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1195E dAA7A A AAE 47 35S 9sto] o2 de9
FPsta ek oY w=E AMgslal e duR|e] FERES A
qUAZ Hgsle Ao AeHa Utk o]HF AU YR
AR5 Bt 1719 a2 Yepa 9o, ofd ugt H AAH
2 AR Ae] AR gt o]l drt. 53] OECD =7}
E9] A% 20184 7lEoz Ay v AR ZRE] oix] Ak
2 20Mtoe ©]’¢ S7FIATHIEA, 2019¢).
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BAAE, 2017a). ©olF fl8td AR TA8A AHFFTIEAY,
72030 =7t A7k SRR 2S A% 7| ey S B9
20309 AR AuuF 33.7%, AB&% 58 5GWE ZFE = AA 8}
A AIA BT 2017b; B85 2018).
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Source: Constructed from Ministry of Trade, Industry and Energy(2020).
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Ap o qA 712 A1 85 9] 2040 Aol AR 5EE
HA=e] mEellde 2 39A 7 2l "t

(38 2) 3718 TR UEH|S0| [ME EgE Huw - 2018H JIE
(Comparison of the distribution stage according to the proportion
of renewable energy generation by country: Year 2018).
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FTHES o, TA3ak qUAZIEALS Bl 2040d AR
v S Ho) 35%7H4] sk RS Algsta ot

AR Bas 918 A AAIAR] w8 A= 20189 OECD =
7Hee AGBNE & FES 6. , B3 2.9%5 AA8I e,
1980l FRbRE FEsHAl Srkekd HAZks W B (27.9%) %
20184 AHgo2 Mehd H]5(25.6%) 2 FSISIATHIEA, 2019a). ]
OECD =7}59] -9 Aedo] 20139 48.6%% HH o2 &% dtet
k7] AlFet o, 2017d0= 46.8% 5 AA|StA . $=EEH-L 2013
d 1.6%1A4 20179 2.9%=2 A&l dsstdlar, g g9A 20134
0.2%NA 20173 1.2%7HA “353FA Tt

E3] A2l HlFo] =& OECD =7} FAME A9 =71E
o] Hg FE AR HFE tE AJEY 52 FEe Hlh
[EA(2019b) el W2d FgA199] 2018 F A=dd F Agoli=] &
AvlE F82= 35.7%%=, vlF A9 23.1%4 otrlo} - Aolole]
14.6%50} 953 & FF2 7|55t ot

zotd - (2017 = AR Hgo g gk S21 AAE7T
= Annex 13 Non-Annex 1 =7} o= g H|AY F8 9
A Bkl AAg vt Slnt. o] AFelA] AR Be] A g B
ZHboll = ofddor AAEY o] F Aol =ge] He Uz dH=
ZHATE ol wet A A7 wiEFe] BUE Annex 1 S7FES
Hhol| = Al 84S A wov, o3| M o|F AALGE 34
4 gt ZA vebger 1 ¥W8tE % Non-Annex 1 =7}l vla| ZA|
Uehgs Bt

olZ gt AR gdoll 71 Fad B gk A= A AR 7} A4
S FES= grid parityd @4 oJF-o|th.3) Grid paritye] @4 A%
© 77, SHAE R AolshA vehdetl, A3 €(2019) € s
el 75 12670 & 870 =7hee] grid parityE @/t e 53] 3t
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3) Grid paritye AHAF(=r] E=e L) 7HHEY #53PEERE(LCOE,
Levelized Cost of Electricity)e] ZFAY Zolx& &4-S on|shy | wbdd x4
Ho g AAGE FHshe Ag 9u|ditt w3 deshiAn g2 wHrle] AA
13t 5 ARG b AQEE ¥ S B9 &9 - fAIESH], A8
v] 9 71g} H7H] S - ARS| A B[S Foll tigh v]&E ofu|gi)
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=2y

L grid parity B4 93 8] A7 $0.1259 23ttt 435
t}. ¥bH Deutsche Bank(2014)& AAIAe® HA 197) Al&ANA grid
paritys B439em, wmm 20149 1070 ©)% FolAd elv] grid
parityE 243 Aol BFd 714 st w1278 U kR
grid parity 8/44°] 7}sstha 3354t}

IRENA(2019d) % AY3|A} 2 ejekge] A% A4 Hd LCOEZ}
201849 US$ 0.085/kWh7kA] &tgste] 2010 thy] 77%v 3HAgel
w2t 2k grid parity @78°] FHAR E= V—i?‘»‘}l A

o} grid parity® B4k Xg Fejuete] A= AR BHa
= S8t 2002@5H ABANUA ] 7173 A /\17‘ 714 ztels A
Ao 2R Adshs HAUAEEAY AL ARE
EstAtt(AtE B AR T, 2002). AR 20029 339 ¥ o™
FIT(Feed In Tariff) A9 201149 3,689¢] ol @t gt
A FEdele B2 5RE @] X3l wet 2012978 719 FIT
= HAst AR FF)F3HA =, RPS(Renewable Portfolio
Standard) 2 H&ATH(A71ATH, 2009).

FIT9} RPSe 2H7te] A ol SAER QYA A] Hgol o=
o] f EIAI7}e e =7to] Uth4) AlEd £(2019) = S
Aol grid parity BAS A3 23 ooz AR AkdubA ek
B0, AEA e, B2 AR B8, R&D 7 A =
I A A] &H] F& ARSI oA, %ﬁl FITHEC}h
= RPS7} grid parity 24 frelstttar F4ak3d

W JEg - 28k (2017) 2 2RSS AFE Fall RPSEU= FIT7}
AR o 2 AqAPAAA] By EfAelee 742 sl 104705 sid
A5E o] 43 FERY BEY RPo = FIT9 RPS FA&HE vlwdt
o] AFol N LHAHR e YF2 FIT F2o], T2 RPSS} FIT FHE
&0l BHE Uehlle Aew EA6siY 3 OECD =7F= FIT7}, H]
OECD =7}= FIT, RPS 25 337} dthe= AS A 232 AASH
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Portpolio Standards)e AEHAIAA} 353 % g 4% vieS AAANYA
ZRE AR dEog FFEE oF st Axe|t
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ol 9](2015)= Felvtet RPSA|=S] 7
A FIT Wi¥] 535 7A57]e skl ev o3
RPS T3 FAE AullAd A7} opd HHARIALRE 2] 5l
Asta lvka gt T3, AR B
a4 SAE S AaA B2 el 9 AR AU digh
A=), RPS o|FAke] AAE Fo| dags A-art.

U= FIT A= 7 A4S g8sy] 918 20189 7€
B AR S TAAGARE A8 =y DA A RS 5 A
2 =8t JTHAGEAAAA R, 2018a). ©] A=E 30kW vluke] Au)
o} B9l e AFe 100kW wgre] AdH|E gidew
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2018 #47FA<Ql 189,1759/MWh= 20zt FrulE#s A dsta 9l
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g - 23 (2017) 0] Y FIT Aol el dn] Hgo|
EUAAM = Jepta glew oln] 201195 E =Y, 9,
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=Zn|gd AFoz vUFo] XY= FIP(Feed in Premium)® 7§HsHE
weko 2 Agstan JohH(EA - #3g, 2017).
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Amel] FAES FAS FAIATH(AAAZAATH, 2019b).

. ejedsabd Shofoll wh deixsn] e
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AeIA 2 A AAA SR 7Hg FEE iAo F3t o)
3S 5 & Aok AEAYR(2018)] whEH 20179 U it o] L&
9 22.10%, HFE 15.57T% =2 Yelstor, o] &8 7|+ 2d o
2 1
3}
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1
ot rlo

16.269)/kWh, Bl% 131. 8594/kWhi et Fele] A4l
FFET g o w2 YT shATE ol E gk AT AR At
Ad)e] A9 gokdo] THS X231 &, IRENA(2019¢) ] w24

20189 & o B Ak AXE A AA AT e Puline
T FIE SAEE At T8 AHarE 49,104MW

(38 3) ™ NA 33 ¥ Bt 55 - AlMH| 7250] : 2010~2018E(Trend
of cumulative and new facility scale of wind and solar power
worldwide : From year 2010 to year 2018)
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Z4: IRENA(2019¢) & 7|Wte =2 23192,
Source: Constructed from IRENA(2019c¢).

ol#g &2 FElvSt=E frAteHAl vYEbda itk 2018'd B FF At
Av] fRE 2,36TMWS BbH F3 AR FEe 161MWel 23 e
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M, 20184 HFF & B R A 8,099MWE 5 & AdH] =
1,303MWE oln] gk &t (@=eluxzwt, 2019a).

(O 4) U2t S Y e 7= - Al #250] : 2010~2018EH(Trend
of cumulative and new facility scale of wind and solar power in
Korea : From year 2010 to year 2018)
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Source: Constructed from Korea Energy Agency(2019c).

A8} APFEF7IEAY M 2030 71FE T Aule Al
Yz Aeqr 2301 58 5GWel 30.3%% Aete 17.7GWE A4
Rom, *c}?j% B oFgide E3ke] 57.3%91 33.5GW= AgE ok
(A3, 2017b). ol B A AG e 2030 AA A
Au) RSl 173.7GWe] 19.3%°l Zate tFRoltt. ole} o] Yozw
B 7P g ABANUATE B AR oife] H, e
A F7FE QI AYA| 28l J3 e AErL Fasitt ko R eRdEd H
ol S7Hgel whet o dEe dEAzEl G A FEEA 2]
Aot ABgg Akl AR Yol & 4 9l

(1) ENLZE=2HHSO0| = duck curve Siat
AR & AFSShe WHAAREL A AJEHS e met 8o HE
%] &

T &Y FEol A, TEs 249 2



Aei7k Brbed 71 ezl ek AFA. B, dE vl a7}
w9l AR dojung yE Fdgdwdr)e] $xEeE 73]

= T53h = net loads #EHAI71A e
Be "R rR7E 4 ool HW ofxleolu A ARt Hrk
238l v A Falr) skebelE duck curve 84S Lo7|A HUH).
ol21gt duck curve ¥/ 71E AHA| Z=Rlol|A| HAH-s1e] stz A,
g S akele] gHE a3t
e ST ek diske A3 - Ao
(2018) 20314 7Is= AAMAPER7F 51GW FE7H4 S7Heithe 7Py st
of Hol AIZFE 13GW, 5AIZE W 35GW7HA] 48 ¥lgo] A= A
oz At en, uAS - AY3H(2018)2 2029 7+ AAAY &2 W

T A 6CGW= AWstaL o] & aidsty] 93k Wietem ot

Adn] g5o] Fgsitta Fsii)

dl€)e] 9= Solomon et al.(2010)¢] o]zl WA E AP U} 871
21999 20061 ARE <] & AlEH oS Soto], FYAALNE =
R du| S AQERE 7lge] sl8ste A B e R wjA
735 olxgtd AlEHsE AEe] F 98%e t-est] flg Sl S
°F 2.0GW F=7F 228 AAE BAFYon, Huber et al.(2014)2
2001958 2011970419 78 Wl 270=9] S4]3E 2 godddd 44
< ol g3t 9] 19AIEd it &F-8F MEo] 1A1Zt 71 Huld g e
10~26%, 6A1ZF 715 34~104% H=U2 X319tk T3 Shaker et
al.(2016)& Ay FYol x9o] vt ¥ U ey BFow 2023 7]

AZPE =5317F 8,000MW/h7HA] WiEe Aoz o d=m, 1,500MW
ol TEe] AZPE T H Y A= A7t 16~ 17419 22~23417
of 7P WA 2AE Aolgta F35Ial, Andrychowicz et al.
(2017)& 2030 229 AAYAIA] 2= (REmap, 2030)= w49 4
T EYE AR 20259 dF Hd EatRet St Ee 247
T2 25%% 14% c] 2B AR F4sn.

5) Duck curve @42 AR Z=7HFER gk 2 olslo] v A7k A&=a7}
ke A4S onlsi @ At e gE 7 2zl wlel duia st ozl
o] Fo|th
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Seliele] AuAEe W 9 WiReR Qele] a7t FEohe ol
A ALAS 1Fow £Yd ek =8, AR Iy g 27} she
dA, BFREN s 2e AYAIUAE AT HAAY o) WFeh B
B o] Fol A5 Sick. o] gt v A o] s A A
2 o83 9 ALd YAl Fon 98 waE T Qo] Ageli
2 9ol wYshe Fasuel WY, 2 duck curve AFE AnIAY

o o}d ZA ;A Hal= Aoz ZHAT (A
SAIRE gto & AR 7} F7He
Ay} 7}eHo] Z=gFo] k3l 7)7to] E Aot} t] o] o] 7
Mo} A, BF e R W2 v|2ew
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18 Fr7F 42 = T TAI8A HEaET|EA

°] 20304 BALLF 71+ A dx ABjgtEe oF 60.3GW=,

Al WY Ao m AASL e 52 HA TS 21.9CGWE d3lste

o2 ZIATH7Y &9 H45E doh] ot

A9 (2011 = (GE D3 2ol 20099 TAdd HaEY Fvs
AL v gaFe] 90%, ' 50%, LNGE 30% Fods Ho
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(E 1) YUHH PHMEM(Characteristics by resources)

wHgl Sixfey At Lie
GT cc
Easex 90(%) 50(%) 30(%)
sz (MW/2) - 10 22
GFRQ(MW) - 16 14
TP SHAIZH 8~22h 6~10h 1h 4h
(hot mode) | =mx|Ajz+ 8~12h 12h 1h 3h
P +4lh 6~10h 1~2h
M| AQAIZH +4lh 3~6h 0.25~1h

4 F9W 9(2011), AFF 9(2013) & AFEAS
Source: Constructed from Young-Beom Jung et al.(2011) and Yeong-Han Chun
et al.(2013).

A4 9(2019) % olafg 5287 7FEES duck curve® Q1gh 7|4
A719] vlEEA 4 oo mE NS S, AR e A
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AR BFFOR A ok A A FAG S8 % bl A

6) FoAe A%Gdel ool AAF doigo] uet 80t F53He Al
ol %‘Aﬁﬂz; 3kaL old] e dirkE AFeE ALS ovs, ESSE Energy
Storage System® AR ANUAAZZXE nlgitt. f2lvete] A= wiEd
% - RS B3k [7]1E A8 BESS(Battery ESS) 9 EUg ov| 2 ALS-H
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7 Ea e, ofdAiEs QA EAE 2017TdNE ov] A
Wl 4% A=5 AFst JTHIRENA, 2019a). $Evete ofn]
74]34 T H=gk AR HlFH AAM A4 soE FEHEHY
Z2 70 ?ﬂ”ol a7kt AP EAE €], 2018).
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(a8 5) Za|ZLo} IS0 20208 18 &2 A|L2|2(Net load scenario of
California 1SO on January 2020)
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Source: NERC(2014).
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(Normalized Root Mean Square Error) 14.5%9l E3dl= A= e
WSk D diiA o2 g HEY o] Anlgke oF 80% FEQ A
= 1 o A¥E&E 7IE oAF5eAE, nMAE(Normalized Mean
Absolute Error)E & 11.6% =2 At o5 A8ar AE4F7]
EAE ] ALH 2030\ 71 4 & ] & Wgsh o 5ot
TEE °F 3.9GWel gt

Bt = BPH 2L d=7]Hol we} persistence method, physical
approach, statistical approaches, machine learning approaches,
hybrid technologies 522 Ydth(Raza et al., 2016: Das et al.,
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1 ~
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A

& AL 12 g Y] Y] FHE00E &%
AqUAE &8st Aleel WS ATt s sHdBgo] EAeHA
e AWE 7] AAUA] Sl Y] g e 8 9 wHEY
T3 Al o] #tH o2 WA E o] EANSHA] ol Al AlsA] At
7o) stetete Ao R oot} ol2fdk HYA S A3 stete o
& 7] 1 A BEg Foi ote @ AR oE Qg Tk
FA7F ErbssliAlE @4s 4o, old wet &Aoo R Wt &
235l= cascading @322 A Al%o] FYA| = black-out d2de] Ay
& & ok

A AA] Sfol] whE AlFe] ofs} A oA ® FEEAA U
2 A=, 19961958 2016 d7k4] 201 FRF A AHA] e = Qs
drAo®m oF 20% = Aled stetd/de] vehda glom ol ti-g-
7] gk 7Pdd el FEIE Alge Aolth(Fernandez-Guillamén et
al., 2019). (¥ 6)< 20164 7l EU 28/W= & 209 1+ AleH4
stehEo] 156% ©1/% stehet =7FE yehdia vt o] 7ked dink=e] 73
= AR HlFo] AA AT 60% odS AT wek EU
7} & 7V 2A AleBAdel stgsted, 19964 thy] 20164 °F 60%°] 3t
gES B3

kv

of,

11

[¢]

(3d8 6) 20163 EU W =7i# AHSHM si== : 1996 CHH|(Decreased
system inertia by country in the EU in 2016: compared to 1996)

Hoig
60 |

2| S0tL|of

Reduction of H,, (%)

%3] Fernandez-Guillamén et al.(2019).
Source: Fernandez-Guillamoén et al.(2019).
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tidgo] sk 5 7FF T 144164 15A] Abol7} obd 16A1914] 17A1 2
ol sz FadEl Wyt TAeta glo] ofn] 29 FrEoll FY et 3ol
o} 53] Z2U9Z <lek Akl AR 4k 858yt F3 20209 &
doll= Favitt 7] HAEY FF7HA] "olA= duck curve 7o
AstE|a 9lo], §A4 Aol gk dede Hap Frkekal Ak tse
FA32F AR 7| A8 2] B39 2040 ) 35%7HA] AR <] @t

2} IEA7Y B-73ta Qe 497 5 246
T 7P T8 olst 2 o=
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ek 36.1%744 @A ;igiepd, peluete] 20304 2

FHT AL XEET e 2383 AR FHvFo] w4 Eud
2000 2] OECD$} fAkeE el 3l

A selvehe vk A Z}QJOHAM AR Srig ez

RPS¢ FIT 5& &¢sle] A5402 S8k o= W, A7t 27bs

3 2HNEY0] ¥ AU Frio] Be A FALe e F

7] AuAE Aot A% FANE AF ALl obd melr} vlER
ggolth. B3] AgelIA Hefel et FANEI Jridoz Bk B
A9 A 2T Bl feldt FejE Holglel, 20199 TR A1F
B Ae17ke] 75.9%71 100kW vl 27w Al AFHE 5
A zEe) AR &Aoo fesw gl ARl

(E 2) EfX20|HX|] REC 75X H2: UBHEX| MX|A (Applying solar energy
REC weights: In case of general site installation)

22
100kwao|2t 100kWSE] 3,000kW=IHE
REC 7}&x| 1.2 1.0 0.7

E4: e UA]FH(2019b) S AT S
Source: Constructed from Korea Energy Agency(2019b).

PN (2017)& A=) HEAE FA8ds Wer AHEA A=
N A - dSe 1xs), A4 A g8 mAYS 55 A4s
Aot AFANIAE AR F2 ZiF7] dES 5 J
gk Ao o] QIAEE A Fo] 4
k= AR WEAlelE Hastehe Aol HAelt). Egh, FAdAt
9 gH MAYFZE o498 ESS 2 vdxed g8y Srhaxkld

oz

ot oleta A 7415% 3 Aehedlel AL EA
& 4 9w, ORCD S715e] Ak we 5 2 44a2 vas)
BR, 20009 0.3%99 HlgBT} FHue] 4 4gol

8) A <18)7} wolEl /N, http://localdata.go.kr, BF AR
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M 17.7%= stetetar {FAdAE] HAvk=el HfEol 15.8%°1A
27.9%= Fsstidrt. 53] =2 AANUA Afe3t A dAAE
= 7R oldal=e] A= FEEHHIF] 2000 1.0%14 20184
27.3%%= S71el me} HA7ke dv]so] 38.6%°M 51.8%7H] <
7¥ste] e dakdel thgk F82do] FEAIaL AH(IEA, 2019a).

(38 7) OECD L HE|ly HHEH[S Hlw : 2000, 2018 (Comparison of
the share of power generation by major OECD power generation
sources between 2000 and 2018)
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Z# @ IEA(2019a) & 719ke 2 235
Source : Constructed from IEA(2019a).
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2 AE F shtEA 5F &9 54 9 5 &9 A4 AEE itk
ok Milligan & Kirby(2010a)oll4 A& gk vpe} o] vl= AAIZF A%
AE stellA S £7t =& 74T g4l SsEerF mE H5d
A717F G AR el 7HA S AAsteets, sl AlRIte] 714 Adsel 2
sl A7HAAY 7] AT e v A Q) 71 7] 9

ole] F7tdl frelatAl A& 4 dvhe HelA v B2 HE 8%k 7
2ot}
2. ASOHYA HEE o3 BHY U HSe)

O

ST o] EAlsHA] e WY 7INke] Ao A] iR lg A
& A ot A RIS flstel A2 ook FEle el
gt A7E Y= vk Dreidy et al.(2017)# Fernandez-
Guillamoén et al.(2019) AAAAAE A d3¥d 2 FarA|of
7les HEREAT|9 FEHET] VIR oAUA| AR O Aol
upg} 87 2 FHEste] AAlskiTE. ol 3 ZlsES Al ERaEH oy
AANFIAE o83 B AT B FIFAo] o 7|Eso] dFS olF
al ‘”EUJ] Oe dxe=me ﬂ]‘ﬂx]ﬂﬂﬂx] glo] AlgEdel Fodst= 7
S8 AT BEde Are HEE o83 2 TVes, 9
3IAA A A7 ﬂ’\éé olg&stAY, BHlole 24 T= ol&3}
A7) et FgolA A7 JaEa i
299 91(2017)+= BESS(Battery Energy Storage System)Z& ©]-&
sto] sy e #ASHEHES AlFcte AFE FIsiieH,
Gonzalez-Longatt(2016)<} 23 - AAA5(2018) & AR F 3]
AW e 7 FHE719 FHAlo S B3 ATHE AF7Fsdol st

Fl

P 3 e Tt A3 Fd A7 T FHEAVY S=HA S
ll

T AT A Wtk E4 A8 e Ve T shvE B

o
Ach
<
kD
=
JE o
>
o3
=
R
rr
rJ
>~
é
of
=2
=
sL
j_, r
re
™
o
g
N
)
b
=
ol
R
0
°



Tl
10
K1
<+
ofl

N

}

°
pil

27} uj

Al gl o

3 oue A

2| 8]

O~

L

o

493]o] AA 3GW H =9
sl

A A] A

=

[€)

ot

S ERIEBREES

1

T

3]

,]

T

'CH

7k di7HAlEe] 2 sk,

Q.
o=

ukA] o]

—O‘QEL.

7

ST

|

sle] WE HEAY)Z AgEge] Ba

R

akm Ao, maA ko A@Aolt FYEAe] 7}
2A]e]

F7¥8taL sle FAlolth(e] - ¢, 2019).

ot thet o

AFEe] 5= 2015958 2018d7HA]

o

FH3 7}

3

gild
I

d
=
o

3

Dz

o

ol

Akelel] o
aA 71= AE

A

Wilol 8 5 9lem,

el

—_
o

1
w

T e ARAYS gEF 22

foig
=

A&
2 A

1792] AE7tste] ole)

sto] A

1
! ©

.

ol

fof
= 7k7h tro] A4

[©)
o=

]

5=

Zaman(2018)

EEEC R
Ao g
&9 7

sk},

i

A, 2rkE

=
[¢)

AHE 7]

)

[e]

=

1

BT AN Dt mE 71

Z74R 21(2018) Al AR HE < A o r Ay

Milligan et al.(2015)3 Zaman(2018)°] A|A]gt
A Ale] g fryagj=e} Ze A



S| MBAIAol| CHEE EjL2UN 2ithol deknt chayet 45

AFAAN gerg mesel AFAY We) WALHE A ek 2
upggake Fiel glek AFe] 29w GAN BAR 20069 49 B
ob-g A or], 20189 69T AEABE FAZ 37} 7}

2
Al TS SRk oiRt AlEdleld Ad dAHEE 1kWh
72wt dbdn]go] it 75.769/kWh Hashe Aol de A
o8 A7E3 YEuith

S FHo} aelEst 2e F7k 1 MY QAL Bed 7147
BAo] obd SIS HA) - AARAS Aol H7] uRe] 24
S FES Bast gk fel Wil ANobt aFERE PAHL
2 0§ Alet, BERAY A Bl dRAANNE B 5 2ol
Sk 3 ARANS] 3AH olgrksgel FEHn, ol thgd] A

g
o
i)
ko
o
rx
iy
Rl
2
o
)

AIAAY EAE 2L

A% B FEIAAL A A A

A FivEre] AHAGL SHAE AR Felshe Lvid A el of
A s|Ate} el sjakrt ﬂﬂMl Folohe oA gelH, el
A EAeke B S 2E Fo5e AL @Y FoijRE
EAete TSR ol R AT et feluel A o5
Ao gFo] 20MWS ZFete BE 498 TVl AEANES &
s A7 7hssh, 54 ?HHXM
fleted el izt
AL dSXE F LA R AA e
= ke e g gEvbe A dEske 9HE AuAE ﬂﬂﬁ}
ATt ek opz} ghojlx
& IS A% SPAHeR ojddtd AR w9dH H(HdF
2012).

Felver AEAS A
Azt Fofxl oAl 7 slelle] BAAR rFoR . mt
A Al G AR o2l AAel 2gE AR il AA Aleed

r—r’ rin

3
HE
)
il
o,
ol
ue -
>y
=
ofo
N
rE
1o
=2
<
A
>,
N
)
&
X
=
n
D)
=

]

A|A7FA 0] AA AESA dloAle AL

gl



ftlo
=3
o2
rot
X
offt
Mo
of
e
2
X
et
o
il
o
u
5
)
ol
il

(o]

loll whe} H71e] 7]E

(E 3) 7IHAUMAIED 2AUNAIEC| H|w(Comparison between pricing

generation schedule and operational unit commitment schedule)

7 & HlotzZ g7 12t
- HIN 7| EM(ZZHIE X ALK S Al7H
S | ele Aaply | BLOS(GEHE FTERTE | ST
HAHXARE, F22HARZES) | (HY194~)
_ _ HIX 7| EA Al Ex|oF A I7_|.
SUumAE | olgl J|SHRE dlyISe S ASHE_ ] 2
XI'jlx-”ﬂ(E_('D_l:l, IO_:‘—U—X-”_| 6) <OE OAIN)

(GE 3)ellA el AlgAER A7IA kS whdaiA] ge 1A ZEA
PAAL S Bl Halxl A7 A HEEo o], A%
HEHoR $9S 93 AT AFS g8l EAse A
7WAE ZA A7) AT

dulge] A9 R A= uAd] mE BAA AT A
9ate] AMgEE FapEAoldn|E nAARYA] AFFuE 35S 9]
AR TS RS AlEed Al SEsta glon, o]F ¢35ty

=
AR e S TR AAAA st slvk ol2d WY =

I
>,
2
o
I
2

AL

N,
T,
2
)
ofo
N,
AN
o
!
i)
o
&)
>,
S
N
VN
K
N
FE
lo
i)
2
)
ofo
()
1o
R0
o,
U
iv

olggk H|- &7k AqUAINZY AAlsE BE W7o Al=E7t A
Alo] Bl8-= Huigk didste] B9, 5 merit-orders B3 Zo] H
™, o]# gt o |qAR]-E Hitel]l gt AT E FuFEAE HR F974
AR BT 28 AR dig Az E Yept AAp fadarde] HE
B2 ddo] Hrh9 olHgr AAgArdel tigh A Y] A g
9) FAALL AT Wstd whet 7% - FRoF STl mEA dojube T

ANER it ALAEY, £VEAN B dula, YR A9



Salufet MAIAH) Chet e Shel Hsnt chSYet 47

Seletl s ofnl ZpgE T Qe 71 wade F gEge fay
A9 FR2E WAL AR AT BEE B B @l

ziolth,

2 Sk drle N Ee o] ZRaERD ) A~"EN

77 AE FeE AR, A we) kg o

A} tmEHl-2"Ey B

Sejutete] - Aol BE o] % o] HitslE ]
J

H
AEETHE Aol 7h=Enl &

s
fd
iy
Mo
)
o
td
-
N
N
olr
_<|>l_,
(2
=
N
o
._ﬁ
[
v
T O oMo

y R
b
%
e
i
o
I
i
2L
N
Lo
)
offt
>
)
b
t-'Dl'
o
=
r>~
=2
=
A
o|X
N
o
Kl
X0,
2

dp

7% cHlE o2xe] AL

k1
ety
)
oX
i1t
ol
ol
=
%0
v

(38 8) LNG S&t™Y|o] 2 CHH| & R1M F0I(Trend of output flexibility
compared to efficiency of LNG combined cycle generator)

) INGEE B8 0| g INGHE AW F0| wa INGEE BZ7|EAZH 0|

530 500 } 24

510 450

18
490 400

16
a70 350 14

450 T T ™ | 300 10 +

24 ARANL WRARE o] 83t] THINAL.
Source : KPX internal data.




48 Lzt @

A zRlE VIEe R AAE BAlEES flste] ot 22 3 7] Al

3l

A WA A Aol fAAL e ARAE AT geke] &
A WAk a1 1 1412 wele] A AL Aok wede Algow
Folol AU LA AR A B T
= oheA AR E9e] Beskth Ao mAl I S A AEA
Fe ANE $EH] NG w2 4TS he AP EZEAE /1A
wrdeln QA ol B Ao ofn] o WAL @
A1SE WHAe] W, PATgelA s

5 A% 38 JBglo]

=
=
o
o1
fd
ol
oL
e
)
>
oN

fr
pa)
2,
o{)j‘ =,
ML
o
r (¢}
A
i
i3
N
)
I
ofo
-0,

ot
o
2,
&
fu
N
tot
=)
Jo op
o 1
e
o
-
AU

< 71470 A

ozxe AgAE &

o2 M
%
At
o)
2
k1
9,
.—\1
=
5
‘:o{,
o
)
ro,
ol

< M 24 AT B

>
)
)
oft
e
i1t

=, o
o
oL
i)
Ju -
>,

=
K
My

o3
wh
£
N
i
i
rlo
A
R
>
i)
=2
fu)
o
&
ol
i
o
i1t
oX
tlo
>
)
o
o
oo %

)
)
il
oft
ol
ol
£
S
b
ol
ol
X
L)
)
X
o
Ho
ol
3
18
>
=)
o2
e
o
>,
oX
=
fu)
%

[ 2
=
T

i

)

z
ox
S
i
o
&
)
ol
£
2y
5
A
>
e
>,
N
f
ok
i
|o
il
X
oft
do

i ﬂ% = 2

)
oy
p
-+
o
=
()
[}
2
o
v
rot
o

R
)
x
AN K
f

r £
rlo

LAY

PIURRE)
)

2 9
r’
>
ot
>,
N

-
rE
=)
fru
ol
2
ol
o
i
)
2
I
>,
o3
W
M
>y
N
N
offt
o,
A
Xl
ok
&
i)
2,

ofo
s}

My
=
r

I Y= 1A ARSI E Gl AAAI S Bt 15
5 @R F4aA1Z Fart Aok dAe HAEATEE S MIP(Mixed
Interger Programming) 71¥+e] e-terracommit< F2luel A |7
Ses 29 TRAgzeaOHS Fote] 1ARE @9z 2En v
(Hur and Jeong, 2009). |27 1AI3F @912 A== EAAgAAM =
1AIZE BRte] HAQl awisto] t-galr] 91& 7o S 2 s
g Rho] RigE R 1AIZE Wl §43] B ste Fastdle tevts
o 57t BFEsitt olgfg 1At T o] A F L] dhAl= A

PH AAE B 4 F e, FFEEd dAo] et 7P w2 AR

i



7} ol 4g3fElo] FHlele olWAIRIT S 2 FA|7H 2
13477} Oh Zoglo] $ER F2 AED I8 o 4 ol makA
oz A7} Sojge] wa) wAEE WEd By o

)
o
N,
ofy
A

X 1R o] MiES dAge £3AE B art dth(EFE ¢,
2017). B3 Ao Sas 7R vlste] ddu|go] w2

578 Aol thE A=A flat 9 Astel
o olE3 A gHEs

A7 A8t e
al., 2016: Milligan et al., 2015).

Al AR 2 7189 oAUAIAIE Lol ou]Hol] gt 7]3]u]-8-9] A7} o
FoIR|= ouHAY o] Basttt 24T 9(2018) = AAd|A] K
woll M FEFdge sk, g 7% g, §d94 AdgRe o
73 2 AR s A% AR, BeAus AR, B3 3
A8 & 1T dart v AFsa St m= Aol SO
MISOA FA8A SEE flote] =Ysta e 5E &9 S oy
o AR BN g 2 A AddA So] t@ thecroe
E¢ "avt gt Zgw duEAge FF 5% Ho) dyHs FeuE

=4
AR S S

~

(E 4) 0|= |SO S2ulofH|2d AHEO| H|(Comparison of US ISO up and down
ramping reserve products)

= MISO CAISO
Hefabs Up & Down Ramp Capability | Flexible Ramping Product
Azt 1082 158 &
= N £ o ':'S_—ﬁ.“é o OI’—TS’_KF 95%
SR SEAM FFEMHA OF2 =

E4: AGAHNR(2017) F IFE L.
Source: Excerpts of a part from Korea Power Exchange(2017).



50 Y&+ x5t o

Godoy-Gonzalez et al.(2020) GA] ST AH|EHAH] A5 o[HR]A]|
e HeZ FYgstoiof 71AAA77F fAd A ED o] S He Bt
A

4 2AE 2T 5 o F %} . %a delop 22 nert A

%

°f-& & ‘jr"ok?_?} PE = HL*@OP ]Pq‘ﬂ]%% EsHA H7kete Aol of
g o wet BAstE FAR HE7INE AEALY] AR FF A4
= AHdel71= st (Munoz et al., 2018; Wolak, 2003).

ko & A Aoz o] gt Al S QRS flste] B
AL AV AXEERARE A3 27| ol tigk AleF-E
T a7 dth. FERC(2018) & wAHIA o digh Al B FA=
sto] AlE<g el s nA rhsAdol dom, AedAte] At
o tigh Feek Ade oY F Advke AS ALY d&F AN
AR M= dS5e T AHAG TS dFstEs A=std Fart
Aot AA A7IARIE S AR = IMW o] 2] Bl thaiA
AHAFAA Al S stes otar ATHCHAIA, 2019: HAIA, 2020). o
T AZIANAE AFe] AT el thEk Bl g0 ® Aol HHA
Tt E HEY EEelglo]l IHF HEks ¢4 Fulistke FH
2 A7} o] FolA AL UTH(H=H A4, 2020). SHAIRE HEA Y] ¢4
T A AHAPFEG TR o2 Hote ol weh AR FuE &
Aok 2t FHE Hodde A, ARl HARHEdn 5o FHe

0 fo mE

=

Eote] FgAdol FEEE AL 1 W oz A s sk A
= HFFEdel g A1Adel i deke A 5 gl AdEd
TS [EA(2017) = AU A] Slege] 28] S04 d5 M8 T
83 7legdow AYAUA] dSe Adxsta o], BT AR
SAF 523 AlFS S8te] ALY Sde =T darvt 3l



R

3

ofataL sl
H| 23 go =752 A4

staL it A AU A] 2

9] grid parity 87d°] &) &7}
Fa Aok 74 20023 %€ FIT

°

1
=

s

1M o= At

A

°
gl

AR 55

slo] e oz )

<]

=

pu

2018¥135-¢]
tol A Aol 2]

o]

Q.

[e)

=
=

i

°
pil

=

1

=
RIS

Sere A}
;]_]_13

tod 2016WRE = Yart

bl $-elut
bt =

°

Al A

KN
=

o]
H

o]

%) 20
duck curve &7gol uh

9

stelg kel NDC 24< 918
7

=

9l

A3

1

.

o

3

[e]

P Hagel met eyl v st 2 o

L5
=

sjelel % FIT A

g FIT<} RPS 7te] el o

24

HA& FITM FIPY o=
lo] HAES Rkt )

QA

2|2t MBAIAol| ChE

o] 7HA
R

o
F

=

[e]

)

=
o

A

1

0|
gl

[e)

Al
2

‘?4
2 7HA] &gl o

seluetel 7

}

=
°
pil

=

oA o 7] A

i
%
7 R

0|
gl
o

o
H

ATl A= oY

sk v,
b,

&

=13
-
PE
ek

=
H o
=

[9)
o3
[e)

3

T

A= gdf
WRE] RPSE A4

53
e

1

.

°|

9l

TG w T
T X e
o =0 _Wn_ W.ou ~ ™ o
o =~ % ol
cry 5k
4 I Tz X
moE A ma o X %
N o ~ =
o T = o ,.__Mv H =
0 xX )
= m %o s B L oz
GG o oF o) Wro
e e muw = @‘_
N o
© ¥ Doy w
L= o oF < ,W =
Mﬂ N = lﬂ_l = ,Ul
O )
5 AL
o) To of T ol o
"W N ow w W
o ! om- m oW T i
oo = = T
5 s Ko g
TR P o T W
o o o Wr‘_ o
T o= N m oOF —
A o
= 9 o N o Wy zo
K - il X
R NG
JE ot X 0
TETEEE N
N J_H ﬂmﬁ %o_m Tl O <! ‘_.Mr
T R~ = T A -
T R X X ok < 4

A

F) Al
olof7]

RE

[e]

=

A
L=

okt

| < o

A
I &afel o|Al &

O]

‘?’1
A= s t)e

=
A

=

13

A7

]

b A EA N 2 BhE

°
pil

EENE

AA N ESSH Fe] 2]
8

R

A

. 1]

q

x
1l

o

kel
oA ot

7



BT Sl g Ao theel 47h kg AN
FL-GAOR ololAE BEARAA = A
&9 AAFEE AL AREA F28, A A

& AHsisld. viAlgte R wgge] Azt

e Aol Fol S etem AASIIT
& A7e ol =] 55 Fole] o A et A -2
= N o2y} AAskthe Al

o
=
FelE AU gleh. st 2 AFellME A kS AAstaL 9

;

-
X

£ ARk 2020, 5. 21, AAF H H AXE 2020, 6. 4. AR &E Xk 2020. 6. 15.

AT - A3 9T (2019), WG - T 2 STk whE dhme] A
25l ] B3 Eo] e AT Telix]Fel,, 28(3), 42-54.

Kim, D., K. Kim and J. Park (2019), “A study on the Integration Costs
in Korean Electcirity System in Accordance with Increasing
Solar and Wind Power Generation,” Journal of Energy
Engineering, 28(2), 42-54. (written in Korean)

A - 23k (2019), A9 713AEE ned HFFEHEY 2y A7)
FA7183] =84, 68(9), 1109-1117.

Kim, W. and H. Jo (2019), "PV Genaraion Modeling using Regional
Weather Factors for Dispatch Planning,” The Transactions of the
Korean Institute of Electrical Engineers, 68(9), 1109-1117.
(written in Korean)

AL - 71 - 2314 (2020), G378 EoA e EE

Hﬂ‘.
b
il
=
)
=
Mo
of,
o
=
1



PE[EE HMAAH0]| CHEE BN =l
9% F4,7 47188 =74, 69(6), 861-868.

Kim, W., K. Ok and H. Jo (2020), “Operational Reserves Requirement
Estimation Using Probabilistic Approach,” The Transactions of
the Korean Institute of Electrical Engineers, 69(6), 861-868.
(written in Korean)

A - AYA (2018), A B gjol wE wFstel MEdH 71458 9
7 T3] AYrleFEs] FASEUs],, 218-220.

Kim, C. and D. Jung (2018), "The Effect of Renewable Generation
Expansion on net Load Variability,” Preceedings of the KIEE,
218-220. (written in Korean)

A - A4 (2018), "3020 AR A ] B3 S AT AHA
T g3t AATIE T R V1S =8Al, 67(2), 149-157.

Kim, H. and S. Jhang (2018), "Key Technologies for Stabilization of

=

Power System for Successful Achievement of 3020 Renewable
Energy Policy,” The Transactions of the Korean Institute of
Electrical Engineers, 67(2), 149-157. (written in Korean)
HUZF (2012), ARl o ARG A TAFE A, 2012(02), =
A4,
Nam, I. (2012), “Competition Policy for the Electricity Industry of
Korea,” Research Report, 2012(02), Korea Development
Institute. (written in Korean)
SRS - AP - AAE (2018), AFAYG FY
el AYAE Favle] &4 Fese iR ety =&3,, 38(1),
13-24.
Myung, H., H. Kim, N. Kang, Y. Kim and S. Kim (2018), "Analysis of
the Load Contribution of Wind Power and Photovoltaic Power to

ol
fo
>

AR -

Power System in Jeju,” Journal of the Korean Solar Energy
Society, 38(1), 13-24. (written in Korean)

HAA (2002), "HAANAA N LR 0] & - HFEHZIH,.

Ministry of Goverment Legislation (2002), Act on the Promotion of the
Development and use of Alternative Energy. (written in Korean)

_ (2019), "H7AFIH,.

Ministry of Goverment Legislation (2019), Electric Utility Act.
(written in Korean)

(2020), "A7IAAW Al



N

54

o 4.z 3@

O

Ministry of Goverment Legislation (2019), Enforcement Decree of the
Electric Utility Act. (written in Korean)

A AL (2002), A UA] s B BFEA st 715wk A r)s
Hezts, 3. 7.

Ministry of Trade, Industry and Energy (2002), "Laying the Foundation
for the Development and Supply of Alternative Energy,” Press
release. (written in Korean)

(2015), TA7TAF AHFF7EAL,.

Ministry of Trade, Industry and Energy (2015), The 7" Basic Plan for

Long-term Electricity Supply and Demand. (written in Korean)
(2017a), "AAAA] 3020 ©lFAE (<), 12. 20.

Ministry of Trade, Industry and Energy (2015), Renewable Energy

3020 Initiative. (written in Korean)
(2017b), TA8A AHFE71EAL,.

Ministry of Trade, Industry and Energy (2017b), The 8" Basic Plan for

Long-term Electricity Supply and Demand. (written in Korean)
(2018a), "7t R B FF THAAGAE 918 =7 THAAAA] A
AZ(FIT) 24 A8, AABAUAG A} Bz, 7. 11,

Ministry of Trade, Industry and Energy (2018a), “Implementation of

Korean FIT for Small PV,” Press release. (written in Korean)
(2018b), TAI32} AR 71 EAH ;.

Ministry of Trade, Industry and Energy (2018b), The 3¢ Energy
Master Plan. (written in Korean)

(2019), "A€A T A= 2 AVEFED FA7120.

Ministry of Trade, Industry and Energy (2019), Standard for
Reliability and Electrical Quality of Power System. (written in
Korean)

(2020), "A9A ATV 2AEY A 1F T8 =927 By
3, 5. 8.

Ministry of Trade, Industry and Energy (2020), Briefing on Key
Discussion Result of Working Group for the 9" Basic Plan for
Long-term Electricity Supply and Demand. (written in Korean)

AEd - JFS - 23K (2019), "®IFE B = deE AR el 4
12670 7€ B3-S Sz M=EAZAAATF,, 25(1), 39-66.

Shin, D., H. Lim and H. Jo (2019), "Determinants of Solar Grid Parity:



et HMA|IAR| CHE BjUtRUN 2
Based on Household PV of 126 Countries,” International
Economic Journal, 25(1), 39-66. (written in Korean)

EAlTE (2017), "AANABANAA] BF kS tivlg dEAE fa48 At 4
T TEAATFE DA, 17(6), AUABA AT,

Ahn, J. (2017), "A Study on Strengthening Flexibility of Power System
in Preparation for Expansion of Renewable Energy,” Research
Paper, 17(6), Korea Energy Economics Institite. (written in
Korean)

AR AAATYL (2011), "AA BlFF A%
Aol By, 11(24), 2-8.

Korea Energy Economics Institite (2011), “The Trend of World Solar
Power Market and Policy,” World Energy Market Insight,
11(24), 2-8. (written in Korean)

(2012), 2020 8 $1G /WEAE,” TAA ARG QL
AlEy, 12(12), 8-11.
Korea Energy Economics Institite (2012), “The Development Plan for

)

A TAA AR <

European Transmission Network in 2020,” World Energy Market
Insight, 11(24), 2-8. (written in Korean)

(2019a), "F7Fele HIFE T, dEwde] M2 =4 147
A o] g Fd Bl A AL TAA AUAAT JALOEy, 19(19),
3-15.

Korea Energy Economics Institite (2019a), “The High Rocketing PV
Generation, the New Challenge of Eletricity Network: The Case
of PV Curtailment in Kyushu,” World Energy Market Insight,
19(19), 3-15. (written in Korean)

(2019b), 20199 11€ FITAZ w717t ¥hs o] & U
FBLHAG O] A gEE” TAA AUAA QAR Ey, 19(39), 3-21.

Korea Energy Economics Institite (2019b), “The Deployment Direction
of Japaneses PV Business After Expiration of FIT Since
November 2019, World Energy Market Insight, 19(39), 3-21.
(written in Korean)

ATt (2018), "FL=9 2030 247k~ AEHFA W HwEA I Al
fel= 713 sebs]#l,, 9(4), 357-368.

Oh, J. (2018), “Comparative Analysis of the 2030 GHG Reduction

Target for Eleven Major Countries and its Implications,” Journal



56 U &% x 3t o

of Climate Change Research, 9(4), 357-368. (written in Korean)

F&A (2016), "Post-2020 =7} 247k~ 255 H7F 4 & gE
Qb A MAMIH Yy, 16(15), H3]dabg A4,

Ryu, H. (2016), “Evaluation of the Post-2020 Korean GHG Reduction
Target and Analysis of Measures to Secure Overseas Emission
Rights,” Business evaluation, 16(15), National Assembly Budget
Office. (written in Korean)

FAG - H3BE (2017), "EUS AR @82t A3 =g 7] Al 8ts] A,
21(3), 5-11.

Yoon, J. and K. Choi (2017), “Status and Policy of Renewable Energy
in EU,” Journal of the Korean Society for Power System
Engineering, 21(3), 5-11. (written in Korean)

ol - A%Al (2016), "MEE ¥H 3915 o] &3 24M3F o] B LA
dF =g By s]=EA,, 14(3), 175-183.

Lee, K. and W. Kim (2016), "Forecasting of 24 Hours Ahead
Photovoltaic Power Output using Support Vector Regression,
The Journal of Korean Institute of Information Technology,
14(3), 175-183. (written in Korean)

o|¥tg] - ¥d7 (2017), "OECD =7te] 24712 &3 <F(NDC) 9] Hlu B4
T v Ak AE BR gUh Rerleusiets A, 8(4),
313-327.

Lee, M. and S. Park (2017), “Assessment of Korea's GHG Reduction
Targets Through Comparative Analysis of OECD Countries’
Nationally Determined Contributions(NDCs),” Climate Change
Research, 8(4), 313-327. (written in Korean)

ol - =AY - WMAES (2015), AAYAAA] HggAe] FE3F Uk A
PgAATFAIZ 2y, 2015(17), SATATY

Lee, S., J. Roh and C. Baek (2015), “A Study on Efficient Renewable
Energy Policy,” Research Report, 2015(17), Korea Development
Institute. (written in Korean)

o]Fg- - G E - AAZ (2019), "AAAAA] EH A H 438} oA 2 Bl A
b T2 - [71dNets] =8 Ay, 33(12), 41-48.

Lee, C., Y. Kim and S. Kim (2019), "Minimization of Renewable Energy
Output Limits and Reduction Methods,” Journal of the Korean

Institute of IIluminating and Electrical Installation Engineers,



SR MBAIAH]| CHEE BjUZUN Soio| dent ti3Yet b7

33(12), 41-48. (written in Korean)

A& - 23k (2017), "RPS 2 FIT A=7F 2ABNUA BFo nx|= &2}
B4 0 10470= 9B T R A A AT, 16(2), 1-31.

Lim, H. and H. Jo (2017), "Analysis on the Effects of RPS and FIT
Policies on the Renewable Energy Supply : Panel Tobit Analysis
of 104 Countries,” Korean Energy Economic Review, 16(2), 1-31.
(written in Korean)

AgA—M A (2017), 720173 3] AHAA 53k,

Korea Power Exchange (2017), World Power Market Trend 2017.

(written in Korean)
(2018), "X e|FF - T o] &

s

A7 A, AN

it

A

Korea Power Exchange (2018), Analysis of Solar and Wind Power
Utilization Rates and Power Generation Costs by Region.
(written in Korean)

(2020), "AHAFEG T,

Korea Power Exchange (2020), Electricity Market Rule. (written in
Korean)

dAF - FAE ol - S - &N - Aol - Y - 528 bl -
Bt (2019), "=7RE AW AAA AYAE - A 4F B dsE
T TATFIA HFEA,, dH AL,

Jang, G., S. Song, S. Lee, S. Kim, M. Yoon, H. Jung, J. Yoon, P. Yoon,
D. Ahn and M. Kim (2019), "A Study on the Power

[HAR )

System/market Impact and Countermeasure of the Inter-
national Power Network Connection,” R&D Report, Korea Power
Exchange. (written in Korean)

Qe - AAF - el 9 (2013), ABAHEE nE g FFIH7] Gt
g AT TATFIA HFERA,, AHAHL,

Chun, Y., S. Song and H. Jung et al. (2019), “A Study on the
Operation Method of Pumping Generator Considering System
Stability,” R&D Report, Korea Power Exchange. (written in
Korean)

AQE - ASE - AL - AT (2019), " AAY HEEE mH HAAZE

Felrlg gu Ak A" FAFIA] HFEA,, AHAHL.

Chun, Y., S. Jung, S. Kim and W. Kim (2019), "A Study on the

FL

r-[o



58 U &% x 3t &

Strategy for Securing Real-time Operational Reserve Considering
Variability of Renewable in the Future,” R&D Report, Korea
Power Exchange. (written in Korean)

A - 24N - 2dE (2019), HEE 2 T FERYS o83 2030 A4
AqUA e B F4 A7 AR ANUA,, 15(4), 28-38.

Jeon, W., S. Cho and 1. Cho (2019), “Estimating the Uncertainty of Net
Load of 2030 Renewable Generation,” New and Renewable
Energy, 15(4), 28-38. (written in Korean)

AW (2019), "HHFFAL S AT T BFF LARE diolEl 4, "2t
FH7ees =R, 3(3), 125-131.

Jung, S. (2019), “An Analysis about Domestic Irradiation Statistic for
Plan on Electricity Demand and Supply,” Journal of
Next-generation Convergence Technology Association, 3(3),
125-131. (written in Korean)

Adn - A2 S - F8H (2011), "EHY] FHEEE 1

4 AT, '29 - Ayl =74, 25(10), 28-37.

Jung, Y., K. Kim, C. Park and Y. Yoon (2011), “A Study of Optimal

tlo

o
B

44097

Fuel-mix Considering Power Generation Operation,” Journal of
the Korean Institute of IIluminating and Electrical Installation
Engineers, 25(10), 28-37. (written in Korean)
2745 (2018), “AAABAUA 30209 =43 AHAG RS B 84 7]
Ad,y, 502, 23-32.
Cho, K. (2018), "The Challenge of Renewable Energy 3020 and
Reaction by Improving the Electricity Market,” Journal of
Electrical World Monthly Magazine, 502, 23-32. (written in
Korean)
- 299 (2018), "B AAAAA] Sfo] g Al s e
T, 71 EAFEIA,, 18(28), AR BAATL.
Cho, S. and I. Cho (2018), “A Study on the Stabilization of System for

ESl

-

gl

¢

the Expansion of Variable Renewable Energy,” Research Paper,
18(28), Korea Energy Economics Institite. (written in Korean)
274 (2017), A A2 S-S v FejA 2GdnE A= B B
gkl gk A" EATFE A, 17(23), AUABAATL.
Cho, S. (2017), “A Study on the Reasonable Operational Reserve and

Compensation Mechanism Reflecting the Characteristics of



P2t MAIAHO] CHEE BjURILUN 2ifo| ok} oiEet b9
Energy Storage System,” Research Paper, 17(23), Korea Energy
Economics Institite. (written in Korean)
SEE (2017, AAAANIA B AAL A WAY AR
F=A A AT, 23(2), 31-66.
Jo, H. and H. Lim (2017), "Nonlinear Dynamic Panel Analysis of the

PN
o
r |

Relationship between Renewable Energy Expansion and
Economic Growth,” International Economic Journal, 23(2),
31-66. (written in Korean)

e - A - w45 - e - WdE (2017), "HW FRE BESSO A4
T W H BAEN 24 e r1EE] sAsketEl,, 176-177.

Choi, W., H. Kwon, K. Kook, D. Kim and N. Paik (2017),
“Compensating Effect Analysis of BESS for FR on the Inertia
Response of Korean Power System,” Preceedings of the KIEE,
176-177. (written in Korean)

A% (2015), "Post-2020 47k~ E5ERC] FA1H: g INDCO] H7F
Mssue briefy, oM HATY

Choi, H. (2015), “Post-2020 GHG Reduction Target : Evaluation of
INDC in Korea,” Issue Brief, The ASAN Institute for Policy
Studies. (written in Korean)

S5 (2018), 2030 247k~ A5 mE Ak 9 2018~20201d wiE=d &
AL B 71T AAY BEAE, 7. 24,

Ministry of Environment (2018), “The Revised Plan of the National
Roadmap for Greenhouse Gas Reductions by 2030 and the Plan
for the National Greenhouse Gas emission Permit Allocation
from 2018 to 2020 are finalized,” Press release. (written in
Korean)

gl YA (2019a), T2018 4l - AAANUA] BF5EAlL, =7HeA 59U (F
9)HT A1337001%.

Korea Energy Agency (2019a), New and Renewable Energy Supply
Statistics 2018. (written in Korean)

(2019b), TZEASAH 5 2 AdAE &gl B3 43,

Korea Energy Agency (2019b), Rules on the Issuance of Supply
Certificates and the Operation of the Transaction Market.
(written in Korean)

F=AZIATE (2009), A AIA] o F-EEAN(RPS) FH2F 0t +H



60 U+ x5t o

Korea Electrotechnology Research Institute (2009), “Establishment of
Domestic Operation Plan for RPS.” (written in Korean)

=8 ZAL (2019), 720189 d=dE B A,

Korea Electric Power Corporation (2019), Statistics of Electric Power
in Korea 2018. (written in Korean)

YA kAR TxHa A7) dlolEl/N,. http://localdata.go.kr.

Ministry of the Interior and Safety, Local Administrative
Authorization Data Open. http://localdata.go.kr. (written in
Korean)

Andrychowicz, M., B. Olek and J. Przybylski (2017), “Review of the
Methods for Evaluation of Renewable Energy Sources
Penetration and Ramping Used in the Scenario Outlook and
Adequacy Forecast 2015. Case Study for Poland,” Renewable and
Sustainable Energy Reviews, 74, 703-714.

California Independent System Operator (2016), What the Duck Curve
Tells us about Managing a Green Grid, Fast Facts.

Das, U. K., K. S. Tey, M. Seyedmahmoudian, S. Mekhilef, M. Y. I.
Idris, W. V. Deventer, B. Horan and A. Stojcevski (2018),
“Forecasting of Photovoltaic Power Generation and Model
Optimization: A Review,” Renewable and Sustainable Energy
Reviews, 81, 912-928.

Deutsche Bank (2014), “2014 Outlook: Let the Second Gold Rush
Begin,” Industry Update, on 6 January 2014.

Dreidy, M., H. Mokhlis and S. Mekhilef (2017), “Inertia Response and
Frequency Control Techniques for Renewable Energy Sources: A
Review,” Renewable and Sustainable Energy Reviews, 69,
144-155.

Ela, E., M. Milligan, A. Bloom, A. Botterud, A. Townsend, T. Levin
and B. Frew (2016), "Wholesale Electricity Market Design with
Increasing Levels of Renewable Generation: Incentivizing
Flexibility in System Operations,” The Electricity Journal, 29,
51-60.

Fernandez-Guillamén, A., E. Gomez-Lazaro, E. Muljadi and A.
Molina-Garcia (2019), “Power Systems with High Renewable

Energy Sources: A Review of Inertia and Frequency Control



S| MBAIAHol| CHEE BjLZUN Sfiol dekn) ci3Yet 61

Strategies over Time,” Renewable and Sustainable Energy
Reviews, 115, 109369.

Fernandez-Jimenez, L. A., A. Munoz-Jimenez, A. Falces, M. Mendoza-
Villena, E. Garcia-Garrido, P. M. Lara-Santillan, E. Zorzano-
Alba and P. J. Zorzano-Santamaria (2012), “Short-term Power
Forecasting System for Photovoltaic Plants,” Renewable Energy,
44, 311-317.

Godoy-Gonzalez, D., E. Gil and G. Gutierrez-Alcaraz (2020), “Ramping
Ancillary Service for Cost-based Electricity Markets with High
Penetration of Variable Renewable Energy,” Energy Economics,
85, 104556.

Gonzalez-Longatt, F. M. (2016), “ITmpact of Emulated Inertia from
wind Power on Under—frequency Protection Schemes of Future
Power Systems,” Journal of Modern Power Systems and Clean
Energy, 4, 211-218.

Graditi, G., S. Ferlito, G. Adinolfi, G. M. Tina and C. Ventura (2016),
“Energy Yield Estimation of Thin-film Photovoltaic Plants by
using Physical Approach and Artificial Neural Networks,” Solar
Energy, 130, 232-243.

Huber, M., D. Dimkova and T. Hamacher (2014), “Integration of Wind
and Solar Power in Europe: Assessment of Flexibility
Requirements,” Energy, 69, 236-246.

Hur, D. and H. S. Jeong (2009), “Tailoring MIP-based Generation
Scheduling Program for Korean Electricity Market,” Proceedings
of the 9th WSEAS International Conference on Power Systems,
13-18.

International Energy Agency (2017), Getting Wind and Sun onto the
Grid: A Manual for Policy Makers, IEA Insight series 2017.

(2019a), Electricity Information 2019,

IEA Statistics.
(2019b), Renewable Information 2019,

IEA Statistics.
(2019¢), World energy balances 2019,

IEA Statistics.

International Energy Agency Clean Energy Ministerial and the 21st



62 YU+ x5t o

Century Power Partnership (2019), Status of Power System
Transformation 2019: Power System Flexibility.

Institute for Energy FEconomics and Financial Analysis (2018),
Power-industry Transition, here and Now, Wind and Solar Won't
Break the Grid: Nine Case Studies.

International Renewable Energy Agency, IEA and REN21 (2018),
Renewable Energy Policies in a Time of Transition.

(2019a), Innovation Landscape

for a Renewable-powered Future: Solutions to Integrate
Variable Renewables.

(2019b), NDC in 2020.
(2019¢), Renewable Capacity

Statistics 2019.
(2019d), Renewable Power

Generation Costs in 2018.

Meadows, D. H., D. L. Meadows, J. Randers and W. W. Behrens III
(1972), "The Limits to Growth,” Universe Books.

Milligan, M. and B. Kirby (2010a), "Market Characteristics for
Efficient Integration of Variable Generation in the Western
Interconnection,” Technical Report, National Renewable Energy
Laboratory.

(2010b), “Utilizing Load Response for

Wind and Solar Integration and Power System Reliability,”

Conference Paper, National Renewable Energy Laboratory.

Milligan, M., B. Frew and E. Zhou (2015), "Advancing System
Flexibility for High Penetration Renewable Integration,’
Technical Report, National Renewable Energy Laboratory.

Monteiro, C., T. Santos, L. A. Fernandez-Jimenez, 1. J.
Ramirez-Rosado and M. S. Terreros-Olarte (2013), “Short-term
Power Forecasting Model for Photovoltaic Plants Based on
Historical Similarity,” Energies, 6, 2624-2643.

Munoz, F. D., S. Wogrin, S. S. Oren and B. F. Hobbs (2018),
“Economic Inefficiencies of Cost-based Electricity Market
Designs,” The Energy Journal, 39(3), 51-68.

Navid, N. and G. Rosenwald (2012), “Market Solutions for Managing



PE|Lf2t MAIAEO| CHEE BjFRILE

(b}

Eal

b

fCho| dekn} chsyet 63

Ramp Flexibility with High Penetration of Renewable Resource,”
IEEE Transactions on Sustainable Energy, 3, 784-790.

North American Electric Reliability Corporation (2014), Essential
Reliability Services Task Force: A Concept Paper on Essential
Reliability Services that Characterizes Bulk Power System
Reliability.

Ogliari, E., A. Dolara, G. Manzolini and S. Leva (2017), "Physical and
Hybrid Methods Comparison for the Day Ahead PV Output
Power Forecast,” Renewable Energy, 113, 11-21.

Raza, M. Q., M. Nadarajah and C. Ekanayake (2016), “On Recent
Advances in PV Output Power Forecast,” Solar Energy, 136,
125-144.

RE100 (2019), Annual Report, Going 100% Renewable: How
Committed Companies are Demanding a Faster Market
Response.

REN21 (2019), Renewables 2019 Global Status Report.

Shaker, H., H. Zareipour and D. Wood (2016), “Impacts of Large-scale
Wind and Solar Power Intergration on California’'s Net Electrical
Load,” Renewable and Sustainable Energy Reviews, 58,
761-774.

Solomon, A. A., D. Faiman and G. Meron (2010), "The Effects on Grid
Matching and Ramping Requirements, of Single and Distributed
PV Systems Employing Various Fixed and Sun-tracking
Technologies,” Energy Policy, 38, 5469-5481.

United Nations (2015), "Adoption of the Paris Agreement’ on 12
December, 2015.

Wolak, F. A. (2003), Designing Competitive Wholesale Electricity
Markets for Latin American Countries, Inter-American
Development Bank.

World Meteorological Organization (2019), The Global Climate in
2015-2019.

Zaman, A. (2018), 100% Variable Renewable Energy Grid: Survey of
Possibilities, University of Michigan.

Zhang, W., H. Dang and R. Simoes (2018), “A New Solar Power Output

Prediction Based on Hybrid Forecast Engine and Decomposition



64 Z o5 x5t 8

Model,” ISA Transactions, 81, 105-120.
Zhang, Y., M. Beaudin, R. Taheri, H. Zareipour and D. Wood (2015),
“Day-ahead Power Output Forecasting for Small-scale Solar

Photovoltaic Electricity Generators,” IEEE Transactions on
Smart Grid, 6(5), 2253-2262.



Impact of Photovoltaic Generation Expansion
on Korea’s Electricity Power System and the
Solutions: Focusing on Power System
Stability and Supply-and-demand Stability
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Abstract

To achieve the GHG reduction target, various eco-friendly
policies are implemented by countries. The expansion of renewable
energy is one of the most important policies in many countries
including Korea. In order to cope with the unstable supply and
demand and the system wunstable due to the photovoltaic
generation, it is necessary to consider securing flexible resources,
discovering artificial inertia, and securing auxiliary services. Also,
the introduction of a multi-layered trading system, the reduction
of transaction time-units, the separating the reserve market from
the energy market, and the granting the solar self-responsibility

obligation should be concerned as a solution.
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