpEx+e H|S=slou 20189 FE SbdddA s
o] OpEx7} A A539SS QO]%L I 3t oE
% 150 USD/AWE Z331= HolHE F 6719tk 3+
AR TN A AT, b dolEle IR AF
T ol 1 Yotk o=t HeolH = 57Hi
A8 F7PF 343 SgnlE Ao ddoldith
OpEXﬂ w43 F7HsE oAt B TR o YAz
AP EAEE e = RIX (Ruggedness index)E ©]
£} Q‘ﬂﬁ}ﬁj I e BRAY dgEs 10

SHUUXNE: M14d, 3=, 2023

1000

2006 2008 2010 2012 2014 2016 2018 2020

Year

Fig. 1 Comparison between Korean and foreign CapExs with
year
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Fig. 2 Comparison between Korean and foreign OpExs with
year
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Table 4 LCOE components results by MCS
Catego Stat CapEx OpEx CK
sory © | [USD/MW] | [USD/MW] | [%]
Mean 2,560,122 73,220 22.0
All Median 2,567,394 72,248 22.0
SD 465,489 28,379 09
Mean 2,613,357 73,731 22.0
KM Median 2,584,624 72,320 22.0
SD 420,575 22,878 0.9
Mean 2,507,225 74,071 22.0
M Median 2,536,676 72,681 22.0
SD 382,849 30,488 1.0
= == LFC (All) LFC (KM) LFC (FM)
— = LVC (All) LVC (KM) = = = = LVC (FM)
Items Stat. All KM FM
0.04 Mean 102.41 104.54 100.29
LFC
sSD 19.19 17.48 15.97
Mean 45.87 46.19 46.40
Lve sSD 17.91 14.49 19.23
0.03
3
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Fig. 3 Comparison between LFC and LVC results by MCS
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MCS 3 A7, LCOE9 F484%l LFCe LVC
T ug AAAE QA W Bxe oz Sl ¥
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I — Al — Korean manufacturers (KM) = = Foreign manufacturers(FM)l
0020 Stat. All KM FM
Mean 148.28 | 150.73 | 146.69
Median | 147.73 | 149.63 | 146.15

Mode | 147.00 | 148.00 | 146.00
0.015 — sD 2660 | 2312 | 25.38
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Fig. 4 Comparison between LCOE results by MCS
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o] LCOEE= 77} 147 USD/MWh, 148 USD/MWh$}
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e abtHgA R 2 o YEygy &
S A ST EHEAERA Y i i 2
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U3t FYHEA|
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& vusy] AxE F
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Table 50 Yepdch @ A2 §AF TR 9}
A} - bk A YA o] LCOEE 742+ 137 USD/MWh,
139 USD/MWhs} 136 USD/MWh vepsta, R}
29 agyx AAY 2021 d LCOES Hirgke 44
141 USD/MWh, 51 USD/MWhe} 33 USD/MWh$ith.
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USD/MWh #=9kar 543 AAle 2021 Harghe =
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Table 5 Comparison between LCOEs of Korea and other

countries
CapEx | OpEx CF Life | LCOE
Items [USD/ | [USD/ (%] time | [USD/
kW] | kWl > | [yrs] | MWh]
All 2,560 73.2 22 25 137
Korea | KM | 2613 73.7 22 25 139
FM | 2507 74.1 22 25 136
Japan [6] _
2021 avg.) 3,131 83.9 24 25 141
Germany [6] _
(2021 avg.) 1,712 44.3 28 25 51
Global [6] -
(2021 avg) 1,325 37.3 39 25 33
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