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ABSTRACT 1n 2023, renewable energy accounted for 18.2% of Jeju Island’s electricity demand; however, the continuous expansion
of solar and wind power has also resulted in a rapid increase in power curtailment. Expanding renewable energy dissemination and
achieving a “Carbon-Free Juju Island” by 2035 requires distributed energy management based on virtual power plants (VPPs) and
improved accuracy of short-term load forecasting (STLF), which is the core technology of VPPs. This study conducted a 24-h
advanced electricity load forecasting for 13 years (2010-2022) to identify the correction effect of behind-the-meter (BTM) solar
power, a major factor in power demand distortion on Jeju Island. The generalized additive model (GAM), which is an extension of a
regression model that considers nonlinear factors, was used as the prediction model to distinguish the temperature effect and weekday
—-weekend characteristics. Because BTM solar power generation had to be estimated using limited data, we assumed that the solar
power generation pattern is the same across Jeju Island, further confirming that the prediction accuracy improved when the BTM solar
power was corrected. The mean absolute percentage error (MAPE) decreased from 4.4% to 3.9%, and root mean-square error (RMSE)
decreased from 37.9 to 35.2 MW.

Key words Load forecasting(-5}94|Z), Behind-the-Meter(BTM; B] A %), Jeju Island(A| 5= 1=), Generalized Additive Model(GAM; &
HIS}7RH ), Virtual Power Plant(VPP; 7FAMEEA 4)

LME

1) Director, Renewable Energy Institute, Korea Institute of Energy
Research

2) Chief, Renewable Energy Big Data Laboratory, Korea Institute of
Energy Research

3) Senior Researcher, Renewable Energy Big Data Laboratory,
Korea Institute of Energy Research

4) Chief, Electric Power System Laboratory, Korea Institute of
Energy Research

5) Principal Researcher, Electric Power System Laboratory, Korea
Institute of Energy Research

*Corresponding author: hyungoo@kier.re.kr
Tel: +82-42-860-3376

AFEo= 20239 7|5 gokg 633 MW, 28 418
MWe] ¥ dn]7t HagEo] A7 Ae3H9 18.2%5 ©
FokaL Qlek, AlFeo] 5k F 24 Y42+ 600 MW
TolBR A bl B S0l At E wi=
BloFgnte g Me4=8.9] 100% s+°] 7Fssich Rt =
e Ao Al AU R Y A vk
ZEAgto] E71usict, AA|R 20239 BjE 643, &
1173]9] ZgAgte] AAE|lom AR Hgo]
ool w2t SAIRH Hee wid F7FskaL Sl

J

m

AW

Copyright (©) 2025 by the New & Renewable Energy
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.



AFEs Ao HR] 7 GW BEgS EFso] 20357}
A “BtA §l+= A(CFI: Carbon Free Island)”2 GAI5H
th A21S 20241 59U W3t up glet

A= oln] ZYAIE £A12 2 glo] A& A
Aol 2] B2 o]l Aol o] 2%t} o]of w2t “A|10
Al g7 241 (20234 19) o= AlFE A A<
FAsE YJsf 202697F4] BESS 300 MWhE Eg3l=
Algo] 3= glom, “FAtUA] 2443t S (2024
69)” Aldfol] T2 AU R E4F A& =7 Folrt,

AR B4R 2 Y =H BgAdo] vl & A Agey
A& EFe thofet B Yo AE Sudas
FFstofof gt ojuf =AYV FAAEE TS
of| & A|0]-243}7] Y3t 7FAPEA A (VPP; Virtual Power
Plant) 7|<°] Za3}c},

SHH VPPl A] =2 AH dlSA] U] AISFHBTM; Beyond—
the—Meter) AR = Q932 WY 71 A Hct, &
A= 20239 A=) 8RR 1,919 MwolH o]F
AR} B FE-2 443 MW, AR B3 (PPA 23hH)2
190 MW= B} %3 2d-g-5F2] 1/30] u| Al ejogagolct.

Fig. 122 Al5% Ag4=0 0] Y3} -2 BA% 1
IR 2015FE Ejekgo] 2AH 0" HEy] AlZst
o] 2022 ofl= 645 MW= F71s13loH, o]of whe} g
H(duck curve) @/Jo] 4l3tE|o] a4 HE4Q AAF2
106 MWE Yepsdth g 20224 AFE Hdgsas
Z|4~ 400 MWollA] Z[tf 1,100 MW S=<20]ct,

AYee0] Waks e off "t gls 7S 418

© AT ARl =g 8 e v o Habrt

-

900

@
g

Electric Dermand (MW

g B
/71
‘\7

500

0 2 4 B g 10 12 14 16 18 20 22
Hour

— 2022 2021 2020 2019 2018 2017 w2016

Fig. 1. Hourly electricity demand of Jejudo in March (2016—
2022; Trend corrected)
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Fig. 3. Accumulated PV capacity in Jejudo (MW)
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Table 1. Prediction errors of the electricity demand in Jejudo by year

w/o BTM correction w/ BTM correction
Train period Test period
MAPE (%) RMSE (MW) MAPE (%) RMSE (MW)

2007.01.01-2009.12. 31 2010 5.1% 27.2
2008,01,01-2010.12,31 2011 3.9% 21.5
2009,01,01—-2011,12, 31 2012 4.1% 23.9
2010,01,01-2012,12, 31 2013 3.3% 24.9
2011.01.01-2013.12.31 2014 6.4% 40.9
2012.01.01-2014.12. 31 2015 4.8% 30.9 4.8% 30.8
2013.01,01-2015,12.31 2016 3.7% 33.4 3.6% 33.5
2014.01,01-2016,12. 31 2017 4.4% 38.3 4.2% 37.7
2015,01,01-2017.12,31 2018 3.8% 36.4 3.7% 36.1
2016,01,01-2018,12, 31 2019 3.6% 32.3 3.3% 30.9
2017.01,01-2019,12.31 2020 4.2% 36.7 3.8% 35.1
2018,01,01-2020,12, 31 2021 5.0% 42.8 3.5% 33.7
2019.01.01-2021.12.31 2022 5.6% 52.3 4.1% 43.8

Average 20156~2022 4.4% 37.9 3.9% 35.2
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Table 2. Prediction errors of the load by period in 2021

; w/o BTM correction w/ BTM correction
Perod IAPE (%) | RVISE (W) | MAPE (%) | RMSE (MW)
Spring 6.4 47.3 3.6 31.4

Summer 3.9 31.2 2.9 26.9
Autumn 4.3 33.6 2.6 24.5
Winter 6.0 53.4 4.8 45.9
Weekdays 4.9 42.8 3.4 33.8
Weekends 5.4 42.7 3.9 33.1
Average 5.1 41,4 3.5 32.2
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