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Abstract. The physical optimization processes of maximizing the solar photovoltaic (PV)
panel via the angular adjustment of PV inclination to the sun were examined. The efficiency
may vary within geographic locations. In this study, the measured dataset of a location in the
tropical region of Nigeria was examined with the inclination ranging from O to 45-. It was
observed that at 30- in the south —east direction yielded a more stable result that is essential
basically for the stability of the solid state content of the PV panel. Though there were spikes
of higher voltage in the 30, it is recommended that PV users in the region to adopt 30 to
enhance efficiency and longevity of the PV panel.
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1. Introduction

Over the years, the need for the generation of power has given rise to various means of harnessing
energy. The implementation of windmills, gas turbines, hydroelectricity and so much more have
become answers to the provision of the highly sought power. The adoption of renewable energy in
low-income countries is encouraging because energy source never gets depleted. A good example is
solar energy -energy that never runs out, readily available as soon as the sun rises. The photovoltaic
cells are a solar-based device that converts solar energy into electricity [1-2].

The use of solar power has spread so wide that it is now used as an alternative source of power in
workplaces, schools and so on. It is used to power large areas via solar farms (an area also known as a
power station where a large-scale photovoltaic system is designed to supply merchant power into the
electricity grid). These solar farms need to be put under observation so that there are no fluctuations in
the output power generated. Manually testing each panel to determine its efficiency can be very
tedious, and this is where the essence of the data logger comes in. The data logger is designed to
automatically detect the current and voltage a panel is generating under hot, cold or humid conditions
and determines when the efficiency of a panel reduces by analysing its output current and voltage [3-
4].

The photovoltaic effect is a process which, when exposed to sunlight, produces voltage or current in a
photovoltaic cell. It is composed of solar cells or different semiconductors, the p - type and the n - type
semiconductorare combined to create a p - n junction. By joining these semiconductors, in the junction
region where electrons move to the p-side and holes move to the n-side, an electric field is formed.
The field causes particles positively charged to move in one direction and particles negatively charged
to move in the other. Light comprises of photons that are electromagnetic radiation quantities [5]. A
solar cell can absorb these photons. In the p-n junction, energy from the photon is transferred to an
atom of the semiconducting material when light of an appropriate wavelength is incident on these
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cells. This induces the electrons to jump to a higher state of energy called the conduction band. This
leaves a "hole" behind in the valence band from which the electron jumped. Electrons hold the
semiconducting material together when unexcited by forming bonds with surrounding atoms that
disable their movement. However, these electrons are free to move through the material in their
excited state in the conduction band. Electrons and holes move in the opposite direction because of the
electrical field that exists as a result of the p-n junction. The freed electron tends to move to the n-side
rather than being attracted to the p-side [6]. This electron motion creates in the cell an electrical
current. There's a "hole" left after the electron moves. This hole can move as well, but it moves to the
p-side instead of moving to the n-side. It is this process that creates a cell current.

Sunlight

n-type Material

p-n Junction

iz
T p-type Material
= Photons

Solar Panel

Figure 1: visual representation of the photovoltaic effect [7]

The focus of this study is to determine the best direction for optimal solar energy generation. From
literature, we understand that the best direction is the south-east direction [8]. Hence, the angular
inclination of the solar cell was investigated with the aim of determining the most stable voltage
generation direction to elongate the lifespan of the PV panel.

2. Experimental Design, Materials and Methods

A manual logger was designed to measure the voltage and current simultaneously [3]. A
polycrystalline 10V solar panel was used for the experiment. The PV panels were connected to the
logger facing the south-east direction. The direction was determined using a GPS hand-held device.
The angle of inclination was O- , 30- and 45 - as presented in figures 2-4 below. The dataset was

Figure 2: Condition 1 (0°)
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Figure 4: Condition (45;’)

3. Results and Discussion

The current versus time plot for O- is presented in Figure 5. It is observed that the current generation
was optimal at great part of the day. However, the current drop suggests that the solar radiation
dropped.
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Figure 5: graph of current against time for O-

The parabolic nature of the plot shows that current depreciates at higher time due to solar irradiance of
the geographical region and the time of the day. The voltage generated is presented in Figure 6.
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Figure 6: graph of voltage against time for O°

The graph in Figure 6 shows the plot of voltage against time, the spectral nature of the graph simply
shows the rise and fall in the voltage of the panel as affected by the rise and fall of solar irradiance.
This scenario affects the solid-state arrangement of the PV panel [8].

The current versus time plot for 30- is presented in Figure 7 below. The graph in Figure 7 above shows
the graph of time against current that exhibits a step sinusoidal form. The form taken by this graph
indicates that at certain points in time, current was constant.
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Figure 7: graph of current against time for 30°
The voltage generated is presented in Figure 8. This plot indicates that the voltage rises and drops
considering factors such as solar irradiance, temperature of the panel and time of day. The voltage
production was almost uniform for tewo-third of the experimentation time. This result is particularly
interesting because the solid-state operation in the PV panel would not be over-burdened by abnormal
excitations.
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Figure 8: graph of voltage against time for 30°
The current versus time plot for 45- is presented in Figure 9. It shows the spectral form that explains
that current rises and drops at certain points in time due to variations in solar irradiance.
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Figure 9: graph of current against time for 45°

This emerging current production, leads to the voltage production as presented in Figure 10. Aside that
the spectral form of this graph indicates the rise and drop of the panel voltage as it reacts to solar
irradiance, it is interesting to not that the abnormal voltage spikes is dangerous for the PV panel.
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Figure 10: graph of voltage against time for 45°

From the experimentation, it was proven that the maximum voltage in a solar PV panel is not as
important to the longevity of the panel. The efficiency of a solar panel should be measured with
respect to the voltage stability and the duration of voltage stability. It was observed that at 30- in the
south —east direction yielded a more stable result that is essential basically for the stability of the solid
state content of the PV panel. Though there were spikes of higher voltage in the 30 -, it is

2590
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recommended that PV users in the region to adopt 30- to enhance efficiency and longevity of the PV
panel.
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