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Abstract - Solar energy is one example of a renewable energy source that has the ability to create clean, 
environmentally friendly energy, which has been a crucial component of climate change mitigation strategies. 
Renewable energy sources are complementary energy sources. The study evaluated the impact of solar radiation 
on the output of a set of photovoltaic cells in response to current and voltage generation. To evaluate the solar 
radiation and PV cell temperature on a regular basis, a mono-C-Si module array of four (4) 100 W photovoltaic 
cells was installed on a south-facing mounting with a 30° tilt angle and equipped with temperature and irradiance 
sensors. The irradiance was measured using a CMP II pyranometer, and the DC current was measured using a 
current shunt. The findings demonstrated a direct and proportionate relationship between air temperature and solar 
radiation and photovoltaic cell temperature (PV temperature). The amount of current and power generated is 
directly influenced by solar radiation. As a result, when solar radiation is increased from 100 W/m2 to 900 W/m2, 
the generated current increases from 0.9 A to 4.2 A. This means that when solar radiation is increased from 100 
W/m2 to 800 W/m2, the generated current and power increase by 4.5 and 9.1 times, respectively, while the 
generated voltage increases by 1.9 times within the PV temperature range of 22.1°C to 27.1°C. Consequently, the 
generated power and current showed a minor loss, and the PV cell generated voltage indicated a substantial 
decrease, despite the rise in solar radiation from 900 W/m2 to 1000 W/m2 at a PV temperature of 30.9°C. At PV 
temperatures between 25.0°C and 27.1°C with a maximum solar irradiance of 900 w/m2. The solar panel module 
with the specified characteristics could produce optimal efficiency, it has been concluded. As a result, it is advised 
that internal and external solar panel cooling systems be included in the development of PV cells because 
increased air temperature could catalyze photovoltaic temperature and solar radiation. 
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I. INTRODUCTION 

The global energy agreement to transition to clean 
and green energy was never only initiated to increase 
the energy mix but also to preserve a healthy 
environment and boost country-based gross domestic 
product (GDP). Solar energy is the planet's most 

plentiful source of renewable energy, according to 
[1]. The results back up [17] assertion that the amount 
of solar energy that reaches the earth's surface in less 
than an hour is enough to supply all of the world's 
energy needs for a whole year. Solar energy is safe, 
reliable, and easily accessible, as demonstrated by [2]. 
However, switching to clean and ecologically friendly 
energy sources, like solar energy, not only lowers 
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greenhouse gas emissions but also acts as a strategy 
for reducing climate change. Solar energy has grown 
more desirable due to its efficiency, sustainability, 
and ease of use, according to [3]. 

The photovoltaic system, which is the smallest 
part of the solar cell, converts solar energy directly 
into direct current voltage [4]. According to the IEC 
61215 standard, photovoltaic module performance is 
rated using a single operating point under standard 
test conditions, which include a 1000 W/m2 

irradiance, a module temperature of about 25oC, and a 
1.5 A. M. spectrum [5]. The ratings are very helpful 
for photovoltaic system engineers and designers to 
project seasonal and annual energy yield, according to 
[5]. Under a variety of real-world operating 
conditions, photovoltaic systems' performance varies 
[5]. According [5], the ratings are particularly helpful 
for engineers and designers of solar systems to 
forecast seasonal and annual energy yield. A variety 
of real-world operational variables affect how well 
solar systems work [5]. Low photovoltaic (PV) panel 
efficiency has been linked to a number of parameters, 
including canopy coverage, shade, dust, particle 
matter settling, temperature, and solar radiation, 
according to [6] and [7]. According to [4], the effects 
of temperature and solar radiation on the performance 
of photovoltaic cells are more pronounced. Solar 
radiation has an impact on the performance of PV 
cells, according to [8]. A drop in solar radiation 
automatically causes solar panels to lose electricity, 
while an increase in the surrounding temperature 
causes photovoltaic cells to operate less efficiently [4, 
9]. 

Due to topographical factors and how close 
different countries are to the equator, the earth's solar 
radiation is less than extraterrestrial radiation [10]. 
According to a study by [11] on the impact of climatic 
factors on solar panel performance, solar flux 
determines PV efficiency and current output, and 
relative humility lowers the current output of a solar 
panel array. The accumulation of dispersed particulate 
matter on solar panel surfaces presents another 
drawback in regions with solid mineral exploration 
and pollutant emission. The earth's solar radiation is 
less than the extraterrestrial radiation and is a function 
of geographic location and the position of various 
nations to the equator [10]. The study by [11] on the 
effects of meteorological variables on the 

performance of solar panels indicated that current 
output and the efficiency of PV are dependent on 
solar flux and that relative humility causes a decline 
in the current output of an array of solar. The impact 
of the environment on the functionality of 
photovoltaic cells has been the subject of several 
research [12, 13]. Overall, their research concluded 
that the PV's ability to produce energy is influenced 
by the sun's intensity. Generally, weather and 
environmental factors have a significant impact on 
effectiveness and power yield from a network of solar 
panels [14].  

In this study, the effect of the intensity of solar 
radiation in Auchi (Nigeria), on the photovoltaic cell 
is evaluated using the computed and measured solar 
radiation on a daily basis for a 5-year duration. 

II. EXPERIMENTAL SETUP 

Auchi is in Edo State, southern Nigeria, at 
latitudes 7.0669° N and 6.2748° E and an elevation of 
222.9 m above sea level. However, the main 
experimental site is Federal Polytechnic, Auchi. The 
study area experiences an average of eight (8) hours 
of sunshine during the dry season (November to 
March) and five (5) hours of sunshine during the wet 
season (April to October). Annual climatic variables 
such as relative humidity of 63%, minimum 
temperature (24.1 oC), maximum temperature (35.1 
oC), wind speed of 7.4 km/h, rainfall depth of 
approximately 1430 mm, and elevation of 222.1 m 
above sea level are typical. Figure 1 shows the 
location of the study area. 

According to Charfi et al. (2013) and Nwankwo 
and Avwiri (2014), a mono-C-Si module array of four 
(4) photovoltaic cells was set up on a south-facing 
mounting with a 30° tilt angle. The PV was 
positioned in a fixed position to receive sunlight from 
all directions (2021). With a module of 100 W and       
12 V, respectively, temperature and irradiation 
sensors were built within the solar panels to track and 
record daily solar radiation and PV cell temperature. 
The maximum power point of the PV module was 
monitored using the power optimizer of the Solar 
Edge sensor. The DC voltage and current were 
recorded every second. A CMP II pyranometer 
created was used to measure the irradiance, while a 
current shunt was utilized to measure the DC current. 
Using air particulate sensors 2.5 and 10.0, suspended 
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particulate matter (dust) and current meteorological 
conditions (lowest temperature, maximum 
temperature, and relative humidity) were measured.

 

 
Fig. 1 (a) Map of Nigeria showing Edo State; (b) Map of Edo 
North district; and (c) Map of Auchi indicating the experimental 
field at Auchi Polytechnic-Campus One. 
[Source: Author’s Arcmap 10.1 Production, 2022] 

  
The photovoltaic current was empirically 

calculated as follows: 

I୮୦ = [Iୱୡ + K୧(Tୡ − T୰)].
ୋ

ୋ౨
                                     

Where : Ihp is photovoltaic current of the PV cell
             Isc is the short circuit current under 25
1000 w/m2. 
             Ki is the Temperature factor of short circuit 
current. 
            Tc is the PV cell temperature (in Kelvin)
            Tr is the reference temperature (298.15
25oC) 
           G is the solar radiation level under W/M
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is photovoltaic current of the PV cell 
short circuit current under 25oC and 

is the Temperature factor of short circuit 

is the PV cell temperature (in Kelvin) 
is the reference temperature (298.15oK for 

solar radiation level under W/M2 

           Gr is the reference of solar radiation level 
(1000 w/m2) 

PV cell temperature (Tc) was calculated using the 
approach of Ross and Smoker (1999) as follows:

 

Tୡ =  Tୟ୧୰ +
୒୓େ

ଵ଴଴
S                 

Where :  Tair is the air temperature
               NOCT is the nominal operating cell 
temperature 
              S is the insolation in mW/cm

            Panel power is 100

[15] reported that the best module is operated at a 
NOCT of 33 oC, the worst at 58
module at 48oC, respectively. The photovoltaic panel 
characteristics are shown in Table 1. Plate 1 shows 
the array of solar panel. 

  

Fig. 2. Plate shows the array of solar panel
 
 

Table 1. Characteristics for photovoltaic panel 

Variables Numerical values

Maximum panel power 100 W

Maximum voltage 17.3V

Maximum current 5.75A

Open-current voltage 22V

Short-circuit current 6.32A

Panel efficiency 22%

Panel sizes 1600mm *1000 mm* 40 mm

Panel weight 12.5 kg

Operating temperature 33
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is the reference of solar radiation level 

PV cell temperature (Tc) was calculated using the 
approach of Ross and Smoker (1999) as follows: 

                                             (2) 

is the air temperature 
NOCT is the nominal operating cell 

S is the insolation in mW/cm2 
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[15] reported that the best module is operated at a 
C, the worst at 58oC, and the typical 

respectively. The photovoltaic panel 
characteristics are shown in Table 1. Plate 1 shows 

shows the array of solar panel 

Characteristics for photovoltaic panel [15] 

Numerical values 

100 W 

17.3V 

5.75A 

22V 

6.32A 

22% 

1600mm *1000 mm* 40 mm 

12.5 kg 

33oC ………58oC 
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III. RESULTS AND DISCUSSION 

The results presented in Tables 2 and 3 show the 
existing climatic dataset around the study area from 
2020 and 2021, respectively. Average annual 
minimum and maximum temperatures of 23.6 oC; 
31.7 oC and 22.3 oC; 31.6 oC were obtained in 2020 
and 2021. Hence, the solar radiation of 4.73 W/m2 
and 44.8 W/m2 was estimated, respectively. It is 
therefore revealed that the prevailing weather 
parameters have a significant impact on the generated 
solar radiation. An experimental study was conducted 
on the solar radiation to determine the efficiency of 
the photovoltaic cell in response to the solar radiation.  

Table 2. Climatic variables Auchi Poly in 2020. 

Mth Tmin Tmax RH W.S SH Sol.R 
Jan 21.5 34.5 64.0 15.0 7.0 47.4 

Feb 22.5 33.2 68.0 16.0 7.1 50.3 

Mar 23.6 34.2 69.0 17.0 7.5 54.4 

Apr 24.2 33.1 75.0 14.0 6.0 48.4 

May 23.4 33.2 85.0 14.0 5.8 46.4 

June 22.6 29.7 79.0 20.0 5.5 44.1 

Jul 23.1 29.1 83.0 14.0 5.7 45.4 

Aug 24.5 29.2 79.0 20.0 5.3 44.8 

Sep 22.1 29.6 88.0 15.0 5.9 47.7 

Oct 24.6 30.2 81.0 17.0 5.9 46.1 

Nov 25.2 31.2 73.0 25.0 6.8 46.9 

Dec 25.6 33.6 66.0 30.0 6.9 45.9 

Ave 23.6 31.7 76.0 18.0 6.3 47.3 

 
Hint: Tmin: Minimum temperature (oC); Tmax: Maximum 
temperature (oC); RH: Relative humidity (%), W.S: Wind speed 
(kh/h); SH: Sunshine hour (hours); Sol.R: Solar radiation 
(MJ/m2/day). 

 
Table 3 presents the outcome of 7-day field 

experimentation for a total of 13 hours from 7.00 am 
to 7.00 pm. The result shows a significant correlation 
between the air temperature (oC) and photovoltaic cell 
temperature (Table 4 and Fig. 2). 

The temperature of a photovoltaic cell rises by one 
unit for every unit rise in ambient temperature. At 
7:00 a.m., the lowest average air temperature of              
25.5 oC matched the lowest PV temperature value of 
22.1 oC, while at 2:00 p.m., the highest average air 
temperature of 33.2 oC matched the maximum PV cell 
temperature of 35.7 oC. It was determined that 1:40 
p.m. was the time when photovoltaic performance 

was at its peak. At this temperature, both the ambient 
temperature and the temperature of a photovoltaic cell 
are equal. Studies by [2, 4], and [16, 17] support the 
findings.  

Additionally, from 7:00 a.m. to 12:00 p.m., the 
results in Figure 2 and Table 3 demonstrate an 
increase in generated voltage (V) in response to 
increases in air temperature and PV temperature. As a 
result, as air and PV temperature raised more, the 
voltage and current generated decreased. With 
generated voltage and current values of 39.60 volts 
and 34.20 amps, the optimal PV operating system was 
thus discovered at 11:00 a.m. at PV and air 
temperatures of 24.9 oC and 29.1 oC, respectively. 

The outcome in Figure 3 depicts the fluctuation in 
experimental and simulated PV temperature in 
response to the experimentation time. The average 
solar panel temperature was recorded at 7:00 pm to be 
26.9 oC. The PV cell temperature rose gradually from 
22.1 oC at 7:00 am to a high temperature of 35.7 oC at 
2:00 pm and then steadily decreased at 3:00 pm (9 
hours into the experiment). 

 
The changes were, however, inversely related to 

the air temperature at each stage. The simulated and 
experimental PV cell temperature records showed a 
discrepancy of less than 5%, indicating that the PV 
cell temperature increased at midday. The results 
corroborate a study by [16] that found PV tube 
temperatures rose during the midday. 

Table 3. Climatic variables at Auchi Poly in 2021 

Month Tmin Tmax RH W.S SH Sol.R 

Jan 24.2 33.0 67.0 16.0 7.1 47.7 

Feb 23.9 34.0 69.0 15.0 7.3 51.3 

Mar 23.0 33.4 64.0 18.0 6.6 50.8 

Apr 22.0 33.0 70.0 15.0 6.0 48.5 

May 20.9 31.9 74.0 14.0 5.8 46.4 

June 20.9 30.0 79.0 13.0 5.4 43.8 

Jul 21.8 29.1 83.0 12.0 5.3 43.8 

Aug 22.0 30.0 78.0 13.0 6.0 47.4 

Sep 20.1 28.3 83.0 12.0 5.2 44.8 

Oct 22.0 29.2 75.0 14.0 6.3 47.6 

Nov 23.2 33.4 67.0 15.0 7.1 18.6 

Dec 23.5 34.2 65.0 15.0 7.0 46.4 

Ave 22.3 31.6 73.0 14.0 6.3 44.8 
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Fig. 3. Variation of photovoltaic cell temperature in response to 
time. 

PV-generated voltage in response to changing 
solar radiation is shown in Figure 4 as measured and 
simulated voltage. The voltage increase (V) in 
response to solar radiation is very slightly different 
from the mean experimental and modelled voltage of 
1.34.  

 

Fig. 4. Relationship between voltage and solar radiation

The voltage grew from 4.2 V against a solar 
radiation value of 0.0 W/m2 to 11.0 W/m
voltage value, at a solar radiation value of 500 W/m
and remained steady at 800 W/m2. An 
solar radiation above this point (500W/m
800W/m2) has a negligible impact on the voltage 
produced. When the sun radiation rose from 900 
W/m2 to 1000 W/m2, however, the voltage began to 
fall. The findings are consistent with a study by [4] 
that demonstrated a little rise in open
with an increase in solar radiation at PV cell 
temperatures of 0 oC and 25 oC, respectively.

According to [2], when solar radiation levels 
above 800 W/m2, the generated voltage declined. 
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response to solar radiation is very slightly different 
from the mean experimental and modelled voltage of 

Relationship between voltage and solar radiation. 

The voltage grew from 4.2 V against a solar 
to 11.0 W/m2, its greatest 

voltage value, at a solar radiation value of 500 W/m2, 
. An increase in 

solar radiation above this point (500W/m2 to 
) has a negligible impact on the voltage 

produced. When the sun radiation rose from 900 
, however, the voltage began to 

fall. The findings are consistent with a study by [4] 
hat demonstrated a little rise in open-circuit voltage 

with an increase in solar radiation at PV cell 
C, respectively. 

According to [2], when solar radiation levels 
, the generated voltage declined. 

They came to the conclusion that this development 
may be linked to the PV cell temperature, which was 
thought to be higher than 25 

 

Fig. 5. Relationship between current and solar radiation

 

The result in Figure 5 shows the relationship 
between the generated current and solar radiation. The 
R.M.S.E. value of 0.217 showed the variation in the 
mean experimental and simulated current. The current 
increased with an increase in solar radiation from 100 
W/m2 to 900 W/m2, with a slight drop in current at 
800 W/m2. However, the current dropped further 
beyond the sol. rad. value of 900 W/m
behavioural changes in generated current could be 
linked to high photovoltaic cell temperature as sol. 
rad. increases from 900 W/m
Therefore, the initial increase generated is highly 
significant. When solar radiation was increased from 
100 W/m2 to 800 W/m2, the
times. 

Overall, there was a direct proportional link 
between solar radiation and output power, meaning 
that for every unit increase in solar radiation, there is 
an equal increase in generated power. 

Figure 6 demonstrates a 
power output in response to an increase in solar 
irradiation, which rises laterally with time and 
photovoltaic cell temperature. The power rose from 
5.1 watts at 200 W/m2 
maximum of 46.2 watts at 700 W/m
amount of electricity generated stayed constant 
between 700 and 900 W/m
began to decline at 900 W/m
41.6 watts at an increased solar radiation of 999 watts.
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he conclusion that this development 
may be linked to the PV cell temperature, which was 
thought to be higher than 25 oC. 

Relationship between current and solar radiation.  

The result in Figure 5 shows the relationship 
between the generated current and solar radiation. The 
R.M.S.E. value of 0.217 showed the variation in the 

imulated current. The current 
increased with an increase in solar radiation from 100 

, with a slight drop in current at 
. However, the current dropped further 

beyond the sol. rad. value of 900 W/m2. As a result, 
in generated current could be 

linked to high photovoltaic cell temperature as sol. 
rad. increases from 900 W/m2 to 1000 W/m2. 
Therefore, the initial increase generated is highly 
significant. When solar radiation was increased from 

, the current increased by 4.5 

Overall, there was a direct proportional link 
between solar radiation and output power, meaning 
that for every unit increase in solar radiation, there is 
an equal increase in generated power.  

Figure 6 demonstrates a significant increase in 
power output in response to an increase in solar 
irradiation, which rises laterally with time and 
photovoltaic cell temperature. The power rose from 

 of solar radiation to a 
maximum of 46.2 watts at 700 W/m2. However, the 
amount of electricity generated stayed constant 
between 700 and 900 W/m2 of solar irradiance and 
began to decline at 900 W/m2 to the lowest amount of 
41.6 watts at an increased solar radiation of 999 watts.  
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Fig. 6. Solar radiation effect on power generated

The findings of the experiments showed that the 
lowest and highest generated powers were calculated 
at 7:00 a.m. and noon, respectively, and that these 
periods corresponded to PV temperatures of 22.1 
and 27.1 oC. As a result, despite an increase in solar 
radiation, the peak value of produced power declined 
progressively from 2:00 to 3:00 p.m. and remained 
constant between 1:00 and 2:00 p.m. It follows that it 
is logically plausible that elements like air 
temperature, PV temperature, and solar radiation 
could have a significant impact on a photovoltaic 
module's efficiency. The conclusion is highly 
supported by a number of investigations, including 
[2;8;9]. Figures 5 and 6 show the responses of 
measured and simulated power and voltage generation 
to solar radiation.  

IV. CONCLUSION 

     Due to the high air temperatures year
and its surroundings are characterized by strong sun 
irradiation, which benefits the possibility of solar 
power generation. A peak generated power of 47.1 
watts was detected at a photovoltaic cell tem
of 27.1 oC, according to the study's findings, while 
additional increases in PV temperature resulted in a 
decrease in module-derived current and power despite 
an increase in solar radiation level. The overall 
findings indicate that high solar radiation and low PV 
temperature would boost the 
photovoltaic energy. As a result, it is advised that 
solar panels have a cooling system for the 
photovoltaic modules. 
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