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Abstract : After Fukushima incident, negative sentiment towards nuclear power has led to
transition in policies that reduce the dependency on nuclear power in some countries. President
Moon of Republic of Korea also announced a national plan of decommissioning retired nuclear

power plants stage by stage. Therefore, nuclear power that once was considered the critical solution
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to energy security and climate change is now a limited option. This study aims to find an optimal

energy mix in Korea’s electricity system from 2016 through 2030 to combat climate change through

energy transition with minimum cost. The study is divided into two different scenarios; energy

transition and nuclear sustenance, to compare the total costs of the systems. Both scenarios show

that electricity generated by wind technology increases from 2018 whereas that of photovoltaic(PV)

increases from 2021. However, the total cost of the energy transition scenario was USD 4.7 billion

more expensive than the nuclear sustenance scenario.

Keywords : Energy system modeling, energy transition, renewable energy, linear program, INDC
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Figure 1. Tasks and time horizons in electricity system modeling (Kost 2015; Foley et al. 2010)
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Figure 2. Future electricity demand (GWh) and its growth rate (%) (KPX 2015)
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Sets

ce: Technology set of nuclear, hydro, tidal energy
de: Technology set of dispatchable power

re: Technology set of renewable energy

sto: Technology set of energy storage
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tidal energy

Variables
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REP: hourly PV/Wind generation
ELST: hourly electricity stored in storage
STOEL: electricity from storage
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Table 1. Nuclear power plants decommissioning within 2030 (KHNP 2016)

Power plant ID Capacity (MW) Location Operation date Expiration date
Kori #1 587 Gijang-gun 1978.04.29 2017.06.18
Kori #2 650 Gijang-gun 1983.07.25 2023.08.09
Kori #3 950 Gijang-gun 1985.09.30 2024.09.28
Kori #4 950 Gijang-gun 1986.04.29 2025.08.06
Wolseong #1 678.68 Gyeongju 1983.04.22 2012.11.20
Wolseong #2 700 Gyeongju 1997.07.01 2026.11.01
Wolseong #3 700 Gyeongju 1998.07.01 2027.12.29
Wolseong #4 700 Gyeongju 1999.10.01 2029.02.07
Hanbit #1 950 Yeonggwang-gun 1986.08.25 2025.12.22
Hanbit #2 950 Yeonggwang-gun 1987.06.10 2026.09.11
Hanul #1 950 Uljin-gun 1988.09.10 2027.12.22
Hanul #2 950 Uljin-gun 1989.09.30 2028.12.28
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Table 2. Decommission/conversion plan for old coal power plants (KMOTIE 2016)

Coal power plant Capacity (MW) Plant decommission/conversion plan
Seocheon #1 200 L
Decommission by 2018
Seocheon #2 200
Samcheonpo #1 560 o
Decommission by 2020
Samcheonpo #2 560
Honam #1 250 L
Decommission by 2021
Honam #2 250
Boryeong #1 500 .
Decommission by 2025
Boryeong #2 500
Yeongdong #1 125 . .
Convert to biomass plant in 2017
Yeongdong #2 200
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Parameters
nw: Storage efficiency
ExCAPy,: Storage existing capacity

Variables

STOw: Electricity stored in storage
ELSTy: Electricity to storage
STOELy: Electricity from storage
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Parameters
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Table 3. CO2 Emission Factors per kWh adapted from IEA
(2015; 2016); U.K. Environment Agency (2009)

Type CO, emission factors (g/kWh)
Coal 1,141
Natural gas 418
Oil 588
Municipal waste 1,200
Fuel cell 418
Biomass 148
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IC: Investment cost
FC: Fuel cost
FixedC: Fixed cost
VC: Variable cost
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£-0] 2050¥7H4] 1kW & USD 1,500 42744 74
o Ao Asl & AtoA 7HER A7 Ad

3) oA Al g B Aol UREA O = AR TS
3~4%0°]tHKreith 2014),
4) & gl A 7Pdshe 82§48 (on—shore)ThE Il
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Table 4. Future fuel cost forecast adapted from World Bank (2017); Kryzia & Gawlik (2016); European Climate Foundation

etal. (2010)
2017 | 2018 | 2019 | 2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2030
Coal® ($/mt) 70 60 55 554 55.9 56.3 56.8 572 57.7 60
Oil° ($/bbl) 55 60 61.5 62.9 64.5 66 67.6 69.3 71 80
Natural gas? ($/mmbtu) 7.3 74 7.6 7.8 8 8.2 84 8.6 8.8 10
Biomass ($/GJ) 11.06 11.06 11.06 11.06 11.06 11.06 11.06 11.06 11.06 11.06
Uranium ($/kg U) N/A N/A N/A 91 N/A N/A N/A N/A 90 91
s &4 ©2 Hokth b ESSE [EA & IRENA B3 7419) 11-2-80]= DOE(20162)2] SunShot
(2012)9] A2-wEko &2 20161 USD 2,813/kW 4= Initiative 20302] MY =2 1kW G USD 4, 52

ZO|| A 2030?_]01] USD 2,066.47/kW7HA] 2F 26.5%
shekgitha 7R,

(2) = HIE

FC =313 npe(FPingd) * 5o * EPap)  (13)

Parameters

FP: Fuel prices

Variables

FC: Fuel cost

EPhpe: Electricity production

ARG 44 (13)3 o] HYd anEe o
29] 3} AHEP)E Fof AN, A
e A& WA EPn o) ol T3 v &
FH7h= Table 401 2] =0 ek, Agk, A, A

7} 5 3449 2= World Bank(2017)9] Hlo|E|S
13} vlo] @ uj A (European Climate Foundation
et al. 2010)2t $-eha2 B4l AU 1 714
B o] 7S Aolgti AYE7] g2 (Kryzia &
Gawlik 2016) &4 @717} nlgiol e X&d 2ol
AL 7

(3)

Total FixedCiype = FixedCype * (
(EXCAP type + NewCAP, gy)c)

IH2EH|

14)

E‘r7}(leedCcyp )—‘4 ‘6H%P HbA7 l
A1 (14)9]

IEA(2013)2] o] wket 20% 7243l USD 31,767+
A stergicka 71y,
(4)

Total VC, Hpe = VC[)Y}(’ * Zthype (EP h, t)yvf)

HER

OO

24|
(15)

WA A ARA 2, ol BE
177) AH SN WATH 1§02 o

Aol HlEh, webd 714 & WESE
4] (15)0]) LhtelEe] 2 Azt A A Ak

(kWh) & #5288 @7HVCu) S HolA T

ChA] AR 2016 ARk W]k, EApel g,
|H| 41 183 882 EIA(2016), NREL(2016),
Kost(2015), IEA(2011), Kwon & Jeon(2016)%}
Kwon & Kim(2017)9] A5 E Zuglon, ¢4 o
297h= EPSISY A=E E-83ith

201610 2] AA| dH =k SHAgn| o B o)A e]
F IS Bl A = HskA ARERIA

ul 6.6%S Aot SZakAo] mPAE 2.2%

3,700kcal/kge|cHWorld Bank 2017).
FHlolf, WTIIH-9 H|-8-2 543t 715

HTHWorld Bank 2017).

A5 ARE ARgSiTh 7H R
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Table 5. Information on electricity generation technologies

Type Investment cost Fixed cost Variable cost Lifetime Efficiency

(kW) ($/&W) ($/MWh) (year) (%)
Coal 1,267 43.75 232 40 39
Natural gas 988.8 17.5 3.5 25 47
Nuclear 2,034 100.28 23 40 N/A3
Oil 2,198.3 132.15 2.93 40 47
Hydro 3,123 64.29 0 40 100
Hydro pump 5,626 25 0 40 90
Photovoltaic (PV) 2,471 234 0 30 100
Wind 2,346 39.7 0 20 100
Municipal waste 8,843 80.36 0 20 11
Bio 4,985 110 42 20 35
Fuel cell 4,732.3 0 0 6 47
ESS 2,813 40 8 15 90

EIA (2016), NREL (2016), Kwon (2016), Kwon (2017), Kost (2015), IEA (2011)

groll WAsHA] QAL B o= 7k o] A
Hot go] Aasivte A & o o B e
Ao AAEL oF 1% AA Usitt, 7 E717F A
Al A= Aoyt A SZHEZF 4 L 1 7t
&S Reste 9gR 27 7he e
F7FAskA R, Amnlg-2 wpAy] hige] K]
Ae dAEY AA g gebd §5771 st
d A2 ARTrHE 002 7Hge H7]E oy A
oF ARY7PE A o2 AR Thadilo] A4
SHA Ho=m 7R} 7] AU A7 &3t A

3.4%
1. 3°/ y 6.6%

AN

= Coal

il

Electricity Generation in 2016
from KEPCO (2017)

oA 9] B0l A E A AFERH.

I 29 24 23
i A Agk Alute] .9] 201619 ~203011 2] A
A= Figure 49} Zro] Halsh= S B
e}, B FFS FAEI 2-§u|go] &3] skt

= Nuclear

Natural gas
= Hydro

m Renewable energy

8 Ul
7hyaiet

he kg B 4,5000kWhe] g WAl

2.2%_ 0.4%
=

Electricity Generation in Electricity System
Model in 2016

Figure 3. Comparison between Electricity Generation Mix in 2016 and Electricity Generation Mix in

Electricity System Model in 2016
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Table 6. Electricity System Cost in 2030 in Energy Transition Scenario (2016 million USD)

Investment cost Fixed cost Variable cost Fuel cost
Nuclear 12.85 1,304.07 22329 194.17
Coal 323.68 1,284.65 196.68 1,431.44
Natural gas 1,282.66 892.54 1,293.96 26,818.90
Other 0 2,332.74 0.02 0.26
PV 4,681.17 19291 0 0
Wind 4,786.77 996.34 0 0
Total 11,087.12 7,003.24 1,713.96 28,444.77
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Figure 4. Electricity Generation by Source in Energy Transition Scenario in 2016-2030 (kWh)?
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Table 7. Electricity System Cost in 2030 in Nuclear Sustenance Scenario (2016 million USD)

Investment cost Fixed cost Variable cost Fuel cost
Nuclear 1,039.54 2,318.47 375.30 326.35
Coal 323.68 1,284.65 262.95 1,913.72
Natural gas 797.31 755.94 1,018.66 21,113
Other 0 2,332.74 0.07 0.92
PV 3,982.83 158.86 0 0
Wind 4,583.84 956 0 0
Total 10,727.19 7,806.65 1,656.98 23,353.99

et wekA Al
Aue| Lo A s shaulERro] AR ghol A
Aol o w2 vlga ARIsk. ety
LT Ae ol v x| g Alute] 2o 1)
=71 moll 7k ol B, S

[e]

= Figure 59 YE} dch,

A F2 Alye] e A7t A8 A A" H|g-L
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ZH)o2 o 2] Mg AlytE] 2.9 Hls|] USD 47
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Figure 5. Electricity Generation by Source in Nuclear Sustenance Scenario in 2016-2030 (GWh)
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Table 8. Electricity Generation Mix in Different Scenarios in 2030

Energy Transition Scenario Nuclear Sustenance Scenario
Electricity generation Electricity generation Electricity generation Electricity generation
(GWh) % (GWh) %
Coal 85,514.71 12 114,326.07 16.1
Natural gas 369,701.74 52.1 291,045.50 41
Nuclear 97,084.02 13.7 163,175.79 23
Hydro 2,201.24 0.3 2,211.85 0.3
PV 77.428.94 11 63,760.64 9
Wind 63,885.42 9 61,298.78 8.6
Municipal waste 13,659.90 1.9 13,662.78 1.9
Other 514.25 0.1 520.30 0.1
Total 709,990.22 100 710,001.72 100
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