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Abstract

Monocrystalline and polycrystalline silicon-based modules are commonly used in Burkina Faso, particularly in the city of
Koudougou, to generate electricity. However, climatic parameters affect the performance of these modules. It is therefore
necessary to conduct a comparative study between polycrystalline and monocrystalline silicon-based photovoltaic solar
modules. The objective of this work is therefore to determine the module best suited to the city of Koudougou's climatic
context. In this study, climatic parameters such as sunshine and temperature were considered. Thus, based on the mathematical
model of a photovoltaic module, a simulation was carried out in the MATLAB/Simulink environment an experimental study of
the two types of modules was conducted. The results obtained after the simulations and experiments were compared. Analysis
of the results for the two module technologies shows that during the period of the day when the temperature is high, the
polycrystalline silicon-based module performs better than the monocrystalline silicon-based module. However, during periods
when the temperature is lower, the monocrystalline module performs better than the polycrystalline module. Considering the
average daily power output for October 2024, it appears that the monocrystalline silicon-based module performs better than the
polycrystalline silicon-based module. In general, monocrystalline modules offer better technical performance than
polycrystalline modules in the climate of the city of Koudougou.
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1. Introduction

Currently, the exploitation of fossil fuels is one of the necessary to use new alternative energy sources that are
main causes of ozone layer depletion. It therefore contributes  environmentally friendly and sustainable.
significantly to global warming. To address this issue, it is Solar energy is a good alternative for reducing emissions
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of certain greenhouse gases. It is less polluting and available
across the globe. Burkina Faso enjoys relatively high levels
of sunshing, ranging from 3 kWh/m=day to 7.5 kWh/mZday,
varying from south to north [1]. Despite this high level of
sunshine, studies show that many photovoltaic installations

in Burkina Faso are either under-exploited or defective [2, 3].

This is often due, among other things, to the fact that the PV
modules used are generally not suited to the climatic condi-
tions of the region. This can contribute to a reduction in the
energy efficiency of the PV system and even increase the
overall cost of the system. The objective of this work is to
determine, based on a comparison of the performance of
monocrystalline and polycrystalline PV modules, which
module is best suited to the climatic conditions of the city of
Koudougou. Thus, if sunlight and temperature can affect the
operation of the modules, it will then be necessary to build a
model under the MATLAB/Simulink environment and to
carry out an experimental study to compare the performance
of the two modules.

To achieve our objective, a presentation of monocrystal-
line and polycrystalline PV modules is first given. Next, their
electrical and mathematical models and models in the
MATLAB/Simulink environment are provided, and an ex-
perimental study is carried out. Finally, the results obtained
are compared and discussed.

2. Equipment and Method

2.1. Modelling of Photovoltaic Modules

Made from semiconductor materials, a photovoltaic cell
converts energy from sunlight into electrical energy. This
conversion involves three main stages: absorption, conversion
and particle collection [4-7].

In general, a shunt current generator with a diode can be
used to represent the electrical circuit of an ideal photovoltaic
cell (Figure 1) [7, 8].
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Figure 1. Electrical Representation of an Ideal Photovoltaic Cell.

By applying the node law, we obtain the current I.
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where I,,, is the photocurrent and I, the diode current.
Equations (2) and (3) give the expressions for Ipy and g,
respectively [9]:

G
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la = Llew (57) = 1] @

Equation (1) then becomes:
1=y =1 [exp (25) - 1 4)

where: I, is the photocurrent in STC; ki is the short-circuit
current at 298.5 K and 1000 W/m=1s the saturation current of
the junction diode; q, the elementary charge; G is the irradia-
tion (W/m?); ke, represents the Boltzmann constant; n, is the
ideality factor of the diode; T, is the junction temperature and
V the output voltage [7, 8].

When a parallel resistance (R;) is added to the previous
circuit, we obtain the electrical model of a photovoltaic cell
(Figure 2). [10-12]
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Figure 2. Electrical Representation of a Photovoltaic Cell.
The output current is given by equation (5):
I = Iph — Iy — I 5)
Where:
_ V+Rsl
Ish - Rsn (6)
So:
= — AWHRDY _ 4| _ |V+Rs!
I'=1Ton =1 lexp( nkgT ) 1J l Rsn J ()

To power a receptor, it is necessary to connect the cells in
series (Ns) and in parallel (Np) in order to increase the output
voltage and current. The current delivered by a photovoltaic
solar module is given by equation (8) [8, 11, 12].
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Where E, is the gap (eV).

Using equation (8), we construct the MATLAB/Simulink
model of a solar module (Figure 3). In this model, we have the
input parameters (sunshine and temperature) and the output
parameters (voltage and current).
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Figure 3. Representation of a Photovoltaic Solar Module in MATLAB/Simulink.

2.2. Presentation of Mono- and Polycrystalline
Photovoltaic Cells

Silicon-based photovoltaic solar modules (monocrystalline
and polycrystalline) are the most commonly used in photo-
voltaic systems in Burkina Faso. The Czochralski method is
used to obtain monocrystalline silicon [13]. Polycrystalline
silicon is obtained by melting and shaping the equipment in a
quartz crucible [14-17].

2.3. Geographical Sites

Koudougou is a city in Burkina Faso. It is located at a lat-
itude of 12<15'04" north and a longitude of 2<22'28" west,
100 km from Ouagadougou. This site was chosen for ex-
perimentation because of its relatively high solar potential.
Figure 4 shows the geographical location of the experimental
site and the global irradiation of Burkina Faso.
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Figure 4. Map of Global Horizontal Irradiation in Burkina Faso [15].

2.4. Materials Used

For the experimental part, we used monocrystalline pho-
tovoltaic solar modules from the manufacturer Yaki Electric
(M100) and polycrystalline modules from the manufacturer
Copex Solar (model P100), each with a standard capacity of
100 W. We also used multimeters and temperature probes for
data collection. In the simulation part, MATLAB/Simulink
simulation software was used. The main characteristics of the
panels used are given in Table 1.

Table 1. Characteristics of Monocrystalline and Polycrystalline
Modules.

Characteristics Monocrystalline  Polycrystalline

Maximum power (Pmax) 100Wp

18.1V

100Wp

Voltage (Vmp) 18.2v

17

Characteristics Monocrystalline  Polycrystalline

Current (Imp) 5.9A 6.04A
Open circuit voltage (Voc) 21.7V 21.7vV
Short-circuit current (Isc) 6.6A 6.65A

2.5. Data Collection Methods

The experiment was conducted in Koudougou during Oc-
tober 2024 for a period of 30 days. Data was collected at
15-minute intervals between 6 a.m. to 6 p.m., under daily
weather conditions using multimeters and thermocouples.
The data collected included irradiation, temperature, current
intensity and voltage. In the MATLAB/Simulink environ-
ment, we considered sunlight and ambient temperature as
input parameters. Electric current intensity and voltage were
considered as output parameters. The MATLAB/Simulink
model is shown in Figure 5.
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Figure 5. Representation of the Simulation Model in MATLAB/Simulink.
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3. Results and Discussions 24
Figures 6 and 7 shows the curves for irradiation and aver- 33
age daily temperature for the month of October 2024. The _
data was collected between 6 a.m. and 6 p.m. 232
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T
©
= 400
500 In our simulation model, we used the daily average of ex-
perimentally obtained irradiation and ambient temperatures.
200 The experimental and simulation results are illustrated in
Figures 8 and 9.
100 : : : : ‘ Figure 8 shows the evolution of current over time for
® 8 oo w8 talline and polycrystalline modules and the result
Time (h) monocrystalline and polycrystalline modules and the results
obtained from the simulation. It can be seen that during peri-
Figure 6. Irradiation Curve as a Function of Time. ods of low sunlight, from 6 a.m. to 9:45 a.m. and from 4 p.m.

to 6 p.m., the current produced by monocrystalline modules is
slightly higher than that produced by polycrystalline modules.
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However, during the period of strong sunlight, from 9:45 a.m.
to 4 p.m., current peaks are observed. The peak current pro-
duced by polycrystalline modules is slightly higher than that
produced by monocrystalline modules. This period also cor-
responds to the period when irradiation and ambient tempera-
ture are high. We can therefore say that the current peaks
observed during this period are due to high solar radiation. In
addition, the rise in ambient temperature during this period has
a negative influence on the current delivered by monocrystal-
line modules compared to that delivered by polycrystalline
modules.
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Figure 8. Evolution of Current Over Time for Different Types of
Modules.

The results of the evolution of voltage over time for
monocrystalline and polycrystalline modules obtained from
the simulation are shown in Figure 9. In general, we can see
that the voltage at the terminals of monocrystalline modules
is slightly higher than that at the terminals of polycrystalline
modules. The simulation results show us that the voltage
varies in the same way as that obtained experimentally.

We can see that the voltage peaks occur between 9am and
11am. These peaks may be due to the fact that during this
period, we have fairly strong irradiation and a relatively
lower ambient temperature.
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Figure 9. Voltage Evolution Over Time for Different Types of Mod-
ules.

Based on the currents delivered and the voltages at the
terminals of the different types of modules, we obtain the
average instantaneous power outputs for the month of October
2024 (Figure 10). In general, we note that the power values
generated by each of the modules are relatively low at the
beginning and end of the day. This is probably due to the low
irradiation during these periods of the day.

In the middle of the day, there are often dips in module
production. This period very often coincides with periods of
high temperatures. Thus, temperature has a negative influence
on the production of monocrystalline and polycrystalline
modules.
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Figure 10. Instantaneous Daily Power Output of Monocrystalline and Polycrystalline Modules.
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We can therefore say that the ambient temperature in the
city of Koudougou has a negative influence on the production
of monocrystalline and polycrystalline silicon-based modules.
However, this influence is more pronounced on monocrys-
talline modules than on polycrystalline ones. The average
daily power obtained during sunny periods shows that
monocrystalline modules perform slightly better than poly-
crystalline modules.

These results are virtually identical to those obtained by
[16], by [17] for the case of El-Kharga OQasis (Egypt), by [18]
for the case of Indonesia, and by [19] for the case of Dhaka
(Bangladesh) for a solar tracking system. Looking ahead, it
would be important to consider the influence of humidity,
wind, and dust on the performance of both types of modules.
Furthermore, it would be necessary to conduct the same study
in other cities in Burkina Faso.

4. Conclusion

At the end of our study, we can say that the performance of
monocrystalline and polycrystalline PV modules evolves in
the same direction as the evolution of solar radiation in the
city of Koudougou. However, ambient temperature has a
negative impact on output currents and terminal voltages,
with a more significant effect on monocrystalline modules
than on polycrystalline modules. Furthermore, the evaluation
of average power shows that polycrystalline modules perform
slightly less well than monocrystalline modules. In general,
given the climate in the city of Koudougou, monocrystalline
modules perform better than polycrystalline modules. It
would also be necessary to conduct an economic study on the
two types of modules in order to determine, based on value for
money, the most appropriate module technology to enable
widespread deployment of these modules in Koudougou.

Abbreviations

Imp Maximum Power Current
ISC Short-Circuit Current

PV Photovoltaic

Pmax Maximum Power

STC Standard Test Conditions
V (OC)  Open Circuit Voltage
Vmp Maximum Power Voltage
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