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Solar cells are highly sensitive to temperature, which affects its operating
parameters. The study has its aim in accessing the impact of temperature
(in excess above the maximum operating cell temperature) and irradiance
source on the efficiency of polycrystalline photovoltaic (PV) solar panels in
an environment where the temperature and irradiance level can be fully
controlled. For the study to achieve its aim, a solar box and tungsten light
bulbs were used to create an environment where the irradiance level and
the temperature can be controlled. The solar panel was placed inside
the solar box facing the light source while the irradiance level and
temperature were measured and held constant. Results show a steady
decrease in voltage with increasing temperature while the performance ratio
and efficiency of the photovoltaic module followed a similar trend as
that of voltage once the temperature exceeds the maximum operating cell
temperature. Results also show the output voltage of the photovoltaic
to be higher under the tungsten light than the sun, but the efficiency
achieved by the photovoltaic under the sun far exceeds that obtained under
the tungsten light.
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1. INTRODUCTION

The efficiency of solar photovoltaics depends on the temperature it is subjected to, which is
fundamentally a product of the ambient temperature as well as the level of sunlight [1]. Solar photovoltaic
panels are designed to work best in certain temperature and atmospheric conditions known as standard test
conditions (module temperature 25°C, irradiance 1000W/m? and AM 1.5) but since the weather is hardly
constant, majority of panels do not operate under ideal conditions which they are designed for [2], so these
standard test conditions do not match what is typically experienced under outdoor operations [3]. Moreover,
under standard test conditions, the efficiency of solar photovoltaic panel decreases by about 0.40%-0.50% for
each degree rise in temperature [4]. It is of enormous importance that engineers need to understand how solar
photovoltaic panels respond to different temperature and atmospheric conditions so that the efficiency of
solar photovoltaic panels that function in non-optimal conditions and atmospheres can be improved. Due to
the rapid changes in our environment as a result of the massive consumption of fossil fuel, the world’s
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attention is now directed toward green energy to save our planet. As a reliable source of renewable energy,
solar energy has been identified as one of the most reliable sources of energy in the future [5]. Recently, solar
energy has attracted attention around the globe and is currently playing a significant role in providing clean
and sustainable energy [6].

Solar energy has been seen as a viable solution towards energy, environmental, and global
challenges. The burning of fossil fuels consistently has led to humans suffering from an energy crisis
accompanied by the pollution of our environment. Just like wind energy, solar energy has received intense
attention because renewable energy is on tremendous focus [7]. One of the technologies in the renewable
energy sector that have now become an established technology and experienced rapid growth over the years
is the photovoltaic technology [8]. With this technology, the amount of carbon monoxide emitted to
the atmosphere that comes from the burning of fossil fuel that disturbs the global carbon cycle [9] can be
significantly reduced. However, the majority of the energy that humans consume today comes from fossil
fuel, which has the sun as its origin, but for millions of years, it has been stored underneath the earth. Fossil
fuels are predicted to be exhausted within 50-100 years from now if the current trend in which energy is
demanded and consumed continues [10].

Ike [11] reported that there is an indirect proportionality between the ambient temperature of
the locality and the output power produced by a photovoltaic system after carefully investigating the effect of
temperature on the performance of solar photovoltaic systems in the eastern part of Nigeria. The result of
the research further reveals that periods of high temperatures do not favor the conversion of solar energy to
electrical energy. Omubo-pepple et al. [12] concluded that low temperature enables solar panels to function
optimally by allowing an increase in output voltage, which triggers an increase in the output power as well as
efficiency. These results came to light after investigations on the effect of solar flux and relative humidity on
the efficient conversion of solar energy to electricity in Port Harcourt, Nigeria.

Njok & Ogbulezie [13] studied the effect of temperature on polycrystalline solar panels installed
close to a river and observed that an increase in current and efficiency is observed as the temperature of
the panel is increased. Their result also reveals that the observed increase in efficiency as panel temperature
increases is only up to the maximum operating cell temperature. Beyond this temperature, the efficiency
begins to drop. Chaichan & Kazem [14] analyzed the influence of solar intensity on photovoltaic modules in
humid and hot weather conditions and concluded that wind effect on modules temperature was insignificant.

El-shaer et al. [15] studied how temperature affected the parameters of crystalline silicon solar
modules and found that the current parameter is the parameter that is mostly influenced. Tobnaghi and
Naderi [16] examined how the performances of solar cells are affected by temperature and solar radiation and
revealed that the performance of solar cells is highly dominated by solar radiation. Gaur and Tiwari [17]
analyzed the performance of photovoltaic modules of different solar cells for different climatic conditions
and observed that for all the photovoltaic technologies utilized in the research, there is always a drop in
efficiency first, before increasing with time from morning to evening in January and June.

Rani et al. [18] investigated how the performances of solar modules are affected by temperature and
irradiance and showed that the output power of a solar panel increases with increasing solar irradiance.
Syafigah et al. [19] carried out a thermal and electrical study for photovoltaic modules incorporating cooling
systems and reported that as the operating temperature of a photovoltaic panel increases, the output power
decreases. Amelia et al. [20] investigated how temperature affected the output performance of PV modules
and proved that the temperature of PV modules plays a significant role in power production. Leow et al. [21]
reported that to achieve better output performance from photovoltaics, they should be operated in an
atmosphere with considerable wind velocity.

Njok et al. [22] investigated how sunrise and sunset times cause monthly variations in photovoltaic
efficiencies and reported that photovoltaics would be more efficient in months with low average relative
humidity coupled with low panel temperature. Njok et al. [23] found that high solar power and solar flux
positively enhance the performance of photovoltaics. Verayiah & lyadurai [24] conducted a comparison
study on types of PV for grid connected photovoltaic power and discovered that ambient or cell temperature
and solar irradiance influence the output performance.

Mansur & Baharudin [25] conducted a performance analysis on a self-consumed solar PV system
for a fully DC residential house and concluded that the temperature of the photovoltaic module, unused
energy when battery to its full capacity coupled with battery and converter efficiencies contributes to losses
of the system. The temperature in which a solar photovoltaic panel is exposed to plays a significant role in
determining its efficiency. The daytime average temperature of states in Nigeria is higher than the temperature
of the standard test condition as specified by the manufacturer. The ambient temperature of some states in
Nigeria reaches temperatures that are close to the maximum operating cell temperature of photovoltaics,
thereby prompting the need for this study.
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The novelty and aim of this research lie with the careful monitoring and investigation of the impact
of temperature (in excess above the maximum operating cell temperature) and irradiance source on
the efficiency of polycrystalline photovoltaic (PV) panels. For the study to achieve its aim, a solar box and
tungsten light bulbs were used to create an environment where the temperature and irradiance level can be
varied. The reason for this research is because the citizens and government of Nigeria are considering
powering their homes using PV technology due to increasing oil price and environmental awareness.
So, we intend to investigate how these panels will perform in some of the hottest states of Nigeria like
Sokoto, which have recorded an ambient temperature of 47.2°C. Some of these panels will be mounted on
the rooftop while some will be pole mounted. For a pole-mounted and rooftop installation, the likely panel
temperature can be obtained by multiplying the ambient temperature by 1.2 and 1.4, respectively [26].

2. MATERIAL AND METHODS
2.1. Materials

A solar box and a solar photovoltaic module with a power capacity of 130 watts made from
polycrystalline silicon were used in the process. This module possesses a dimension of 1480*670*35 mm and
is capable of delivering 18.10V and 7.18A at maximum voltage and current, respectively. A charge controller
was used to enable steady and smooth charging of the lead-acid battery (12V-75AH). A digital multimeter
(M890C+) synchronized with a thermocouple (K-type) for measuring temperature in Celsius was employed
to accurately monitor the current, voltage, and temperature values from the module. Tungsten filament bulbs
were utilized in the process as a source of radiation and heat to simulate the sun. A digital solar power meter
(SM206), which is capable of measuring solar power in the British thermal unit (Btu) and Watt per square
metre (W/m?), was also utilized to measure the level of irradiance the solar module was subjected to.

2.2. Methods

The solar photovoltaic module was placed inside the solar box with the temperature sensor installed
on its surface while connecting cables linked to the output leads and the charge controller. The output of
the charge controller was linked to the battery for the smooth charging of the battery. The battery was then
connected to an inverter through which the load was powered. Measurements were taken as the temperature
of the panel increased. For every significant increase in temperature, the voltage and current from
the photovoltaic module were measured. The experiment was repeated ten (10) times, and the average was
taken. After measurements were completed in the solar box, measurements were also taken under the sun at
the same irradiance level that was set inside the solar box. From the measurements taken, the normalized
power output efficiency was determined using in (1), the performance ratio was calculated from (2) while
the maximum and measured power which the photovoltaic module can deliver was determined using in (3)
and (4) respectively as shown by [27]. It has been shown by [13] that the short circuit current and the open-
circuit voltage are been influenced by parameters like temperature and solar power as indicated in (5) and (6).
Normalized power output efficiency:

Mp= 2% x 100 ©)

max
Performance ratio:

_ (Pmea/PmaX)

PR= (Emea/1000) )
Maximum power:

Pmax = Vimax X Imax (3)
Measured Power:

Prmea = Vimea X Imea

(4)

Short circuit current:

Isc = bEmea ®)
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Open circuit voltage:

KT Isc
Voc = o ln; (6)

where Emea IS the measured incident solar power (irradiance) on the photovoltaic module, Q is the electronic
charge, 1, is the saturation current, T is the absolute temperature of the photovoltaic module, b is a constant
depending on the properties of the semiconductor junction, K is the Boltzmann constant. Pmax, Vmax, and Imax

are the maximum power, voltage, and current, respectively, that the module can give out. Pmea, Vimea, and Imea
are the measured power, voltage, and current, respectively.

3. RESULTS AND DISCUSSIONS

The impact of increasing temperature on the voltage produced by the photovoltaic module under
constant irradiance is shown in Figure 1. This figure shows a steady decrease in voltage as the temperature
increases, confirming that an increase in temperature does not enhance voltage production from photovoltaic
modules but rather decreases it, which is in agreement with work by Omubo-pepple et al. [12]. Figure 2
reveals how photovoltaic modules respond to increasing temperature in terms of current production. From
the figure, an increase in current with increasing temperature is observed up to the maximum operating cell
temperature (47°C); beyond this temperature, a decrease in current coupled with erratic behavior is observed,
which is found in agreement with work by Njok and Ogbulezie [13].

Figure 3 highlights the performance ratio of the photovoltaic module under constant irradiance with
increasing temperature. The figure reveals that high temperature hampers the performance of photovoltaics.
Figure 4 shows how the efficiency of the photovoltaic module is adversely affected by temperature. It reveals
that temperature increase does not entirely enhance efficiency. This increase in efficiency as panel temperature
increases is only up to the maximum operating cell temperature; beyond this temperature, the efficiency
decreases as temperature increases. The results shown in Figure 4 are found in agreement with works by
Omubo-pepple et al. and also with Njok & Ogbulezie [12, 13].

Figure 5 reveals how the photovoltaic module responds to different sources of light with the same
level of irradiance. The figure reveals a higher voltage been produced with tungsten light. Figures 6 and 7
show the current and efficiency produced by the photovoltaic module under different sources of irradiance,
respectively. They reveal that under the sun, the photovoltaic module is more effective in current production
and, thus, reaches a higher efficiency than with the tungsten light. This may be because under the sun, every
part of the solar cell junction is entirely and evenly illuminated.
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4. CONCLUSIONS

Solar cells, like all semiconductor materials, are highly sensitive to temperature. One of the
parameters that is profoundly affected by temperature is the open-circuit voltage, which also influences
the power and efficiency of the photovoltaic module. As the temperature of the solar cell rises, the bandgap
of the semiconductor reduces, which can be viewed as the electrons in the material gaining more energy.
Also, an increase in temperature enhances lattice vibration, which obstructs the free movement of charge
carriers. Since solar cells are highly sensitive to temperature and part of the incident, solar radiation
eventually becomes heat. It is essential to continually cool it to remove/transfer the extra or unwanted heat.
Irrespective of the atmosphere in which a photovoltaic module is being installed, as long as the photovoltaic
module receives enough solar radiation and its temperature does not exceed the maximum operating cell
temperature, it will remain efficient coupled with a high-performance ratio. If artificial light is to be used for
power generation from a photovoltaic solar panel, it should be ensured that every part of the photovoltaic
module is wholly and evenly illuminated.
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