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Abstract

The capacity credit (CC) is a key metric for mid- to long-term power system capacity planning. The
purpose of this study is to estimate the CCs of domestic wind turbines. Based on hourly capacity
factor (CF) data during the seven years from 2011 to 2017, the new so-called probabilistic CF
scheme is introduced to effectively reflect the variability of CFs on CC estimation. The CCs are
then estimated through the CF-based method and the ELCC (Effective Load Carrying Capability)
method reflecting the probabilistic CF scheme, and the results are compared. The results show that
the CC value 0.019 for domestic wind turbines proposed in the 8" Basic Plan for Electricity Supply
and Demand corresponds to the CC with a confidence level slightly lower than 95%.

Keywords: &2(Wind Power), 853 8| 5(Capacity Credit), ©]-8E(Capacity Factors), ELCC
(Effective Load Carrying Capability)
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go I S dEpgrlE Ao e A8 7R w7 g Aol
AR 7F AR ok HIE-& 2017 €F 9.7%0114] 20304 33.7%2 Efjol= Ald=
AXBIAEH. o] o] ths]) 715 Hs} 2, npHA] A7, gl ol Beletths 34
Q1 g7t} A AV, 714 8l B o] 35 4 Foll tigt -+ = oA A7
=1 Qlok. AEsado=A 7 d(intermittent) 5782 AP E AE52]Q1 T

A3} TSR EAQ a2olt} o2 Sof, FALAL A2 Wk FFolt F4

&= & 7 Ak o] Z2 AU =|9] 542 dlFEsks = o-8E(Capacity
Factor, CF)} 8= # 5 (Capacity Credit, CO)o] P,
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CF=d4717F 47 717 55t 2l S22 0 & A5 274 Alof At 7Hss ol tiet A = A4t
Hl&-S oJnjRit). 713 Q 4of 2R9-E= A2 o] Che A ASAI AR ] S35l B2 A4S tloke
QA= AR 7F e Ao ZpR]shE vl ol whet A A8 9] 2173/ (adequacy) ofl VS
]l &= Qlet. YA A 0] 4GS WE4RE S ABA2H] 345 58= 9ulsk=d], ol& 1
Effl+= t 3291 A 2= LOLP (Loss of Load Probability) T+ LOLE (Loss of Load Expectation)”} 1tk
g AN 71+ A8l A8 SEA7IA X8 52 121 LOLE= S471 &
oMY FFol -85 FEA7IA] Fat 7|7k dol(Te FEC] $HE ol =) AZA AR @A
+ 274/ H =2 LOLEZ} o851 §low, ] YA AR E4JS o8l &% LOLE (=0.3day/year)
1ea7 | 2AIZ A 0§53 QI

CG= 5497417 e g gl e g A ow=d], nl2] 478 LOLE fA[slHA, o] &7d7]9] 448
5712 AgA|A-ef| 27HE 4= Q= ] FE-SHmaximum load) 91 ELCC (Effective Load Carrying Capability)
2 Aol AV B £7PE A-gaFE] ELCCO) HI&R T olep9, B Aolis $212 CCE oJn[sh]

= Sk =] Aol CCe mar]ojeety F2=t, 82 deeg7| 2A o e =i S84 2] CC
2 0.019= 75t e, ofof w2, 2030E7HA] Bgo] AlEE A4 17.7 GWel| thet F2are] 4

F820.336 GW (517.7 x 0.019)°] A7) =tk o] 2o CC= 3AVd 7% 24 A=A 7+ 191
AR <= 5ol T8t Ak StEE A9t CCol 342 YA A8 S47 1AM wi¢- 583t 84
oltt. sEAIRE U A AR @7goll A 7Hdet CCREe] A1 Q1 APgHP o] AR =] 91A] ghol, AIAIE CCell
Tl T A7 Afolof] =gto] AEE|AL 910w of2iRt w=5ko] %1 T shbs Rt =] S CCofl ¢
SH=h AT FAMof|A] 2RS4 QI 0. AR ol Fol1 FEbd o] CC A Az aks A9 9 W

oflA] oA R, FuEFT VoA I AAlE IO R SH= CCE APYEIIAT 9 o] 2z yio] o]

Ak 2 A= = ST CCAE 1R A=A, 20118 ~ 20173 770 717F5<te] ARPE &
RG] ot A4 AE o] g3to] el AAE CCHHE-2 2187 2YE vttt T CC
APgoll 2t CFe] 40 Qlol a4 Cheke Az iie AARH. ofgflols= CCAPgel obA F3Exd

N
N
)

o

QA7EA) mr 2, S Feio] THEAIAR) AR AL HAEAGEAAHEPSIOT w1 G
UAZHN A ke AN ARTEA 7 Gk FA4] A9 A PREo] A F2ol B
FEY W WA ARE 20 AR U8 A i} g AR E AT o2 ol g3l
AP FeiAe] 9 A CFE APgaha vlaskct. ARV time resolution) 7H 417141 2]

0] CEol Tt iz ol 2ol oY, Boll AL Ak st B ek A7} ick AH, Alres]
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g A7t 3R] G @AR ol =] AFeldq 2]l thet Azgke] CRofl thgt A= ol £33t &
o]t} B Ao A A AR EE 2011 ~ 20179 770A B2t Ax g & o] ubdekyl Au)-2-ako] ot
A RS Al ol Az AW 87600 (=365Y/9 x 24A417H/ Q) A7t Zhztoll A o] CFE AXs)

ju! ol
ek 5 Ao 439Ul AEnte HhE 5 910, Table 12 129 319 7]12:0.2 CF Aol T34

Table 1 Sample size in capacity (MW) for CF calculation by hour (12/31 in year)

Year 2011 2012 2013 2014 2015 2016 2017
Sample Capacity 491 556 647 710 916 1,117 1,284

19 19 24 1A 2 A7he] 12 T8 1 afz]et A7) 8760 129 314 2442 6198 o, A ¢ 1]
A ARRS) R 9] CF CF, = T2t 2tk

wind generation at time h inyeary (MWh)
365 days X 24hours/day X rated capacity at time hinyear (MW)

CFy,, =

o7)A, y = 2011,...2017, h = 1,2,...,8760

Fig. 12 2011 ~ 2017\ 77ld <] ¥ AI7hE Wi CFE Hoj&e} AAE CFE= 8760719] Al7HE CFe:
2011 ~ 20179 AxH2 Tal7, YA Zolgh A|7Ho] CFZEE-S Watslo] A 9 A|7hd CF2 Fa}
ot 727 7 Adr o] Zeldu|eek u)e g 715 Bdsled 74 7)7k] dist 94 A7hE Ha CFE 15k
o}, 2ol Bxo), T8 9] Chz 1297 19 BE Altel] A4 thE dofl vs)] =2 3k 7HA 2 Qlet. 2 7}
32 CF7t Hols A7l 69ol™ 99o] 11 HE M=l Qlrt. A= CF 3] 542 B, A=(124,
1 ~29)9] CF7} 7P 11 o486 ~ 892 CF7H 7Hg Wkt o714, B2 3 ~ 59 J8|1 7h&-2 9 ~ 1149
= Aotgit. Al7HE CFo) Hst EAS B, 7 104194 124] Ato]9] CFglo] a1 FollA 71 22 3k
1231 JF AR CF7F 2 CF 312 71 208 ARSI

Fig. 2= 3887 CFo] M5/ (variability) & A1 H 7| Jo] |2l olrt ilek= 4@ 4 A& g2
14 @7 11A] CF 342 317H0f] thet Box—PlotS == UERIEE 1o Bzol, £ Ak et of
et A=t on] §li= CF fE/da IRIg 4 ot webA] B A o] CEghs ol 8 off, A= the Ao
91 CFo] TrTgvt2 A9 %ﬂ(smoothing) aTlE ol CFe] ¥iEAo] Tamr1E 2 9)Lo] S-olsfok g}

r

1) 201633} go] Fd0] Q= 7%, 29 298 Alefsto] R Aol thisf 876041t SLsHA| 218
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Fig. 1 Capacity factors of wind power by month and hour (2011 ~ 2017 average)
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Fig. 2 Box-plots of capacity factors of wind power at 11 January

3. 2295l £AM

CCAPRL: A7) A2ld7Iah et CE7)et ZAS} i 0 2 FREPSY, e deiRsioh 7]
©] 2] outage) ]l T FHH S CC Aol efshe W0 2A, 71 ol 24 TA7 FAT WtoR
QAYE] 31 9Jet. o] Hrie] ﬁﬁﬁOI ELCC7} 517 wfl2o] ELCC Hiol2ha @, CE7Jsh & 574 A]
ool £51= CFRrE2] Bt 0 2 CCE APgsher], Bagh Ahart vl 23 AV 7h4o] Zhekstrhs g3go

QA AR5} 9 ARG FeE B4 52 wigeha] Eoke S 7 9l ol olfia ol

B |

S

—_

2 49 ELCC o]l tigh 2Atsh i o & Hgsct FaEdeoflae CRrgh g o s efefge] CC
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2 Ason], A0 ELCCHHOR 0] CCE AMBHA: sheh elA: 9 de
(2014 255} 2 ARVGS] CF A7} ol §HI9Ie), 2 Aol B4-edwo] Feho] CFARE ol &
slo] 49] SHBH CFE RUSHL o} o}8sh Alme CC APgie AXait

CE7]eE i A7 CE7F 78 2 (deterministic) 2= 0171 Aol A, A= 2] CC ()= 578 Al
e Aot 7,0l &5 AR CFE2 B o= Ay =

A7NA, 7,= AERP L =2 ARES] Jgo =, de 7,9 A4 o] el £3ol AXE 22 glov,
8760712 10%2 sh= 24& ATl YT, Table 2% o] W& 53
CCE HojZrh. CC U e Z+ Aw o] CCgloll ZedQu| a8 715 Ptsto] Falglrh. Agiisto] AF
9] 10%91 73-¢- CCell 73l 2011 ~ 20174 770 CC & g2 0.23010]ch

ne,
4z
Mo
el
2,
X,
rlr
R
H:l
L
=)

Table 2 Capacity credits of wind power by year: deterministic CF-based simple average method

TOP% 2017 2016 2015 2014 2013 2012 2011 Avg
1% 0.2809 0.1158 0.2102 0.3075 0.2565 0.2778 0.2696 0.2531
5% 0.2260 0.2198 0.2157 0.2852 0.2440 0.2756 0.2357 0.2463
10% 0.2193 0.2267 0.2223 0.2552 0.2244 0.2428 0.2188 0.2301

25% 0.1960 0.2234 0.1950 0.2194 0.2046 0.2116 0.2051 0.2079

2 w275 AR CFEa CC APl HEgsial IR of=2] ARIES] CFE& Tee Htol], CFoJ
H5/3S 1efol] Fohe §AE 7L Qlek. CFo 578 CCAPgell §dslr] 9lell CFE /457t obd &
W Figete], CE7FE78 gttt 2k gka 7H &g o 7FolfiS o, o S4 9= A== (1 - ) 100% St
o] CCetal Asp| = gict vk skEH4 CFo) &2 X (distribution function) F(z)7F &4 QIchA, Al=%
(1-a)100%5t2] CC= F~ Ha) 7H Ik ol A= o]EA CFE /g5 old ST E Fushe 4= S
2 CF ®Alolet R=7]= gt 814 CFoll ¥Rt 54 552 CF B2o] & pate] gl a2 54 T
O] Jal= QIsf 8760710l ol2= A= f-oJet TAA EA4lo] 7Feet 0] Tt o] BE-S SHGl
ZE 78] E7Fs5lh web] =]e] Aol HERSIE Algsto] B A e o2 ARMES] #E5=
FAACE FoOfRt CF BEAS A5, o] BEAT] BAH E4S F3fl CCE APgalint>!9.

ot

m
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CFo] SR/ E4E]] 958 79, F017] CF HE50] MEolpercentile) & CC2 Aa}3i=d], o] 7]
CF B2909] T4 2] wfe} clofet o] AXST ik, HTEA M 57 Ame] 4 Akl

A, R RSP} 9] 10%] S ARZIRe] CRER ofol7] BRYLHS A T45kIc Table 32 o]5
M BEYRS PO R, TR MR-go] the s MESL: ghe Bl Ik, MRS Zlo] A=
ZolA]0, TARIQ0LL ~ 20174) ) H2e] ek CC o ghe T el ghol] thel] At An] g

M 7FE 08 el a=0.591 29:9] CC (0.2059/8 &sI7HAIS] 107691 79-2] 4 CF)
4] ofs AHSH CCRH=0.2301)3} | L5HA Biek. CCE o 3l H8) Z7Haio]7] whige] 3 Cr7]
WP 0580 T 2 0 GO A ke CEZIRH A Aol v 4 91 AN

I-'E

Table 3 Capacity credits of wind power by year: probabilistic CF-based method using sample percentiles

a 2017 2016 2015 2014 2013 2012 2011 Avg
0.01 0.0067 0.0105 0.0042 0.0098 0.0040 0.0120 0.0059 0.0076
0.05 0.0173 0.0230 0.0153 0.0268 0.0155 0.0331 0.0135 0.0208
0.10 0.0343 0.0332 0.0309 0.0494 0.0305 0.0518 0.0239 0.0362
0.15 0.0503 0.0427 0.0442 0.0731 0.0440 0.0706 0.0383 0.0520
0.20 0.0628 0.0499 0.0692 0.0990 0.0626 0.0940 0.0598 0.0721
0.50 0.1810 0.2097 0.1937 0.2358 0.1937 0.2170 0.2021 0.2058

CF E2YTe] 0] A2 o]2ol4 $2 B2 312 tollA] HEoh=5
2 S 7h) BER] MESSE (G2 ok
QIck. T, AR} EL AIe] CRES CC Vo] B 93 F:857} Hojslo] 1j=2510] Al

= RO p= e, olE =01 ?Q(day)iﬂ T71 31491 14 11A]of] &&= BFES9 F29] 4= 2177
=319/ x Td)olth. A== FE-& o-§5to] H-g5= SEHS CFoll A2 02 Aot FiE T
31}, EAoli= 7 w§7] 2] MINITAB ver. 180] AFEEIQ).0.0, 60152 (significance level) 95% 5}l|A] 2
M S Anderson—Darling A AH851] At P 31 7|50 2 o3It} AR s Eoloto] B4
o] o] Ao, AR E st or, 187 942 B-toll= Pate] 7Fd 2 25 AEstoint.

AX oz ot B4 RS 1H7g5HA] 351, Box— COXLHohnson WS Bof| a7} 71seH] AESHS]

[Eo
oft

o7, 288719 EFUEE A ol E(Weibul) ZEES 2= 85| & 152712 7P e R85 AA YT
T3 R elER] 4 122702 I FE w293 3] BHdER0 e o Eaol Astet
wEE TFESHAIE 2P 21 JohnsonHehe F3ll Aol t 7Fs sttt e 501 64 1140 Hies=
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1.69721 +0.642711 X Ln ((X- 0.000124710)/ (0.620244-X))e]c}. 2] 1 28874
o= EA2 0 2 oot SRy s 212 2519}
237 A BRIES(m) 2] R (cumulated distribution function)E £, ,,)(+ ) 22

EOIE LERR 71 o7 Biyl 14w elglE

EEl

>

o

L AR EYS 7)) (o) 2, T8 L BIBSe] 49 RRERTE MR tE o) Sl

Z (t,m) ol HISEE BMEARZES CF; ) 02 FIEH, w,,,) S EFAEE (1,m) oA m223P} aget

ggolata 519, A% (1 a)100% CFR AFE CCe vheat 2ok oot = E)Cﬂ?,m . W)

(t.,m
Table 4 Percentiles by time block: using probability distributions (¢=0.1)
(tm) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

1 0.1372  0.0742 0.0770 0.0594 0.0432 0.0110 0.0292 0.0157 0.0175 0.0328 0.0549 0.1173
2 0.1375 0.0729 0.0809 0.0571 0.0450 0.0110 0.0311 0.0158 0.0185 0.0339 0.0536 0.1164
3 0.1367 0.0715 0.0841 0.0564 0.0455 0.0106 0.0127 0.0158 0.0199 0.0353 0.0564 0.1209
4 0.1324 0.0711 0.0795 0.0680 0.0441 0.0104 0.0132 0.0165 0.0198 0.0365 0.0578 0.1199
5 0.1296 0.0694 0.0747 0.0525 0.0425 0.0096 0.0122 0.0165 0.0189 0.0372 0.0713 0.1125
6  0.1248 0.0719 0.0738 0.0496 0.0375 0.0078 0.0273 0.0159 0.0176 0.0367 0.0556 0.1067
7 0.1162 0.0656 0.0607 0.0350 0.0288 0.0057 0.0231 0.0133 0.0147 0.0328 0.0511 0.1027
8 0.1060 0.0525 0.0450 0.0211 0.0194 0.0044 0.0186 0.0113 0.0106 0.0252 0.0556 0.0952
9 0.0953 0.0389 0.0574 0.0245 0.0201 0.0039 0.0138 0.0105 0.0088 0.0194 0.0470 0.0894
10 0.0803 0.0264 0.0287 0.0444 0.0197 0.0041 0.0157 0.0104 0.0090 0.0178 0.0401 0.0790
11 0.0725 0.0497 0.0208 0.0463 0.0195 0.0056 0.0159 0.0113 0.0097 0.0177 0.0381 0.0725
12 0.0705 0.0488 0.0143 0.0481 0.0189 0.0063 0.0184 0.0127 0.0118 0.0186 0.0365 0.0661
13 0.0755 0.0268 0.0170 0.0523 0.0296 0.0096 0.0247 0.0173 0.0147 0.0211 0.0373 0.0676
14 0.0809 0.0318 0.0522 0.0578 0.0290 0.0115 0.0257 0.0184 0.0152 0.0225 0.0399 0.0722
15 0.0839 0.0392 0.0296 0.0613 0.0252 0.0204 0.0255 0.0188 0.0153 0.0231 0.0421 0.0766
16  0.0880 0.0443 0.0366 0.0440 0.0310 0.0124 0.0231 0.0236 0.0142 0.0242 0.0439 0.0782
17  0.0902 0.0492 0.0652 0.0443 0.0344 0.0115 0.0209 0.0196 0.0135 0.0265 0.0220 0.0832
18 0.1012 0.0528 0.0446 0.0644 0.0314 0.0109 0.0197 0.0163 0.0147 0.0341 0.0348 0.0950
19 0.1101 0.0600 0.0750 0.0685 0.0376 0.0110 0.0204 0.0172 0.0167 0.0366 0.0456 0.1029
20 0.1201 0.0619 0.0613 0.0568 0.0422 0.0109 0.0213 0.0172 0.0167 0.0371 0.0529 0.1044
21 0.1233 0.0613 0.0632 0.0586 0.0414 0.0138 0.0213 0.0167 0.0155 0.0343 0.0539 0.1067
22 0.1264 0.0640 0.0638 0.0553 0.0430 0.0115 0.0226 0.0168 0.0169 0.0321 0.0541 0.1098
23 0.1333 0.0666 0.0649 0.0553 0.0432 0.0099 0.0157 0.0170 0.0174 0.0312 0.0590 0.1180
24 0.1363 0.0745 0.0705 0.0563 0.0426 0.0100 0.0201 0.0160 0.0168 0.0322 0.0569 0.1180
BFRIES (t,m) oA D2 HsPHEAS 52 F45P7| floiAd A==z AT 39 10%Sl ==

EFIEES 2011 ~ 20179 770 A2 S =251, et 2 A4 vl8-& AFA5I4tHTable 5). EoflA]
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H3o), A&} o352 HlEo] 212 0.64910.29=2 thE APdel] Blsf AHj2]l HIS= ARSIl Jlom, A2
27 10-114] HIFo] 7]l o452 5 3-4A19] HIFo] Thg AR EH a2 S191T 4= QU Table 62

AR=(1 - a)100% CFgEe & AP CCE Hofwtt. olof =, 83 g7 A oA A1 =
79 137195 0.019+= A1=E7F95% SHe] CFgre 2 4F4% CC (0.0188) 2 sfiAld 4= 9o, o] H44
}l 710] F8 CC APl 285 == A4 ?it.

Table 5 Ratio of power load by time block in the top 10% peak load (2011 ~ 2017)

(t,m) Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec sum

1 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0003 0.00
2-7 ~0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.00
8 0.0000 0.0002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0015 0.00
9 0.0196 0.0145 0.0021 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0011 0.0199 0.06
10 0.0235 0.0197 0.0077 0.0000 0.0000 0.0000 0.0072 0.0065 0.0002 0.0000 0.0046 0.0233 0.09
11 0.0232 0.0199 0.0070 0.0000 0.0000 0.0000 0.0129 0.0132 0.0008 0.0000 0.0052 0.0240 0.11
12 0.0223 0.0178 0.0039 0.0000 0.0000 0.0000 0.0148 0.0161 0.0015 0.0000 0.0031 0.0230 0.10
13 0.0101 0.0041 0.0000 0.0000 0.0000 0.0000 0.0042 0.0073 0.0003 0.0000 0.0000 0.0085 0.03
14 0.0192 0.0106 0.0010 0.0000 0.0000 0.0000 0.0150 0.0161 0.0018 0.0000 0.0002 0.0158 0.08
15 0.0201 0.0134 0.0011 0.0000 0.0000 0.0010 0.0201 0.0181 0.0034 0.0000 0.0011 0.0196 0.10
16 0.0191 0.0108 0.0010 0.0000 0.0000 0.0002 0.0189 0.0165 0.0028 0.0000 0.0010 0.0189 0.09
17 0.0197 0.0116 0.0010 0.0000 0.0000 0.0003 0.0186 0.0161 0.0028 0.0000 0.0020 0.0219 0.09
18 0.0202 0.0091 0.0010 0.0000 0.0000 0.0000 0.0130 0.0145 0.0008 0.0000 0.0041 0.0230 0.09
19 0.0197 0.0111 0.0013 0.0000 0.0000 0.0000 0.0065 0.0088 0.0005 0.0000 0.0029 0.0194 0.07
20 0.0135 0.0055 0.0008 0.0000 0.0000 0.0000 0.0054 0.0075 0.0007 0.0000 0.0003 0.0121 0.05
21 0.0049 0.0020 0.0000 0.0000 0.0000 0.0000 0.0028 0.0046 0.0000 0.0000 0.0000 0.0051 0.02
22 0.0007 0.0000 0.0000 0.0000 0.0000 0.0000 0.0002 0.0010 0.0000 0.0000 0.0000 0.0013 0.00
23 0.0029 0.0008 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0015 0.01
24 0.0068 0.0023 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0055 0.01
sum 025 015 003 000 000 0.00 014 0I5 002 000 003 024 1.00

Table 6 CC calculation of wind power: using distribution percentile

a 0.05 0.10 0.15 0.20

Capacity Credits 0.0188 0.0573 0.0865 0.1104

CF7|9r 2 IPgo] sl B ot Abm o) i e ] 0 & Arh= 3ol QAT (BFd 4 B 2e
#]) CFe} e ]l A= isieto] CC APl Higs o], 245211 'Eri o] Ax|et = 7ate] Sl 54
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39S e Az ) Aeg7 )2 A S0l AFgoke LOLE 803 day/year 7H3atck
ofefoll A= LOLES TH= < Z3ah ELCC ¥iel] thol 23] 274ie, 4, LOLE= th&nt o]

AR EE LoLE— SIPr(G, < 1) = Y Fu(1,). A7 G = 14170 AR Hd91s] 7F-REHMW),

t=1 t=1

o~

i RRSHMW)E 47} ofsinl, £y (o) HEAQ HAL0] 748-8er0] FASSRIFSS Ll
7]

ok uRRE o g 7= A7E 717e] F4E SjuiRitt o] 2 LOLEES Aklshr| flsis= &EH4 G,

1o
-
N
i

L Fp(a) 7t Fojof etk 7H-85F G, = FolX1 A-87FllA A x]-8"H outage capacity)= A6
A==, 27 o] AdH state) 7F 25-(On) 2 42 (OFF) -5 T 7HA =87 A= 11, 7iE ' 7]15<] AA]

=

el
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Fig. 3 Graphical representation of ELCC calculation procedure
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Table 7 CC Calculation by ELCC method: using deterministic CF

Pen. Ratio Capacity (MW) 2014 2015 2016 2017 Avg
2% 1,882 0.3182 0.2959 0.1068 0.4149 0.2853
5% 4,706 0.2939 0.2448 0.0935 0.3851 0.2562
7% 6,588 0.2845 0.2168 0.0874 0.3632 0.2395
10% 9,411 0.2427 0.1830 0.0810 0.3297 0.2120
15% 14,117 0.2075 0.1470 0.0735 0.2787 0.1793
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Table 8 CC Calculation by ELCC method: using probabilistic CF (a=0.1)
Pen. Ratio 2011 2012 2013 2014 2015 2016 2017 Avg
2% 0.0356 0.0664 0.0499 0.0733 0.0361 0.0266 0.0685 0.0509
5% 0.0351 0.0663 0.0497 0.0731 0.0353 0.0259 0.0678 0.0505
7% 0.0346 0.0662 0.0495 0.0730 0.0351 0.0258 0.0675 0.0502
10% 0.0341 0.0661 0.0492 0.0728 0.0346 0.0255 0.0672 0.0499
15% 0.0332 0.0657 0.0485 0.0724 0.0339 0.0251 0.0664 0.0493
20% 0.0324 0.0653 0.0479 0.0720 0.0329 0.0247 0.0657 0.0487
Table 9 Comparison of CC by probabilistic CF based ELCC by reliability level
Pen. Ratio Capacity (MW) a=0.05 a=0.1 a=0.15 a=0.2
2% 1,882 0.0143 0.0509 0.0791 0.1189
5% 4,706 0.0142 0.0505 0.0782 0.1170
7% 6,588 0.0141 0.0502 0.0776 0.1157
10% 9,411 0.0139 0.0499 0.0768 0.1140
15% 14,117 0.0136 0.0493 0.0754 0.1111
20% 18,823 0.0134 0.0487 0.0740 0.1083
4 22
74 e A8 SolA g 4-a-E Adols Bles Uehdle CG=E Yo A a8+ 273
Sh7] dizell Ageg72Age Zeket $47] D85 Aol B ot 583 84 5 sholt. s[5
S R Ao 2] o] =7t Tl CCofl tht =] A= v m]xIgH oot & A= Sd4 ] &
SFEENCO) Aol Tt ATA, T BLEHS] CCAPEE 9181 2011 ~ 20174 T4 Seke] Fuf £
bero] it A 21=E 2-8-513ITh
U 2] el AAIE CCAFE-E S1-t thaEA Q1 Wil CE7 14 3P ELCC HRofl 2 Aol A A|Ae
A2 ZEH CF 7id2 B85t o] 7id2 48 ARPE R A olu)= elIESER TAH o2 9lil 9
Journal of the Korean Solar Energy Society Vol. 39, No. 4, 2019 89



el ] =2l

EREE 5o 54 AT 5] CFE A/dsto] ol & CC AFgol| o8-ttt WA, CE7]8H il 254

CFE 83 1 0] Ao} 29 897 CPE A8 7|E A72NE v Tshgick, £ 704 AXF CF

75 el A SHE AR GRS H5-9S Tefe Bt ofujeh )R sb ks ARk 1541
Aol whegahsicy, AbgAstel thEm, 87 Aeiegy| RASNA AAE 20019 AR 95%5te] CE7)

g el ©Jg CC gH0.0189) & ZAMH 0 2 siAd 4= Qlct.

35 AE
YA A0 AAE S 4= Q= 2= stalom, 2d AlE] Y BAIE PH|ZES AMgste] 85 7hest
7P et AAEA 2k=E CC APol| o] 8atolet. S <] Hgo] Efjde] i CCo] BIghE thafst
AEstel A 71E2] S CFE Aol 7390t B84 CFE Aol 7495 Blwsielth. ELCCH ol

EAZ oA AR ZEE 2] CC 282 90% ~ 95% A==
83t C

Fe A9 FL82o] gl= 7o 2 CCo A 9F AlolE

F

& 7= =7 2019 7

H
j&
Rl
olo
rit
o,
N
i
-
.
e
5
=
1o
o,
)
®
i)
32,
tlo

REFERENCES

1. Ministry of Trade, Industry and Energy (MOTIE), The 8th Basic Plan of Long-Term Electricity Supply and
Demand, Korea, 2018.

2. Milligan, M. and Porter, K., The Capacity Value of Wind in the United States: Methods and Implementation,
The Electricity Journal, Vol. 19, No. 2, pp. 91-99, 2006.

3. Milligan, M. and Porter, K., Determining the Capacity Value of Wind: An Updated Survey of Methods and
Implementation, National Renewable Energy Laboratory (NREL), Tech. Rep. NREL/CP-500-43433, 2008.

4. Madaeni, S. H., Sioshansi, R., and Denholm, P., Estimating the Capacity Value of Concentrating Solar Power
Plants: A Case Study of the Southwestern United States, IEEE Trans. on Power Systems, Vol. 27, No. 2, pp.
1116-1124, 2012.

5. Madaeni, S. H., Sioshansi, R., and Denholm, P., Comparing Capacity Value Estimation Techniques for
Photovoltaic Solar Power, IEEE Journal of Photovoltaics, Vol. 3, No. 1, pp. 407-415, 2013.

6. Dent, C.J., Keane, A., and Bialek, W., Simplified Methods for Renewal Generation Capacity Credit Calculation:
A Critical Review, Proc. of IEEE Power and Energy Society General Meeting, 2010.

7. Myung, H. S., Kim, H. C., Kang, N. H., Kim, Y. H., and Kimm S. H., Analysis of the Load Contribution of Wind
Power and Photovoltaic Power to Power System in Jeju, Journal of the Korean Solar Energy Society, Vol. 38, No. 1,

pp. 13-24,2018.
8. Cho, H. J., Park, D. H., Park, J. B., and Kim, S. H., Comparison of Estimation Method of ELCC of Wind Power

90

Journal of the Korean Solar Energy Society Vol. 39, No. 4, 2019



10.

11.
12.

13.

14.

15.

16.

17.
18.

19.

U SHLH 28|12 OIS &0 SYTH A _ Hid 2|

Generators, Proc. of Autumn Conference, KIIE, pp. 259-260, 2018.

Son, S. E., Lee, J. H.,, and Park, M. H., The Estimation of Capacity Value of Wind Power in Korean Power
System Using ELCC Method, Proc. of Conference, KIIE, pp. 304-305, 2014.

Paik, C. H., Chung, Y. J., and Kim, Y. J., ELCC Approach for Calculating Capacity Credit of Wind Power in
Korea, J. Korean Soc. Miner. Energy Resour. Eng., Vol. 54, No. 2, pp. 491-501, 2017.

Korea Energy Agency(KEA), New and Renewable Energy Statistics 2017, 2018.

Kim, H. G., Kang, Y. H., and Kim, C. G., Analysis on of Wind Energy Status and Capacity Factor of South
Korea by EPSIS Wind Power Generation Data, Journal of Wind Energy, Vol. 8, No. 2, pp. 21-27, 2017.

Paik, C. H., Chung, Y. J., and Kim, Y. J., ELCC Capacity Factor-Based Approximation Approach for
Calculating Capacity Credit of Solar Power in Korea, Journal of the Korean Solar Energy Society, Vol. 37, No.
5, pp. 13-26, 2017.

Gaver, L. L., Effective Load Carrying Capability of Generating Units, IEEE Trans. Power App. Syst, Vol.
PAS-85, No. 8, pp. 910-919, 1966.

Samadi, S. and Singh, C., Capacity Credit Evaluation of Solar Power Plants, 2014 IEEE PES General Meeting
| Conference & Exposition, 2014.

Lu, S., Diao, R., Samaan, N., and Etingov, P., Capacity Value of PV and Wind Generation in the NV Energy
System, U.S. Department of Energy, 2012.

Lee, S. Y., 2008, Analysis of Engineering Statistical Data Using MINITAB, IREATECH.

Wang, X. and McDonald, J. R., Modern Power System Planning, McGraw-Hill, International (UK) Ltd. UK,
480p, 1994.

Korea Power Exchange, Electric Power Statistics Information System (EPSIS), http://epsis.kpx.or.kr/epsisnew/

Journal of the Korean Solar Energy Society Vol. 39, No. 4, 2019 91





