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A B S T R A C T

Random forests estimates (RFE) based machine learning algorithm is proposed for forecasting the three years
ahead solar irradiance. Accordingly, the corresponding degradation rate (DR) influenced energy potentials are
evaluated. Here, the DR of amorphous silicon (a-Si) PV system is estimated based on the simulated performance
ratios with historical weather data. Prediction of energy potentials is helpful in decision making on improving
the solar power project implementations in selected tropical savanna climates region of south India.

Introduction

Forecasting solar irradiance and energy outputs helps in effective
planning, implementation, operation and maintenance of solar projects
especially the photovoltaic (PV) systems. Prediction of PV energy po-
tentials helps in understanding the economic advantages associated
with it and for policy regulation for electric utilities [1]. In recent years,
few works are published in this area but mostly using the statistical
methods, physical methods and some are with a combination of these
two [2–6]. Most applied forecasting methods were limited solar irra-
diance alone in initial days [2,3,6], later these studied were oriented
towards PV power prediction and power estimation using numerical
equations [4,5]. However, no one study has concentrated on introdu-
cing the degradation influenced energy estimates. On the other side, the
use of thin-film PV modules for solar project implementations is be-
coming popular due to low production cost and relative lesser tem-
perature coefficient [7,8]. Even though thin films have these two ad-
vantages, the problem of degradation still exists as they were influential
to spectral and temperature effects and few studies suggested to
quantify the DR influenced energies for a system that is exposed to
outdoor conditions for a long-term [9–11]. This article aims to provide
three years ahead solar irradiance forecast and corresponding energy
estimates considering degradation rates influence for thin film (a-Si)
solar PV systems in Chennai city, Southern India that experiences tro-
pical savanna climates as per the Köppen climate classification.

Methods

Using five years (2013–2017) historical solar irradiance [4], three
machine learning algorithms (Linear Regression, Sequential Minimal
Optimization Regression and Random Forest Estimates) were modelled
in WEKA platform [12] (a machine learning tool) with an aim of
forecasting next three years (2018–2020) solar irradiance. Later the
output data of the three algorithms analyzed statistically to identify the
errors (The observed RMSE indices varied between 0.2536 and 0.8067
for linear regression, 0.2559 to 0.8064 for sequential minimal optimi-
zation, and 0.1170 to 0.2412 for random forest estimates) and corre-
lation (correlation values like R2 is observed to vary between 0.64 and
0.70 on seasonal based, but the overall value is 0.82). Among these
three only RFE machine learning algorithm shows to perform better.
The forecasted values using RFE are further used to estimate the energy
potentials using the equation = ∗ ∗ ∗

−
E A I η PRa Si . Here, I is the

forecasted solar irradiance in kWh/Sq. m,
−

ηa Si is the conversion effi-
ciency of a-Si PV module is 12%, A is the area of the PV modules ex-
posed to sunlight [4,13]. Here the useful area for PV systems is esti-
mated by accounting the maximum available land area in the Chennai
city using the data provided by Wasteland Atlas (WLA) in Sq. m [14].
According to the WLA, a total of area of 2.15 Sq. km is available in
Chennai city but due to the, urban development activities, we cannot
use entire land for the PV installation. So only 0.0645 Sq. km i.e.,
around 64,500 Sq. m were used. It contributes around 3% of total
wasteland in Chennai mainly involving the land types such as land with
scrubs, degraded forest land, sands and coastal land, and industrial
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waste land. Here PR is the performance ratio that represents the quality
of PV plant. For culating the PR a hypothetical power plant with a-Si PV
is simulated considering all the weather and installation influences in
PVsyst [15]. However, to achieve the energy estimates in more realistic
way, the DR of a-Si PV plant is considered. For the first years i.e. 2018,
PR would be same as the value obtained from PVsyst simulation. For
the coming year, PR is reduced by the degradation rate (DR). The DR of
the a-Si system i.e., in (%/year) is evaluated applying linear least square
fitting method for the obtained PR and using equation

= ∗
∗( )DR 100 12 m
c . Here, ‘m’ is the slope of the trend line and ‘c’ is the

intercept, of the trend line obtained for the performance ratio in
= ∗ +Y m X c equation [9–11,16]. Using the three years forecasted

irradiance values, PR, and degradation rate influenced PR, the energy
potentials based on available area for Chennai city are estimated.

Results and discussion

Fig. 1 depict the monthly solar irradiance for the past five years in
the Chennai city. The sum of monthly solar irradiances recorded for
2013, 2014, 2015, 2016, 2017 are 2080.796 kWh/Sq. m/Year,
2081.975 kWh/Sq. m/Year, 2116.167 kWh/Sq. m/Year,
2086.422 kWh/Sq. m/Year, and 2089.0146 kWh/Sq. m/Year respec-
tively. Three years ahead forecasted solar irradiance values on a
monthly basis are given in Fig. 2. Forecasted solar irradiance in the
Chennai city for the next three years (2018, 2019, and 2020) are ob-
served to be 2087.28 kWh/Sq. m/Year, 2095.53 kWh/Sq. m/Year, and
2096.54 kWh/Sq. m/Year respectively. Fig. 3 shows the PR for the three
years starting from 2018 to 2020, here the PR of 2019 and 2020 are
calculated by considering the degradation rates obtained by preceding
years performance ( = − ∗ +Y 0.0336 X 80.202, and

= − ∗ +Y 0.0336 X 79.7). For the first year, i.e., 2018 the PR varied
between 79 and 80.9% (i.e., the energy losses accounts for 19.1–21%)
and corresponding energy potentials between 86209.482 and
129506.655MWh recording the annual energy generation as
1295674.885MWh.

Similarly, the next year, i.e., 2019 the PR is reduced by factor
0.502%, and corresponding energy potentials are observed to vary in
the range of 86434.776–130019.292MWh recording the annual energy
generation as 1289062.858MWh. In the final year of prediction, i.e.,
2020 the PR is reduced by factor 0.506%, and corresponding energy
potentials are observed to vary in the range of
86132.612–129392.684MWh recording 1281455.427MWh as annual
energy generation. Energy potentials are estimated considering the
degradation rate influenced PR for a-Si PV array over the forecasted

period, i.e., three years is shown in Fig. 4. Energy potentials are ob-
served to vary between 86209.482MWh to 129506. 655MWh,
86434.776MWh to 130019.292MWh, and 86132.612MWh to
129392.684MWh for the years 2018, 2019, and 2020 respectively. It is

Fig. 1. Historical solar irradiance in kWh/Sq. m/Month. Fig. 2. Three years ahead solar irradiance in kWh/Sq. m/Month.

Fig. 3. Estimated performance ratio of a-Si PV system.

Fig. 4. Three years ahead PV energy potentials.
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observed that a-Si PV arrays perform better in each year mostly in the
March, April, and May months when compared to other. Fig. 2 shows
the evidence of maximum available solar potentials and accordingly the
observed energy potentials are higher in these months.

Conclusion

In this work, random decision forests based machine learning al-
gorithm adopted for forecasting of three years ahead solar irradiance.
Also, the degradation influenced energy potentials for the next two
years are evaluated. The proposed approach of energy potentials in-
cluded the forecasted input data, degradation rates, and future energy
potentials. This approach further can be extended by adding more input
parameters and even the PV design and installations complexities.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.rinp.2018.12.027.
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