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ABSTRACT

This paper conducted a study to derive the predicted value of power generation based on the renewable energy generation
data. In order to measure the power generation, multivariate variables such as power generation data and environmental data
of renewable energy were measured. In order to secure the stability and reliability of the measured values, preprocessing was
performed using the ARIMA (Auto Regressive Integrated Moving Average) model. In order to predict the power generation of
renewable energy, the power generation was measured using the LSTM-Autoencoder combination model, a deep learning
model, and the long-term dependency learning method of each multivariate variable was used to increase the prediction
accuracy. The trend of environmental variables using refined data was more stable when the existing data were used as it
was, and the accuracy of about 94% was measured by improving the renewable energy generation prediction algorithm by
using only the highly correlated variable among the multivariate variables by reflecting the results of the correlation analysis.

7IHE

Renewable energy, Regression Model, ARIMA, Deep Learing, LSTM, Autoencoder
A=A, 89 2, olgw}, oY, do2Eq), S EIAT

[*}

~ TH Sty 2FE S T

o

+ Received : Oct. 30, 2024, Revised : Nov. 21, 2024, Accepted : Dec. 12, 2024

(pgh6151 @naver.com) + Corresponding Author : Jong-Chan Kim
o WAKMKL: MR HFE S Dept. Sunchon National University,

M o+ o 2024.10. 0 Email : seaghost@scnu.ac.kr
cEyetged 2024 11, 21

AR = 2024, 12, 12

1225




JKIECS, vol. 19, no. 06, 1225-1230, 2024

(A

i

A A= Aol A] A&EH 02 FHE
A AAE ARGt AEE Aakske o
gt A dA = ol mAE GEgs HA
AR oJEd= 7|EY duyA ALk H
A& ThsAel A Ay oyA] sl Fag
T g},

T Ulo A= RE100(Renewable Energy 100%) 3%
94S A FAAYI A= Sl wek Al
YA F8v gastal ok 7I9E w13 A=A
o] A8 u A 2H(PPA:Power Purchase Agreement)<
g AR FEA GERE 3 24l AUk
[11. 7IHEe] AEgA AAHA B2 7119 ¢
o3} AAwm JFAQd EYgs AsiA Al A9
A Arbe QoA dSHa A Hojok st

L)

2

of =l ot

© o b
e e

ol oX o2

ol
-

& o|rgeh2-4]
i) AL

fo
of

S 93 LSTM¥} Autoencoder A3t
t}. LSTM-Autoencoder 27 9S
o}
_%_

of i
o
2

A SQEES Bl S,

-

T334 Foh. Autoencoder= ¥E A
tolH Y Y& AP eZ bEslal vlolH
& FZ3) o]2ldk Autoencoders AlAIE o]
AQLA, 38 59 EAHE &85t =5 Hst

IR R S-S ()
oy 10 oX gR oY o et o

o

I, Zh2 o+t

21 AIAQ Hleolg 9 FAEY 7| A5

FARNE F ) ool WA 119 WAE BRI

1226

ot
Mo oo o &

staL £ ek 7otk AAIE HolE = A3kl

e Sl mel F4, 54 F712 wEse A
AAA, oA Azrel delelt @A dlelele] B3
AE A7) G 5o 54 T gk dA%

(B
>
)
lo

AAE dolEE &8¢ 3784 U
A(Simple  Regression), =255 3] (Multiple
Regression),  ARIMA(AutoRegreesive  Integrated
Moving Average) &°] EA3 W A= G
o A IHAE A&t A7h #5gE Ale] BAE
Hagsls BAS HAARE AAE dolE e Eiel
E4& wdstrlol= A o] EASH5-101.

0 37 A2 ol @ a3 WAS ANAds
of o¥f 7o) =HWsE ARgste] Al fGE 5T
= AR AAE e o 7 Wl dAb
g 2k, FE 5o @uas Mg wdE 1
HAE b5 A% A= 18T 5 gtk

2.2 LSTMS &8¢ 45 ¢dxdF

Hgd g dHolH = AAE dlolEe] dFo
AAE HolH o] el 52 3 Ao 25E HolE <
T¥E SEd AL Ites vy Azl Wes
ok e SRR vk dJede SR gl 14
IS ZAE sidshe b AT == A ga
siem], 55 AIAE el oS 3 FA &85
Held gadES SAVN A4S PAET 2 A4S
ALE=S ATk AAL Holg Sl dHeids
gt AL AR EAS 2 mdY T 5 9
ot

P,

a2l 1. o &0 €85+= LSTM #+=
Fig. 1 LSTM structure used for prediction

O 18 o3 g85E 71EA LSTM 1725
veRith LSTM(Long Short-Term Memory)S =%k



1227

[e) é_l_ L
STM-Autoencoder

=9
- =

QAR A of

35
wrowAmﬂ ~ 7 %
S B
;xma%or H%H‘ME_E%E
A B o " 5 o MEO ploRr o om
W J.Arﬂazﬁo ,m@moiE
uumwn_]% o & ﬂﬂoﬂﬁ 22
' A oEoﬂ
N Ea &a @m ™ m iﬂ WJ QL ‘ZIE AE oF Mo T 5
Vﬂ%xo‘w_ﬂllewrﬁLﬁqul 5 @ = =
~ T %o ‘U| o ) N~ G — Eﬁ ) oX @ = W
&y ﬂﬂﬂzﬂoﬂ%mﬂmﬁwﬂmﬁ@o*» ] 5 MIw® R R R
el = yJI wm = s ]]XJl
Q%ﬂ%%@%?%1%%%&%% _ 2 wwﬁw zwuuH%M@@r
ol o = ;oﬂm_zﬁawﬂorﬂ ]:lﬂ_._.oe H I T o % mE,_tl;o o TR
— — o.._o — By fonc ja; T X ol JI]E
T H oW o =l ~ " 2 bl o) — 8o K C N =~ LlJl‘mﬂﬂl X
H@rﬂ@a%W;ﬂ%%@Amﬂi% oz g gaﬂpoﬂr.mﬂ_ﬂ_ma ﬂmﬂoﬁf
N oy il .m0 : _ W BT G -
= ?uoog#%ao%ﬁﬁMﬂ@ﬂtﬂﬂ T S Emr%%wma @rﬂ%ﬂ%
mﬂQM%ﬂ@FE@ﬂMAMMﬂWﬂ& S = ﬂoﬂ@rwﬂw%ﬁﬂﬁoﬂﬂ
oi]ﬂ%mﬁ;t&.aﬂmﬂmazﬁﬂ Wmlﬂrowﬂl‘_i mam J_HH._duMmﬂ,mam,ﬂm;momﬂ]eovﬂL
=N o= —_ wlxl
BT LT ﬁegﬂoﬁeﬁm@@rng { o e BT o =T T E
= = it =3 Jo = <k = A oy — S ~ R i
e ) ﬁooﬁm,x ]_%OMME. B = S oo = o T =
%ﬂﬂ.%MMﬂuﬁwmﬂuﬂmE R 3 g ﬁoﬂaaau x ﬂuNﬂE
NS T Rk S 27 Sz FETET o
ma]]ﬂlibxﬂJﬂ]u ogATEOJ.o,_oa = 1.__oﬂaﬂw]1m D xr ®
S — "T 70 = & £ ®A = 2 TR &
% = @ATQL&;&Q@%} o g R TE_xﬂA1moo}§
TS = e Vﬂﬂa% “““““““““““““ - @uuto} oo B
— N o E@xmﬂﬁ PR ml - oD o > b H oo
wﬁomﬂﬂnﬂ} dovwamﬁWE? — A g %ﬂmﬂ@w‘?&nﬂrﬂwﬁ
oK = D o _ R : =] 3 plo = ooy s =
E].»%@P | ol 1 N Z@M%uaﬁoﬂwpmdr%moi
24?7ﬂx Mﬂaﬁ%ﬁ D - ® LEV@HJEQ
R T g o Tﬂ_zizoi i lme#aﬂmﬁomﬂuﬂ&oqomﬁ
im oEﬂ_#o Bmﬁ W %o - WJEI,]QWQO ﬂeﬂﬂlﬁ
]ﬂrmovuaﬁe T %ﬂﬁ&%] o o N o”mo% —
X roalicay = ﬂ,r.o#amwm g . o - ol <) = B r = o Ho o 4uwo€
LT 2 v LEL T = @ﬂ;ﬂ@ﬂﬂmmﬂ - CrRRIRED
ﬂw% & 2 RO w oF i@ﬂxoef@ure@ B E < SO
wmmmo%]o WOE71@| ol ﬂqnmoaoq %maﬁ n_rmﬂaﬂA,moﬂ
Wnﬂiwqwrwm %]F&MMM K ddﬂlﬁ.?egﬂw_w%w@ ﬂEH%M@ T o B
s TR ME S s 2 o B T b g » T=5"5% o %
i%&ﬁ_ﬂﬂomﬂ www,%m 53 ATﬂ;Hoﬂ@mE&gEm% i @
@MW;&QEE ST o & M@C;o%dﬂgw%%mwﬂ.%%é@ a5
o —_ . -~ ;_ —
o T = 3 SR T RS = iy @rﬂooﬂﬁﬁw i T ﬂﬂgo
o) o il o N i = W B X | = = o 45 L
A.ﬂaﬁ%ﬂ 25 ool 2 %ﬂﬂ@%ﬂ%m%w%%oﬂﬁqa% TR
° o = = Wy = 5 — ~ =0 2 3n AT ~X o] =y K o ) 17@1113
)%%%ﬁﬂ 5 s - K S thﬂ 3 ca-a [ X T
AEhEL siEyle £ %g%m%%@c@wﬂ%%mu T
(ut,ma ° 7 o o S ow o WS mme %o O T 0 o KA { Lao#ahoﬂﬂ _o|d.,|9|ﬂ_ﬂ
FwE Ll Mg%m_,om 2 AO_L;&ﬂ?mﬂm%%%oﬁ%ﬂ%%% =T L
— X 0 - T K- —_— - N _—
mo My < = = .I_.a el N~ = T N o T o= e £ it ERPNG = Bo ] P = 5k )
<4 o = 8 . LGS K I Tn V‘LILah.V iy H‘Iﬁr\l_l‘lll JETy —
OCJIFMBUWM\UIB a‘Xl,o|‘m\M . ﬂ.MOEEFL mm_/mdAle_lﬂ‘_lrL;odlMﬂoE‘Ul. ﬁﬂoﬂAu
s o T Ny = nanoO#L__ohm<ﬂw.&woar.ﬂ;oaC_a@ Rwx ™
Hon 3T mLue?@ﬂﬁavuaoLAToo}ﬁaﬁoAT ]uaﬂh
< — o° X T ol e E} = 9 = ed o X !
mE o o = T W & g w g Z s
™o ES_JI ol BT_ OO R ‘_IWWL B ‘HOH.L_ZH\_?‘LI .,w\m_o‘a‘m
.._C‘%OLIZL H‘F o,ﬂ —_ d|‘|;o =
zaoar.f%ﬂq.%_tﬂum G . w
urmﬂﬂexoﬁ%éﬂu? ﬂn%ﬁ.&o
b W_E&]oﬂ% dy o o~ N B0
W K] e I SAT n
oo N HaL
T



JKIECS, vol. 19, no. 06, 1225-1230, 2024

3.3 LSTM-Autoencoder 2% =&
Autoencoder®t LSTMS &-83F Zgtrd
a2 &89S o EARES dMAs)
Aule] e, 34 W T o oF g
S B HYgE AR o5 dagEd

R rlo
tjo
23

o,
o 2
L

Jm

Input Timeseries Output Timeseries

3 Vi N %
Bottleneck E
RepeatVet;gor

Decoder

S-Hunr
SH4nr

Encoder

2] 3. LSTM-Autoencoder ZeH= & M +=

Fig. 3 LSTM-Autoencoder Combined Model Full
Structure

LSTM3} Autoencoder& 2
deole] A #HAoltt LSTM 22S &
Autoencoder9] encoder F#< AEsto 4H
o]-zo]_o:] 327 9]

o OHH E]'/‘]
A3 e %%t fIolels sl %3
g LSTM 22 &

E
g
jon)
(@)
(@]
[a N
Q
o 2

T o=
B =R A= Autoencdoer TZE 83 A A
Uze]l B dSo] s dFsith s, AAE
ol oZe] AE3d HdsE& Hole= LSTM(Long

pid [e)

Short*Term Memory)JJr Autoencoder®] ZAdtr S
A2
[}

goto] B WAL Sk PHES AT
c}. LSTME A2 dlo|elg Aelsha 7] o124
& Guse d A RE8W TR AT A3

1228

91011

=3 Autoencoder

1] U]— o]
SEE
ATt

Ak A

ZE 7]

t}. Encoder H-EolA+=

88}l

Fropol
o oot ok

LSTM
72t}

]

=
o2
)

2,

o

4o ©
I o o

N
N
of
ol
2
o 1
oy o
of
ol
rir
=
>
rd oo M
il
B
s

ok
2E’>’~1, el o]

o,

(seasonality) ¥} =4
|

ARHA GRaAE 2

ot
o

Ry
4 = xo

)
o
: |
Lot

2
)
=
e
i)
i
o
o
ol
oy ot N
gg

i)
)
o
o M
i)

etdl o] o}7)8lx = Autoencoder® T
Ho 2 3le]) Encoder$t Decoder® 1484
T 719 LSTM #lolol& A

%293 ERuLS =Z51

-

4 dHol”Ho F
o= Bae AL HelHE o 7ash)
_9_6]— Z%Hoﬂ =3 2= o]\:%

"= T s
o]% Decoder HwolMde= Al F 719
g ojol & A&ate] tlolEE Hdste HAS
o] &g AN HolEe A4
|(trend)& A3k, °1&
AFS o3 %‘45}.

=] r_rEZ

o

|

mm@m%oz

=2

g5 Rde LSTM¥ Autoencoderd] AR P S
g8t dES APk 71EAR o7 e A -?-_JZ_
= AA4E delHE d™@e® 7hx¢ LSTM=
§3to] dloje o] SRS YFate] QI er Olwﬂ
AHEEE LSTM Layere= 7 719 LSTM Layers
ARg-ghtt

A WA LSTM 9159 Layerol= e B 2
o] &g Hesta + HA LSTM Layere U3Ed
H 4F WEEs E93h o|%F decoder FEONA L]

&

9} encoder?] &

< WESa dHEyE JEE wol EE B 29
=88 wHEsith

5 WA decoder®] LSTM Layerol A+ 2 WA
Layer?] Z#& zdutol B5 AAAE =3t}
o] §Jgy =99 doly Alolzxe FYUstA W
sty o714 LSTME A7]7]19 Layers %34
eSS BYste e et =1 dEste



A2 WA HE o &S 9§ LSTM-Autoencoder

oA dESHE AAES &S 5 A Aok
LSTM-Autoencoder 23 o= Zds H7lsh7]
$18l-= Mean Absolute Error(MAE), Root Mean
Square Error(RMSE), Mean Absolute Percentage
Error(MAPE) 5 AH&-3t] AEEE Mgt

42 49 2%
¥ =Rl AE LSTM AR 23ede 73651
AAG dole o 457k ABer,

3 4 MMAUR F efeFY LM HlolEE
283 o5 27 2=

Fig. 4 Graph of prediction results using solar power
generation data among renewable energy

a9 4= B wRdAe) i3 ndo] £EF o3

A3 AA @) AE A 2 ARl Hel
4 FAS} AR e

Sri of 0%z ERHA,

A2 QBABAD 7149 EHA AL B
Q) RopA HAL AHAOT qla, B3 ) F Rof
e 1 Pl Frean. e FueFe
gl el derstel B AU olsta
Mg Es FEe 2% g, ol /1Ee §
A7 62 et HATA NG A o B A
Feg AZHT Yk Wed BRES 53 AAD
dolElst olulA Holelst e B T dol
B8 Adstan BAsE o ol 452 Wil
Qa, AZ3 BF 5 B B4 A2 ol 2 3

1
T
T

o

ﬁ
Jz
dr = Jo
o o fU

LN
N
r1rﬁ1—4
o2 m o

=
o
2
o 2
o

N m.lg]

ot o
o (& rlo mo oZ

ox
L

o
N
é .
=2

offl
oXx
o
=2
L oM.
HO
rE
offl
oX

RS
dg
o
frtl
ik
ofo
_orL
rir

= i
AakS Qe He WA v BldE
AR Eofof gt}

¥ o= LSTM-Autoencoder A% R4S 53
g AT dFo ALEE Eole FA
AFH S AT /W VEs Al

o} I
g =gz g oz B4, Aol WE
g

0, o oX Of 2
to ¢ (o rr oz

References

[1] D. Kim, C. Park J. Park & J. Roh, “An
Analytical Approach for Transmission
Use-of-System Charges for a Renewable Energy
Power Purchase Agreement,” The Transactions of
the Korean Institute of Electrical Engineers, vol.
72, no. 7, 2023, pp. 801-808.
https:/ /doi.org/10.5370/ KIEE.2023.72.7.801.

[2] O. Kwon, S. Kim & S. Song, “Status and Cases
of Wind Power Curtailment of Overseas Grid
Operator with a High Penetration of Wind Power
Generation,” Proceedings of the Korean Institute
of Electrical Engineers Conference, 2018, pp.
906-907.
https://doi.org/10.1016/j.rser.2016.06.082.

[3] C. Lee, Y. Kim & S. Kim, “Minimization of
Renewable Energy Output Limits and Reduction
Methods,” Journal of the Korean Institute of
Iluminating and Electrical Installation Engineers,
vol. 33, no. 12, 2019, pp. 41-48
http:/ /dx.doi.org/10.5207/JIEIE.2019.33.12.041.

[4] Y. Yang, S. Bremner, C. Menictas & M. Kay,
“Battery energy storage system size determination
in renewable energy systems: A review,”

1229



JKIECS, vol. 19, no. 06, 1225-1230, 2024

Renewable and Sustainable Energy Reviews, vol.
91, 2018, pp. 109-125.
https://doi.org/10.1016/j.rser.2018.03.047.

[5] W. Kim, K. Kim, J. Lee & H. Lee, “Linear,
Non-Linear and Time Series Model Verification
for Forecasting the Change of Grade Increase
Applicants-Focusing  on  Gyeonggi  Region,”
Kukkiwon Taekwondo Research, vol. 8, no. 1,
2017, pp. 169-190
https:/ /doi.org/10.24881/tjk.2017.8.1.169.

[6] S. Kim, Y. Lee, R. Kim, S. Seo & G. Ryu, “An
Incremental Regression Model for Time Series
Data Prediction,” Proceedings of the 25th Spring
Conference of the Korea Information Processing
Society, 2006, vol. 13, no.1, pp. 23-26.

[7] R. Shumway & D.Stoffer, “ARIMA models,” Time
series analysis and its applications, pp. 75-163,
2017.
https://doi.org/10.1007 /978-3-319-52452-8_3.

[8] K. Kalpakis, D. Gada & V. Puttagunta, “Distance
Measures for Effective Clustering of ARIMA
Time-Series,” Proceedings 2001 IEEE international
conference on data mining, I[EEE, 2001, pp.
273-280
https:/ /doi.org/10.1109/1CDM.2001.989529.

[9] D. Lee, A. Jung, J. Kim, C. Kim, H Kim & Y.
Lee, “Solar Power Generation Forecast Model
Using Seasonal ARIMA,” Journal of the Korean
Solar Energy Society, , 2019, vol. 39, no. 3, pp.
59-66.
https://doi.org/10.7836/ kses.2019.39.3.059.

[10] H. Jeong, S. Hong, J. Jeon, S. Lim, J. Kim, H
Park & C. Park, “A Research of Prediction of
Photovoltaic Power using SARIMA Model,”
Journal of Korea Multimedia Society, vol. 25,
no. 1, 2022, pp. 82-91.
https:/ /doi.org/10.9717 / kmms.2022.25.1.082.

[11] L. Wang, M. Mao, J. Xie, Z. Liao & H. Zhang,
“Accurate solar PV power prediction interval
method based on frequency-domain
decomposition and LSTM model,” Energy, vol.
262, 2023, pp. 1-18.
https:/ /doi.org/10.1016/j.energy.2022.125592.

[12] F. Altche & A. Fortelle, “An LSTM Network for
Highway Trajectory Prediction,” 2017 IEEE 20th
international conference on intelligent
transportation systems (ITSC), IEEE, 2017.
https:/ /doi.org/10.1109/1TSC.2017.8317913.

1230

[13] A. Djaafari, A. Ibrahim, N. Bailek, K
Bouchouicha, M. Hassan, Alban Kuriqi, Nadhir
Al-Ansari & El-Sayed M. El-Kenawy, “Hourly
predictions of direct normal irradiation using an
innovative hybrid LSTM model for concentrating
solar power projects in hyper-arid regions,”
Energy Reports, vol. 8, pp. 15548-15562, 2022,
https://doi.org/10.1016/j.egyr.2022.10.402.

[14] L. Ren, ]J. Dong, X. Wang, Z. Meng, L. Zhao &
M. Deen, “A Data-Driven Auto-CNN-LSTM
Prediction Model for Lithium-lon Battery
Remaining Useful Life,” IEEE Transactions on
Industrial Informatics, vol. 17, no. 5, 2020, pp.
3478-3487.
https:/ / doi.org/10.1109/TI1.2020.3008223.

SN |

Ht215H(Gun-Ha Park)

20034 wAThsta 7 Foka)

l . E(FHh)

=i

0239 ~@AA AN tete A FE e
A EHE LA AD)
% PARCE  ABAE, AFEMD, AA F4,

] E1 H/H tﬂ o:]]

€

Z9](0]EA})
20029 = digta skl A5
x B35} Z)(o] 44

20079 wHdgstn gietd AFE gty (0]
é‘l—Hl—/\]_)
20134 Al-gdigtal 24538t Al2E A Al
T4
2021 ~d A st Zj%adg—a}i Z s
s FAEoR 1 GA e, HCIL 9=, HA5FEH 1)
o 7 A, A FH, 74#TE1H] !

)
EE

ZU=ZHJong-Chan Kim)

2000 <=Hdistn 7 3Fe] vt





