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Multiple Linear Regression Analysis of PV Power Forecasting for Evaluation
and Selection of Suitable PV Sites

Heo, Jae', Park, Bumsoo', Kim, Byungil?, Han, SangUk"
"Department of Civil and Environmental Engineering, Hanyang University
“Department of Civil Engineering, Andong Nataional University

Abstract : The estimation of available solar energy at particular locations is critical to find and assess suitable locations
of PV sites, The amount of PV power generation is however affected by various geographical factors (e.g., weather),
which may make it difficult to identify the complex relationship between affecting factors and power outputs and to
apply findings from one study to another in different locations, This study thus undertakes a regression analysis using
data collected from 172 PV plants spatially distributed in Korea to identify critical weather conditions and estimate the
potential power generation of PV systems, Such data also include solar radiation, precipitation, fine dust, humidity,
temperature, cloud amount, sunshine duration, and wind speed, The estimated PV power generation is then compared
to the actual PV power generation to evaluate prediction performance, As a result, the proposed model achieves a
MAPE of 11,696(%) and an R—squred of 0,979, It is also found that the variables, excluding humidity, are all statistically
significant in predicting the efficiency of PV power generation, According, this study may facilitate the understanding of
what weather conditions can be considered and the estimation of PV power generation for evaluating and determining
suitable locations of PV facilities,
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Table 1. Summary of previous studies on PV output forecasting

il Forecasting I_:orecas_tlng -
model time horizon
Capacity, radiation, module
Noh et al., | Empirical |Daily, Weekly, | temperature, outdoor temperature,
2013 method Monthly average temperature, loss
coefficient
Song et Neural Wind speed, wind direction,
9 network | Daily, Monthly | temperature, humidity, prediction
al., 2014 ) )
algorithm days and time
Chaetal., rngézt?/on Dail radiation, sunshine time, amount
o014 | P Y of cloud, latitude, altitude
model
Support amount of cloud, wind speed,
Lee and e rZSSion Dail sky condition, relative humidity,
Kim. 2016 9 Y temperature, wind direction,
model o L o
radiation, precipitaion probability
Yang and M.ultlp\e land area, land use,
linear Annual .
An. 2018 . main aspect angle
regression
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Fig. 1. Overview of data organization with sample data
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Table 2. variables for developing an estimation model of PV outputs

Title of
Division explanatory Characteristics
variable
Dependent Generation PV outputs / Capacity (h) Comparison of
variables efficiency amount of facilities to monthly PV outputs
Precipitation Monthly cumulative precipitation (mm)
Fine dust Monthly average‘ of daily f\r;e dust
concentration (zg/m°
Humidity Monthly average of daily relative humidity (%)
Temperature Monthly average of daily temperature (C)
independent A o for cloud o ok
variables | Amount of wind | AV€™@9€ monthly or cloud area across the sky
of an observation site (1~10)
Sunshine time | Monthly average of cumulative shine time (hr)
Wind speed Monthly average of 24 hours of wind speed
(m/s)
Solar radiation Mwh/m?
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Fig. 2. A histogram of PV generation output
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Table 3. Result of variance analysis

Modsl | coiares | hasdom | sauare | F | prvae
Regression | 3380276801 | 8  |422534.600| 2087.428 | .000°
Residuals | 1263295798 | 6241 | 202.419

Totel | 4643572.509 | 6249

% Dependent variables: Generation efficiency
Prediction values: (constant), solar radiation, Amount of cloud, fine
dust, humidity, precipitation, sunshine time, wind speed, temperature
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Table 4. The result of parameters and variables in PV power
output estimating model

Explanatory Nonstandardized Std.
variables Coefficients Coefficient
Model B Std. Error B t p- value
Solar radiation 0.496 0.009 0.911 55.953 0.000
Temperature | —0.536 0.051 —-0.185 | —10.429 | 0.000
©| Wind speed | —3.061 0.284 -0.076 | —10.771 | 0.000
% Amounof | 362 | 024 | -0814 | -19.651 | 0000
; Precipitation | —0.033 0.003 -0.108 | —11.726 | 0.000
éhi Sunshine time | 0.144 0.009 0.236 15.920 0.000
5 Fine dust —-0.139 0.022 -0.053 —6.173 0.000
Humidity -0.018 0.025 -0.008 —0.724 0.469
(constant) 49.327 2.943 16.758 0.000

% Dependent variables: Generation efficiency
R = 0.853, R* = 0.728, R” change = 0.728,
Standard error of estimated value = 14.227, Durbin—Watson =1.429

y=0.496z, — 0.5361, — 3.061z; — 6.362z, — 0.033z5 + 0144z o)
—0.139z, — 0.018z +49.327
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Table 5. results of performance evaluation by regression

Evaluation Metric Value
RMSE (MW) 48.261
nRMSE (%) 1.592
MAPE (%) 11.696
R 0.979
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Fig. 3. Plots of predicted values against actual values
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