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ABSTRACT

South Korea aims to achieve 21.8% renewable energy in electricity generation by 2030, targeting the installation of 18
GW of wind capacity. However, the development of wind energy has been hindered by a complex permitting process, high
investment costs, and challenges related to grid interconnection. This study explores the impact of delayed wind energy
deployment on achieving the Nationally Determined Contribution (NDC) target and assesses its potential effects on power
markets and carbon pricing within the Emissions Trading System. Utilizing the UNICON-K-Power model, we analyzed three
renewable scenarios (planned wind, delayed wind, and delayed wind with additional solar) under two fuel price conditions
(high and low). The findings suggest that South Korea could still meet its 2030 NDC target by increasing Liquefied Natural
Gas (LNG) usage for electricity generation, even with a wind energy shortfall. However, this approach could lead to higher
fuel and carbon allowance costs, ultimately raising electricity bills through 2030. In the event of wind energy deployment
delays, adding 5 GW of solar capacity beyond the planned 2030 levels could mitigate negative impacts on electricity and
carbon prices, provided solar energy costs decline as assumed. The results indicate that using LNG generation to compensate
for wind energy shortages is less cost-effective than utilizing solar energy. Consequently, policymakers should explore a
balanced combination of wind and solar energy development to minimize the economic impact of high carbon and energy

prices and to achieve the 2030 NDC mitigation target.
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Fig. 1. (a) Capacity and (b) Generation of solar and wind energy in Korea (2019 ~2023)
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Table 1. Electricity generation plan by 2030 in the 10th and 11th basic plan
New & renewable energy Clean
Plan Unit Nuclear Coal LNG Other Total
Renewable energy | New energy Total |H, & NH;
TWh 201.7 122.5 142.4 115.8 18.4 134.2 13 8.1 621.8
10th basic plan
% 324 19.7 22.9 18.6 3.0 21.6 21 1.3 100
TWh 204.2 110.5 161.0 120.9 18.7 15.5 15.5 11.8 642.6
11th basic plan
% 31.8 17.2 25.1 18.8 2.9 21.7 2.4 1.8 100

Source: MOTIE (2023)

Table 2. New& Renewable energy supply and generation plan by 2030 in

electricity supply and demand

the 10th and 11th basic plan for

Plan Category (Unit) Solar PV Wind Hydro Ocean Bio Fuel cell IGCC Total
. Capacity (GW) 46.5 19.39 1.9 0.25 1.8 2.5 0.34 72.7

10th basic plan
Generation (TWh) 58.9 38.9 42 0.5 13.3 16.0 2.4 134.2
Capacity (GW) 55.7 18.3" 1.9 0.25 1.8 25 0.34 80.3

11th basic plan
Generation (TWh) 67.1 38.8 3.7 0.4 10.8 16.5 2.2 139.5

1) Wind offshore is 14.3GW according to Park (2023)
Source: MOTIE (2023)

Table 3. Status of operation, construction and permits for offshore wind projects (= 3MW, 2024.12)

Status Permit numbers Permitted capacity (GW) Shares of target capacity (14.3 GW, %)
Operation 14 0.26 1.14
Under construction 1 0.10 293
Construction planned 43 14.33 100.00
Permit issued” 97 26.36 184.31
Permit under review” 20 44 30.78

“The latest update for ‘Permit issued’, and ‘Permit under review’ is from April 2024.

Source: ERC (2025), EPSIS (2024a)
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Table 4. Costs and capacity factors of solar and wind energy

Investment cost (year 2020) 2020 ~ 2030 Investment cost (year 2030) .
Category . Capacity factor (%)
(1,000 KRW/kW) reduction rate (%) (1,000 KRW/kW)
Solar PV 1,345 -32.6 907 13.8
Wind onshore 2,522 -12.7 2,202 23.0
Wind offshore 6,073 -28.5 4,342 23.0

Source: Lee and Kim (2020), Lee and Im (2022), MOTIE (2025)

Table 5. Renewable integration costs (KRW/kWh)

. Solar Wind Wind
Discription
PV onshore offshore
Grid connection,
. . 16.0 10.6 28.6
reinforcement and extension

Note: values are at the 10% level of renewable energy penetration
Source: OECD and NEA (2012)

A tH(Table 5).
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Fig. 2. Comparison of Coal and LNG prices per unit of calorific value (2010 ~2024)

Table 6. Description of scenarios

Scenario o Fuel prices Wind capacity Solar capacity
Description
name (1000 KRW/Gcal) (GW) (GW)
With current high fuel prices, wind & solar targets Onshore 4
HP_HW 56
- achieved Offshore 14.3
. . . . X Coal 34.1 Onshore 2.5
HP LW With current high fuel prices, wind targets failed 56
LNG 81.3 Offshore 7.8
HP Sol With current high fuel prices, wind target failed, but solar Onshore 2.5 61
0
- expanded Offshore 7.8
. X . . Onshore 4
LP_HW With low fuel prices, wind & solar targets achieved 56
Offshore 14.3
. . . . Coal 25.1 Onshore 2.5
LP LW With low fuel prices, wind targets failed 56
LNG 54.5 Offshore 7.8
. . . . Onshore 2.5
LP_Sol With low fuel prices, wind target failed, but solar expanded 61
Offshore 7.8

Note: The nuclear power generation level follows MOTIE (2023) in all scenarios

ING 719 Azdgo] 7153 2ol F4° 4+ AUrt
(Chae, 2025; Yu and Lee, 2022).
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Ql 2024\ 3} w5t} AAISHH

Az A712 AL 7H fAR AHYAS Hols
AUEle= AR AYdE F8 Hgo] ojfojd AL
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TWhE, 2018d(153 TWh) the] °F 6% Z7}5t9ioH,
2024 (167 TWh)Z} B SHA 9F 3% ZHAgE $=2]o|t}.

g Ho] JARE AU QHP LW, LP_LW)ollA]
= Aol A] LHgo] AY Fxof| wLstA =HH, &
A7MA S HRE 245 Sl A" 2 LNG HAHF
o] 2 HH. o] B HHAHLor HiEA st BAT A
EH7} =2 LNG EHo] F716tH, LW Ay oA =
HW AluE] @ ti¥] LNG #d=Fo] ¢F 30 TWh S7}sh=
202 YePT SHA|YF HP_LWe} LP_ LW Aly2] e 7k
o= dE7td 279 Aold= EFsta I E AojA
Zpo|7k WAYsHA] k=t o= FEIH BEE HYs]
A8l 11H]-8-2] LNG o] 3542 = F7istal, AmH]|
Zpol7} Aety} LNG 7+ A H|Zo] 33
2= ouRitt.

ghH, ¥ Hg2 RS giFgddo] $7}E s
d=s AlYE] (HP_Sol, LP_Sol)ollA= AR+ A
71 EA oA AARE 20308 EHFF EF ﬁﬂi(éziﬂl%
56 GW, IAZF 67 TWh)S A35H= 60 GW F19
U7} ZREo] oF 73 TWhe] HAFS 7| &5k}t H
FFEAL 7 YR sl 247A S e EA
A 27 ofgo] A7|HA, WiEAT= %Xl& A=H|7}
=2 NG 24 tjAl Az oz AujLol ek 9hA 9]

o ol

rLl

Zgo] Srjuoit. olo] wet Mg WHHS F/15hy
LNG ®AgFL Zhasts 122 AT

Table 8 AU}2] @8 oA A AE Hl&-L wwst 2

v] 9F 37% AT Foltt ¥hH LNG HHAZHFL 162 = AAISEL Utk F AHAAAE H|-8(Total Cost)>
Table 7. Changes in power generation (unit: TWh)
Year 2030
Category Year 2018" | Year 2024"
HP_HW HP_LW HP_Sol LP_HW LP_LW LP_Sol
Coal 239 167 106 93 97 106 93 97
LNG 153 167 162 191 182 162 191 182
Nuclear 133 189 204 204 204 204 204 204
Other 7.6 5 10 10 10 10 10 10
Hydro 3 4 4 4 4 4 4 4
Solar PV 8 33 67 67 73 67 67 73
Wind onshore 8 5 5 8 5 5
Wind offshore 2 : 30 16 16 30 16 16
Other renewable 24 23 32 32 32 32 32 32
Pumped Hydro Storage 3.9 4.7 2.4 1.9 23 2.4 1.9 2.3

1) Source: EPSIS (2024c)
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Table 8. Changes in energy system costs (unit: billion KRW)

Category HP_HW HP LW HP_Sol LP HW LP LW LP_Sol
Investment cost (a) 20,457 18,251 18,553 20,457 18,251 18,553
Operation cost (b) 6,703 6,025 6,197 6,703 6,025 6,197

Fuel cost (c) 41,796 45,017 44,034 31,590 33,700 33,057
Total cost (a+btc) 68,957 69,294 68,785 58,750 57,976 57,807
ATotal cost +337 -172 774 -943
Table 9. Changes in carbon prices (unit: KRW/tCO»)
Category Unit HP_HW HP LW HP_Sol LP_HW LP LW LP_Sol
Carbon price 119,688 137,719 132,456 70,462 82,437 78,742
KRW/tCO,
ACarbon price +18,031 +12,768 +11,975 +8,280
Total carbon costs 17,462 20,093 19,325 10,280 12,028 11,489
Billion KRW
ATotal carbon costs +2,631 +1,863 +1,747 +1,208
=248 (Investment Cost), LH| S Lgr] 8 Asu] ZAMP) u] F7HE0] grjHos At

ot HA H]-2)(Operation Cost), 1|3l HA=ZH|-E(Fuel
Cost) ET3ITh £ AtoA= &Y ZZ(HP, LP)E
Y9 Hg B30 24" AU et S4EA &
o AEle 7] oY AAAY Bl vmaksc

Algg e £A4 23, F2HE82 FYEH0] Agdz
HFEE HW ARl 0lA 7 B sE0E e
t}. o|¢}t 3 HEAT AA vl SR Ao 2FHE
w3 A5olglch v ER AL Addshs Lw A
HeleoAs FAH[Eo] ¢F 2% 99 ¢, FYPH|E2
o 72 U PAdE Aoz ek

Iy AmH7E =2 2AMHP)OIA FE Hgo] A4
S+ HP_LW AUE]2.9] 49, LNG TH9] 712 <l
AmH|-go] oF 3% 23 ¥ F7l5tH, & oUAAAH
Hl-8-2 A3ty o g oF 3319 9 IVkste= 44 adE
Bt

SHH HP_Sol AU oA g ddo] Soi=H
A Expugo] HP_LW o] Tia Z7kstRon, w8
O] LNG HHE A& Ao = AmHg 5717 &gt
itk 1 A3t F oUAAAE BH]E2 HP_HW tfH]

o Y Haste], B AA Q] Ao g 24

N E BES GAT 5 AL XU

g 32 AEH] 2ZA(LP)A = LP_HW AUz 2.2}
H g o, LP_ LW A|Y2| 04 LNG Lo F715te]

T B7etT ARNg F7H: o 22 1389 ¥ £EO
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Fegddo] BAEHA kol wE & FAHE
H|-go] &4 oF 2z 99 o Frasitt 1 A
P LW AUl eoAx LP HW thH] £ oA A AH
H|-go] of 839 ¥ FAch= AR YERTH

o] s LP_Sol AU oA = 5714
l T HFS 53 LNG TAo] 7hasty, olof w
2t AdmH] F7HFo] AstE) olEt Az Qs F o
YA A AE B LP HW thH] oF 949 ¥ ZAshd,
AE AU F 7P FAZ SR 2030 NDCE &
98 = & Wetez griHh

B
1o o rlo

=
of &

—

S

Table 9% SAVEA 7% BE 24S A% Ao ed
a7t S5 AASL oAtk A AE e} Zo,
w47} o

< 2y W 2A7EA wiET ARl wet A

e 99 2A7AE)9 A7 Aulit. o] 744

FELS 2AMA TES FES] Aol A4 LNGR
o

U= Hadtol 7127 SU

S Z2ite AmH $E0 w F Aol
Holoh AgH7F 22 AU 2HP)NAE Ba7tAo]
e~ 138 /& $Eo2 Yeus, didlz dgw7}
Fo AP Q(LP)oAE 9F 79t~ 89t /=07 At
o= WA APFE. ol= A' LNG 749 A=H] Ao
7t E5 A" AR A fR g2y Eol
B EobAof sp7] wigo| TSt F/doltt
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B Bgo] AU ALY (HP LW, LP_LW)
oA Feuro] AR BFEE ALke] 2 (HP HW,
LP_HW) thH] givbzo] 242} oF 19t 83 /E, o 1%t
274 YWE A5 ZoR Uehdth ol Ag WY
729 @7 LNG 23e] vt BRI tiolm,
G471 A5 59 drdo] $EEL Ave} £
& ot

A EjoFg Aol F7hE Sjui Alukel (HP Sol,
LP Sol)oAl% HP LW, LP LW thy] €477 9] Z71=
o] YSfEE i} UEhdet. ol AAeIIA BA o
g o F7H49 2A7ks HiE Aol ThssA,
ol Qs Ast WAe] FhZo] FoEI LNG A
Z71% w3 98tH7] otk ARAOE Hrp We
"7 SEoAE drddte] ZMsaA =it

SAET 100% HAtoIN LE wjZ o] ehastAo]
Ratee gan g vEY 4 ok WiEAANAS
A ABOIIA WG et SR J B St
o et MjEANG FE 37 % A/18F BY T2
ek & 9k,

SPIRES wjEo] Wl HP ZZCIHE oF 17~20
% 9, LP ZANAE o 10~ 122 U0 Than|§S B
sok ghek. 2 Amn] 2AcNA Fewd BF 24 A
2o Feurdo] (AL At E HILsHE, LNG
o} Hekird Z7}2 18] HP_LWolAE 22 63 o]
271510, LP_LWOl A 1% 789 €o] 27l 4
T 100% ZANA BhulE B F7HE oA
Hlg Z7hEch 2 o ekt

5. 28 A E9

LA BT ASVE BA, FU £84 A, A

o o7 AoF 502 QI8 B Aelo] oAFET). oo

5 FEIRE 67 AU 8 A5k ZF AlvE
20] tiofA= A FF 2P UNICON-K-Powers &
8oto] AYAAH v]g} gAEHE ¥E&E 40t
o} AgArete] AL 112} A7 2 AZAgo)A

3) Mg B &4

=

p=)

ArRSAdol Bt

A
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1H B AA3 oijke] #sE AUEeE HEgoR
NDC EXZGE gt dFyA wstel e vjgo ¥
3t vl skl

Avele B4 Ayt Fbd Bgo] A1x; Ageg
7NEAGA AAIG 2030 ZFEZ]Q] 18GWO]| =54
FEotE2HE LNG A S} i34 571 SdiE &
o 2AVA TE B9 942 7Hes AR UEyt
o}, 2y s g7t BlnA golgh LNG HH2 o
=9 9 gAnE9] VIR Qg AY A LUHE S
A7l 8R10 R ZES 4= ot FAFCE, LNG T
g SR o] AYAAHS] AmnHlgo] ¢F 2.1 ¥
(LP_LWAYE| )04 Fof 3.2% UHP_ LW)7IA] 57+
S 5= Stk olfgt AAY 2 A} o] 2 A=
H 279A= B2 IA YeuH, FF A=H7} oFFF
ordE AL 1 Bl tha ¥43kE 4 Utk EF AA
A 5o wet 2ol JAAEL, S uEte] viE
HAAHA S A= stEdR 7|8 2 F7to] whet 2
AFAE] BAHE FEo] A5otal, o2 QIgh Hlgo]
Agago] A7HE 7HsdE E2AET

Y Bg Ao gt oS ke g, egad
2 5GW 2712 sl A|UE 2 (HP_Sol, LP Sol)y:=
LNG &4 g Alug|HP_LW, LP_ LW)k o A4
QI tigtez HridEth ol HFFEH FHE Fd
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Z5 £0]57] gio|tt. I8y, T Al g
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A3k Zolt. HEATY EAZE 2 =EA &= g,
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, 1H189] A EAH BAE A9 AS-, 9714
G FA7L oY= A] kol wEt Arjad A4
At = I FHol it 1y FEUA
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285l Qo A7 A A =S THANRI Y] A=
HAgota ZAYES Soto] vl&Exte] dasih E
A &2 0] RFE 53 7722 ZA|(Economies of scale)s

<l

2A5lal S5 a7 (Learning effect)S 53 wWAH|-E9]
AAgo] FAEIolok Gk EF FLLA o] gt e
AS QA7 Bemolo], Al A4l det o)
Se AT FR8ARE Tel3 SRt} Y
3}t

ol9of = 20309 =7F2A7FAFSEIENNDC) =
93t 2714 klow QAE WA YY) EE ot
Lo} &4, CCS(Carbon Capture and Storage)s AET
Itk SHAIE NDC B3t o] Was 9 Avols
80%= F| 1087F Bt o] &F 77.1%(NABO, 2024)
Ziohs o2, Ad 7FsAdl A7 ok v
| 27 g0l wtad AT 4 107]0] diet AL
A B2k welo] wasol, ol Ak BRAA asz
Z-2BHTHNABO, 2024). T3t 4249 R Lo} T80} CCS
Nee 1E A% 9 ING WH4d] Heste] SATA
HiEZ £9 & Atk shARE sfQ]oA] a1H|-8-9] Y
of Ei= H3lpAE Fdfof st o]o] wt et
7} i A7l ao] QAkEhs Sgo] WAk CCs
o] A% =ul siAolA At AFAE FHEHA Zet
Aygoln, Ba7tAz CCS AFAAo] digh ofjuletdA]
ZA7} A8 Zo]thSohn, 2025).

2 Q7 FUUH 59 A%do] LAl FEEE
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AR AA, 2 2E2 Ao A EAge] e A
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9] A &7Fo] HAaFHE= AV 9o, ol ]I
ESS FApH|-go] AAET 2 4Hgd 7F Ut Al
A, vl AAz70] Wstof| wiet By Ai= tha gt
2 4= Qe sHAYE F83 Wl ARTHE WIS AU
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