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ABSTRACT: To mitigate the adverse effects of fossil fuel-based
energy, mankind is in constant search of clean and cost-effective
sources of energy, such as solar energy. The economic viability of a
power plant to harness solar energy mostly depends on the
efficiency of solar panels. Investigations over the years show that
the solar panel efficiency significantly depends on the different
meteorological parameters. Therefore, there is an imminent need
for a correlation explaining the relations between the efficiency and
different meteorological parameters. In this study, an effort has
been made to analyze the effects of various meteorological
parameters on the efficiency and subsequently propose a
correlation between them. Initial investigations reveal that the
optimal tilt angle for the maximum power output is 26°. The study
demonstrates that efficiency is directly proportional to solar
intensity and wind speed while being inversely proportional to temperature, humidity, and dew point temperature. Regression
analysis of a data set comprising 100 data sets establishes a strong correlation between efficiency and five meteorological parameters:
temperature, humidity, wind speed, solar intensity, and dew factor. The calculated efficiencies using the developed correlation
deviate from the experimental values, with absolute errors ranging from 0.08 to 1.20%. The findings provided valuable insights for
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optimizing solar power plant performance by understanding the relationship between efficiency and meteorological parameters.

1. INTRODUCTION

Fossil fuel consumption for meeting energy needs has led to
environmental consequences such as global warming and air
pollution. To mitigate climate change and air pollution, the
adoption of clean and renewable energy sources has become
imperative. Solar energy, in particular, has gained significant
attention as a viable renewable energy option due to its
environmental benefits. Consequently, extensive research is
being conducted to explore various aspects of harnessing solar
power.'~® The efficiency of solar panels plays a crucial role in
determining the economic viability of a solar photovoltaic
(PV) power plant, as it directly converts solar energy into
electrical energy. This efficiency is influenced by multiple
factors, including solar intensity, temperature, wind speed,
rainfall, humidity, dew point, and cloud cover. Consequently,
investigating the impact of these factors on solar panel

long days, and peak hours make it a promising location for
investing in PV systems. Yousif et al’ also conducted a
feasibility study on the solar power production potential of
Oman. Song et al.” investigated the impact of PM2.5 pollution
on the solar energy availability in Hong Kong. The study
reveals that PM2.5 pollution negatively impacts solar energy
availability and PV system performance. With PM2.5 exceed-
ing 33.5 ug/m’, a global horizontal irradiance reduction of over
5% is observed. Crystalline and thin-film PV systems
experience energy losses up to 7.00 and 9.73%, respectively,
suggesting a significant impact of PM2.5 on solar-cell
performance. Additionally, Singh and Ravindra® conducted
theoretical investigations on the effect of temperature on the
performance parameters of solar cells, including current
density, voltage, fill factor, and efficiency, in the temperature

efficiency has become a key area of interest for researchers. Received: August 29, 2023
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range of 273—523 K. They observed that as temperature
increases, reverse-current increases while voltage, fill factor,
and efficiency decrease. Makrides et al.” examined the impact
of temperature on various solar technologies in Cyprus. They
found that different solar-cell types exhibited varying thermal
losses, with monocrystalline silicon, multicrystalline silicon,
and thin-film technologies experiencing average thermal losses
of 8, 9, and 5%, respectively. Kaldellis et al.'® conducted an
experimental study in Greece, investigating the influence of
temperature and wind speed on the performance of PV
modules. Furthermore, Ebhota and Tabakov'' investigated the
effects of temperature variation (10—50 °C) on different types
of PV modules. Their comparative study revealed that copper
indium gallium selenide PV cells had a higher performance
ratio compared with crystalline silicon PV cells. Chakraborty et
al.'> investigated the effects of different meteorological
parameters on solar PV by using machine learning in eastern
India. Different Ensemble ML models, including Bagging,
Boosting, Stacking, and Voting, were used for the purpose. The
machine learning algorithm is verified by the field data of a 10
kWp solar PV power plant. With a test-bed framework for data
mining and model selection, it achieves a high prediction
accuracy of up to 96% for selected models, demonstrating
potential applicability for large-scale solar PV power plants.
Aoun'’ evaluated five different mathematical models which
estimate the temperature of a monocrystalline PV module.
These models take solar radiation and ambient temperature as
inputs. Based on the type of data source, the analysis is carried
out for three different groups. It has been reported that the
models demonstrate consistent performance throughout the
year, with mean square errors ranging from 0.45 to 5.7 °C.
Superior results were achieved during the hot months (April to
October). Ghazy et al."* proposed a novel hybrid PV module
and adsorption desalination system wherein electrical energy
production and desalination occur simultaneously. Their
model exploits the concept of utilizing the cool water
generated during desalination as a coolant for the PV module,
thereby enhancing its performance in hot weather regions.
Mehmood et al.'* assessed the integration of solar PV energy
into residential sectors, emphasizing a holistic feasibility
analysis. Using statistical and information-gain ratio methods,
we quantify trade-offs and synergies among different design
parameters. The findings indicate that linking the solar PV
system to the power grid yields a significant effect, whereas
connecting it to a battery storage system demonstrates greater
competitiveness. Additionally, the influence of other meteoro-
logical parameters, such as humidity, on the performance of PV
cells has also been considered by several researchers.
Gwandu and Creasey'® conducted an experimental inves-
tigation to examine the effects of humidity on the performance
of monocrystalline silicon PV modules. They found a nonlinear
relationship between humidity and solar radiation. Similarly,
Panjwani and Narejo'’ reported a detrimental effect of
humidity on the power output of PV modules, estimating a
loss of approximately 15—30% in PV power. Mekhilef et al.'®
assessed the impact of dust accumulation, humidity, and air
velocity on the efficiency and overall performance of PV cells.
They observed an increase in efficiency with higher wind
speeds due to the decreased relative humidity. However,
excessive wind speeds can cause dust lifting and dispersion,
leading to a reduction in the cell efficiency. They also noted
that air velocity, dust, and humidity all significantly influence
PV cell performance. Ghazi and Ip'® conducted experimental

studies and reported that dust coverage, humidity, rain, and
snow can significantly reduce the efficiency of PV modules.
Sohani et al.”’ investigated the impact of temperature,
humidity, wind speed, and solar radiation on the photocurrent
and thermal voltage of a diode. They found that solar radiation
has the greatest impact on the photocurrent, while temperature
has the greatest impact on the voltage of the diode.
Additionally, they highlighted that CO, emissions are more
sensitive to photocurrent compared to voltage. Recently,
Akonjom and Njok”" investigated the impact of meteorological
parameters on PV performance. Employing precise instru-
ments, it identifies optimal humidity levels (67—47%) for
voltage stability and favorable temperature conditions (rarely
exceeding 40 °C), supporting 90% efficiency. The region’s
altitude and early high solar power levels (800 W/m?* at 9:00
am) recommend it as a promising site for solar energy farms.

Hussein et al.”*> conducted an investigation and found that
south-facing PV panels with tilt angles between 20 and 30°
exhibit the highest power output. Jamil et al.** also conducted
a study on the optimal tilt angles for south-facing PV modules
and discovered that these angles are greater during the winter
compared to the summer. They reported an annual optimum
angle of 27.62° for Aligarh, India, and 27.95° for Delhi, India.
Bhattacharya et al.”* conducted experimental research to
establish a correlation between various meteorological
parameters and the efficiency of PV modules. Through the
analysis of 30 sets of data, they established correlations
between efficiency and different meteorological parameters
such as temperature, radiation, wind speed, and humidity.
Bahanni et al.*> conducted a comparative study of different PV
cell technologies in two cities in Morocco and evaluated the
effects of meteorological parameters on PV cell performance.
They concluded that among monocrystalline, amorphous, and
polycrystalline PV cells, polycrystalline cells performed the best
regardless of location. They also observed that El Jadida,
despite having a lower solar intensity than BeniMellal, had a
higher production capacity, indicating the significant influence
of meteorological parameters on PV cell productivity. Iqbal et
al’® investigated the power loss caused by temperature,
humidity, dew point, and heat index at three different
locations: rooftop, parking area, and ground level. They
reported that the highest power loss occurred at the ground
level, followed by the rooftop and parking areas in sequential
order.

Based on the reviewed literature, it is evident that existing
studies on PV cell performance primarily focus on assessing the
feasibility of specific locations for solar energy harnessing,"°
determining the optimal tilt angle for maximum output,”>**
comgaring the performance of different PV cell technolo-
gies, 25 and investigating the effects of various meteorological
parameters on PV cell performance. The meteorological
parameters considered include solar intensity,”> ambient
temperature,*”"" humidity,'™>" wind speed,'”'®** and dew
point.”® However, among these studies, only Bhattacharya et
al.”* developed a correlation to predict PV module efficiency
using meteorological data such as temperature, humidity, and
solar radiation. Nevertheless, they did not consider dew point
temperature, an important parameter for evaluating solar panel
performance,26 and their correlation was based on a limited
number of data points. Therefore, it is necessary to revisit and
improve this correlation by including dew point temperature as
an independent variable and incorporating a larger data set. In
light of these considerations, this study aims to develop a
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correlation between PV module efficiency and various
meteorological parameters, including ambient temperature,
humidity, solar intensity, wind speed, and dew point, through
regression analysis of experimental data. Additionally, an
investigation into determining the optimal tilt angle for
maximum power output is conducted. The experimental
setup details and outcomes are discussed in subsequent
sections.

2. EXPERIMENTAL SETUP AND EXPERIMENTATION

The study presented here presents an analytical correlation
aimed at predicting the efficiency of a solar panel. This
correlation takes into account various factors, including solar
intensity, wind speed, humidity, ambient temperature, and the
dew point. These meteorological data are relevant to the
specific weather and climate conditions of the research
location, which, in this case, is the Dibrugarh University
campus in Dibrugarh, Assam, India. The coordinates of the
location are approximately 27.4495°N latitude and 94.9119°E
longitude. The weather in this area is characterized by hot and
humid conditions, with summer temperatures reaching around
40 °C, and cold and dry conditions in winter, with maximum
temperatures around 22 °C.

An anemometer, a solar power meter, and a dew point meter
were among the tools used to gather the necessary
meteorological data. The solar power meter monitored solar
power, while the anemometer measured wind speed. The dew
point meter was used to gauge humidity, ambient temperature,
and dew point temperature. Table 1 contains the specific
details of these instruments.

Table 1. List of the Key Instruments with Specifications

sL. name of

no. instrument specification

1. digital wind speed range: 0—140 km/h
anemometer

2. solar power maximum radiation: 1999 W/m? or 634 BTU/(Ft* h)
meter resolution: 1 W/m? 1 BTU/(Ft* h)
accuracy: £10 W/m?
3. dew point temperature range: 20—60 °C

meter temperature accuracy: +1 °C (0—4S °C), £1.5 °C
(45-60 °C)

humidity range: 0—100% RH

humidity accuracy: +3% (20—80%), +4% (0—20%,
80—100%)

wet bulb temperature range: —20 to 60 °C

wet bulb temperature accuracy: +1 °C (0—45 °C)
, 1.5 °C (45-60 °C)

dew point range: —50 to 60 °C

dew point accuracy: + 1 °C (0—45 °C), + 1.5
°C(=50 to 0 °C, 45—60 °C)

resolution: 0.1 °C

4. mini
inclinometer

measuring range: 4 X 90°
resolution: 0.05°
accuracy: + 0.2°
repeatability: 0.1°

In addition, a 100 W solar panel with dimensions of 0.620 X
0.755 m was utilized for the investigation. Table 2 contains the
panel’s detailed information. The solar panel was installed on
an iron frame (Figure 1) to allow for various orientations
because the experiment was primarily concerned with
examining the effects of varied tilt degrees. The panel and

Table 2. Specifications of the Solar Panel Considered in the
Present Study

maximum power 100.00 W
maximum voltage 20.00 V
maximum current S.0A

frame were put in place on a two-story building’s south-facing
roof (9.15 m in height). The solar panel’s alignment was fixed
using an inclinometer, which is visible in the figure put over it.

The experimental solar panel efficiency was then determined
by using the methodology listed below.

= Pp/(Ap X IP) (1)

Here, 7, is the solar panel efficiency, P, is the power, A, is
the surface area of the panel, and I, is the solar intensity. Here,
the power of the solar panel is the product of voltage and
current, which are measured with the help of a multimeter.
Likewise, the solar intensity is measured with the help of a
solar power meter.

3. RESULTS AND DISCUSSION

In the present work, experiments are performed to analyze the
effect of tilt angle and variation of efficiency with different
meteorological parameters. Further, a correlation is established
between the efliciency of the solar panel and various
meteorological parameters. The outcomes of these experiments
are discussed in detail in the following subsections.

3.1. Effect of Tilt Angle. Before the detailed investigation,
a study was carried out to detect the optimum angle for
maximum power output. For this purpose, the tilt angle of the
solar panel is varied in multiples of 5 from 5° to 50°. The
voltage and current for each angle are recorded for 5
consecutive days (20—24 December 2021). The average
power output obtained at different tilt angles is shown in
Figure 2. It can be seen that initially, the power output
increases with an increase in tilt angle. However, after an
optimum level is reached, it starts to decrease. It is observed
that the maximum power output is 84.64 W for a tilt angle of
26°. This is in accordance with the results claimed by Jamil et
al,”> where they have reported that the maximum power
output is achieved at around 27° in India. Therefore, the tilt
angle is fixed at 26° for a further detailed study.

3.2. Effect of Meteorological Parameters. The
efficiency analysis of the solar panel based on various
meteorological parameters was carried out. The parameters
considered were solar intensity, ambient temperature, humid-
ity, wind speed, and dew point. The study was conducted over
100 days, between January 3, 2022 and April 25, 2022. The
different meteorological data obtained from experimental
measurements are given in Table Al. The location, tilt angle,
and orientation of the solar panel were kept constant.

By measuring the current and voltage and using eq 1 to
determine the experimental efficiency, the efficiency of the
solar panel was evaluated. The relationship between solar panel
efficiency and solar intensity—the quantity of solar radiation or
sunlight that reaches the panel surface—should be taken into
account. The relationship between the efficiency and solar
intensity is shown in Figure 3a. The data shows a positive
association, showing that as solar intensity rises, so does solar
panel efficiency. This link is further supported by the
regression line equation y = 0.0027x + 17.955, which has a
positive coefficient (0.0027) and shows that the efficiency of

https://doi.org/10.1021/acsomega.3c06442
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Table 3. Error between the Calculated and the Experimental Efficiency

solar intensity current voltage

day (W/m?) (amp) V)
day 1 (15/5/2022) 717 4.14 15.7
day 2 (16/5/2022) 690 3.95 15.5
day 3 (20/5/2022) 710 4.12 15.7
day 4 (21/5/2022) 764 4.50 16.3
day S (22/5/2022) 600 3.20 15.8
day 6 (23/5/2022) 570 3.30 152
day 7 (26/5/2022) 698 3.99 15.5
day 8 (27/5/2022) 730 4.30 15.7
day 9 (28/5/2022) 736 4.29 17.1
day 10 (29/5/2022) 750 4.50 16.1

power experimental efficiency calculated efficiency absolute
W) (%) (%) error
65.00 19.37 19.17 0.20
61.23 18.96 18.88 0.08
64.68 19.47 20.15 —0.68
73.35 20.51 19.31 1.20
50.56 18.01 18.72 —0.71
50.16 18.80 19.44 —0.64
61.85 18.93 19.41 —0.48
67.51 19.76 19.26 0.50
73.36 21.30 20.56 0.74
7245 20.64 20.10 0.54

Figure 1. Solar panel test rig installed on the roof of a two-story
building.
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Figure 2. Variation of power with the tilt angle.
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Figure 3. Variation of efficiency with (a) solar intensity and (b)
temperature.

the solar panel rises by 0.0027 for every unit increase in solar
intensity. This connection can be explained by the fact that
solar panels that receive more energy from higher sun
intensities can produce more electricity.

47900

Additionally, Figure 3b shows how the efficiency changes
with temperature. The plot shows that a rise in temperature
has a negative impact on the effectiveness of the panel. The
regression line equation y = —0.0316x + 20.237, which has a
negative coefficient, provides additional evidence for this result
(—0.0316). This implies that the efficiency of the solar panel
drops by 0.0316 for every unit increase in temperature. This is
in accordance with the previous findings.*'® This decrease in
efficiency with increase in temperature can be justified by the
fact that, as temperature rises, the voltage drops,lo resulting in
a drop in power output. As a result, the efficiency falls.

Subsequently, the effect of the humidity on efliciency is
analyzed. According to the investigation, humidity levels cause
a drop in PV panel efficiency (Figure 4a). The regression line

@35 ()35
o Experimental points o Experimental points
30 Curve by linear regression 301 Curve by linear regression
S5 <
z S 25
£ 5
E‘:E 201 &:2 20}
= =
15 15
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Figure 4. Variation of efficiency with (a) humidity and (b) wind
speed.

equation y = —0.021x + 20.797 shows that this is the case.
Efficiency and humidity have a negative association, as seen by
the negative coefficient (—0.021). A similar detrimental effect
of rise in humidity on the solar panel efficiency has also been
reported by Panjwani and Narejo.'” The performance of solar
panels can be impacted in a number of ways by higher
humidity levels. An important factor is the increased cloud
cover brought on by excessive humidity. The overall solar
intensity is decreased when clouds prevent some of the sun’s
rays from reaching the solar panel. Reduced solar intensity
results in less energy being produced, which, in turn, reduces
the efficiency of the panel. Again, high humidity levels might
also make it more likely that dust and debris accumulate on the
surface of the solar panels. This buildup may prevent sunlight
from reaching the solar cells, which would decrease efficiency.
Furthermore, higher humidity may have an impact on how the
solar panel manages its thermal environment. Higher operating
temperatures can result from less heat dissipation efliciency
caused by moisture in the air. The performance and efficiency
of the solar panel may suffer at high temperatures. Overall,
humidity indirectly impacts the efficiency of the solar panel by

https://doi.org/10.1021/acsomega.3c06442
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affecting solar intensity, dust collection, and heat dissipation,
even though it may not directly alter the electrical character-
istics of the solar panel.

Additionally, the data reveal that as wind speed increases,
the efficiency of the PV panel increases (Figure 4b). The
regression line equation y = 0.2784x + 18.367 shows that this is
the case. Efficiency and wind speed have a positive association,
as seen by the positive coefficient (0.2784). This positive effect
on efficiency due to higher wind speeds is attributed to the fact
that the higher wind speed aids in more efficient heat
dissipation, keeping the solar panel from overheating,10
resulting in higher efficiency. In addition, stronger winds can
move debris off the panel and maintain the surface clean.
Therefore, more sunlight can enter the solar cells through a
cleaner panel, thereby increasing efficiency.

In summary, higher wind speeds generally improve PV panel
efficiency by assisting with cooling, cleaning the surface, and
boosting convective cooling. However, it is essential to
maintain wind speeds within a safe and ideal range for the
solar panel system to operate as intended.

The temperature at which air becomes saturated and
condenses is known as the dew point. It serves as a gauge of
the amount of moisture in the atmosphere. The efliciency of
PV panels can be impacted in a number of ways by
environmental moisture levels, which are indicated by an
increase in the dew point temperature. According to the
analysis (see Figure S), the efficiency of the PV panel drops as
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Figure 5. Variation of efficiency with the dew point temperature.

the dew point temperature rises. The regression line equation y
= —0.1021x + 21.077 serves as an illustration of this, where the
negative coefficient (—0.1021) denotes a negative association
between efficiency and dew point temperature.

This decrease in the efficiency with the increasing dew point
temperature can be explained by the fact that an increase in air
moisture can cause dew or condensation to form on the surface
of solar panels. The amount of sunlight that reaches the solar
cells is decreased by this moisture layer, effectively lowering the
solar intensity and lowering the power production and
efficiency of the panel. Again, condensation can cause water
droplets to develop on the surface of the solar panels, which
can block sunlight from entering the solar cells. The solar
panel’s efficiency is reduced as a result of the light scattering
and absorption caused by these droplets. Additionally, a solar
panel’s ability to manage its temperature environment may be
impacted by the air’s increased moisture content. This
moisture decreases the heat dissipation, thereby raising the
operating temperature of the panel. This increase in temper-
ature of the panel in turn reduces the efficiency of the panel.*"’

Overall, a rise in dew point temperature—a sign of more
moisture in the air—has a negative impact on how effective PV
panels are. Reduced sun intensity, condensation formation,
light scattering and absorption, and hampered heat dissipation
are the results. To minimize the detrimental effects of dew or
condensation on the system’s effectiveness, proper main-
tenance and cleaning of the solar panel surfaces are necessary.

The above findings provide insights into the impact of
meteorological parameters on the efficiency of the solar panel,
confirming previous observations and highlighting the
importance of considering these factors in optimizing the
solar panel performance.

3.3. Assessment Correlation of Meteorological
Parameters over Efficiency. The above sections highlight
how efficiency is dependent on different meteorological
parameters. The efficiency is directly proportional to a few
meteorological parameters and indirectly proportional to the
remaining parameters. Because of these, employing the data
sets mentioned in the above section, a linear regression analysis
is performed to find a correlation between the efficiency and
these important meteorological parameters. Considering
efficiency as the dependent variable and the rest as
independent variables, the relationship can be defined as

n=ay+aT+ a,H+ a;W+ a,S + aD (2)

where T, H, W, S, and D represent temperature, humidity,
wind speed, solar intensity, and dew point, respectively and a,,
ay, a4, as a4 and ag are constants. Furthermore, these constants
can be evaluated by the following system of equations based on
the assumption of linear regression.

Zn=a0n+aIZT+a22H+a3ZW+a4ZS
+u52D (3)
DnT=ay X, T+a X, T +a, ), TH+a, ), TW
+a4ZTS+aSZTD (4)
Zr}H:uOZH+aIZHT+aZZH2+a3ZHW
+a, ) HS +a; ). HD )
ZWW=“OZW+“1ZWT+%ZWH
+a3ZW2+u4ZWS+aSZWD (6)
DuS=ay ), S+a 2, ST +a, Y SH+ay ), SW
+a4252+a528D (7)
D uD =ay 3. D +a, ), DT + a, Y, DH

+a3ZDW+a42DS+aSZD2 (8)

Here, n represents the number of sampling points, and as the
data were collected for 100 days, hence n = 100 for the present
study. Now, putting the values of 5, T, H, W, S, and D recorded
from the experiments in eqs 3—8, these equations transformed
into the following matrix form.
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100 2387.20 6250 400.90
238720 61136.71 142354.40 8855.73
6250 14235440 401080 24408.60
400.9 8855.73  24408.60 1862.73
56,318 1447719 3238993 236725.60
| 1561  38910.50 97445 5594

These systems of linear equations can be solved by any of
the standard numerical methods, such as Gauss elimination,
Gauss-Seidel, and Jacobi iteration methods. The present study
chose the Gauss elimination method because of its simplicity.
Solving the above system of equations, the values of a, a;, a,,
as, a,, and ag are found to be —2.30054, 0.413065, 0.109577,
0.882282, 0.005034, and —0.08313, respectively. Therefore,
the relations between efficiency and different meteorological
parameters can be given by

n = — 2.30054 + 0.413065T + 0.109577H + 0.882282W

+ 0.005034R — 0.08313D (9)

3.4. Error Analysis. To validate the correlation between
efficiency and various meteorological parameters described in
the previous section, a data collection was conducted on May
14—-30, 2022. Ten sets of data were collected, including
temperature, humidity, wind speed, solar intensity, dew point,
and current and voltage output. By using eq 1, the
experimental efficiency was calculated by multiplying the
measured current and voltage values. Additionally, eq 9 was
employed to calculate the expected efficiency using the
recorded meteorological parameter values as inputs. A
comparison between the calculated and experimental efficien-
cies was performed to assess the accuracy of the correlation,
and the results are presented in Figure 6. The figure

35
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Figure 6. Comparison between the calculated and experimental
efficiency.

demonstrates an excellent match between the experimental
and calculated efficiencies, indicating a strong correlation
between the meteorological parameters and the efficiency of
the solar panel.

Table 3 further supports this conclusion by listing the
absolute errors between the calculated and experimental
efficiencies. The low absolute error values reinforce the
proposed correlation’s effectiveness in predicting the solar
panel’s efficiency using various meteorological data as inputs.
Based on these findings, it can be concluded that the
correlation established between the efficiency and the different
meteorological parameters can reliably predict the efhiciency of
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a solar panel. By utilizing the relevant meteorological data as
inputs, this correlation provides a practical method for
estimating the performance of a solar panel in terms of its
efficiency.

4. CONCLUSIONS

This study analyzes the performance of a solar panel over a
four-month period, considering meteorological parameters like
temperature, humidity, wind speed, dew point, and solar
intensity. It examines the effect of the tilt angle on efliciency
and establishes correlations between efficiency and meteoro-
logical factors. By recording current, voltage, and meteoro-
logical data, we investigated the relationship between these
variables and solar panel efficiency. Results show the positive
influence of solar intensity and wind speed, while the
temperature, humidity, and dew point negatively affect
efficiency. The proposed correlations accurately predict
efficiency and contribute to optimizing the solar panel
performance in real-world applications.

e The study found an optimal tilt angle of 26° that
maximizes the power output. Beyond this angle, the
power output begins to decrease.

e The regression analysis of the research establishes clear
and strong correlations between the efliciency of the
solar panel and the considered meteorological parame-
ters.

e The analyzed data sets were used to evaluate the
performance in comparison with the experimental data,
demonstrating a strong qualitative and quantitative
validation of the proposed correlations.

e Higher solar intensity leads to increased power
generation, while greater wind speed enhances cooling
and improves overall efficiency.

e The study reveals the negative influence of temperature,
humidity, and dew point on the efficiency of the solar
panel.

The proposed correlations provide valuable insights for
optimizing the efficiency of solar panels in practical
applications. By considering the meteorological parameters, it
becomes possible to predict and enhance the panel’s efficiency,
improving its overall performance and power output.
Furthermore, a thorough analysis may be needed at other
geographic locations before field applications.

Bl APPENDIX

Different meteorological data obtained from experimental
measurements are given in Table Al.
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Table Al
wind wind
solar ambient speed  dew point solar ambient speed  dew point
intensi temperature  humidity &n/ temperature intensi temperature  humidity &n/ temperature
date (W/m? °C) (%) h) °C) date (W/m? °C) (%) h) °C)
1/3/2022 863 24 41 6 10 2/28/2022 640 31 52 4.1 10
1/4/2022 910 22 46 S 10 3/1/2022 650 31 52 2 10
1/5/2022 970 20 68 7 11 3/2/2022 650 25 52 39 11
1/10/2022 780 19 4S5 6 11 3/3/2022 694 26.5 50 4.3 12
1/11/2022 676 19 82 6 16 3/4/2022 600 26 52 3.7 10
1/13/2022 115 15 93 7 14 3/7/2022 115 23 91 2 17
1/14/2022 358 18 77 6 14 3/8/2022 105 22 92 3.5 18
1/15/2022 920 21 68 6 15 3/9/2022 109 223 91 3 16
1/16/2022 707 19 72 4 14 3/10/2022 230 22.8 65 39 15
1/17/2022 724 19 59 6 11 3/11/2022 240 25 S0 3.4 13
1/18/2022 770 20 48 6 11 3/12/2022 109 223 91 2.3 16
1/19/2022 980 21 52 6 11 3/13/2022 148 23 91 3.8 18
1/20/2022 132 18 63 6 11 3/15/2022 700 28 56 4.8 19
1/21/2022 140 16 87 6 14 3/16/2022 712 30 29 2.8 13
1/22/2022 290 16 82 6 13 3/17/2022 650 28 39 3 13
1/23/2022 260 15 82 7 12 3/18/2022 600 28 41 3 13
1/24/2022 326 15 93 6 14 3/19/2022 722 29 53 2.3 21
1/25/2022 679 16 82 7 13 3/22/2022 398 26 60 2 25
1/26/2022 660 16 87 7 14 3/23/2022 630 28 61 3 20
1/27/2022 550 14 93 6 13 3/24/2022 398 27 57 3.5 20
1/28/2022 658 16 63 6 9 3/25/2022 398 29.7 54 1.8 20
1/29/2022 600 14 76 6 10 3/26/2022 670 30 49 3.4 19
1/30/2022 820 20 48 6 9 3/27/2022 600 27 52 2.4 20
1/31/2022 700 18 48 6 9 3/29/2022 350 22 80 S 21
2/1/2022 780 21 52 3 11 3/30/2022 240 22 93 3.1 21
2/2/2022 700 20 S5 7.5 11 3/31/2022 300 24 86 4 20
2/3/2022 730 15 82 3.7 12 4/1/2022 758 28 61 4.3 20
2/4/2022 879 20 SS 6.4 11 4/2/2022 600 27 58 3 20
2/5/2022 324 20 68 S 14 4/3/2022 663 28 S1 2 20
2/6/2022 840 24 40 K] 10 4/4/2022 350 23 61 3.8 21
2/8/2022 458 18 52 6.4 12 4/5/2022 800 31 N 2 20
2/9/2022 956 21.5 52 S 11 4/6/2022 398 23 S50 4 20
2/10/2022 964 24 40 2 10 4/7/2022 785 31 S1 3 20
2/11/2022 891 22 43 S 10 4/8/2022 725 29 S1 3 21
2/12/2022 948 26 35 54 9 4/9/2022 750 31 S0 2 19
2/13/2022 876 26 36 6 10 4/10/2022 717 32 48 1.8 19
2/14/2022 652 21.7 59 39 12 4/11/2022 666 33 5SS 1.5 24
2/15/2022 805 24 46 2 12 4/12/2022 790 34 46 1.8 20
2/16/2022 780 21.5 68 4 14 4/13/2022 341 27 83 3.1 24
2/17/2022 220 17.8 77 39 12 4/15/2022 388 27 63 2 24
2/18/2022 948 26 35 54 9 4/16/2022 244 27 70 2.8 24
2/19/2022 876 26 36 6.1 10 4/17/2022 115 26.7 94 3.1 25
2/20/2022 652 21.7 59 39 12 4/18/2022 109 27 96 2.8 25
2/21/2022 805 24 46 2 12 4/19/2022 109 27.1 100 2.4 25
2/22/2022 780 21.5 68 4 14 4/20/2022 110 27 100 2.8 25
2/23/2022 607 28 41 3.8 12 4/21/2022 109 26.3 100 1.2 25
2/24/2022 803 30 36 3 13 4/22/2022 115 25.8 94 3.1 25
2/25/2022 809 31 33 1.8 14 4/23/2022 140 26 100 2.5 25
2/26/2022 804 32 39 1.8 13 4/24/2022 354 29 67 1.4 23
2/27/2022 700 31 36 34 13 4/25/2022 349 28 68 1.8 24
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