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I Share of variable renevwable energy generation
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Phase 1 0~3% Localized effect (POI)

Phase I 3~13% Short Term (Mins to hours) Flexibility

Phase M  13~25%  Short / Medium Term(Hours to days) Flexibility

Phase IV.. 25~50%  Stahility & Long Term(days to months) Flexibility

Phase V Long terms / Very long Term(months to years) Flexihility
> 50%

Phase VI Very long Term(months to years) Flexibility : Planning
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2. 717 dlolg A4

W T Al FE & 9

GHI A YU AHGlobal Horizontal Irradiance) W/m

DHI T ARFIAL(Diffise Horizontal Irr.) W/n'

DNI N A2UAL (Direce Normal Irr.) W/m'
Cloud Opacity 7] 5% B +%(0~100) %
7] & o7 % T

o5 fst] = 9 &9l V13 AERAY dRe L6k v

Solcastoll Al A Fst= APIY ARE HA s},
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g) ARIUAL : TI7I50| 2R3 ARte Aoz XIEDO STets EHUT YAOIHRIS B

o) NYAAEERS) : T1712) +37ILt H2UR|0| ofs) SHEFLE MeEX| p4m E
oRLE Y AEUO o YA

rir

Ef o

-

-

10) API(Application Programming Interface) S&ZZ1 X7} Applicationg THE
M MZCHE AAEZE AAE 2Isf St E3E2 25

o4 - Jl—-! _CI:I_ 1_-_]5 =]

11
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API AH] A el

T & Solcast Solargis  Meteonorm  NSRDB PVGIS
FaAy O X X O O

= A =y S ZHp7|o} wEel AR
A5AE | 108wRE | 5T 13 &k 135k 1]
YRAE | 10d 10¢ X 10d 109
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Axe 1~2kmAAE 7]F07 10~30Ew9e] uE49]

mO"

A4S A ¥35F= Global Solar Atlas®] 7
1 A (G

HD +=

OJI%]_—‘?;I

G 9ol web AN 7zt
o) T;]-

Wt

35 71

Ak e el

7147 e

AR A
A& o

ok

YE 2 A F% = Solcastst Hlw7l o181 Y Al 9ladt).

— SCADA Site 2% (21&:2H0f L{ X))

7IEEERS (RES)

193-1.

flead

FYMBGHNE B AT & £ SN2 HE
> %‘: IAI”EH% Solcast %AE% %Hlil 01313

_27_

')\f ‘Iii "éi

Global Solar Atlas A3 <




3. Solcast 7|4 H°o|H

A= API AB]A 7]199¢l Solcastil Ala¥H Y= A dolg gt A
AP ASARE Ao 37 HolE= 20159 7€ o] %
[30F/1AIZE @9 AdEo] Zhssirt. AR o5& 307 = Hd 7
A 7kA] A& 3stel. Solcastil AH LA (GHD & -8t W

W2 DNI®} GHIF K E o] &35l A|&Est= v olqlth

5E/15%

LR

¥3—4. Solcast GHI AF=HH 9 API #| 3|

AR Ay API Al HolE &7
u3 we M My sl
<p QD GHI T H U A Global Horizontal Irradiance) W/m?
GHI(Global VQ}\ DHI 4 A12HRAKDiffuse Horizontal Irr.) W/m?
Horizontal) Qe\eo\é\ DNI WM E S AKDirect Normal Irr.) W/m?
DHI(Diffuse|| © & Cloud Opacity 7| BEHE £ 22H0~100) %
Horizontal) \O'\‘ 7|2 QIR °c
XE72H Ef et ez Ef 20| A|EH NS} 0| R+= Z ®
GHI=DHI+(DNI x cos8) BN e ENQIRO| +MMD| O|F = 2

ARA S HHS APl SE2APS 7502 308 A AlFozE 3A
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FAEED 7R FHY A7 (Clear Sky Index) AAPERS 57
NWP (Numerical Weather Prediction)''&%& 7|50 AL wd=g
ARbsl e wof Qluh. f1/4delm A 7wt & & (Cloud Opacity)= 7l
Absto], FAA Rl ] 7 o SAIAE APl AR (GHI, DNI,
DHD & AlAtete] 6A17F of o] st dALF oS3k Al sttt

lllllllllllll

71¥13—3. Solcast Process %! Satellite Image "2l

11) GFS(Global Forecast System), GFS-E(Europe), ECMWF(Eupope Centre for
Medium-Range Weather Forecast), ECMWF-E(Europe)
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1. Wol& ABASE 7Ro R F)guols FARA

A SolcastAle] TS5 o H HolEHE A& Bttt H/F /5
A AZE o= (Forecast Horizon) ol wal FAs] wH o)}
D+1¢¥ o]% 7|3to] Ayadss gS & x5 Bt 18y D+1Y
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13) RMSE(Root Mean Square Error) : XM&2 2%t
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2. 984 €8s

A7, XGBoost ofel7le] oAbdy EdE Re B BRI/
2 WaAe Hgol sl g U AZEEA W2y BY FA4

2 A (Over—fitting) 7ol -F3ke] A=stHED

stols stetulEl= ENTE AAQsteE H7HA S (n_estimators), H
A5 (learning rate), #HulZlo](max—depth)o]™, FHujzlol= 5014
o7 MAAHA = AoE FHFHI Uk AAIGe EAS #45]

Hob= A7 Snap—shot SHoE ¢58ktt & = Q).

&  Train % Train
-

(X, ) (X, m) (X, 7v—1)

1¥13—-6 XGBoost Eg A 719

T WA E LSTM(Long—Short Term Memory)'”& IAAAS Y]
EQFo) dHkds 4= ¢l+= NN(Neural Network) #2218 7/j4e 4+ Q%

2 LoopE ©]£3F RNN(Recurrent Neural Network)'” F+x2A 7} 7}

16) AH&EY - 7| A S-S0 LiSHA stEStCh= 2[O|. SHEHO|H M= &N HojEel £

EUY0|IEE, QAI7L HASHK| T AX| ':‘||0|E101|*1E QXIE A Ea= ULCH -9{7|Hap-

17) LSTM : ZEZ] 7192 Btdst A|Agel HEld ZE. "Deep and Confident
Prediction for Time Series at Uber'Z &2iMd U= ZHA [14]
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19) TCN : A generative model for raw audio at Wavenet2| 2LC|2

20) CNN(Convolutional Neural Network) :
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ZoQl GAE (Ensemble) & "3, FAlol, sz, g sto]”
ojme] HAlg 2ol JojR= AR AT FEY, 59 5 o0 &
oXItt. 12y, Deep Learning Sl A= 471 EF71E
AAstal By et A S7IMe ST Ale ofrleth

o 7]el A ool ARHND TSAE G} AT AE] o

a zrers] dofR i AgH HdE el thekol Adrgstax; Sk

2. Z=A 4% (Multi—layer Perceptron®™)

AlHEA RE|BZ THE Perceptronl @ o] Folz =& oz | =3
Aog e FeE Input—Hidden—Output Layer7} dwkzel o}7|dl
A ot g4 S-S g5 4 e Activation function® &
Sigmoid™, relu™ 5 ®A& A s+4== ALg35, Back—propagation (%

AshU A el ZS ol g3 st FAolTt [19].

22) Perceptron : ZHIAZMEELETL 1957H0] Aot EI7|HEfQ| ASMEAUO R Ch
o U ZHH Lo ANE LELE= Y125

23) Sigmoid &= : SRk JMo| S(x) =
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3. AI XY AE (Random Forest)

-

g9 A4 ET (Decision Tree) 52 h&ste S WHo=z @
1 LY AE (o] RF)+= A&, &7, 181 3|9 T therst EAo &

=
53 = WHoltt. AP EL 7Nte s EEE Training o]

In
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5

3=5. 71=RddE ATAY 28 (%)

T = 21.3.29~44 21.45~411 21.4.12~4.18 21.4.19~4.25

XGBoost 10.86 6.57 7.98 11.78
LSTM 13.67 9.89 11.15 15.45
TCN 13.12 11.32 11.05 14.60

% P48 mAz 45AF A% RFRIAL JNoR ZIFFE
) 4

[3t& A9 A 37HdA(18~'20) ke HHF o

ke
T
(©)]

N ZASEE B B S E v

=~ O o= =
* otab 5t pB: ‘18~204 7| & S E ol At
48 sa @14) HAaEs 7|ZH

15X} | 254 | 3K | azk} | 1K | 23X | 3% | ax L _as® | assEl |

XGB 89.14 93.43 92.02 88.22 91.91 91.94 91.21 86.86 : 90.64 90.79

I LSTM 88.33 96.11 92.97 89.36 93.53 93.74 91.06 87.89 || 9175 91.40

TCN 88.66 94.33 91.31 88.06 93.22 92.5 90.76 88.03 : 90.95 91.35
Linear | 8897 | s5.24 | 927 89.1 9333 | 9278 | 9137 | 8744 | 9146 | 9145 |

MLP 89.01 95.46 9282 89.25 93.81 93.28 91.54 87.76 91.72 91.53

HYaEoE
XGB s8.81 95.51 929 89.32 9376 | 93.12 91.27 874z | _ o162 _ | _9163 _

v RF 88.95 95.44 9284 89.35 24 93.15 91.31 87.56 : 91.68 91.71 I
oA E S
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A% ol AF A
SCADA
Az AZAe] Folstde W WAY ASHREE 93% Foldl
o}, A el met sl o dARoR Xt Faw
e % 5 AT

11.17(5)_97.92%

3 \

12.22(5)_95.55%

11.24(57)_98.69%

12.8(7)_94.05% 12.15(5)_93.88%

12.29(+)_98.05%
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#E3-19. ASAIH ERE e AbE
GHI DNI
ghi_live vs ghi_forecast grouped by time_difference dni_live vs dni_forecast grouped by time_difference
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ASAANBE, gl o7k 2 go] Ao Hgd F 3
@l 7o stet 54

rlr
i

wEb R By duEES 98] Markov Chain A £9°] 7l&

stek vl 1ol AR t+1el] BAE AR A AR FRRe AR
(-k-0 o AT AR Qe MRt A= ojaketE AT VS
s flal oy d HskA ¢l dAFEs dolgdES Vwter &

—

&3tsle] e 5

Solcast AHE 7|vto g oA (D+1) d=5X9 HFA AA 7P EE
K—Means®™ 71 22 Sunny, Cloudy, Rainy 5 39A® BF3sto] g

=2\ 37 = O FE= B 3T - 1
EvEE Uetd AS &F FxE otdlet ok
o |=] 5l = B 31
19 3-15. K—Means=3 9 A% x1¥ &5 F¥ %
count ratio
D+0 D+2 D+1 targetState
cloudy cloudy cloudy cloudy 41 0.803922 EMe wHE
48 (Condition) rainy 10 0.196078
rainy cloudy 13 0.166667
rainy 65 0.833333
sSunny sunny 2 1.000000
rainy cloudy cloudy 48 0.827586
rainy 10 0.172414
rainy cloudy 2 0.019231
rainy 102 0.980769
sunny cloudy cloudy 4 1.000000
I—. Site 8 B Count
Us B0 SASHOM "2HAESICH 2t B3t
32) K-Means : K-means Clustering2 K-B@ Z12|F0[2t1 s, T Ho|HE K

0r X

o EYAHE F& U2F2Z Z SEAHEF AH2X0|2] BiE XasohE
Ho|H, ArEstael eFO0I (717
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HA NAEAZS 7Mo% Markov Chain 7|Ho=z EAstd

35 HaolA Beol ASE FE2 80%°lH, HI7F & B9 5%, &

g g5 oF 15932 e

P 80 2 sunny
S — — &=~y — @  15% cloudy
’ 5% rainy
State : sunny cloudy rainy sunny
L J

T
State transition probability (table/graph)

. :
Output format 1 Output format 3:

e oa e ormorron 1 Probebary ] o
sunny sunny o.s8
i == os o
sunny cloudy 0.15
rainy sunny 0.2
rainy rainy 0.6 % 2 o.
rainy cloudy 0.2
cloudy sunny 0.2 o.8 - /Om > o.6
cloudy rainy 0.3 ~— — %5
cloudy cloudy o.s 0.2

71%¥ 3—16. Markov Chains &3 7|49

=

3

ok

olAtgtE WhAl S o] &sko] GHIL00, GHI10, GHI9OZ T Holgd&&
gg3lo] 9]A('21.1.25) 104 71F o=3%ke] GHI=100, GHI90=150,
GHI10=80¥Y 7% oo} o] R E wAsE 4= i},

D+0 D+ D+2 hold levelDown  levelUp Eg G'I)'I

site_ld forecastDay

2 2021-01-23  ralny  rainy  ralny 0958333 0,000000 0041667

2021-01-24 cloudy rainy  rainy 0BBOTES 0000000 0019231 21 01 25 Oﬂiol 21 01 240&! 10*' q' A“ I
(020125 ooty _ramy_aiowsy oo oo oveeser)|  GHI=100, GHI90=150, GHI10=80 ¢! &%

20210126 cloudy cloudy cloudy 0803922 0196078 0.000000

20240127 cloudy rainy  rainy 0080769  0.000000 0.019231 0.8333*100 + 0*80 + 0.1667*150 = 108

16  2021-04-06 sunny cloudy sunny 0.384615 0.000000 0.615385 GHI mli a% 100 9 IOBE i@
20210407 sunny sunny  sunny 1.000000  0.000000 0.000000

2021-04-08 sunny sunny cloudy 1.000000  0.000000 0.000000
2021-04-09 sunny cloudy cloudy 0847059 0152941 0.000000

2021-04-10  sunny cloudy rainy 1.000000 0.000000 0.000000

I 3-17. 91 1 delE B oA
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ottt &g A3 A A= KEPCO SOLAROA KPX o =A| Lo =

4 Felste] £99a Yk,

HloFd A AE U o2 KEPCO SOLARY: VPPARIAFYZA %
dzol, A HFIAAAE e Ve ZUE FH e Aujx
= AT Tl dAEE] 28 a54S 98l Fdo] FEAH o

33) VPP(Virtual Power Plant) : M MAS ZSIA|I7|0, HI|AN MH

7|15 2404 X| Xt (Distributed energy resource DER)S| ¥ &

ZERE 7[He] Tt

34) DSO(Distribution System Operator) : Ct= BiES|IAF EXAIEOA BIEAS
St= AR}
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2o 1-1 | DSTY 0|H('215.1~6.30) AIZHHE XHEXN
e INV1(kWh) INV2(kWh) INV3(kWh) INV4(kWh)
ANZE R A s AP e AP R
51 11 33 13 28 11 30 11 15
512 13 43 14 40 13 42 13 20
513 13 A2 13 38 13 Al 13 19
54 12 12 12 10 12 11 12 5
5/5 13 43 13 4] 13 43 13 20
5/6 13 39 13 36 13 39 13 18
517 13 39 13 360 13 39 13 18
58 12 37 13 34 12 36 12 17
5/9 13 42 14 40 13 42 13 19
5/10 14 7 15 6 15 7 15 4
5/11 13 41 13 37 13 40 13 18
512 13 38 13 360 13 38 13 18
5/13 12 37 13 34 13 37 12 17
5/14 12 33 14 31 12 33 12 15
5115 11 17 11 14 11 16 11 8
5/16 13 5 13 5 13 5 10 2
517 09 8 09 7 09 6 09 4
5/18 12 39 13 35 13 39 12 18
5/19 13 40 13 37 13 40 13 19
5120 11 13 13 11 11 11 11 6
521 12 14 12 11 12 13 12 7
5/22 13 39 14 36 13 39 12 18
5123 12 32 12 28 12 30 12 15
5124 13 40 13 360 13 39 13 19
5125 14 36 15 36 14 38 14 18
5/26 11 30 11 24 11 27 11 14
5127 15 16 15 16 15 17 15 9
5128 13 31 13 27 13 29 13 14
5129 09 15 10 11 10 13 09 7
5/30 13 40 14 37 14 39 13 18
- 64 - H - 1_'.]|



e INV1(kWh) INV2(kWh) INV3(kWh) INVA(kWh)

A EAT e o A R A s o B it A o e DA L i
5/31 15 26 15 25 15 27 15 13
6/1 12 25 12 21 12 24 12 11
6/2 12 35 14 32 14 34 12 16
6/3 11 13 11 11 11 11 11 6
6/4 13 41 14 38 13 40 13 19
6/5 13 39 14 37 14 39 14 18
6/6 13 35 13 32 13 35 13 16
6/7 14 18 14 15 14 17 14 8
6/8 12 32 12 28 12 30 12 15
6/9 12 33 14 30 13 32 12 15
6/10 14 26 14 24 14 26 14 12
6/11 15 17 15 15 15 16 15 8
6/12 13 36 14 33 14 36 14 17
6/13 12 36 12 31 12 32 12 15
6/14 12 28 14 25 14 27 12 13
6/15 16 14 17 14 17 16 17 8
6/16 12 31 15 28 15 31 12 15
6/17 12 21 12 18 12 19 12 10
6/18 10 10 10 8 10 8 10 4
6/19 14 38 14 35 14 39 14 18
6/20 13 36 14 33 13 35 13 17
6/21 13 37 14 35 14 38 12 17
6/22 15 29 15 29 15 31 15 14
6/23 13 27 13 23 13 25 13 12
6/24 13 40 13 35 13 37 13 18
6/25 13 30 15 29 15 31 14 15
6/26 15 23 15 22 15 23 15 12
6/27 14 38 14 35 14 38 14 17
6/28 13 36 13 31 13 33 13 17
6/29 10 21 10 14 10 16 10 10
6/30 15 25 15 24 15 26 15 13
4t 29.46 26.69 28.70 13.74
Hxt 10.74 10.31 10.98 4.87
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2212 | P53% 01(21.8.1~9.30) AlIZHHE XHEH

A INV1(kWh) INV2(kWh) INV3(kWh) INVA(Wh)
AP R ARE Y AR R AR B

8/1 11 11 10 9 10 10 11 5
8/2 14 24 14 24 14 25 14 11
8/3 13 30 13 29 13 30 13 14
8/4 14 36 14 37 14 37 14 17
8/5 12 36 12 35 12 36 12 17
8/6 11 32 11 28 11 32 11 14
8/7 14 32 14 33 14 33 14 16
8/8 11 21 11 18 11 20 11 107
8/9 12 37 13 37 12 36 12 17
8/10 15 30 15 35 15 35 15 17
8/11 15 30 15 33 15 32 15 15
8/12 12 27 12 26 12 27 12 13
8/13 14 20 14 19 14 19 14 9
8/14 13 33 13 31 13 32 13 15
8/15 12 36 13 36 12 35 12 17
8/16 12 34 14 33 12 33 12 15
8/17 13 40 13 40 13 39 12 17
8/18 13 38 13 37 13 37 13 18
8/19 11 34 15 35 15 34 12 16
8/20 12 28 12 27 12 27 12 13
8/21 14 20 14 20 14 21 14 10
8/22 12 26 12 25 12 26 12 12
8/23 11 7 11 6 11 7 10 3
8/24 14 14 14 13 14 13 14 6
8/25 15 23 15 26 15 25 15 11
8/26 13 17 13 16 13 17 13 7
8127 10 5 10 5 10 5 13 3
8/28 12 29 14 28 14 29 12 13
8/29 11 19 16 21 16 20 16 10
8/30 13 18 13 17 13 18 12 8
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9 INV1(kWh) INV2(kWh) INV3(kWh) INVA(KWh)
AZE AR ARE EHE ARE e AR R

8/31 09 4 09 5 09 4 08 2
9/1 12 1 13 11 12 11 12 5

9/2 13 27 13 25 1 25 13 12

9/3 13 38 14 39 14 38 14 18

9/4 13 38 13 37 13 37 13 17

9/5 12 34 12 34 12 34 12 16

9/6 11 24 1 23 1 23 1 1

9/7 13 6 12 5 12 5 12 3

9/8 14 35 14 35 14 34 14 16

9/9 13 38 13 38 13 37 13 17

9/10 14 35 14 35 14 34 14 16
9/11 13 36 14 36 14 35 13 16
9/12 12 38 13 37 14 37 12 17
9/13 14 36 14 36 14 35 14 17
9/14 13 39 14 39 13 37 13 17
9/15 12 37 12 36 12 36 12 16
9/16 12 35 12 35 12 34 12 16
9/17 13 39 13 39 13 37 12 17
9/18 12 35 12 35 14 34 14 16
9/19 14 27 14 2 14 27 14 12
9/20 14 37 14 36 14 36 14 16
9/21 15 30 15 31 15 32 155 14
9/22 14 31 14 31 14 30 14 14
9/23 14 37 14 37 14 36 14 17
9/24 13 39 13 33 13 38 13 18
9/25 11 13 1 12 1 13 1 7
9/26 13 32 13 31 13 31 12 14
9/27 1 35 1 34 11 34 11 16
9/28 1 18 11 17 11 17 11 8
9/29 14 8 14 7 14 7 14 4
9/30 13 38 13 38 12 37 13 18
e 28.15 217.82 27.79 12.98
Hx} 10.23 10.43 10.09 4.62
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29 3 KPX &3SAtd OIZZ/2MT o
4 A ARt WA of| S5 A= A=
9 3,453.0 2,823.7 96.99% 13,812
10 6,087.6 5,283.3 96.16% 24,350
11 8,601.4 7,441.0 94.45% 34,406
17162 12 10,527.3 8,902.1 92.23% 31,582
13 10,755.9 9,260.3 92.85% 32,268
14 10,895.6 8,520.7 88.60%
15 8,935.6 6,882.3 90.19%
16 6,122.0 4,516.6 92.33% 18,366
9 3,943.1 3,783.8 99.24% 15,772
10 7,648.4 6,484.9 94.44% 30,594
11 10,433.6 8,543.9 90.97%
12 11,739.2 9,640.6 89.97%
W2 12,183.5 9,545.6 87.39%
14 11,346.5 8,324.4 85.56%
15 9,166.7 6,302.3 86.31%
16 4,921.2 3,866.3 94.96% 19,685
9 3,703.4 3,738.6 99.83% 14,814
10 7,734.2 6,468.7 93.95% 23,203
11 10,787.7 8,544.7 89.28%
1/32) 12 12,472.1 9,737.0 86.93%
13 11,714.0 9,902.8 91.34%
14 10,668.2 8,977.8 91.92%
15 7,844.5 7,155.9 96.71% 31,378
16 5,440.9 4,572.4 95.85% 21,764
9 3,613.7 3,311.0 98.55% 14,455
10 6,945.7 5,999.5 95.48% 27,783
11/4(3) 11 9,658.6 8,118.7 92.64% 28,976
12 11,441.3 9,460.5 90.53%
13 11,8585 97250  89.80%
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d A AR ks o &% A= AL
14 10,455.3 89018 92.58% 31,366
15 7.674.0 72018 97.74% 30,696
16 47695 ATI8T  99.76% 19,078
9 3.262.5 32799  99.92% 13,050
10 5.961.1 58036  99.25% 23,845
11 8,701.1 77974 95.68% 34,804

N5 12 9,350.4 89910  98.28% 37,402
13 9,461.4 91736  98.62% 37,846
14 8,279.0 83142  99.83% 33,116
15 6.325.4 65742  98.81% 25,302
16 3,480.1 41091 96.99% 13,920
9 33313 28336  97.62% 13,325
10 74876 52053 89.09%
11 10,166.4 72413 86.02%

e 2 114311 85763 86.36%
13 11,927.6 88407  85.25%
14 10513.9 80975  88.45%
15 8,865.1 65388  88.88%
16 5527.8 42714 94.00% 16,583
9 34155 39534 97.43% 13,662
10 7,102.1 66965  98.06% 28,408
11 98125 87209  94.78% 39,250

e 2 10,798.2 99094  95.75% 43,193
13 11,529.6 10,086.6 93.10% 34,589
14 10,267.8 01881  94.84% 41,071
15 7,657.9 74215 98.87% 30,632
16 41208 48841  96.35% 16,483
14 2,742.2 29223 99.14% 10,969

188 15 2.870.0 20842  99.45% 11,480
16 2,376.8 23730  99.98% 9,507

1/9GH 9 3.1645 32404 99.64% 12,658
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9 A A waAm o5 = Bz
10 9,323.8 5,309.0 99.93% 21,295
11 6,912.2 6,608.4 98.55% 27,649
12 8,369.0 7,143.6 94.14% 33,476
13 6,874.4 6,988.3 99.46% 27,497
14 95,0317 6,341.6 93.74% 15,095
15 4,843.5 5,059.3 98.97% 19,374
16 3,151.4 3,329.1 99.15% 12,605
10 3,318.7 4,226.2 95.66% 13,275
11 5,489.7 5,425.8 99.69% 21,959
12 9,958.5 6,105.1 99.30% 23,834

11710 13 4,289.7 6,190.6 90.92%
14 4,273.9 5,774.9 92.83% 12,822
15 9,050.3 4,758.4 98.60% 20,201
16 2,890.5 3,152.8 98.77% 11,582
9 3,603.6 3,287.7 98.49% 14,414
10 6,952.9 5,491.1 93.01% 20,859
11 9,739.2 7,198.6 87.86%

1/11E) 12 9,482.0 8,146.0 93.62% 28,446
13 8,712.2 7,878.5 96.02% 34,849
14 9,305.7 6,814.7 92.79% 15,917
15 3,860.8 5,331.1 92.97% 11,582
16 2,515.2 3,963.2 94.99% 10,061
9 3,889.2 3,714.9 99.17% 15,957
10 7,964.8 6,346.6 94.18% 30,259
11 9,693.8 8,285.7 93.27% 29,081

122 12 11,317.9 9,306.9 90.39%
13 9,967.7 9,318.9 96.90% 39,871
14 8,536.8 8,445.3 99.56% 34,147
15 9,880.8 6,751.1 95.84% 23,523
16 3,208.7 4,437.4 94.13% 12,835

1/13(5) 9 3,830.9 3,697.7 99.36% 15,323
10 1,522.2 6,400.8 94.64% 30,089

T J1°
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U A ARE ww o5 A= Aok
11 10,504.3 8,490.9 90.38%
12 12,1834 9,697.1 88.12%
13 12,317.4 9,745.1 87.71%
14 11,204.2 8,656.5 87.83%
15 8,979.2 6,720.8 91.12%
16 5,446.4 4,221.5 94.15% 21,786
9 3,086.4 2,338.0 96.42% 12,346
10 6,033.9 4,647.3 90.98%
11 9,389.9 6,712.5 87.21%

11/14(2) 12 10,705.5 8,050.9 87.31%
13 10,551.8 8,238.8 88.95%
14 9,165.5 7,322.1 91.19%
15 6,827.1 5,945.6 93.88% 20,481
16 4,050.3 3,335.3 96.58% 16,201
9 3,292.8 3,329.9 99.82% 13,171
10 6,822.6 6,142.4 96.75% 27,290
11 10,138.2 8,310.4 91.27%

1/15(2) 12 11,205.8 9,547.5 92.08% 33,617
13 11,686.4 9,622.8 90.14%
14 9,617.9 8,027.6 94.79% 38,472
15 6,676.8 6,503.5 99.17% 26,707
16 4,351.9 3,820.3 97.46% 17,408
9 3,220.9 3,300.0 99.62% 12,884
10 6,825.7 6,115.8 96.61% 27,303
11 9,800.6 8,271.6 92.69% 29,402
12 11,289.0 9,518.2 91.54%

L6=h 13 11,079.9 9,804.1 93.90% 33,240
14 10,251.9 8,998.1 94.01% 41,008
15 8,214.6 7,266.2 95.47% 32,858
16 5,026.4 4,728.3 98.58% 20,106

1117 9 3,493.1 4,046.7 97.35% 13,972

T i f L
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od A AZE Iz G B A= AL
10 7,386.3 78463  97.80% 29,545
1 10,430.8 10,836.9 98.06% 41,723
12 12,081.7 12,183.4 99.51% 48,327
13 12,302.6 11,726.4 97.25% 49,210
14 11,130.1 10,339.5 96.22% 44,520
15 8,881.4 84464  97.92% 35,526
16 5,385.2 52280  99.25% 21,541
9 2,886.9 24458  97.89% 11,548
10 6,067.6 51273 9551% 24,270
11 8,720.7 75403 94.36% 34,383
s 2 10,028.6 88113  94.18% 40,115
13 9,976.2 86077  93.46% 29,929
14 9,332.1 73761 90.65%
15 7.436.8 56593 9151%
16 4,732.4 31882  92.62% 14,197
9 2,895.6 20926  96.16% 11,582
10 5,504.4 45324 94.93% 22,378
11 8,116.2 6,924 94.20% 32,465
e 12 10,063.8 82933  9154%
13 10,490.0 84106  90.06%
14 9,676.2 75399 89.79%
15 7,677.3 60768  92.35% 23,032
16 4,640.0 35736 94.90% 18,560
9 2,092.9 23636  98.71% 8,371
10 4,521.6 51936  96.79% 18,086
11 6,733.7 77538 95.13% 26,935
12 8,210.8 9,103  95.74% 32,843
11/20(2)
13 9,351.5 89129  98.05% 37,406
14 8,941.4 78266  94.67% 35,765
15 7,116.8 62786  95.99% 28,467
16 4,426.4 36591  96.33% 17,706

T J1°
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d A AR Eil; 5 2= gk
10 2,833.0 2,468.1 98.26% 11,332
11 4,864.5 3,877.2 95.28% 19,458

1/21(2) 12 5,694.7 4,604.5 94.79% 22,779
13 5,524.8 4,645.9 95.80% 22,099
14 4,296.9 4,206.3 99.57% 17,188
15 2,785.0 3,262.8 97.72% 11,140
10 3,582.8 4,647.4 94.91% 14,331
11 4,807.7 7,057.9 89.25%
12 6,231.2 8,470.8 89.30%

11/22(8h) 13 6,306.4 8,629.9 88.90%
14 5,758.4 7,825.8 90.12%
15 6,005.2 6,438.6 97.93% 24,021
16 3,508.9 3,915.5 98.06% 14,036
9 3,019.6 2,856.1 99.22% 12,078
10 6,232.9 5,447.9 96.25% 24,932
11 8,810.2 7,488.8 93.69% 26,431

11/23(2) 12 8,829.3 8,396.7 97.74% 35,317
13 8,613.3 7,921.9 96.70% 34,453
14 7,232.1 6,732.8 97.61% 28,928
15 4,759.2 5,205.7 97.87% 19,037
16 2,947.4 3,123.0 99.16% 11,789
9 2,604.1 2,169.5 97.92% 10,417
10 5,170.9 4,819.3 98.32% 20,684
11 7,521.3 7,240.9 98.66% 30,085

11/24(2) 12 8,539.7 8,567.0 99.87% 34,159
13 8,740.6 8,545.9 99.07% 34,962
14 8,074.5 7,615.1 97.81% 32,298
15 6,521.5 6,225.2 98.58% 26,086
16 4,059.1 3.913.2 99.30% 16,237
9 2,398.9 2,216.5 99.13% 9,595

11/25=) 10 5,525.9 5,342.2 99.12% 22,103
11 8,078.0 8,250.0 99.18% 32,312

T J1°
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d z AR a2 o =3F A= AR
12 9,303.2 9,857.6 97.35% 37,213
13 10,919.6 10,015.0 95.68% 43,678
14 9,612.2 9,143.8 97.76% 38,449
15 8,186.1 7,694.5 97.65% 32,744
16 5,041.6 4,878.2 99.22% 20,166
9 3,085.4 3,775.7 96.70% 12,341
10 6,900.3 7,394.8 97.64% 27,601
1 10,091.3 10,278.5 99.11% 40,365
12 . ) 07%

11/26(5) 12,034.5 11,630.3 98.07% 48,138
13 12,486.2 11,333.4 94.49% 49,945
14 11,498.7 9,953.8 92.62% 34,496
15 8,803.1 8,088.0 96.58% 35,212
16 5,040.3 4,981.9 99.72% 20,161
9 3,010.8 3,681.6 96.79% 12,043
10 6,794.1 7,340.2 97.39% 27,177
11 10,065.7 10,289.0 98.93% 40,263
12 11,987.4 11,707.7 98.66% 47,949

11/27(¥) : : ’
13 12,473.9 11,456.1 95.14% 49,896
14 11,651.7 10,146.2 92.81% 34,955
15 9,387.8 8,322.6 94.91% 37,551
16 5,867.4 5,275.5 97.17% 23,470
9 3,019.8 3,485.7 97.77% 12,079
10 6,815.2 7,014.3 99.05% 27,261
1 9,918.5 9,859.6 99.72% 39,674
12 11,700. 11,135.4 269 46,

11/28(50) ,709.0 35 97.26% 6,836
13 11,975.2 10,757.3 94.18% 47,901
14 11,048.5 9,197.3 91.15%
15 8,283.3 7,225.4 94.94% 33,133
16 4,478.5 4,170.9 98.53% 17,914

11/29(5D) 9 2,750.8 2,575.0 99.16% 11,003
10 5,886.0 5,635.2 98.80% 23,544
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9 A A wa¥ | az% | A= | Aew
1 8.6155 82022 98.46% 34,462
12 105265 07953 9%6.51% 42,106
13 112239 00021 93.68% 33,672
1 108527 89328 | 90.83%
15 8.717.9 73547 93.49% 26,154
16 18328 46149 98.96% 19,331
9 13726 20579 93.24% 13,118
10 116439 62645  74.29%
1 176686 89077 | 58.13%
12 219404 101472 43.64%
21 | 13 223017 08594  40.54%
14 212243 86076  39.71%
15 16,8425 69004 | 52.49%
16 10,563.1 11678 | 69.44%
17 2.831.0 14030 93.18% 8,493
9 5.203.4 31312 90.10%
0 126037 65010 | 70.60%
1 18,5491 03976  56.27%
12 220149 107095  45.97%
12025 g 20.702.6 102313 40.40%
14 197314 87725 | AT63%
15 15.402.0 68913 59.33%
16 9.037.4 L0411 7612%
17 2.353.9 12601 94.77% 9.416
10 1636.1 19446 | 98.53% 18,544
1 8.279.2 78198 97.80% 33117
12 10.716.8 03091  93.27% 32,150
23 | 13 106977 04329 | 93.96% 3,093
14 94525 8759  96.53% 37810
15 71265 74738 98.34% 28,506
16 42006 L7124 97.41% 16,802

T i f L
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d A AR Eil; 5 2= gk
9 2,523.3 2,165.1 98.29% 10,093
10 5,552.8 4,943.0 97.09% 22,211
11 8,056.6 7,457.5 97.14% 32,227

L2/4(E) 12 9,848.5 8,725.9 94.64% 39,394
13 8,895.5 8,817.2 99.63% 35,982
14 8,399.3 8,054.9 98.35% 33,997
15 6,405.4 6,709.7 98.55% 25,621
16 3,532.6 4,213.5 96.75% 14,130
9 2,457.8 3,022.1 97.30% 9,831
10 6,322.4 6,602.9 98.66% 25,289
11 9,594.5 9,459.2 99.35% 38,378

12/5(2) 12 10,984.1 10,894.4 99.57% 43,936
13 11,730.3 10,754.5 95.34% 46,921
14 10,275.6 9,552.3 96.54% 41,102
15 8,240.1 7,831.7 98.05% 32,960
16 4,896.0 4,887.8 99.96% 19,584
9 2,147.1 2,834.4 96.72% 8,589
10 5,455.9 6,299.5 95.97% 21,823
11 8,397.7 9,072.5 96.78% 33,991
12 10,733.7 10,428.9 98.54% 42,935

12/6(4)
13 10,898.2 10,155.2 96.45% 43,593
14 9,574.2 8,828.6 96.44% 38,297
15 6,711.9 7,077.8 98.25% 26,847
16 4,374.0 4,132.6 98.85% 17,496
10 5,233.5 5,079.4 99.26% 20,934
11 8,581.9 7,762.5 96.08% 34,328
12 10,873.7 9,195.9 91.98%

12/73h 13 11,003.2 9,115.8 90.98%
14 10,204.7 7,973.9 89.34%
15 7,613.3 6,267.1 93.57% 22,840
16 4,783.2 3,574.3 94.22% 19,133

1218 10 5,096.4 5,874.8 96.28% 20,386
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QA A wHm dxz | A%E | Aas
11 8,609.5 87238  99.45% 34,438
12 10,982.8 10,180.6 96.17% 43,931
13 12,064.1 10,118.8 90.70%
14 11,582.6 00820  88.05%
15 0,456.7 74878 90.59%
16 5.730.2 46194  94.69% 92,921
10 46543 43755  98.67% 18617
11 6.179.8 65289  98.33% 24,719
oz |2 6,792.1 75589  96.34% 27,168
13 6.616.9 70327  98.01% 26,468
14 46141 55848  95.36% 18456
15 3,613.7 40051 98.13% 14,455
10 3.930.5 4550  97.01% 15,722
1 47935 69727  89.59%
12 54735 83632 86.19%
12103 13 6.219.1 83519  89.81%
14 5.932.0 74010 92.98% 17,79
15 4149.2 58954  91.66%
16 2,506.2 34082 95.69% 10,025
10 4.257.0 20483 | 9375% 12,771
1 6,645.5 51426  92.8%% 19,937
12 83245 65504  91.57%
LNNE) 3 8,397.2 66929  91.86%
14 7.904.9 59057 90.45%
15 6,563.3 46328 90.77%
16 37235 05648 | 94.46% 14,894
10 3.000.9 38830 | 95.78% 12,004
1 5,017.7 6507.8  92.88% 15,053
ey 12 63111 82097 90.93%
13 6,628.0 85465  90.83%
14 7.219.4 79321 96.59% 28,878

T i f L
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9 A A waAm o5 = Bz
15 7,341.7 6,748.3 97.16% 29,367
16 4,579.6 4,303.2 98.68% 18,319
9 2,338.8 2,952.2 97.07% 9,355
10 6,470.2 6,687.1 98.96% 25,881
11 10,116.7 9,707.4 98.04% 40,467
. 12 12,537.3 11,272.6 93.96% 37,612
121132 13 13,289.8 11,179.8 89.92%
14 12,442.1 9,960.3 88.14%
15 10,150.9 8,239.2 90.86%
16 6,348.9 5,254.3 94.77% 25,395
10 5,034.8 5,010.0 99.88% 20,139
11 8,024.2 7,625.3 98.09% 32,097
12 9,717.9 9,073.4 96.92% 38,871
12/14(3h) 13 9,509.6 8,892.4 97.05% 38,039
14 8,312.5 7,580.2 96.50% 33,250
15 7,156.9 5,830.3 93.66% 21,471
16 4,453.5 3,379.1 94.87% 17,814
10 3,201.6 2,923.6 98.67% 12,806
11 4,167.9 4,880.3 96.60% 16,672
12 6,639.7 6,047.1 97.17% 26,559
12/15(s) 13 7,822.8 6,046.5 91.51%
14 7,858.6 9,225.5 87.42%
15 6,227.0 4,016.7 89.44%
16 3,952.1 2,192.2 93.50% 10,656
12 3,263.8 3,449.7 99.11% 13,055
13 4,468.0 3,290.1 94.37% 17,872
12/16(2) 14 5,900.5 2,737.9 86.80%
15 3,955.3 2,153.9 91.39%
16 2,431.4 2,092.6 98.38% 9,725
10 0,044.7 5,683.7 99.34% 22,179
12N73)
11 8,438.8 8,645.9 99.01% 33,755
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12 9,9354 10,142.1 99.01% 39,742
13 11,268.0 9,952.0 93.71% 33,804
14 9,9274 8,691.7 94.10% 39,710
15 7,209.7 6,939.8 98.71% 28,839
16 4,204.6 4,151.7 99.75% 16,818
9 2,120.4 2,776.6 96.86% 8,482
10 6,000.9 6,350.9 98.33% 24,004
11 9,213.9 9,272.3 99.72% 36,856
19/18(%) 12 11,165.7 10,698.9 97.77% 44,663
13 11,084.1 10,371.9 96.60% 44,336
14 9,622.3 8,958.7 96.83% 38,489
15 8,192.2 7,174.6 95.14% 32,769
16 9,032.9 4,366.3 96.81% 20,132
10 4,619.6 5,313.4 96.68% 18,478
11 7,620.7 8,219.3 97.14% 30,483
12 10,932.9 9,743.5 94.32% 43,731
12119() 13 12,489.4 9,685.6 86.60%
14 11,502.9 8,646.7 86.35%
15 9,477.2 7,043.5 88.37%
16 6,034.1 4,331.9 91.87%
10 4,721.8 3,666.3 94.96% 18,887
11 7,954.7 6,218.2 93.61% 22,664
12 9,427.6 7,763.8 92.05% 28,283
12/20(4) 13 9,686.9 7,698.6 90.50%
14 8,975.4 6,039.7 88.36%
15 6,387.2 4,905.0 92.92% 19,162
16 3,083.4 2,718.4 98.26% 12,334
10 4,491.1 4,233.3 98.77% 17,964
11 7,699.9 6,957.6 96.45% 30,800
12218h) 12 9,527.8 8,578.4 95.46% 38,111
13 10,128.1 8,789.0 93.60% 30,384
14 10,039.5 7,983.3 90.17%
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15 7,919.0 6,588.5 93.64% 23,757
16 4,949.7 4,034.0 95.62% 19,799
10 9,967.0 6,165.8 97.14% 22,268
11 8,858.3 9,166.9 98.53% 35,433
12 11,288.8 10,736.3 97.36% 45,155
19/22(2) 13 12,138.3 10,698.1 93.12% 36,415
14 11,378.8 9,533.2 91.18%
15 9,165.8 7,857.3 93.75% 27,497
16 5,632.2 4,928.1 96.64% 22,529
10 4,825.3 5,497.8 96.79% 19,301
11 8,119.9 8,483.1 98.26% 32,480
12 10,508.8 10,077.0 97.94% 42,035
12/23(%) 13 11,302.9 10,055.3 94.04% 45,212
14 10,633.3 8,939.5 91.91%
15 8,502.9 7,261.8 94.07% 34,012
16 5,113.9 4,378.5 96.49% 20,455
10 3,952.2 2,7111.4 95.98% 14,209
11 5,419.4 4,802.0 97.05% 21,677
12/24(2) 12 9,020.6 6,042.6 95.12% 20,082
13 4,847.3 6,091.9 94.05% 19,389
14 3,962.7 5,240.5 93.89% 11,888
15 2,808.4 3,988.7 94.36% 11,233
10 5,975.4 6,033.5 97.81% 22,302
11 9,140.5 9,153.1 99.94% 36,562
12 11,781.1 10,838.1 95.49% 47,124
1225%) 13 12,618.3 10,885.3 91.72%
14 11,857.1 9,866.1 90.49%
15 9,904.2 8,324.5 92.45% 29,712
16 9,939.9 5,408.2 97.46% 23,760
10 5,221.9 6,100.2 95.80% 20,887
12/26(¥)
11 8,415.8 9,257.9 95.98% 33,663
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12 10,796.4 10,996.3 99.04% 43,186
13 11,925.6 10,976.3 95.46% 47,702
14 11,511.0 08727  92.17% 34,533
15 9,350.2 82653  94.77% 37,437
16 5,949.3 53327 97.05% 23,797
10 5,099.0 54813 98.17% 20,396
11 8,234.8 83369  99.27% 32,939
12 10,5010 09756  97.49% 42,004

1227(9) 13 11,593.0 99921  92.35% 34,779
14 9,633.4 88982  96.49% 38,534
15 7,536.3 72948  98.85% 30,145
16 41254 45256  98.09% 16,501
10 4,169.9 54143 94.05% 16,680
11 6,824.8 849%5  92.01% 20,474
12 8,140.3 10,177.1 90.27%

12/283) 13 8,745.6 10,155.7 93.26% 26,237
14 7,375.3 88913  92.76% 22,126
15 5,080.9 70402 90.64%
16 2,960.6 40993 94.60% 11,879
10 3,592.9 36743  99.61% 14,372
11 6,096.7 6,1406  99.79% 24,387
12 7,150.9 76006  97.85% 28,604

Lojaes |13 7,708.3 76951  99.94% 30,833
14 7,530.6 67613  96.32% 30,122
15 5,646.2 52836  98.27% 22,585
16 2,476.9 29648  97.67% 9,907
10 5,497.1 55839  99.50% 21,988
11 9,154.8 85843  97.27% 36,619

1230=) 12 11,109.9 10,174.3 95.53% 44,440
13 11,517.2 09347  92.44% 34,552
14 10,021.7 84861  92.66% 30,065
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15 7,485.1 6,647.3 96.00% 29,940
16 3,321.9 3,894.1 97.27% 13,288
10 5,041.9 6,303.7 93.97% 15,126
11 8,290.2 9,447.8 94.47% 33,161
12 11,279.7 11,168.8 99.47% 45,119
1231(2) 13 12,983.8 11,254.3 91.74%
14 12,432.4 10,224.8 89.45%
15 10,391.6 8,653.9 91.70%
16 6,932.6 5,714.0 94.18% 27,730
17 2,354.1 2,332.9 99.90% 9,416
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A= (%) L% a7 Al FA4D)
1€ 91.35 8.65  1,990.061 4,305,652 430,565 4,736,217
24 93.72 6.28 2,287.611 5,217,756 521,776 5,739,532
3¢ 93.32 6.68 2,341.017 6,033,967 603,397 6,637,364
44 93.15 6.85  2,932.489 6,795,745 679,575 7,475,320
54 93.47 6.03  3,442.005 8,951,951 895,195 9,847,146
6 90.38 9.62 2,426.605 3,859,922 385,992 4,245,914
74 93.10 6.90 2,304.850 5,350,840 535,084 5,885,924
A 17,724.638 40,515,833 4,051,583 44,567,416
B+t 92.64 736  2,532.091 5,787,976 978,798
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A Study on Improving the Prediction

Model of Solar Power Generation

Ju-Hyun UM
Deparkmant Applied Engineering
The Graduate School

Seoul National University

Korea’s Energy-conversion to achieve Net-Zero 1is steadily
underway. In particular, Photovoltaic-resources accounts for about
75% of new and renewable energy in Korea.

Accordingly, various system improvements are underway for KPX
to establish next-day power generation plans through prediction of
new and renewable energy output. Therefore, in this study, I studied
the power prediction model of solar power plant using deep learning

model and ensemble.
Many previous research models for power prediction of photo—voltaic

power plants have been presented, but they have been focused on

demonstration research in limited areas. However, as the power
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prediction project of new and renewable energy is in full swing
recently, an application model that can be applied to various

environments and regions is needed.

This study is a "solar power prediction” study applying a deep
learning model and ensemble and introduces the differences from the
previous renewable energy power prediction study.

First, through Pearson correlation analysis, the most linear weather
forecast was selected by weather forecast information and power
generation analysis.

Second, the algorithm was selected as a random forest based
ensemble model by combining the advantages of deep learning models
such as XGBoost, LSTM and TCN.

Third, through module coating of hydrophilicity and hydrophobicity,
the change in power generation due to environmental changes was
demonstrated and through this predictive accuracy was improved.

Fourth, a plan to improve the accuracy of weather information was
proposed by correcting statistical-based weather forecast errors using
Markov Chain.

Finally, the O&M plan of the power plant was derived through
weather information and prediction and power generation pattern

analysis.

The plant to be demonstrated was carried out by KEPCO SOLAR,

a solar power SPC of KEPCO, and was selected as a qualified
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business operator by participating in the KPX power prediction

demonstration project, and its average accuracy is 92~93%.
In the future, the renewable energy power market system is
improving a lot, so it is believed that this research case will be a

way to maximize the profits of solar power generation operators.

Key words: solar power output prediction, deep learning,

ensemble, weather information correction, module coating
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