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Abstract: This study aims to measure the expected utility gains resulting from the expansion
of renewable energy sources for power generation, considering both their costs and the
volatility of prices. By applying Modern Portfolio Theory, which enables a comparison of
economic benefits while accounting for price volatility and uncertainty, this study provides
robust economic evidence supporting the expansion of renewable energy for power
generation. Our findings emphasize the crucial role of renewable energy sources, such as
solar and wind, in mitigating electricity mix risks at local level in South Korea. Furthermore,
this study establishes a gquantitative economic foundation for the expansion of renewable
energy, advancing beyond the existing rationale that primarily justified such expansion solely
on environmental and ethical considerations.
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2000 o] % =A] of A M 552
o] H]E= sl U7t= FAlolth §
oA 49 8%, ©asE Ad AW 52 FE5H itk FA o | A
7] 7+(International Energy Agency(IEA))ll &J51H, 20212 2022 Al
28] F Aol A AB|7E A 5= BlF0] 90%°] Dot T Aol
A 37t FA7F &2 Ao 2 AYIH(]EA, 2021).

o]} 22 Ao A Ak 22 A= w2 H Y (Paris Agreement)ol| 27
A AA 7L 715835kl thg-517] {15k =] Ygko 2 SHA Az o 7|9k of
A Hof| A Errjsto] XgH 2] Ao A = A shof gt S84 &
olA EEstoict. 44 SHolA & o Ao Ao thgt
Chpo] A Ao A Tk ZAZE AR EH UL, 7| FHstof| &
7t A (Intergovermental Panel on Climate Change(IPCC)) 5=
TAIA QL &7} o] Fof AL = FRoIth(Bao and Fang, 2013 IRENA,
2017; Al-Shetwi, 2022).
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82 57k & o] glo] AU e 74 W5 Aol £80.E
7b 2] B Z9io] itk ol AU AL IA Blojele] B} g

2 7|95k, 2 of e Aol AL ulg Hol 87t &

20199 129 2 Upko]H A% 9519 HE|2o] WAYF o] oLl 4] A
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R7H= 20209 3 sl 5 W) 7h7to] FESHACHFBIANAPEAA, 2021). o]
A 295 M1 AR AL o] S0] o AT WEEo] T7) A
2] 2] 230 Wgsheh. 22 BjAlol-9 Aol WA AUt A
S04 Aste] uel Ui x] 7HEo] ZA A5He 5 oUA] 91710] of
927} AP Q1 S, U A1) PR o] ojE s S
Uree] 79 ofuA] Qo] B Hokstel ALIS AR, AT A
510] 9lo] 7 1]89) A4S FE5Hs Aol obd oJuiX] Qi Al
A0 W5} o] the B8 L Sl Tegho 2K ANPEQl S ok
Be AL Aol Baste nojztt
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RGPS Ak AL FRE Ao AA, oflvA] 7H4 W54 SHolA
< A ZEZ2 2 7MY WsAdE 55 ST BlE Hole RE Y glS
g duEn 24, W719ed 3 247k wiE] IhE R vES
Y22 H &G A&7 ALT = e AL+ A g0l didt 242
YA vpA o2 AAARAI-SH]8-& BT = AR A Bl A o] EA
vl 5l F A e e AR

1. dA4H7 HE

A X EE2] Q0]E(Modern Portfolio Theory(MPT))& oUA]| A& H&
of ARESt X & AT EE vl M SHA A m ] Ao fs THE Bar-Lev
and Katz(1976)7} 91.2.™, 1]=2] o | A] 7H4 439 tet Ad S 0171 9
St oL AL AE A AJSF Humphreys and McClain(1998) 91+ 5] it} of
U A] Fofol] MPTE H-&3£3Y -5 thi& A A= 7Hof gt 2| A3
£ SAHOE YA YA A A A6k et ¥ | APATE HH 9

UA G20 YA A S Zt 30| FE o|FH, AU A vlE &
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Awerbuch(2000)= MPT W EZ oY A] Eofof st 14
oA o] T H-G 9 A AN 5= Yk AT o] A
oot FH-2 LAY BS= 30% oot 2ie EAt 5Ae
H &= FAS 4 L, 5~6% AR IS Y o U A2 & UEHs
Awerbuch and Berger(2003)= 915714 W&ol o2 Y &4 of 2 &3
4 FA E0&M)ol THE 13 Al arefste] 27 —’F%o 9 ol A]
71 9A S Ak MPT 283 fl5f o v A e BArd7te] o
Z(kWh/US cent)s ZEEZZ| A} 7|t 29] 0 & H A5}, 73_ 7k, AE
A, 94, T8-S teE Ak

71 A3} EUOA] AAIE 20109 oA A9 A 74@% 20009 719 oA
o] His Y E 149 S Hol= A ‘/}E}‘i‘:} 3 54
2010 S| AT A Ao A T & 045}%*}?}7—-'—-4 7 HE= A A
A A B2 S e A5 20009 = F3A]of H] 3] B]-§ L £ %J ==Y
= Qe 707 =Z5T} Bhattacharya and Kojima(2017), Martinez-
Fernandez, deLlano-Paz, Calvo-Silvosa and Soares(2019) 5 = AP A+
oAM= A A o & Yo A] o7t A A 2 58 F7H a9l
= 20 UET

oA ZEEQ o] 22 FE3 AU A= ol-F5(2012), A
$(2017) 5ol ARk T A Ao X LE Hlo] el 7} F-2oHA] g2
S TAE A3 YA AAE @Y HF=E EFollon, M=
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o]
A 5ol AT

0.

r1

ol

ol
AR

2, dAASee] XHEY

o @77 A eeiTole) AR he A NS 5 % Atk A
A, Blg-elaa BYL G 502 A3 wYo] 485H: HYAT
oA B8O H4E 4002 H3 F wo] BESHA Hiv, o uf 2l
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7h 245k WebA v go] oS A AL AdH oz gadvt
2B AL, W2 B o] fofmlshA Aol A4S elaast Fejbe
A7} 9I}. ek olje} B34t Y] OJu| % H 80 G40 2§ =)
¥l ojul 240 s ojele Bt olet. TP m vg-elad m g
0] e RS AR % 4 G B4 PAo] Bt A 1wy

£ l-

A91o] BAo] glo] Aol A2 ARSI 21 SPHoe

=4, EHd
283 ﬁ""gﬂ:ﬁ%ﬂ% 2] Z- Aol A hofl sl EA s, A H]g,
QR Hl-& 52 /NEH o & Pristtt @A 57 HYFE A 1 Al AHE:
Herge WASP(Wem Automatic System Planning Package)2 9|42t
YA S E4AS WH9eth= o] itk 12y WASP 292 714 W
ol thet 9144 1T 4= 9l Zh A A of gt ghgol &
Stth= @30l Stk E3h A8 WA 7]zl 7|9t P02 AR

A Aol 9lo] Aleko] THAZH A= 4, 2011).
AN A = HFE, T, o8 5= Poto] AA A2 10% v]gte =2
W2 1|58 27| g &of 0]-5-42(2012), A 42(2017) 5 = AP Aol A
= AR AAE st M2 HF3T A7 75 ol &0 A=
Al Ao A & o] ek A H-§ A=t -2ASHA] LAY, 71 R EA
SO= QIof &8 A] A|%o] 2AF}. d 7[R E AP A LE H
St A ARl glolE 7k H-E53 Aol Aol Ao thgt =412 4]
4 F957H A&H 07 FE = FAE TS o, AR LER
AlEskeE v]g-g A3 2pI 9] £42 7|& A7t et ApE ol
A, 71&0]= MPTE &850 §lo] &7 A A (efficient frontier)=
3% + 20| A9 8 FHo]
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ZEZYL AW EaE & e AKC] A wetA o] koA = F
o) Ao 248 W] Hore A2 AU A St @A d
Y7 REETQE FHOE 1%~5% 274 5 44U A4S FHFC
XN ZEEYQ A FFdS At AL St @ AR REZTRE T
Moz IR WSS & ZEED 59 582 245k 22 AU Al
AT A7 WA ofuel o] iigro] A2l &8 St 7|92
T A2 Aol dish ov] Q= AR AL & k= Aol A
Nl A=

YA ZEELQ Ao 3lo] #4 o] H= oA g2 o &
Soll whet Aolsttt. o] A= AR, Mgk LNG, =
Q5 F 7 oUA LS BA dFo = dAstglon,
tlolH 2= FArd7} ol Qjef 87 v]&, A 7| o H]-§ 59
H1-8-Z oA 1 Eotelet. 1 v 9 A= vheat Zh
AR, @A ket ALgel Qo] F8 HF-E Aok 9, A,
LNG & Al 7HA] oA ¢ @A ZEEZ 2] Qoj|A 4 Q] H3HE Fofo}
tgtE £8 HFE AR 57| wiio] ZE= RS 7HYorT). Al et
AAE(2021) & HLX F3AK2021)9] 20204 A A4S 1% =2 uf &

St ke A el Qo] /1425t L S8, ING EF HFH}
FARO A e W18 A i, AT, 5, Ta wol2 5 4
o1 412] .9 AA W5 Pl 10% TIFHO.R e SFol}, 74T}

o} o] AAUAE Stz FFsH] Hek G5 115 2 7hs Aol &

2, 88 S0l Yol AU A 8E B A2 AL
B, 95, 1% 5 H15A7} 0.4~0.9% Afo]o] A= oA

o1 49 8 45Ol T A, o1h ALEOIA £ oL 28 A1)
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wom ZH|ISHIE 7|t5t7] ol ol | A Yol sgsto] 4 of ZotE]
A gkoktt. TRt o] Aol A =5kAL oF= FBHY oY A= A1 H 7]EL
AR A 2 F2tetal Qlo] ARAA], Ae7FASHEIH 59 4lof | A
= TA0| A A &fstdet.

=4, AL A v]&of SlojA= A4ardrHE E85titt SEuet of
A AGAF A9 ZF Ardd 7ML A8 A 49 AYEAEE
AN2E Y AGAR A7 AR E EYE B30 A= H 9= 20169
6GEH-E 20219 5¥71A] 571] U Ho| B & HIE 2 & S}, HAtd7h=
A5A 714 (System Marginal Price(SMP)©] LNG 7H& ol 4%-0] E|o] 9
11, SMP7F A Ao 2] BAFE7EY] Aol S8 EEE TEEDQ F4
Al A 0 & 28k o= Qi T1Bu o A E/g0] Aolgh kg Y
of =gtE]of YA A #5383 A7 5= A&5HA =Y, A+AY &
fdolu B4 ot A€ ;A HolH 4b&E A9 BAEA T 284U &
Aloll 21 H 4= Ut wheba] FArd7He] 7391 A ol e 9] i EH
50| @ oA 7HE 7Hs et A4 tijto 2 st of o S
t}. o] FE-2 o] At ARl At s Al ml e 7HA o]
o] Bt A% =g]of 7PgA HeE 1, §-2)u] gt To] gy
AFE Bl 7ol d 4= e FRo = Helh

AA, Doherty, Outhred and O'Malley(2006), Jansen, Beurskens and
Tilburg(2006), Zhu and Fan(2010) 59 AYAFE EHZ ALE QJH v
&of tsi A aefstoict. &7 H|-&-2] -5 ol | A A A-4(2020)001 A A
Algt 71 @ E 2AZFA A7 H|-E AR E AL BN ALY A
19} S S otaA} gt} IMFQ2014)E 9AER o, 4] Al #<
& 2 LNGO] th3t SOx, NOx, PM2.5 -9 Bi&#17t H|-&-Z 1 efgict. o
o2 YHALA v]-8-9] Z$ o]Z3(2013)0l| A AAIZH LHAFILS] 7]l 1] 5
H|-§ A DE L83t} o]ZF(2013)2 TAEAQ2004)0l A AAITE 41834

iy

1) ZA| QDA 7)o A A A5t A8 A 4E (Advanced Power Reactor, APR) 14002] 9t
AA Zxo} A A LAEAFASE (International Nuclear Event Scale, INES)
A g e & 28519
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2(Advanced Power Reactor(APR)) 14009] QFA A B30} A A =4 LA

/\}ﬁ +(International Nuclear Event Scale(INES)) 75+ S tAraL 2HA3H]
T 7HAE AE3it}, d&st o) H]%*: AYE vl-gof Aot B

/‘}3'5}7‘] U, Yad o Wgste 52 + 7HA ol 7SSttt o] A+t

oA=& 7]1& Awerbuch and Yang(2007) Jisma, Mohan, Thomas and
Madhu(2022) 5-9] A A LS04 9} o] 8]l AT 7} o H]-&0 7 71235}
™, 7hH/Jo] 22 ¢l 1 H A 0 2 YA = g0 At v GO B Y
of ¥ttt gt

2. MPTS E88 HI8 U 2jA3 58

o] TN EEETQ 0|22 B8 3te] Z7ke] A that HHsprH
obd 2 WA 7H A BA5te] 2] AEA Ao B 15
T4} G} o2 SISk R0 2 H ofulx] BEo] HEEe] 0 Y 4]
2 A8 AT/ B o] 2ol 3 glom, AU ¥ % SE 7 4T
A RS A AN PN AL AR Reh
HA) A58 2T AT 4 e MPTHHES AH831a7 g

4% 250 NPTE 28917] A W 8-c1 RS S8
Phsole AHSEle RYOR £ HAS WICHAY 952 A £
H3hz 50) o] A o ATOIAE A B §-T AT B Y
Sgte WA B8] G4 3t 492 AT YL HE5HE 40152 1)
8 %%0] Wslgo] ¥|1, vlgo] AXclehE g4o) WelL 24 e 4
917] WhEol MPT 3ol 4] A%kshs W54, B8 Fol AAlgke & wgs
290 1] ojgi7] ok Eek, 9J% v §o] thet el LAY 4
9 27149 47k U T/ FE A7l 8ol W2 R8T WA &
§ 1 2]t Bgstol 9439 o127} 9Iek. Zon and Fuss(2008) 5} o]
80141 B8 A5 S AT EYT EABE XA SJch

Mg~ A0 BYL HMZFo] Hlgo|n, tEso] YA (1Y FxH
)7} B}, 712 MPT B R0l ¥ 584Q] FES 00]4 BEHS
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of ==ot7] 915l 22+ BHAFS] S0t Ao 9l
3 ol 5 3fok o= Aol whell, H]- 8- A3 B oA 25 5t
o H(IH 1) FR). v AT BY Y A9 5L 74
717t 0.2 #EHL o] AFolA = o vqA] K] o]
g7} 22+ BHA oA o] -8 Rislo] 7)Aot SES

Wg-elad mEo] 49 FAPE T4 B T840
sitt. 712 2 9)-g 23 P o] MPT Zgol A= dlEF 02 7|59
AAR Uw AFE A 4x(Sharpe Ratio) 59 A-&3E 28 7Fsst, Hl&
-H43 Bl & YR HE o] 5837 EA5HA] ghett o] AT
A= Zon and Fuss(2008)14] A|AIRE T2 A4S H]-E-2| A3 HE O]
EAT(EBP)E A otaat op, 2k fso] Tt A2 oot At
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H] -4 T YH A 7[2 22 TEZD Q 8] R HEHA} S7D(c(w))
£ ulotH, 252 ZEEZ Q H|E c(w)E Vehdh thebA] H&ek4
9] Fo] AR dAT 88 FAE JA2 vl&-gA3 BE AoA
y=—X"+c(A>0)71F 9] 9|2 EFQI 0|3} = 1= Fej7t k. £
5 Z S 7 EE BT glo] 2
ZEZYQ FHOA FAHOZ

3
RSfShE R 25t0l B

MPT 29 eHAH & stz HA= A7 FolA= £AIE =
4= Qlth. 53], ZEED] Qo] HYH= 7|% AAbo] tpfotal, ZEEH R F
o]y F7to] ALY Bfoll= FY-T AT Es H[E-TAH9] 271 I
Hol| 2+ ZEET Q& WP otal &4 FA LY 2= WEoH 9
9] YE-H(interior point)°] oFd FA A (boundary point)o]l Y= ZEE
g eso] AHE o2t A& AdAoE HEF AL S22
o] =& 7Fs/do] itk @] A o]9f 22 KA E T o]+ s 23t
A} XA of O] AFEH = $3} i gfo| e 5.8 Hoke] EAo 2HZ %
=t}

(o]
I ez s TAsH= & ZEST L v
=

3 AlAkotaL, H]8-9] AT E TEA FE

[S.]

2 YA A HFE 1%p SH4aFe WY £-85 B4 20204 AA19

AL TEEZP QE “Current Generation Mix(CGM)" & A 98t ofj CGM



1. 7} HEM(Price Volatility) £H

(F D2 7H BT AT 8AF TEs A4 ZEEFQE X
A o] 857 22 el & $2(CCMIIA 892 1% o &
o] Z-835}1, INGE 1%p Eol& B30l 82 1.18% 0] Z4ZO 2 F
2 9] 230 2 yepyitt, Hl-go] AtEat FAl0 WE Ek iAo
18-S Eol= A0E Uehgth 1 9ol §8-2 wol= A4 2FEY H#
B Ao & Sfista, A, ING, YA S Eol= WFoz el

514

(B 1) 717 HEY 20 5857149
e +1%p ow) | STOGW) | dw) (i‘%ﬁi [fe)
1 +W, -NG 83.71 9.95 182.69 1.18
2 +PV, -NG 83.71 9.96 182.92 1.06
3 +W, -B 83.84 9.98 183.42 0.79
4 +W, -N 83.98 9.97 183.43 0.78
5 +W, -C 83.88 9.99 183.60 0.69
6 +W, -NG 84.00 9.98 183.64 0.67
7 +PV, -B 83.84 9.99 183.65 0.66
8 +PV, -N 83.97 9.98 183.66 0.66
9 +PV, -C 83.88 10.00 183.84 0.56
10 +W, -H 83.74 10.01 183.92 0.51
11 +C, -NG 83.85 10.01 183.96 0.49
12 +B, -NG 83.89 10.01 184.14 0.40
13 +N, -NG 83.76 10.02 184.14 0.40
14 +PV, -H 83.73 10.02 184.16 0.39
15 +H, -B 84.12 10.01 184.37 0.27
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16 +H, -N 84.26 10.01 184.38 0.27
17 +H, -C 84.16 10.02 184.55 0.17
18 +W, -PV 84.02 10.03 184.64 0.13
19 +C, -B 83.98 10.04 184.69 0.10
20 +C, -NG 84.11 10.03 184.70 0.09
reference CGM 84.02 10.04 184.87 0.00
) N: IRt2); C: Mk NG: LNG; PV: EHQIZ: W: 221; H: 43; B: 8102
2. &7 X|&M(Environmental Sustainability) &
SATRA EH] G 50 o5 18- T At QoM T AR AR
S EESI9I). (I 2014 Bl 7129 stz Al A A
Mo B8k o] B89 Z7HE ojojxi Z o Uehitrt 37 v g
< 9T A% S ARE dAIst] 8 BlE5S T o= H]-&o] &
AER e, B8o] F7toke FH(EATS g At E)o| 7HE B8 &
o] 24 Aol uls) A Lept
(B2) 84 X154 £M 58571+¢
20 +1%p c(w) STD(c(w)) D(w) 288572
= - (% change)
1 +W, -C 127.72 10.16 230.85 1.01
2 +PV, -C 127.70 10.16 230.95 0.96
3 +W, -N 128.83 10.11 231.13 0.89
4 +PV, -N 128.80 10.12 231.23 0.85
5 +B, -C 127.88 10.18 231.51 0.72
6 +W, -NG 128.26 1017 231.61 0.68
7 +H, -C 128.00 10.18 231.61 0.68
8 +PV, -NG 128.24 1017 231.71 0.64
9 +B, -N 128.99 10.14 231.79 0.61
10 +H, -N 129.11 10.14 231.88 0.56
11 +B, -NG 128.42 10.19 232.27 0.40
12 +H, -NG 128.55 10.19 232.37 0.36
13 +NG, -C 128.22 10.21 232.44 0.32
14 +W, -H 128.48 10.20 232.45 0.32
15 +W, -B 128.60 10.19 232.53 0.29
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16 +PV, -H 128.46 10.20 232.5b 0.28
17 +PV, -B 128.58 10.20 232.63 0.24
18 +NG, -N 129.33 10.17 232.71 0.21
19 +N, -C 127.66 10.26 232.93 0.12
20 +W, -PV 128.79 10.21 233.10 0.04
ref. CGM 128.76 10.22 233.20 0.00

Z) N: @R C: MEH NG: LNG; PV: EfFZh W: E3; H: £3; B: H{0|2.

3. AL 9J3! 0

AANTAPS Tshe Avt 0w A v Y A w8l 7
A3He Ao® Yehton}, Ao A el shdofu ] & 0w gt
0§ Z7HE0] 2 AT GAlSH EEE ok QAT oL Wl A
B ATR 0 (& 33 Pk &% 24T 02 Sojgont gy v
%2 2751 XEE2) 0 Fol4 YHE ZA5H ZPOIHTL 7|t 58]
Z7hehs Ao Yehget

o) +1%p ofw) STD(C(w) oW | %i?;)
1 +W, -NG 86.77 9.76 182.11 1.17
2 +PV, -NG 86.77 9.78 182.35 1.04
3 +W, -B 86.90 9.79 182.84 0.78
4 +W, -N 86.93 9.80 182.88 0.76
5 +W, -C 86.94 9.80 183.00 0.69
6 +H, -NG 87.05 9.80 183.02 0.68
7 +PV, -B 86.89 9.81 183.07 0.65
8 +PV, -N 86.93 9.81 183.12 0.63
9 +PV, -C 86.93 9.81 183.24 0.56
10 +W, -H 86.79 9.83 183.37 0.49
11 +C, -NG 86.91 9.82 183.39 0.48
12 +B, -NG 86.92 9.83 183.51 0.41
13 +B, -N 86.95 9.83 183.55 0.39
14 +PV, -H 86.79 9.84 183.61 0.36
15 +H, -B 87.18 9.83 183.74 0.29




0.26
0.20
0.13
0.09
0.06
0.00

183.79
183.91
184.03
184.11
184.16
184.27

9.83
9.83
9.85
9.85
9.85

9.86
L W: B H: 42 B: H0[Q.

[=]

87.21
87.22
87.08
87.04
87.07
87.08
orz

s
+H, -N
+H, -C
+W, -PV
+C, -B
+C, -NG
CGM

IXFE; C: A NG: LNG; PV: B

16
17
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