a OPEN ACCESS

Journal of the Korean Solar Energy Society
Vol.39, No.6, pp.113-125, December 2019
https://doi.org/10.7836/kses.2019.39.6.113

pISSN & 1598-6411
elSSN : 2508-3562

Received: 03 October 2019
Revised: 24 December 2019

Accepted: 26 December 2019

Copyright © Korean Solar Energy Society

This is an Open-Access article distributed under
the terms of the Creative Commons Attribution
NonCommercial License which permits unrestricted
non-commercial use, distribution, and reproduction
in any medium, provided the original work is
properly cited.

ARTICLE

Gompertz 2412 0|25} H|AM3 UA 2Rkt
Yz ol 2

Zmy - ol Wapsb} B2EE - JA| - B - 2AY - PER

BRI 7| ST AL R HBME], HQoi el
“*Higher Polytechnic School, University of Lleida, Lleida, Spain
TSRO 7| S AT ARl L 2|AHR - HRAIE], Helei el

Non-linear Regression Model Between Solar
Irradiation and PV Power Generation by Using
Gompertz Curve

Kim Boyoung" - Alba Vilanova Cortezon™ * Kim Chang Ki* + Kang Yong-Heack™*"

Yun Chang-Yeol* « Kim Hyung-Goo™***
*Senior Researcher, New & Renewable Energy Resource & Policy Center, Korea Institute of Energy
Research

“*Higher Polytechnic School, University of Lleida, Lleida, Spain

“*Principal Researcher, New & Renewable Energy Resource & Policy Center, Korea Institute of Energy
Research, Senior Researcher

T Corresponding author: hyungoo@kier.re.kr

Abstract

With the opening of the small power brokerage business market in December 2018, the small
power trading market has started in Korea. Operators must submit the day-ahead estimates of
power output and receive incentives based on its accuracy. Therefore, the accuracy of power
generation forecasts is directly affects profits of the operators. The forecasting process for
power generation can be divided into two procedure. The first is to forecast solar irradiation and
the second is to transform forecasted solar irradiation into power generation. There are two
methods for transformation. One is to simulate with physical model, and another is to use
regression model. In this study, we found the best-fit regression model by analyzing hourly data
of PV output and solar irradiation data during three years for 242 PV plants in Korea. The best
model was not a linear model, but a sigmoidal model and specifically a Gompertz model. The
combined linear regression and Gompertz curve was proposed because a the curve has non-zero
y-intercept. As the result, R* and RMSE between observed data and the curve was significantly
reduced.
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AIC  : Akaike Information Criterion

AMGO : Adjusted Metered Generation Output (MWh)

CA  : Capacity (MW)

GHI  : Global Horizontal Irradiation (W/m?)

KIER : Korea Institute of energy Research

RMSE : relative Root Mean Square Error

SS : Sum of Squares

UASIBS : University of Arizona Solar Irradiance Based on Satellite
W(z) : Lambert W-function

SfaAt

meet : interception point
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Fig. 1 The position of selected PV plants sites for regression
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ofl BABIATE. AEke 2 4ol 1A7HESt g4 s Bl ek vehfi, AMGO (Adjusted
Metered Generation Output)i?._ F7|5F1 MWhe] 9ol 71211 9Jth, B Aol = Ageke Aslsh|
18l AMGOE T4 85F CA (Capacity) 2 UAro] AF8s1Tt

Table 1 Number of selected sites

Province Total Selected
Jeollanam-do 209 82
Jeollabuk-do 71 28

Gyeongsangnam-do 61 24
Gyeongsangbuk-do 85 34
Chungcheongnam-do 33 13
Chungcheongbuk-do 13 6
Gyeonggi-do 26 11
Gangwon-do 23 9
Jeju-do 34 14

Seoul 5 2
Incheon 8 4
Sejong 1 1
Daejeon 5 2
Daegu 5 2
Gwangju 8 4
Ulsan 1 1

Busan 11 5
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Fig. 3 GHI-AMGO/CA scatter plot of Mirae solar plant (left) and Gangwon solar park plant (right) during 2014-2016
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Table 2 Selected models for regression analysis

Name Equation
Linear y=azx+b
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. . = a
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Table 3 AIC values for Gangwon solar park

Name AIC
Gompertz -48837.52
Richards -48835.39
Weibull -48827.71
MMF -48808.06
Logistic -48654.72
Ratkowsky -48654.72
Linear -47075.28
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Fig. 5 Gompertz, MMF, Linear model for Gangwon solar park
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Table 4 Selected models for regression analysis

Ranking  No.ofIst No.of2nd No.of3rd No.ofdth No.of5th No.of6th  No.of 7th ﬁ:ﬁf{?ﬁ;
Gompertz 164 35 41 1 1 0 0 1.51
MMF 41 89 25 34 6 17 30 3.19
Weibull 24 51 52 105 4 6 0 3.13
Richards 9 59 98 44 0 32 3.39
Logistic 2 19 39 177 | 0 46
Ratkowsky 0 2 3 14 43 180 0 5.64
Linear 2 4 5 1 38 180 6.53
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Fig. 6 Gompertz model for all 242 sites (a = 0.761, b= 1.083, ¢ = 0.00411)
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Fig. 7 Combined model for all 242 sites (¢ = 0.761, b = 1.083, ¢ = 0.00411, d = 0.00103) The dotted line represents
linear section and the solid line represents Gompertz curve.
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Table 5 Selected models for regression analysis

Model Linear Gompertz Combined
R? 0.809 0.831 0.831

RMSE 0.105 0.099 0.099

MBE 0.0789 0.0735 0.0730
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