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ABSTRACT

The Korean government is faced with the dual challenges of ensuring a stable electricity supply and achieving substantial
greenhouse gas (GHG) reductions in the power sector. In response, the 11th Basic Plan for Long-term Electricity Supply and
Demand, announced in February 2025, proposes to increase the share of carbon-free power sources to 71% by 2038. This
study employs the Integrated Assessment Model (GCAM SNU) to simulate the projected emissions pathway under the current
policy scenario and test whether the plan can meet Korea’s 2030 Nationally Determined Contribution (NDC) target for the
power sector —a 45.9% reduction in GHG emissions from 2018 levels—and support deeper emissions cuts through2035.
Furthermore, an alternative scenario (CoalOut - HighRE), which phases out coal-fired power by 2035 and accelerates the
deployment of renewable energy centered on offshore wind, is developed and analyzed. The results show that the current plan
is unlikely to achieve the 2030 NDC target, whereas the alternative scenario can not only ensure reliable power supply but
also achieve the 2030 NDC and reduce power sector GHG emissions by 83% by 2035. These findings demonstrate the
feasibility of deep emissions reductions while maintaining a stable electricity supply under an ambitious coal phase-out and
renewable energy expansion strategy. This highlights the importance of integrated planning for electricity transition and climate

goals in guiding effective NDC implementation.

Key words : Integrated Assessment Model (IAM), Power Sector Decarbonization, Coal Phase-Out, Offshore Wind Power,
Nationally Determined Contributions (NDC)
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Table 1. Timeline of policy submission, announcement,
and release

Time Policy
Initial submission of 2030 NDC
Announcement of the 9" BPESD
Submission of the updated 2030 NDC

Announcement of the 10" BPESD

December 2020

October 2021

January 2023

Submission of the second update to the 2030
NDC

Release of the 1% National Basic Plan of Carbon

March 2023

April 2024 .
Neutrality and Green Growth

Announcement of the 11" BPESD

March 2025
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Fig. 1. Conceptual framework of sectoral energy demand and supply
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Table 2. GCAM model input & output

Model Input

Population & GDP per Capita

GDP determines energy demand

Efficiency & Capital Cost

Unit capital cost and input coefficient

Extraction Cost & Resource

Grade specific availability and extraction cost

Policy Assumption

Ceiling, Floor, Fixed Output, ...

Model Output

Price Vector

Clears Market

Energy Demand and Supply

Shares of supply technologies meeting demand

GHG Emission

CO,, CHs4, N,O, F-Gases
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Table 3. Eligible area and potential by province: Solar PV and onshore wind

Solar PV Onshore Wind
Province
Area (km?) Potential (MW) Area (km?) Potential (MW)
Seoul 26.7 274.4 159.5 32.6
Incheon 298.6 3069.3 593.6 121.4
Gyeonggi-do 2446.1 25141.2 7537.3 1541.7
Gwangwon-do 1165.8 11982.2 15162.9 31015
Daejeon 43.1 4429 354.3 72.5
Sejong 147.1 1511.8 375.7 76.9
Chungcheongbuk-do 1273.5 13089.2 6443.7 1318.0
Chungcheongnam-do 2513.6 25834.9 6523.3 1334.3
Jeollabuk-do 2181.3 22419.4 6782.0 1387.2
Jeollanam-do 2628.0 27010.9 9802.6 2005.1
Gwangju 125.1 1285.6 310.1 63.4
Daegu 111.0 1140.9 633.9 129.7
Gyeongsangbuk-do 3022.6 31066.5 16921.9 3461.3
Gyeongsangnam-do 1469.3 15101.2 9073.9 1856.0
Busan 103.7 1065.7 465.7 95.2
Ulsan 127.5 1310.2 818.0 167.3
Jeju 106.7 1096.9 1474.8 301.7
Total 17789.6 182843.3 83433.3 17065.9
Solar PV Onshore Wind Offshore Wind
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Fig. 3. Electricity generation mix in the 11" BPESD

FolA BPE AET o AFGet AAH EAFo] of
71L& GCAM-SNUOA] Aok 0 =2 =] T}
LNG, 92+ 9] A% A3, s gdat 329 3% of
gto] A=t

Fig. 194 A& 2bA9o] 39 20231 188.5 TWholA]
AR} ZFAsto] 2035W 0= 88.9 TWhZ SAET. whahA]
Aehdido] JxA o g EEHoh & 4= AT 20249
G7 AA3) QoA gols 2035 AEr dhdA AW
AT RS o, EE £57F SETA dig HE
7} D 8 5lt(World Economic Forum, 2024). E3St 2030
=7t 2A7IA AESHENDC) B8 oAl Et w)
2 7o) "dast & Qi

gt Aek-Qtyol a4 o] A9, dE o} 7]
E2 2030 8.2TWhol|lA] 2035 17.4 TWhZ o=},
a8Y 20% $F9 3o TALE QF) AV A
A= ARtEol, S4 7|&9] ko] Q5|3 Mg ¥
A9 E&S AAA7IE AJA &jlo] HQas}rt.10

LNG A& 2023 157.7 TWhollA Z715ko] 2030E
161.0 TWhE AH o & &}o] 20350 101.1 TWh& &
OB AO0=E Yrepdth ol Agt TH ES A
Zog Hestr] 915k Weto]w, LNG-4 24 79
AL S4 7]0JBL 20309 7.25 TWhol|A] 2035 15.4
TWhz S gt

A wEL 202349 180.5 TWho|A] X &80z
7¥stod, 20350l 2k 236 TWhe]| g3ttt ol= &
A 7125 IR A9Z}F 7|2EA oY tha HX1H
S7HIE B A0z} Ag g2, ¢9d g 4

I

B o o o

10) E& FEUol Bal trlede oEhNAL AT Ao Fu9 Age] RAA 4%e
Kelly et al. (2024)0] w=wl S 43e] muor £4 Aol WA (PMLS) & 3
o veld B&(Ammonia slip)e ZulAEA G4 W4 aslo] Hlo] FERA U 9
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oy Adu]= 20234 31.9GWollA] 20359 70.8 GW=E
SE o= Al102} 7| 2A G ET BE R HolX]|
9k, gh=to] COP28oA Ao A] AH|E 38 Frfistzl
ot Aoket Hoj H|So] B of[s] BE39E 5ol
575] S5 WA 7|5t FH|H A ¢h2 AgolA
A @7P7F va A 2a A2zt golgk By AHlel £
7] g7t sttt

=g A HEEo A= 2023 FA] SAREE o] AA
A i RES AASHAL Lo, A11A; 7| ZEA YL 3
3 AT EHE FHoE HES st AFHE AAlSH
I Qith 20259 RE siAEE Avl= #EA S7shH,
2030 o]Fof= SiAEE AR7E SAAEH Y 34 ol
T2 fAE Ao= AgEo] Ut} 3] 2025¢ 29
SFEEEE 0] Fgo et T Y dA A
AFAAE 24 Aap tastEgleH, % I HAE
Au7t w24 olFd A, sidFHe AR B
g 7IsA=E &8 Qth(Solutions for Our Climate,
2025).

3.2. jorX A|Lt2|2(CoalOut-HighRE)

Table 4= A|11x} 7| EAE AU 2(CurPol)@} T&35F
o A thota Alteleo] B g aokste] et
ek

B ATE AR HESTIRAYANA 37119 2
2 o gusi] 98, e Pae] M w4
44 HefE A hot A1kl 2l CoalOut HighRE
2 AST o AL BAEY ALY 74(CCS)
o] A&HA k2 Mgt THG 20357H] HAZHOE H
2717, o] ME WY B FUS Y R
o 249 APAA Ab] G2 BYHE AR A
e

CoalOut-HighRE AJUE] QoA A&k ¥do] 2025E
olF MBHOE 7Hashe] 2035 S HBHL
Ag o] et EE A2 2024 G7 /g3 20 A
A 2035874 Ausie wda AE A 25 g
olo} RItelEE A3t Zo|th(World Economic Forum,
2024). ARYo} TaE 2AVIA AE At vjvlsith

2 9lgo] HT HuAolA A=)
S%7HA S7HAA S leH, Ry

o 8
gol 2 & 3ok
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Table 4. Core generation mix assumptions by scenarios (TWh)
Scenario CurPol
Year Coal Ammonia Coal w/ CCS Solar PV Offshore Wind
2030 110.5 8.2 No Policy 67.1 49.7
2035 88.9 17.4 No Policy 88.7 87.1
Scenario LoWind
Year Coal Ammonia Coal w/ CCS Solar PV Offshore Wind
2030 110.5 8.2 No Policy 67.1 No Policy
2035 88.9 17.4 No Policy 88.7 No Policy
Scenario HighRE
Year Coal Ammonia Coal w/ CCS Solar PV Offshore Wind
2030 110.5 8.2 No Policy 823 72.5
2035 88.9 17.4 No Policy 97.0 142
Scenario CoalOut
Year Coal Ammonia Coal w/ CCS Solar PV Offshore Wind
2030 77.1 No Policy 8.2 67.1 49.7
2035 0 No Policy 17.4 88.7 87.1
Scenario CoalOut-HighRE
Year Coal Ammonia Coal w/ CCS Solar PV Offshore Wind
2030 77.1 No Policy 8.2 82.3 72.5
2035 0 No Policy 17.4 97.0 142
< g wet, B A4 o)M= o]F HiAStaL CCS 13.5%0 =3stH, 20239 et EA 0 Had A4
£ A3 Ao 2 Attt CCS MR A1l O]&EL 9F 18% o] X1 Urk(Korea Electric
b AYpF7|EAGAA Yol TAVF 9 & Power Corporation. 2024). E3H gh-2 AR 7} @2 2|3
A 4 sz 449 A B diitE S35 dAE 24ske ° =24
B g FZollAl= CoP28o A AoFgt vlel o], 2022 A7} EAeh(Park and Jeon, 2022).

A thE] 203071A] AB]&FS 32 Stk o] % 2030
HRE 203597HX]= AR} 7|24 9o Yehd S
420 tet SEE Aoz st old wet
Bl Au] 2582 20354 78.7 GW7F H&d], ol A&
St ALY S HE Y APFEAER] 182.8 GW Kk &
| W0l AX|7} 7hssictal werEThID o]F A A H
EjFg Ar] 852 2013 IHEYFA A F & dlo]
HE &85 4H5E e AH|o]-&E(capacity factor)
7IHto 2 g o 2 HgE|o] Hyo] vrgETh
459 SE 5 od 7l
= THLE HIT ZARIAE 2= Ao] Aot
AF7H] =2 S4TES SHoE 39 EHS g
SHAIEE, 2013 7 SAFEY Bt HH|ol&ES

N

11) 20208 AAGAIAHA A Rrhin] 8 E

Ho}
Sy HelE ojmrh e
o)

F9] APFRARE 369 GWEERAL

olziat Aol Aoket BEA BAZ Tefelol, BRE
A0+ AEeF7|2AY a3 oA RE T
#o B3 gares Agesc. Hedaelsis 202
| 10 3] 9jolA 2035E7HA] S48 AHE 26.7 GW,
FYBYL 74GW 2200 AT AT B
At o]& HIY5te] CoalOut-HighRE AU Q. ESH S
el AAE 712A G5 5LsHA FAISHEA
e 2H9 B o A Au,

53], 2025\ 4AHJS/AH R TRt S AR
2T o] W2, 20249 SHEEZ]RE 20269 AR
7HAl 7~8 GW FE9] {1zho] FX1d o) o] th(Ministry
of Trade, Industry and Energy, 2025b). o] 7|dto2 &
Aol A= 2025 o]F wid 4 GWH sidEE AH7t

24s9%=t,

gt Alueiee) 20354

1 efok
12) BF3a v R A2 Al2dol A ARt S35 AT 17.1 GWET W7 wizel] AA7F 7hssietal dekEe
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Fig. 4. Electricity generation mix, 2015 ~ 2035
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Fig. 6. Greenhouse gas emissions: Power sector

Table 5. Emission coefficient by generation technology

Emission Coal- LNG-
. . Coal LNG
Coefficient Coal Ammonia LNG H2 Blend
w/ CCS w/ CCS
(tCO2eq/MWh) Blend (20%) (50%)
11" BPESD 0.8384 - 0.3800 - -
GCAM-SNU 0.9587 0.6530 0.1249 0.3323 0.1552 0.0472

StU=R, 2E AR 487 SoEHA g5yt Askd
AN=E 4T 5 Qo

Fig. 6914 AAIE =2t tholol2E= A 112} 7|24
gof 7gket Mg RE9 34| siEHEE Yehdth o]
AE+= 20309 H7F AEFENDC)LE Aot Ao
i, A8 £ GA FEe oig dY HEe=
20309 ERE 5T 4 vt Basilt I8y &
A3t A 1S gl 83t CurPol AU 0fA=
20304 HjESFo] A11A} AF XK} 13.3 MtCOse T
EA Uehdth. ol wiEAs 18 49 zpolofA 7]
At Ao WHEH, 53] £4au Yot &4
of thet wiEF Ay Aol F4] EAoA = s Al
A= 2] gkol H ARl Bl of=&o] Ut

Table 5= A|112} 7] &A1 83} GCAM-SNUOJ|A] &€l
d & Aol gt 78S YEbdth. GCAM-SNUOY| A=
A2} 71 2A o vlsf Mgt 2o iEAsE i E
Al, LNG ¥H 9] wi&AsE tha @A 7Pgsta vt o
T AR} 7|2 A Z o A= Agkat LNG o] jo] oh2 i
Wao]l wiEAsE FAFCE AASHA Far qith
GCAM-SNUOJA] @R Ujo} 4 WA At ¥ o] H]s|
& A7 67.4% $F0|H, CCS7 289 Akl wj&
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AG7t GRYor 4 WH| 20% FEOITh $a T4
2ol A9 wiEAS7E LNGOf H]3l] 50% ugke]s, CCS
7t 485 LNGE Hi&AS7E 54 E49) 30% $Fo|th
Fig. 694 20359 5 42 H|WSHH, CurPol ALt
2o 2018 thH] 59% o] o]Fo]Ft} o=
O]/ 2050 ©ATH B/ fItt A¥ A=AF 20359
7% BEHAR 53.1%E0 A7, A8 REA Hi} &
2 7= Qo] g9t A, FANSE diA e &
SAYS o SRS ol Brl= of¥r wF
H, CoalOut-HighRE AJU+g] Q= 20309 NDCE 23} &
A2 B2, 203540 2018 tiH] 83%9] &S &
gotd, M AEd 2AVA 45 TS Ehddh
2018 thH] 2035 9] H Y AE5FS Blugt A7
(Fig. 7), CurPol AlU2] o= Mgt oA oF 150
MtCO:¢(54%)2] 50| o] FojA|H, FH Lol T4 F A
T2AE HE5 g dHAAE 38.4 MtCOe(14%)2]
=o] F714 oz HhAgsic}. Hhd, CoalOut-HighRE A
U] o= A oA 212.7 MtCO,e(76%) 7+ 45
=o, cCs7h AEH At WA E 16.4 MtCOe(6%)
9] Z+&o0] Yyehdth ol= CCS7t Yol 4K} v
SAS7F W30l E+6taL, CurPol AU 04 = A
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Reductions from CoalOut-HighRE compared to 2020 emissions
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Fig. 8. Carbon price in the power sector
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Table 6. Average annual capacity investments (GW/year)

Category Historical CurPol CoalOut-HighRE CoalOut-HighRE
(2017 ~2025) (2025 ~2035) (2025 ~ 2035) (Early Deployment, 2025 ~2030)
Solar PV 3.24 3.88 4.67 6.32
Wind 0.12 2.81 4.61

An7F 27bEw, £3] 202592 E 2030874 dEF
6.32 GW7} AXH= A0 g 71450, 7|£9 B &
o] 2ujjo] 7}t

oje} 2 HFF Au| s Adst] A=,
A HFe] F8 Aekael F stuel o|FdAY FA4Y
Aol sttt A7 APAAHA = "B THLAE F
AA, E2, ot SoEHE A AT ol 0|45t 4
At g FAIStL glom, oj= AA Ha 7Hedt FA
£ A ARtsls 23 21 Aok dE £, BAIAY
O ZHE 100m o]Fe] o|AdAZE ALY FF AT
Au] AL 103.7 GWE Agt=E=d], 4 74 $2
oA A11x} AFo] 2030W7HA] ZHZ 3= 70.8 GW
AAFY 68.2% Folth. whebA &4 9 ASE =&
e aEoty], gt AR Qs) AE 7 BawF
o] A=A FEE o|AAT 7|&9 FEH 2ol 8+
Fr}.

Y A9 %, CurPol A2 20fA= 2024 A
20358712 B 2.8 GW, CoalOut-HighRE AJU+E] Q0]
A= 4.6 GWO| At AH] E2171 F g sitt. T2y 2017
WEH 2024d7HA] A8 AH| 71 X7 0.12GWl
ENPE S 15, o3 BE Exe AY fle
29| gE o= Zolth E9] i3 AL,
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