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ABSTRACT

Jeju Island introduced the CFI 2030 (Carbon Free Island 2030) policy in 2013, actively promoting the expansion of
renewable energy such as solar and wind power. The primary objective is to achieve energy independence by establishing
a clean energy system. This study analyzes the economic feasibility of the Jeju onshore wind farm expansion project, which
is being promoted as part of CFI 2030 policy, from a national economic perspective. Utilizing the deterministic analysis
method, we calculated B/C, NPV, and IRR values to assess the economic feasibility of the project. Simultaneously, we
examined the sensitivity of key factors influencing economic feasibility, including discount rates, benefits, and costs.
Recognizing the inherent uncertainties associated with renewable energy projects, we performed a stochastic analysis through
the application of Monte Carlo simulation, obtaining essential information for informed project implementation decisions.
Deterministic analysis confirmed that the proposed project was economically feasible. Sensitivity analysis indicates that
economic feasibility can be maintained unless costs increase by more than 10.55% or SMP values decrease by more than
9.15%. Stochastic analysis results using Monte Carlo simulation revealed slightly lower values compared to deterministic
analysis; however, the ranges and trends were similar. The methodology and results of this study can be used for policy

decisions and to conduct further research on implementation of the project.
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AFEE= 20130 CFI 2030 (Carbon Free Island
2030) A TxstH LAEE HiEgls HAGoNHA Al
A” FE5S BF oUA AFekE SRE HE, T
I & ABAA B g AMEE A= X%
ok 53], 2030Q97HA] 9] Ao A ZH;F 4,085 MW
% 57%00 FAGoh= 2,345 MWE FAHS 53 $HE5
of 2A7IA HIETS 4,203Ftono| A 2,779HtonOE
33.9% HSoke A wet SHTATEA] 24AHES
o)A F21 So]t}(Jeju Special Self-Governing Province,
2021).

2 o] FYdEE FTEA T AAHFAHA A
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Stk A S AT EN BT AR AifEE Bl
7 Hel FES &I, AFoA EYE HE $U F
b7l tiste] FAFYHI(CAPEX), 2GH-E(0&M),
0]-8-&(Capacity Factor) 5= HFF O =2 g 7|50 thgt
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EFF A 2AL &A1, Lee et al. (2018)1 9] AAA Fzofl
H|So] HEFoR AMEEE= B Wl HYH|[8HE
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£Z &3 B/C, NPV g2 571 A&Esto
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Hgo g QA oA FEAEY FAES 45
At FHEEA AFG AAGC FFS VA= 848

Journal of Climate Change Research 2024, Vol. 15, No. 2

. 284

- YNE - 08

HA

25}o] Lee et al. (2012)°4]= WindPRO%} A|F AU A
5 ¥ HlolEE o]&ste] WHZFS AFESH AL, Kim et
al. (2013)°A= Al-S2HA7HE (SMP) W3t w2 A4
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3}t Moon and Kim (2021)9] 4= 400 MW2} 480 MW
3 554 g dHdAE e FAE B3
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+4l, Kim and Kim (2019)°4+= s =3 H A -8
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2. ZNX EgY B4 e

AF A FHLAGA) IFRYALL AFENA 4
Hog 2A5He FTAUCRA FUAAH BHAAY
AAH BGAS Bk e 3818 A cleletd
H2A A (Lee et al, 2018)0] w2k Wojul§ul
(BT &@AZHNPY), HESE(RR) £47] 802
Hg3tth 7 247189 e chewt 2ok

HolH] 1] R(BIO)S £4717E 59t nlghol] 24D &
Hol3} $H82 AR 242 BAste] 4 (13 Lol
o] B &2 AAFSHE Zlolth. BoJu| 8H1&(B/C) gl
1.0 o]xovo]rq wojo] v gHT} Irjy B & gomg B
A A AAe] glek wedteh (DAA BE
WEE Bl i iR ug, r2 A4S PR, 1 B
47124 OJmIFHHGu, 2008).
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(NPV)7} F2(0 o]/d)ol™ Hejo] H|-gHrh i‘:}i Ely
Aoz FAUY AIS BA Ed/dol EHE=
oz 7Kgt

xi 4) N o

n

NPV = Z

Z

(1+7 = (1+r)‘

@)

PESBIRRIS BA7|zH] Tt wolulgule
B/C)°] 10] EAY £@AZINPY) Zkol 00] D Tl
6‘]—0]%0]]‘4— 1‘11010] gkﬂ% Eay OL‘:_ },]/\/\01Eo]q 73‘1-
2 glom, TEAYUY A9 WRSERR)] A8l
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719 ol#&o] it ole, &34

ShHE AAot= Xé A HJEE% EH*J
F7to g HoF
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A7 S & ]7}§—§(Monte Carlo)
19 2 WEES St B2 o
skl 2 g BN

et al., 2022; Koo and Kim,
Bo) Augle] e RuE 2

Ao A duelEow, YAt 88 et 7t
Hoto] A4 HERETS AUSTL o RIS B2
=]

d4E BN A ZAAE 245K Alla et al., 2020;
Manberger and Stenqvist, 2020). ZHFIEZ Al & 0|4
oA gg B¢ X= 38 4% & f(2)E 02 34
S s Aolel B o) F AR ol 4(z))
710gS o2 Zth(Lee, 2021).
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2 WEHY(z, - 2,)3t0] T Lol g(2) 9] BRL
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(0= oz) )
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A AWE e (n)7t TR wf AEH] OE ¢(2) 9] B
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Ao g thFo AZ WAL, E(g(X)) 9 EHF
A% 30| Hssic.
B, () = B Yola) = B Y a(a) = El0) ()

4 (7014 o(e)7} BT Bz FolAW HRAY
SIE 2= Aol TAE HAW BZHIFEE AlEdoldE
RS BYT AN T2ALE o FE T
9] 71HZHE AT 4 Uth(Winston, 1996).

HEH7FER AlEYClAE T FEE AEdT 27
L Avlo] ArjAel QRS tjAnE Fold IE HES

2L USE AT ASEE Pl TS Fas)
th(Barreto and Howland, 2006). ZE|ZFIEZ A|EY o]
24 AL Fig 19} 2o AFAE AT Hol,

HEoto] W wi wolge wake] 2gol uje AuT
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THE £ 9lonz JRE 2ASto] AT AAAY

oYz ZF9T3} AL (RPS) oA AGAM: WA H|E
o] YAYsl= ﬂW REC #Hif 4=0]o] A7]11, FF9) 5219
7% TAHES Foles HAl AR FFRASA
(REC) ¥+ H]-8o] HAYSIERZ AFFA; Yol A= 5=20]
ARE AFS] A A Q1 Toll A= AFARI 4=})o] WA
goug FAA Ao ALt ok, 24 Ala
4 o]HA & 4A 9 a2 AFdA Yol = Hlgolut
=T A S A= o]HAEe|nE HAHQ] Heto]
AotA] b= Ao g Kol AAF H|-go|A A Lsttt. o
o, o] AAEA Bl ofd Ao disiAe AAF H|
8ol ZFolet. Ard9 AAA 82 FAIGH], G4,
FAEAH 9 EXEAGHE g

Table 1. Cost factors of the project

Detailed components
@ CAPEX
Total Costs @ 0&M
(D+HO+B+D) (® Demolition and restoration costs
@ land compensation costs
BAA vE&E = o} S 1°ﬂ st EW7H4
71E% FAVHA Tl R % ‘3} , FELHT A

At A AETE ARE BESHAT. FAIAA 8RR
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Table 2. Benefit factors of the project

Category Estimation

Electricity Supply
Benefit

Annual SMP (KRW/kWh)
x Annual power generation (MWh)"

Annual power generation (MWh)
x LNG CCGT Greehouse gas
Environmental cost (KRW/kWh)?

GHG

Environmental|reduction

improvement
Air Annual power generation (MWh)

pollutant| x LNG CCGT Air pollutant Environmental
cost (KRW/kWh)*

benefit

reduction

note : 1) Sending end basis
2) Greenhouse Gas (CO;)
3) SOx (oxides of sulphur), NOx (oxides of nitrogen),
PM2.5 (particulate matter)
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g M FeLAUAA Yt e A
JAFL S AdE FHOE HrhE, o] AT WojL
A= SMP(AS LA 97k HAHMWh)S ol
slo] 2Aahct. A SMPe] A9 KDI, 3719 A

713 AMY oulElg A 2A S Y5t AR -1
oF A(A2:), p127s9f wet 2 4 370d AF SMP
HAQ 127.395 A5ttt

Table 3. Jeju SMP over the past 3 years
(unit : KRW/kWh)

Jeju SMP
Average
2019 2020 2021
127.39 152.78 101.54 127.85

source : EPSIS (Electric Power Statistics Information System),

https://epsis.kpx.or.kr

A7 LAZHMWh)S TH7)7E 717 5 He) &
goz A% oAk 49 Pksd AP, Huo
274 ol §BAAMKs Aewol e A4 He Pa
ulg, B, AT Te)), A 208 D RS A

o

of 45}
]_

AYTF A7 Wole FAWAL] A w2
& AFTA Puulgos 2459 AgTE A%
Hole Am SMP(kWh)o 7 SHFMWh)e] F
0.2 APgEt), Azh WHFMWh) S Fuds] A%
Aol AZE Azt TAF D ol §E 24 ARolA 2

HEE PTs] P g ol 8k
A A w4 Ao |z FERs) wA
o] Gl wet s AgFol Zraste] LA
9 7] 9GEA HEo] AW DR olo] W A
Hl2 AT 4 ek AFS A9 201997 fR
Mol FEHHE BEHUOL 2020958 LNG B3
Hol 71E GRUA PRES AFHOLE SA4F
¥ o] LNG BAE S5ty s

Table 4. Generation by fuel type in Jeju

(unit : GWh)
Category Petroleum LNG Renewable Total
2019 1,705 35 1,984 3,725
2020 181 1,389 2,259 3,829
2021 295 1,505 2,274 4,074

source : EPSIS (Electric Power Statistics Information System),

https://epsis.kpx.or.kr
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o 07199ed A7k Wele Sox(@ASHE), NOx(E4
AFSFR), PM2S(IAIEANE ko 27 AHEstent.
LAA A% 9 drled A Wele o AP
Mwhol 7+ B0 sigshs WYY BueR
kWh)& Bto] ofelie} Zo] ZAateict.

d

Table 5. Environmental cost (2016)
(unit : unit/kWh)

Power Total
generation SOx NOx PM2.5 CO, environmental

source cost

LNG CCGT| 0.32 4.77 0.33 15.72 21.13

source : KIPF (2018, p. 58)

ot 417] #4182 20164 FlE0 2 A Frolm
2 Lee (2017014 SIS Hre} o] AH|AFEIIH|%
(CPDNE olgdlo] 4 (®)FF AA BA A2AE
202149 oz FhAkelAT

CPI(’21d)

3 ANL (7211 =3 ANL (1164 TSV ERY
St v & ('21d) =34 H] & (161 ) x cPI’169) ®)

Table 6. Environmental cost conversion value with CPI

(unit : KRW)
Year 2016 | 2017 | 2018 | 2019 | 2020 | 2021
CPI 95.783 1 97.64599.086 | 99.466 | 100 | 102.5

Greenhouse gas
Environmental | 15.72 | 16.03 | 16.26 | 16.32 | 16.41 | 16.82

cost

Air pollutant
Environmental | 5.42 5.53 5.61 5.63 5.66 5.80

cost

source : ECOS (Economic Statistics System), https://ecos.bok.or.kr

B ghe ol g3l LAVLA % 7l oq Ay Etel
% Wole H2Y 4+ 9o, ogt go| E2H u
Hole St w9 b Feuslel o & el



3% AAA ve HoS HiE o R AF A T4
2 A9 =9 diAF SO gt FAA
AAE2A W Eo g BA3 Ayl NPVE o

1 o4, IRRZ ALS]H EQIE 4.5% o]4Ql 54%E
Ueldo] FAA efgAlo] EEEE Fo0F e

Table 7. The result of economic feasibility analysis
(NPV unit : 100 million KRW)

NPV B/C IRR

Result 4,571 1.08 5.4%

H| g0t} SMP o] ¥slsh= £& 1 #sto] W=
ELX|(Sensitivity analysis)S $H5tF o, o] &

°] 10.55% o} S7FstAY SMP gte] 9.15% o4} st
SHA] = 27oA= BAAA BEAdo] GEEE= AR
BN ASH EQ1-82 Choi and Park (2015)0]4]
20019 FHdf 7.5%S 2 vf 3, AFE AFoA=
3.5%7HA] ol = 5 AMEA Aol wheh Wkt 4= 9l
oug FEEH AEfoldE &9 TR B4 5

dlo] et Aug ATE EHehaA shan

o2

Table 8. Ensuring economic feasibility conditions

NPV =0

Rate of cost change Rate of SMP change

=S 0lg3t HE S4E

21 AfIo) 2N EfgY 2 267

o] Hoz} Hlg FEI} FAdsA At ol ]E,
CAPEX, O&M, SMP, 247}~ 744 9 gj7] Q GE2 vy
A7r Welo] A9 A2 YHES B HH #
7|EFOE FFERS H85Hch BARS Hatol of
E3AES 9Ju|dl=1, Lee and Ahn (2020)°4 713
kel Zro] AFA7L glE Htol 10%2 7Hgst
At Atg)H EleS FAY QIHIE}DP*éiAMI 2 g ==
45%E FRIgoz =1, AF7HA] HgtEe] & &
HAE 15t 3.5%F &gk 7.5%F G R o}
Ak EXE H8stnt. 242 Y3 Hog I
gl Hapo] tigt FEERE o3 Pt

St o

o

rO

fr

Table 9. Input variables and probability distributions

. Probability
Input variable o Value
distribution
Capacity Factor (%) Each model’s mean
Normal ’

Variance =
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Table 10. B/C statistics

Statistic Value Statistic Value
Criteria 1.0842 Kurtosis 3.2531
Mean 1.0265 (6\% 0.1755
Median 1.0143 Min. 0.4844
Std. Deviation 0.1802 Max. 1.8328
Variance 0.0325 Range 1.3484
Skewness 0.4202 Standard Error 0.0018
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