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1. INTRODUCTION

Solar energy is the radiant heat and light from the sun that has been used by humans since ancient
times using a wide range of technologies. Even though the sun ranks as a run-of-the-mill star, it releases a
huge quantity of energy in terms of human capacity or need. Power output per second is 3.86 x 10%°
megawatts (MW), several billion times the electric capacity of Nigeria’s power producing utilities. This
energy fills the solar system, bathing the earth's atmosphere with a near constant supply of 1.37 kilowatts per
square meter (kW/m?) [1]. Not all the direct sunlight incident on earth's atmosphere arrives at the earth's
surface. The atmosphere attenuates many parts of the spectrum; the level of attenuation may vary by
geographical location on the surface of the earth. For example, X-rays are almost totally absorbed before
reaching the ground. A good percentage of ultraviolet radiations are also filtered out by the atmosphere.
Some radiations are reflected back into space. Some are randomly scattered by the atmosphere, which makes
the sky look blue.

Solar energy is a renewable source of energy and it is among the fastest growing energy resource in
the world, which is clean, noiseless, pollution free and offers many benefits to human. Solar energy is
receiving immense attention because renewable energy is on tremendous focus due to the depletion of the
ozone layer and global warming. Due to increasing cost of fossil fuel couple with the fact that Nigeria has a
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low wind potential for electricity generation, it is important to investigate the potential of electricity
generation through solar energy. In many rural locations of Nigeria, solar energy could provide a cost
effective and unique way out of electrification failure for both metropolitan and rural areas. These are areas
where high level of economic and agricultural activities takes place without access to electricity and
water supply.

The unsustainability of the present production-consumption energy model highlights the finite
nature of conventional energy sources. The environmental degradation occasioned by the emission currently
generated by the use of fossil fuels causes serious environmental problems, such as acid rain, greenhouse
effect and ozone layer depletion, which in many cases are irreversible [2]. Technological dependency of the
industrialized world on fossil fuels and how these fuels have steadily degraded the earth’s environment is
quite alarming. In our generation, our climate is receiving unprecedented attention because, human activity
on earth during the past couple of hundred years have led to significantly large and rapid changes in
environmental conditions [3]. These changes affect health, comfort levels, and ability to grow and distribute
food [4]. Recently, humans are seeking and exploring renewable energy for fossil fuels to be replaced.
This exploration is triggered by the extinction of fossil fuel beneath the earth surface, prompting humans not
to depend on it forever. Solar energy is one of the most potential renewable energy sources [5].

Ozbay et al. [6] monitored the monthly, seasonal and yearly optimum tilt angles by raspberry pi card
for Bileck city, Turkey. It was discovered that the panel with 10° tilt angle produced more power compared to
the other panels for the months of June, July and August while the panel with 60° tilt angle produced less
power, leading to the conclusion that the best tilt angle for summer season is found to 10° and the worst tilt
angle found to be 60°.

Huld et al. [7] investigated the geographical variation of the conversion efficiency of crystalline
silicon photovoltaic modules in Europe. From their results it was found that the geographical variation in
ambient temperature and yearly irradiation causes a decrease in overall yearly PV performance from 3 to
13% relative to the performance under Standard Test Conditions, with the highest decrease found in the
Mediterranean region.

Gaur et al. [8] researched the performance of photovoltaic modules of different solar cells.
The analysis was carried out particularly for the climatic conditions in the months of January and June in
New Delhi, India. They concluded that for all the PV module technologies, the efficiency first decreases and
then increases with time from morning to evening in both months of January and June.

Omubo-pepple et al. [9] using a B-K Precision module 615 digital light instrument and PV modules
in Port Harcourt researched on the effect of solar flux and relative humidity on the efficient conversion of
solar energy to electricity. Results obtained shows that current increases when relative humidity drops, which
means low water vapor in the atmosphere, resulting to high flux which enhances high current production.

Ettah et al. [10] carried out an investigation in Calabar (Nigeria) about the effect of relative humidity
on the performance of solar panels. Their results demonstrate that low relative humidity between 69% and
75% favors an increase in output current from solar panels, with voltage stabilizing between relative
humidity values of 70% and 75%, as well increases with a decrease in relative humidity.

Ike [11] investigated the effect of temperature on the performance of a photovoltaic solar system in
eastern Nigeria. The results show that there is an indirect proportionality between the power output produced
by the system and the ambient temperature of the locality. Thus the application of photovoltaic technology in
the conversion of solar energy to electricity is not favorable during the period of very high ambient
temperature than the period of low ambient temperature. The results indicated that PV solar panels must be
installed at a place where they receive more air current so that the temperature remains low while the power
output remains high.

Hirata et al. [12] investigated how seasonal changes in cell temperature and spectral solar radiation
affect the seasonal variation in photovoltaic (PV) module conversion efficiency for CdS—CdTe and two-layer
tandem-amorphous silicon. Results obtained shows that The CdS conversion efficiency increased during
summer by 7%, although the spectral ratio available to CdS increases, the conversion efficiency does not
increase by the same amount, because of an increase in cell temperature.

Muhammad et al. [13] compared the performance of photovoltaic modules during winter months in
Taxila, Pakistan. The study concluded that output power of modules increases linearly with increase of solar
irradiance. The c-Si module shows high average output power, but a-Si shows higher normalized output
power efficiency due to its better performance in low irradiance condition. The overall average module
efficiency of c-Si module was 13.01%, which is higher than the average module efficiency of the other two
modules. Results depict that module efficiency shows a decreasing trend with increase of solar irradiance and
module temperature. The average module efficiency decreased by about 8.85%, 4.5% and 26% for c-Si, p-Si
and a-Si modules respectively, with increase in module temperature from 22 to 33-C.
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Mansur et al. [14] studied the performance analysis of self-consumed solar PV system for a fully
DC residential house and realized temperature effect to the PV module contributed to the system losses,
as well as batteries and converter efficiencies.

Verayiah & lyadurai [15] carried out a comparison study on types of PV for grid connected
photovoltaic power and found that the monthly output energy of solar modules are influenced by ambient
temperature and solar irradiance.

Syafigah et al. [16] reported that the increase in the operating temperature directly leads to the
reduction of output power from Photovoltaic Panels.

Adinoyi & Said [17] researched on the effect of dust accumulation on the power outputs of solar
photovoltaic modules in the eastern province of Saudi Arabia and unravel that those PV modules that are left
with dirt on their surface for duration of six months and above can have its power decrease by as
much as 50%.

Leow et al. [18] investigated the performance difference of PV panels subjected to different wind
velocity. The results encourage photovoltaic panels to be exposed and operated in the open atmosphere with
considerable wind velocity for achieving better output power.

Mejia et al. [19] studied the effect of dust on solar photovoltaic systems in Santa Clara and found
that it is during the long dry summer that soiling losses have their highest impact.

Khanna et al. [20] studied the effect of climate on electrical performance of finned phase change
material integrated solar photovoltaic and discovered that under clear sky, finned phase change material is
more beneficial. More heat is produced and thus requires external cooling due to large incidence of
solar flux.

Armelia et al. [21] investigated the effect of temperature on photovoltaic (PV) panel output
performance through software simulation and outdoor experiments and showed that a crucial role is played
by panel temperature during power production.

Mustapha et al. [22] reported that there is a direct proportionality between temperature, solar power
and the power produced by the photovoltaic module after carrying out a performance evaluation of
polycrystalline solar photovoltaic module in weather conditions of Maiduguri, Nigeria.

Amajama et al. [23] after studying the impact of wind on the output of photovoltaic panel and solar
Illuminance/intensity concluded that if the sun is some distance away while the rays still hit the front of the
panel and the wind is toward the front of the panel the photovoltaic output is enhanced.

This research aims to determine the monthly variation in efficiency of polycrystalline photovoltaics.
The month of April and May was chosen for this research because the amount of rainfall for these months is
not as high as compared to June and July. In the month of June and July it would be almost impossible to
have a reasonable number of days without rainfall required for the research. Furthermore the month of
January, February and March was not picked because, the difference in the sunrise and sunset times between
these months is not more than eight minutes as compared to April and May that is above ten minutes.

2. STUDY AREA
Calabar, the capital of Cross River State is located in the southern part of Nigeria, located on
Latitude 4°57°06°°N and longitude 8°19°19’E at an elevation of 32m above sea level.

3. MATERIALS AND METHODS
3.1. Materials

A 130 watt polycrystalline solar panel with dimension of 1480*670*35mm and capacities of 7.18A
and 18.10V at maximum current and voltage respectively. Charge controller was utilized to assure smooth
charging of the lead acid battery with the specification of (12V-75AH). A digital multimeter (M890C+) was
utilized to monitor voltage and current values, accompanied by a K type thermocouple for measuring
temperature in Celsius. A digital thermometer (KT-908) which is equipped with a digital hygrometer and a
digital alarm clock was also used which is capable of displaying temperature both in Celsius (C) and
Fahrenheit (F).

3.2. Method

The solar panel was placed horizontally flat facing the sun on a platform one metre high above the
ground. Connecting cables were connected to the output terminals of the solar panel. From the output
terminals of the solar panel the cables were connected to a switch which led to the charge controller.
The output of the charge controller was then connected to the battery for charging the battery, and from the
battery the load was powered through an inverter.

Indonesian J Elec Eng & Comp Sci, Vol. 18, No. 1, April 2020 : 310 - 317



Indonesian J Elec Eng & Comp Sci ISSN: 2502-4752 O 313

Measurements were taken at an interval of 30 minutes from 6.00am to 6.00pm for 30 days (first 15
days in April and first 15 days in May) in 2017. During measurements, the voltage and the current from the
panel were measured using the digital multimeter. The ambient temperature was read directly from the digital
thermometer while the solar panel temperature was measured using the temperature sensing probe fixed on
the solar panel. The time of day was recorded and the relative humidity measured and read directly from the
digital hygrometer.

From the readings obtained the power from the solar module was determined from (1), while the
normalized power output efficiency of the solar module was calculated using (2) [15]. It has also been shown
by [15] that the open circuit voltage and short circuit current depend on parameters like solar irradiance and
the temperature as shown in (3) and (4).

Measured Power:
Pmea = Vimea X Imea 1)

Normalized power output efficiency:

1p = 222 % 100 )

max

Open circuit voltage:

— KT, Isc
Voc - Q lTL Io (3)
Short circuit current:
Isc =bH (4)

where Pmea and Prax are the measured power and maximum power that the photovoltaic module can give out
respectively. |, is the saturation current, Q is the electronic charge, K is the Boltzmann constant, T is the
absolute temperature, H is the incident light intensity and b is a constant depending on the properties of the
semiconductor junction. The block diagram of the setup is shown in Figure 1.
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Figure 1. Block diagram of the experimental setup

Investigation of monthly variations in the efficiencies of photovoltaics due to ... (Armstrong O. Njok)



314 a ISSN: 2502-4752

4. RESULTS AND DISCUSSION

Figure 2 shows that the average relative humidity in the day before noon in the month of April is
higher than that in the month of May, this is because the sun rises earlier in the month of May than in April,
but the reverse is the case after noon as the chart shows a lower average relative humidity in April than in
May, and this is because the sun sets earlier in the month of May. Since the sun sets late in the month of
April, it provides additional sunshine to lower the relative humidity. The full daytime average relative
humidity is almost the same but with that for May slightly higher than that for April.
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Figure 2. Average relative humidity against sections of the day

Figure 3 shows that the ambient temperature in the day before noon in the month of April is lower
than that in the month of May, but the reverse is the case after noon. This is because the relative humidity in
the day before noon in April is higher than that in May and the relative humidity in the day after noon is
higher in May than in April. The full daytime average ambient temperature is the same.
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Figure 3. Average ambient temperature against sections of the day

Figure 4 shows a higher panel temperature in the day before noon in May than in April with the
reverse occurring after noon. This corresponds to the fact that the ambient temperature before noon in May is
higher than that in April while the ambient temperature after noon is higher in April than in May. The full
daytime average panel temperature in both months is higher than the full daytime average ambient
temperature which sits at 31.8°C.

Figure 5 shows the panel efficiency peaking at 77% in April against 73% in May. This results shows
that photovoltaics are more efficient in April than in May, which corresponds to the fact that there is more
sunshine in April than in May.
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Figure 4. Average panel temperature against sections of the day
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Figure 5. Efficiency against the time of the day

Figure 6 shows higher efficiency before noon in the month of May than in April, which is due to the
early rising of the sun in the May.
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Figure 6. Efficiency against the time of the day (before noon)

While Figure 7 shows higher efficiency after noon in April than in May, which is due to the early
setting of the sun in May. Figure 8 is in agreement with Figure 6 and Figure 7, while the full daytime average
of Figure 8 corresponds to the explanation given in Figure 5.
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Figure 7. Efficiency against the time of the day (afternoon)
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Figure 8. Average efficiency against sections of the day

CONCLUSION
This research shows that photovoltaics performs better in the month of April than in May, which is

due to more sunshine experienced in April than in May couple with the slight difference in relative humidity.
The result of this research alert the general public using photovoltaics as their source of electricity to expect
different peak levels of efficiencies for different months, and also to expect the different peak levels of
efficiencies to occur at different times of the day. The results of this research shows peak levels of
efficiencies of 77% occurring at 12:30 and 73% occurring at noon for April and May respectively, which is
due to the difference in sunrise and sunset times for both months. The research also give an insight that as we
progress further into the month of June and July we should expect lower efficiencies from photovoltaics, and
this efficiencies to occur at different times.
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