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ABSTRACT

This study investigates the performance and efficiency of 20W monocrystalline and polycrystalline solar
panels in Bayan Kara, Birnin Kebbi metropolis. Monocrystalline panels, which are made of pure silicon,
are more efficient (15%—-22%), take up less space, have a black appearance, and perform better in warm
weather, making them ideal for areas with high solar intensity. In contrast, polycrystalline panels,
constructed from multicrystalline silicon, typically have lower efficiency (13%-18%), a blue tint, and
decreased performance in hot conditions, but are more cost-effective. Both types of panels usually last 25
to 35 years. The findings of the research suggest that monocrystalline panels are superior to
polycrystalline panels in the specific location studied. Therefore, monocrystalline solar panels are
recommended for residential solar power generation in Bayan Kara due to their higher efficiency and
thermal performance, while polycrystalline panels may be a better choice for those prioritizing lower
initial costs.

Keywords: performance, Efficiency 20W Monocrystalline, and Polycrystalline Solar Panel, pyronometer,
Birnin Kebbi Metropolis.

1.0 INTRODUCTION
The increasing global focus on energy security, environmental preservation, and the diminishing

fossil fuel reserves has hastened the quest for clean and sustainable energy alternatives. Renewable
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energy has become crucial for achieving sustainable development goals and reducing carbon
emissions, offering a reliable path to energy independence and economic stability. Solar energy stands
out as a promising renewable energy source due to its abundance, accessibility, and versatility in
various environmental conditions. Solar photovoltaic (PV) systems, which directly convert sunlight
into electricity, have garnered significant attention in recent times for research and technological
advancements. The efficiency and performance of PV systems are heavily influenced by the type of
solar cell employed, with monocrystalline and polycrystalline technologies being commonly used.
Monocrystalline solar panels, crafted from single-crystal silicon, are renowned for their high
efficiency, greater power output, and enhanced performance in high-temperature settings. Conversely,
polycrystalline panels, made of multiple silicon crystals, present a more affordable option, albeit with
slightly lower efficiency and temperature resilience. Understanding the comparative performance of
these two solar technologies is crucial for optimizing renewable energy generation, particularly in
regions like Birnin Kebbi, Nigeria, where solar irradiance is plentiful year-round. Solar panel
efficiency is predominantly influenced by the level of solar radiation they receive, known as solar
irradiance — the amount of sunlight energy incident on a specific area. In space, this irradiance is
constant (around 1365 W/mg?), but on Earth's surface, factors like atmospheric absorption and
scattering reduce it to an average of about 1000 W/n? under clear skies when panels are directly
facing the sun. The intensity of solar irradiance directly impacts a solar panel's energy production
capacity. Since solar cells demonstrate non-linear behaviors, their performance is accurately assessed
through characteristic curves, such as current-voltage (I-V) and power-voltage (P-V) curves, which

illustrate how the cell converts light energy into electrical power.
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Figure 1: \bltage Current Curve

Figure 1 illustrates the behavior of a solar cell when connected to an external load R. The load
introduces a linear relationship represented by the line I/V =1/R, indicating that the output power

depends on the resistance value. When Ris very small, the operating point shifts to the MN region,
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where the cell functions like a constant-current source and approaches the short-circuit current (Isc).
Conversely, a large Rmoves the operating point to the PS region, where the cell behaves as a constant-

voltage source near the open-circuit voltage (Voc). At the optimal load R, the solar cell delivers its

maximum power, corresponding to the maximum voltage (Vuax) and maximum current (Ipax).

The following current-voltage curve parameters are frequently used to ascertain the output

properties of solar cells:

1. Short circuit current (Is¢) is the maximum output current from the solar cell
2. Open circuit voltage (Vo) is the maximum voltage capacity that can be reached
3. Maximum power (Pmax) inFigure 1, is at point A (Viyax ) Jyax)-

4. Fill Factor (FF) is a price that is close to the constant of a particular solar cell.

In essence, fill factor is a gauge of the solar cell's quality. It is computed by contrasting the output
power at open-circuit and short-circuit voltages with the theoretical maximum power. As shown in
Figure 2, the basic equivalent sequence for a PV solar cell is a current source powered by sunlight
connected in parallel to the diode. Nonetheless, short-circuit current and open-circuit voltage are the

two crucial factors for PV solar cells, as shown in Figure 3.

V=0

|
—

O ;

VN
Load @ l I=lsc
— O
5 7 (a) Short-circuit current (b) Open-circuit voltage
Figure 2: Solar Cell Equivalent Sequence Figure 3: Testing Series

This study compared the performance and efficiency of 20W monocrystalline and polycrystalline
solar panels in the Birnin Kebbi metropolis. The study aims to evaluate how factors like operational
conditions, materials used, and environmental influences impact the performance of solar technology
in real-world scenarios. The findings are expected to offer valuable insights into selecting and
utilizing suitable solar technology for small-scale and household renewable energy systems in tropical

regions
2.0 Review of other work

Research on renewable energy technologies has expanded significantly over the past decades, with

solar photovoltaic (PV) systems receiving particular attention due to their versatility and potential for
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large-scale deployment. Numerous studies have examined the performance characteristics, efficiency,
and reliability of different types of solar panels, especially monocrystalline and polycrystalline
modules, under varying environmental and operational conditions. According to [3-6, 7], solar energy
plays a crucial role in promoting global sustainability by reducing carbon emissions and ensuring
long-term energy security. Similarly, [8-12] highlighted that the performance of solar panels is
strongly influenced by environmental parameters such as temperature, irradiance, and material
quality, noting that monocrystalline panels often exhibit superior efficiency due to their uniform
crystal structure. Other researchers, including [13], have emphasized that while solar energy is a
promising renewable resource, its successful implementation depends on addressing both technical
and socio-economic challenges. Solar energy is gaining global attention as a renewable and
sustainable source of power due to its potential to reduce carbon emissions, enhance energy
independence, and provide cost savings, making it an attractive alternative to conventional energy
sources [14, 15]. [16,17] presents the performance of solar panels is influenced by environmental
conditions, which directly affect the electrical energy they generate. Studies using single-diode
models with the five-parameter system have identified monocrystalline solar panels as among the
most effective and optimal types. Despite its promise, the effective implementation of solar energy
systems can be influenced by technical, environmental, and social factors [18]. Nigeria, with abundant
solar irradiance throughout the year, has significant potential for solar energy generation. However,
[19] presents that many solar energy projects have not achieved their intended outcomes due to
implementation barriers. Photovoltaic (PV) solar cells are widely recognized as a viable solution to
the country’s current energy challenges and as an ideal energy source for the future [20]. Current
commercial efficiencies are approximately 26% for crystalline silicon cells and 22% for thin-film
modules presented in [21]. To make PV solar systems more viable and cost-competitive, efforts have
focused on increasing efficiency and reducing production costs. Over the last decade, the efficiency of
crystalline silicon and thin-film solar modules has improved from around 18% and 10% to 26% and
22%, respectively. Simultaneously, production costs have declined dramatically, with the average
price of a solar module reaching $0.50 per watt by July 2016, whereas the average cost of solar cells
decreased from $81.12 per watt in 1978 to $0.34 per watt in 2017 [21]. In this study, monocrystalline
and polycrystalline solar panels are compared. It aims to investigate the efficiency differences
between the two types, examine how factors such as environmental conditions, material quality, and
manufacturing processes affect their performance, and assess the practical implications of these
differences in terms of cost and application. The study provides a comprehensive evaluation to guide

optimal solar panel selection for energy generation.
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2.1 Research Gap and Objectives

Despite the growing adoption of solar energy, a need remains for detailed comparative studies on the
efficiency and performance characteristics of monocrystalline and polycrystalline solar panels under
controlled conditions. Existing research often reports general efficiency values, but limited empirical
data is evaluating how environmental factors, material quality, and operational parameters influence
real-world performance. Addressing this gap is essential to optimizing solar panel selection for
residential and commercial applications.

The objectives of this study are:

1. To investigate the efficiency and performance characteristics of monocrystalline and

polycrystalline solar panels through experimental evaluation.

2. To analyse and compare the data obtained from the experiments to assess differences in efficiency,

electrical output, and overall performance between the two panel types.

3. To design and implement a controlled experimental setup to measure key performance parameters,
including electrical output, temperature coefficients, and degradation rates, under standardized
testing conditions.

By achieving these objectives, this study provides a comprehensive evaluation of solar panel
performance, facilitating informed decisions for effective solar energy deployment in regions with

high solar irradiance.
3.0 MATERIALS AND METHODS

This study utilized 20W monocrystalline and polycrystalline solar panels sourced from a reputable
supplier. Both panels were installed side by side in a location with consistent sunlight exposure to
ensure uniform testing conditions. The panels were connected to a charge controller and a battery to
store the generated electricity. The voltage and current outputs of each panel were measured using a
digital multimeter, and the power output was calculated by multiplying these values together.
Efficiency was determined by dividing the measured power output by the rated power of each panel
(20W). Comparative analysis considered not only efficiency but also factors such as cost, durability,
and appearance. Light intensity was measured using a lux meter, and the values were converted to
approximate irradiance in W/m? using a conversion factor of 0.0080 W/ per lux. Variations in daily
solar radiation at the surface of the Earth were monitored to account for changes in illumination

during the morning and evening (Figure 1).
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Monocrystalline solar cells, composed of single-crystal silicon, were highlighted due to their
widespread application in devices ranging from calculators and clocks to water heaters and satellites.
These cells typically have a 50-55-year lifespan and an average 0.6% annual efficiency decline in

reference [11, 21]. making them suitable for urban areas and locations with limited installation space.
3.1 Materials used

The material used for this research is presented in Figures 4 & 5.

Figure 4: Lux Meter Figure 5: Multimeter

Table | summarizes the key specifications of the monocrystalline solar cell used in this study. The
module is composed of crystalline silicon and has a rated maximum power output of 20 W, with a
maximum power voltage (Vmp) of 17.5 V and a corresponding current (Imp) of 1.14 A. The open-
circuit voltage (Moc) and short-circuit current (Isc) were measured at 22.05 V and 1.25 A, respectively,
with an output tolerance of £5%. The solar cell has dimensions of 430 x 360 x 20 mm and was tested
under standard conditions at a temperature coefficient (TC) of 25 °C. These parameters were used as
the baseline for evaluating the performance of the monocrystalline solar cells with specifications as

shown below.

Table I indicates the specifications of the Monocrystalline solar cell as shown below

SOLAR MODULE MONOCRYSTALLINE SOLAR PANEL
Materials Crystalline silicon
Maximum power (Mxp) 20w
Maximum power voltage 175y,
(Imp)
Output Tolerance +5
Maximum power current 114A
(Imp)
Open circuit voltage (\VVoc) 22.05
Short circuit (Is¢) 1.25A
Size (mm) 430 x360 x20
TC 259

The key specifications of the polycrystalline solar cell are identical to those of the monocrystalline

solar cell to ensure a clear and accurate comparison of the results. The module is composed of
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crystalline silicon and has a rated maximum power output of 20 W, with a maximum power voltage
(Vmp) of 17.5 V and a corresponding current (Imp) of 1.14 A. The open-circuit voltage (Moc) and
short-circuit current (Isc) were measured at 22.05 V and 1.25 A, respectively, with an output tolerance
of +5%. The solar cell has dimensions of 430 x 360 x 20 mm and was tested under standard
conditions at a temperature coefficient (TC) of 25 °C. To assess the performance of the polycrystalline

solar cells with specifications as shown in Table II.

Table I1: The specifications of the Polycrystalline solar cell are as shown below

SOLAR MODULE POLYCRYSTALLINE SOLAR PANEL
Materials Crystalline silicon
Maximum power (Mxp) 20w
Maximum power voltage 1,75\
(Imp)
Output Tolerance 15
Maximum power current 1.14A
(Imp)
Open circuit voltage (\VVoc) 22.05
Short circuit (Is¢) 1.25A
Size (mm) 419x359%20
TC 259

The intensity of the entering solar light (P;,) can be used to compute the amount of incoming solar

energy (Pi,), namely
P['n = I APaneI .................................... (1)

P;, = Power entering Solar panel, A = Solar radiation intensity at observation (W/m?).

3.2 Methodology

The experimental setup was carefully designed to minimize external influences such as shading,
reflection, and temperature imbalance between the two panels. Both solar panels were mounted on the
same horizontal plane and oriented at an optimal tilt angle corresponding to the geographic latitude of
Birnin Kebbi to maximize solar exposure. Ambient temperature and panel surface temperature were
also monitored to assess their impact on performance. The experimental data were analyzed
statistically to evaluate the comparative efficiency of the monocrystalline and polycrystalline solar
panels, taking into consideration additional factors such as cost, durability, and long-term performance

characteristics, as similarly reported in previous studies [22—26].
3.3.1 The quantity of energy produced by solar cells Poyt

By measuring the solar panel's voltage and output current, one may determine how much energy the

Pout solar panel produces. The formula can then be used to determine the solar panel's output power.

The journal is published and managed by *]R PG



International Journal of Multidisciplinary Research and Bulletin
ISSN 3108-1428
\Wlume 5 Issue 4 (July — Aug) 2026

Poat VoI e oot ot et e (2)

Where:

Pou:= Output power from solar panels (Watts)

V = \ltage in (\lt), and | = Current in (Ampere)

Thus, the efficiency value of solar panels, the following equation:

P,

e 1o L7 ¢ 3
P:'n

Where:

n = Efficiency of solar panels, P,,; = Maximum power, and P;, = energy/power going into solar
panels (\Watts)

Maximum Power Calculation: The calculation of Maximum Power ;4. Which can be generated by a

20WP Monocrystalline Solar Cell Panel,

Pt Vop 1. +reeeeeeenenenenn e 4)

s€ 'Ff

Where:
Frax= Maximum power, Vo¢c = Open circuit voltage, Is¢= Short circuit current, and Fr = Fill
factor

4.0 RESULT AND DISCUSSION

The results obtained from this study, Comparative Study of the Performance and Efficiency of 20W
Monocrystalline and Polycrystalline Solar Panels in Birnin Kebbi Metropolis, are presented and
analyzed. The findings indicate that monocrystalline solar panels exhibit higher efficiency compared
to polycrystalline panels, particularly in the Bayan Kara area of Birnin Kebbi metropolis, under the

tested environmental conditions.3.1 Solar Cell Research Results Analysis
Light intensity 313.313 w/m?

a. The quantity of solar energy that enters (Pin): The information gathered from each interval of the
variation in light intensity from the lowest to the highest light was derived from the observations.
The amount of incoming solar energy is then calculated by processing the data. The computations

for the initial data are as follows:

| =313 W/m?, Apgpe= 0. 1805m?
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ThUS, P[n = I x APangj = 56.5 V\/a.tt
4.1 The incoming Energy Generated by the Solar Cell (P gy:)

The information gathered from each interval of the variation in light intensity from the lowest to the
highest light was derived from the observations. The amount of incoming solar energy is then

calculated using the data. For the first set of data, the power output P is.
9.27V X 0. 3 A=2.781 Watt

4.2 Efficiency Value

The output efficiency of solar panels on battery charging can be determined by first calculating the
quantity of solar energy that enters the system (Pin) and the amount that exits it (Pout). The efficiency
calculation is

Amount of Out Energ v (Payt) % 100 % = % X 100 % = 11.28%

EﬁICIenCy " Amount of in Energy (Pin )

4.2.1 Maximum Power of the Panel: Module

The maximum power that a 20-WP monocrystalline solar cell panel can produce is calculated as

follows:

Pyax = Voc X Is¢c X FF

An equation is used to determine the value of FF, and the results can be computed as Voc stands for
open circuit voltage, lsc for short circuit current, Vn,, for maximum power voltage, and I, for
maximum power current. Based on the findings derived from the solar cell module's parameter data.
After processing the data to ascertain the Fill Factor generated by the solar module, the following

steps are taken:

V]’HP - 1?5V, Imp = ]_ 14A_ VOC - 2205, ISC = 12514.

Thus,

VinnX T 175X 1.14
FF =omeX Imp. = 0.73
VaocX Isc 22.05 X 1.25

The calculation of the maximum power that can be generated by a 50 W Polycrystalline Solar Cell

Panel, namely:
Prax=Voc X Isc X FF
From the observations obtained from the parameter data of the sample module. The data is then

processed to determine the maximum power generated by the solar module.
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VOC = 11.2V,and IS'C = 1524 And the
FF=0.73, and B,qu = 12.43Watt

To calculate the value of FF, an equation is used, and the results can be calculated as follows:
From the observations generated from the parameter data of the solar cell module. The data is then
processed to determine the Fill Factor produced by the solar module as follows:

Vinpx Imp  17.5%1.14
Voexlge  22.05x1.25

=0.73

Such that; FF =

Table Il presents a comparative performance analysis of monocrystalline and polycrystalline solar
cells, based on their maximum power output and fill factor. The monocrystalline cell exhibited a
higher power output of 20.121 W, indicating greater efficiency in converting solar irradiance into
electrical energy compared to the polycrystalline cell, which produced 12.43 W under identical test
conditions. Both cell types maintained a fill factor (FF) of 0.73, suggesting similar electrical

characteristics but differing conversion efficiencies due to their material structures and crystal purity.

Table 11l. Summary of the Maximum Power Output and Fill Factor for Monocrystalline and

Polycrystalline Solar Cells

SOLAR CELL POWER OUTPUT FILL FACTOR
MONOCRYSTALLINE 20.121 0.73
POLYCRYSTALLINE 12.43 0.73

The analysis of the experiment of 20W monocrystalline and polycrystalline solar panels reveals
several key findings regarding energy generation and efficiency. Figure 6 shows that the amount of
energy incident on a solar panel is directly proportional to both its surface area and the intensity of
sunlight it receives. The graphical data indicate that incoming energy follows a trend that aligns
closely with variations in solar irradiance, confirming the predictable relationship between sunlight
intensity and panel input energy. As shown in Figures 7 and 8, the power output of both
monocrystalline and polycrystalline solar panels increases proportionally with the incident energy.
The plotted trends further indicate a consistent angular response relative to incoming radiation.
Moreover, the monocrystalline panel demonstrates superior energy conversion performance compared

with the polycrystalline panel, reflecting its higher material purity and inherent efficiency advantages.
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Figure 7: Graph showing the correlation between the power and energy entering the solar panel
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Figure 8: Graph showing the correlation between sunlight intensity and a 20 Wp solar panel's
efficiency

Quantitatively, the monocrystalline panel achieved an efficiency of 5.20%, while the polycrystalline

panel reached 4.25% under similar test conditions. Considering the average efficiency over the testing
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period, monocrystalline panels exhibited approximately 0.25% higher efficiency than polycrystalline
panels. These results highlight that monocrystalline solar panels not only produce more power under
equivalent conditions but also maintain better performance in varying sunlight intensities. Overall, the
findings indicate that monocrystalline panels are more effective in converting sunlight into electricity,
making them the preferred choice for residential power generation in regions with high solar
irradiance, such as the Bayan Kara area. In addition to efficiency, factors such as space efficiency and
performance under warm conditions further reinforce the suitability of monocrystalline panels over

polycrystalline alternatives, as shown in Figures 7 and 8.
5.0 CONCLUSION

The experimental results comparing 20W monocrystalline and polycrystalline solar panels indicate
that monocrystalline panels exhibit higher efficiency under identical light conditions. The study tested
the panels at varying light intensities, ranging from 133 to 158 W/n?, to determine optimal hourly
performance. Measurements showed that increasing light intensity directly enhances both voltage and
current output from the panels. The monocrystalline solar panel achieved an efficiency of 5.20%,
compared to 4.25% for the polycrystalline panel, demonstrating its superior ability to convert sunlight
into electrical energy. This efficiency advantage is attributed to the higher purity of silicon and better
light absorption characteristics of monocrystalline panels.

In summary, monocrystalline solar panels are the more suitable option for residential power
generation in the Bayan Kara area. Their higher efficiency, better performance in warm conditions,
and space-efficient design make them optimal for regions with high solar irradiance, such as Bayan

Kara, ensuring more effective and reliable energy production compared to polycrystalline panels.
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