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Abstract: This study provides insights into the availability of local silicon resources, which can help
sustain the growth of solar PV applications. It also explores the possibility of reducing dependency on
external silicon sources by utilizing local sand, thereby enhancing economic feasibility and minimizing
the environmental impact of transportation processes. The study utilized various analytical techniques
such as X-Ray Fluorescence (XRF), X-Ray Diffraction (XRD), Potential of Hydrogen (pH), electrical
conductivity (EC), Scanning Electron Microscopy (SEM), Energy Dispersive X-ray Spectroscopy (EDX),
and MATLAB simulations to characterize the properties of the sand samples. The analysis revealed
differences in silicon concentrations, oxide concentrations, physical properties (grain size distribution,
porosity, density), and trace elements and impurities present in the sand samples. These factors have
implications for panel efficiency, durability, and manufacturing processes. Based on the findings, River
Alau's sand exhibited higher silicon content (86.16%) compared to Lake Chad's sand (69.62%).
Simulations projected different efficiencies and performances of solar PV panels constructed using sands
from both sources, with River Alau's sand showing more promise. However, Lake Chad's sand may
require additional processing or blending with higher silicon sources to optimize panel manufacturing.
The study's findings contribute to the understanding of local silicon availability and highlight potential
strategies for the enrichment of sandstones for silicon production.
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1.0 INTRODUCTION

Renewable energy sources such as solar energy, wind energy, biomass energy, ocean, and
geothermal energy are currently prominent areas of research and energy generation. As of
2022, global energy production from renewables reached 3371 GW, with an increase of
around 294 GW (Sah, et al,, 2023). Solar energy in particular has garnered significant global
attention, contributing more than half (approximately 191 GW) of the total renewable energy
added in 2022 (Sah, et al., 2023). The cumulative installed capacity of solar photovoltaics
(PV) globally has achieved a remarkable 1053 GW. A recent projection by the International
Energy Agency (IEA) anticipates that solar photovoltaics will fulfil about 32% of the world’s
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total energy demand by 2050, necessitating the installation of 14 TW of PV capacity—more
than three times the previous target of 4.5 TW (IEA, 2021a). However, the widespread
adoption of solar PV systems may lead to an escalation in the demand for raw materials like
silicon, posing a potential constraint on the sustainable growth of the PV industry.

The IEA (IEA, 2021) reports that the demand for silicon for PV solar in 2020 was about 390
thousand tonnes and this is projected to reach 452 thousand tonnes by the year 2030. The
crystalline silicon PV system utilizes extremely pure silicon wafers to convert solar energy
into electricity. The global market for crystalline silicon PV is propelled by a surging demand
for renewable energy, a rise in electricity consumption driven by global population growth,
and the imperative for efficient and economical renewable energy sources due to limited
fossil fuel availability and stringent government regulations on carbon emissions. In
comparison to alternative technologies like amorphous silicon and non-silicon solar cells,
crystalline silicon solar cells exhibit high efficiency. However, obstacles such as the
substantial initial investment and reduced efficiency of crystalline silicon under very high
temperatures impede market growth. Anticipated growth opportunities in the market
include technological advancements in solar cells to enhance efficiency and increased
government investment in renewable energy projects.

Silicon ranks as the Earth’s second most plentiful element in the crust. Currently, silicon has
revolutionized various aspects of our daily existence due to its versatile applications,
encompassing solar cells, energy storage, sensors, biological imaging, drug delivery,
photonics, and electronic components. Silicon does not exist naturally in its free state but is
typically found in combination with silica or silicates (Arunmetha, et al., 2018). Silicon is
produced industrially by reduction of silicon dioxide with carbon in an electric arc furnace
at temperatures higher than 2000 °C in the hottest parts, by a reaction that can be written
ideally as (Boussaa, et al,, 2017):

Si02 + 2C Si + 2CO

Silica is an inorganic material; it is the natural form of silicon dioxide (SiO2), which is found
in many minerals. Quartzite, silica sand and sandstone are all grouped together under one
genetic name Silica minerals.

Sand results from the weathering processes that lead to the breakdown or decomposition of
rocks near the Earth's surface. It is characterized as a clastic rock without any cement,
featuring particle sizes ranging from 0.05 to 2 mm (Boussa, et al., 2016). While these grains
can be composed of various minerals, the predominant constituent of sand is often quartz, a
mineral composed of silica

(silicon dioxide). Ferromagnesian minerals refer to silicate minerals where iron and
magnesium cations are essential components, encompassing minerals such as olivine,
pyroxenes, amphiboles, and micas like biotite and phlogopite. To be suitable for industrial
purposes, a specific source of sand must not only have a high silica content but must also
adhere to strict limitations on metallic elements such as iron, aluminium, titanium, and
others (Boussa, et al., 2016). This study intends to characterise and numerically analyse the
potential solar PV application of silicon content of sand from River Alau and Lake Chad,
Borno state, Nigeria.
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2.0 MATERIALS AND METHOD

A diverse array of materials and equipment has been assembled to facilitate various
experimental procedures and analyses. The following list outlines the essential tools,
instruments and substances used to this investigation:

i.

ii.
iii.
iv.
V.
vi.
Vii.
viii.
iX.
Xi.
Xii.
Xiii.

Furnace

Filter paper
Conical flask
Amimia acetal

Calcium chloride

Stirrer
Crucible

Digital balances
Conductivity meter

Sample bag
Ph meter
SEM Machine
XRD machine

2.1 Method

We randomly chipped soil samples from two main areas (Lake

Chad and River Alau) that are devoid of agricultural land. The
sample was brought to Ahmadu Bello University in Zaria's
multi-user science lab so that the ensuing analysis could be
done2.2. Physical and Chemical Properties Characterization
of the Sample

2.2.1 X-Ray Fluorescence (XRF)

XRF is a non-destructive analytical technique used to determine

the elemental composition of materials. XRF give details as
to the chemical composition of a sample but will not indicate
what phases are present in the sample. This XRF analysis
serves as a fundamental step in understanding the chemical
composition of the sand samples, laying the groundwork for
subsequent analyses and considerations in assessing their
potential utilization in solar PV panel manufacturing

XRF Analysis Procedure

1.

A user fires an XRF gun at a sample.

Now stimulated by x-rays, the sample displaces inner-shell electrons, and outer-shell
electrons take their place.

The XRF gun receives the fluorescent x-ray emissions, converts them to electrical
pulses, and sends the pulses to an internal preamplifier.
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2.2.2 Potential of Hydrogen (Ph) and Electrical Conductivity (EC)

Ph analysis is carried out in order to measure the acidity or basicity (alkalinity) of a soil and
EC analysis is conducted to indicate the amount of soluble (salt) ions in soil. Plate 3.1 depicts
the Ph tester used for Ph analysis.

Procedure for potential of hydrogen (ph) and electrical conductivity (EC)

A 10.0g sample of dry soil was be weighed and placed in either 50 or 100-ml beakers, with
the addition of 25 ml of water to achieve a soil-to-water ratio of 1:2.5 w/v. The mixture was
shaken, allowed to settle for 60 minutes, and then the water separated from the mixture.
Subsequently, a pH/EC meter was inserted to obtain readings. To ensure accuracy, the
process was repeated for obtaining precise results.

2.3 X-Ray Diffraction (XRD)
XRD is a technique used in materials science for determining the atomic and molecular
structure of a material. XRD machine shown in Plate 2.1 is used in carrying out the analysis.

Procedure for XRD Analysis

The analyzed material was finely ground, homogenized, and average bulk composition is
determined. The powdered sample was then prepared using the sample preparation block
and compressed in the flat sample holder to create a flat, smooth surface that was later
mounted on the sample stage in the XRD cabinet.

The sample was analysed using the reflection-transmission spinner stage using the Theta-
Theta settings. Two-Theta starting position was 4 degrees and ends at 75 degrees with a two-
theta step 0f 0.026261 at 8.67 seconds per step. Tube current was 40mA and the tension was
45VA. A Programmable Divergent Slit was used with a 5mm Width Mask and the Gonio Scan
was used.

The intensity of diffracted X-rays is continuously recorded as the sample and detector rotate
through their respective angles. A peak in intensity occurs when the mineral contains lattice
planes with d-spacings appropriate to diffract X-rays at that value of 6. Although each peak
consists of two separate reflections (Ka1 and Kaz), at small values of 26 the peak locations
overlap with Kaz appearing as a hump on the side of Ka1. Greater separation occurs at higher
values of 8. Typically these combined peaks are treated as one. The 2A position of the
diffraction peak is typically measured as the centre of the peak at 80% peak height.

Results are commonly presented as peak positions at 20 and X-ray counts (intensity) in the
form of a table or an x-y plot (shown above). Intensity (I) is either reported as peak height
intensity, that intensity above background, or as integrated intensity, the area under the peak.
The relative intensity (RI) is recorded as the ratio of the peak intensity to that of the most
intense peakii.e.,

RI = L x 100 (3.1)
Ix
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Ricgeculicus

Plate 2.1: XRD machine

2.2.3 Scanning Electron Microscopy (SEM)

SEM is a test process that scans a sample with an electron beam to produce a magnified image for
analysis. The method is also known as SEM analysis and SEM microscopy, and is used very
effectively in microanalysis and failure analysis of solid inorganic materials. Plate 2.2 presents the
SEM Machines Setup

SEM analysis procedures

1. Step 1: Specify the model. In the model specification, the researcher specifies the
model by determining every relationship between variables relevant to the
researcher's interest.

Step 2: Identify the model
Step 3: Estimate the model.
Step 4: Test the model fit.
Step 5: Manipulate the model.

SANE N

Plate 2.2: SEM Machines Setup

2.2.4 Energy Dispersive X-Ray Analysis (EDX)

EDX also referred to as EDS or EDAX, is an X-Ray technique used to identify the elemental
composition of materials. Applications include materials and product research,
troubleshooting, de-formulation, and more. XRD can determine the presence and amounts
of minerals species in sample, as well as identify phases.
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Procedure for EDX

X-rays are generated using EDX following a two-step process.

First, the energy transferred to the atomic electron knocks it off, leaving behind a hole.
Second, its position is filled by another electron from a higher energy shell, and the
characteristic X-ray is released.

2.3 Simulation and Analysis

MATLAB was employed in the analysis and the test was performed based on the PV panel
capacity of 150 W.

2.3.1 Output Power

In general, the power output of a device is the product of the voltage and current on that
product. For V and I respectively denoting voltage in Volts and current in Amperes, the power
generated by a device with resistance R in ohms is:

vz 3.2
P=VI=12R=? (3:2)

In particular for a solar module,
P = Viplmp (3.3)
Vinp and L, correspond to the maximum voltage and current at maximum power Pmax. These

voltage and current values can be determined empirically when rating a module. Hence, the
pair (Vinp, Imp) can be obtained from the device simultaneously.

2.3.2 Panel Efficiency
The efficiency (n)of the module is the ratio of output power to input power:

Prax (3.4)
P in

2.3.3 Simulation Execution

The simulation was run by using the developed model (developed program) and
incorporating the EDX-derived silicon atomic concentration data.

2.3.4 Analysis of Result

The power output was simulated and evaluated under varying conditions (light intensity,
temperature and irradiance) and analyses how changes in silicon atomic concentration affect
performance.

3.0 RESULTS AND DISCUSSION
3.1 Characterization of Results

The X-Ray Fluorescence (XRF) analysis results are presented in Figures 4.1 and 4.2. The
Figures provide a detailed overview of the oxide concentrations within the sand samples
obtained from River Alau and Lake Chad. The unit percentages of various oxides are crucial

arcnjournals@gmail.com Page | 26



International Journal of Information, Technology & Innovation in Africa

indicators of the chemical composition of the samples, shedding light on their suitability for
solar photovoltaic (PV) panel formation.
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Figure 3.1: Lake Chad Sand XRF analysis
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Figure 3. 2: River Alau Sand XRF analysis
3.2 pH and Electrical Conductivity Measurements

The Table 3.1 presents the pH and electrical conductivity (EC) measurements of sands from
River Alau and Lake Chad. These parameters provide crucial insights into the chemical
nature and suitability of the sand for specific applications, including their potential use in
solar photovoltaic (PV) panel production.

The pH measurement for River Alau sand is recorded at 6.68, indicating a slightly acidic
nature. A pH value close to 7 suggests a neutral to slightly acidic environment. This pH level
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might influence the sand's chemical reactions and interactions during processing stages for
solar panel fabrication. In contrast, the pH measurement for Lake Chad sand is higher,
recorded at 7.25. This value leans more towards neutrality. A pH closer to neutral might imply
fewer acidic or basic reactions during the sand's processing for solar panel manufacturing.
The pH levels of the sand samples might influence chemical reactions during the production
of solar panels. While both samples are relatively close to neutral, the slight differences could
impact reactions involving chemicals used in the panel manufacturing process. However,
these pH values are within ranges that are generally manageable in industrial processes.

The electrical conductivity of River Alau sand stands at 8.51 uS/cm, indicating a relatively
low conductivity level. Low electrical conductivity can suggest a lower concentration of
dissolved ions in the sand, which could impact its behavior during certain industrial
processes. In contrast, the EC measurement for Lake Chad sand is substantially higher at
90.60 puS/cm. This markedly elevated electrical conductivity suggests a higher concentration
of dissolved ions or salts in the sand. Higher conductivity might influence the sand's behavior
in various manufacturing processes.

The pH and electrical conductivity measurements provide initial insights into the chemical
nature and potential reactivity of the sand samples sourced from River Alau and Lake Chad.
While both samples exhibited relatively neutral pH levels, the considerable difference in
electrical conductivity suggests variations in dissolved ion concentrations that could impact
industrial processes involving these sands. Further investigations are necessary to precisely
identify the specific ions or salts present and their concentrations, as well as to understand
how these factors might affect the sand's behavior during solar panel manufacturing
processes. This analysis lays the groundwork for more detailed studies to assess the overall
suitability of these sands for use in solar PV panel production.

Table 3.1: Potential of hydrogen (ph) and Electrical Conductivity (EC) results

S/No. Sample PH Conductivity (uS/CM)
1 River Alau Sand 6.68 8.51
2 Lake Chad Sand 7.25 90.60

3.3 SEM and EDX Analysis Results Silicon Content Analysis

The SEM and EDX analyses revealed the atomic and weight
concentrations of silicon in the sand samples. The analysis
depicted that the silicon content in Lake Chad sand was
detected at an atomic concentration of 69.62% and a weight
concentration of 65.59%. Despite containing substantial
silicon content, these measurements fall below the standard
required for making PV cells efficiently. In comparison, the
silicon content in River Alau sand exhibited higher
concentrations, with an atomic concentration of 86.16% and
a weight concentration of 85.43%. While this sample
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demonstrates significantly higher silicon content compared
to Lake Chad, it still falls short of meeting the standard
necessary for PV cell production. The SEM and EDX analyses
underscore the significance of silicon content in the sands
from River Alau and Lake Chad. Despite showing notable
silicon concentrations, both samples fall below the industry-
standard threshold required for efficient PV cell
manufacturing.

3.4 Simulation Analysis Using MATLAB

The simulations provided insights into the potential challenges and advantages of using
these sands for solar panel formation, allowing for informed decision-making in panel
manufacturing. Figures 4.3 and 4.4 show the power output as function of silicon
concentration. The horizontal axis (X-axis) represents the silicon concentration and the
vertical axis (Y-axis) represents the power output, measured in Watts. This is the amount of
power generated by the system associated with the samples. The Figures show for a given
solar irradiance; the power output increases with increase in silicon concentration. This
pattern is noticed for both the river Alau sand and the Lake Chad sand. The underlying reason
for this pattern is attributed to the semiconductor properties of silicon. As the concentration
of silicon in the samples rises, it enhances the material’s ability to efficiently convert solar
energy into electrical power. Silicon, a key component in solar cells, plays a crucial role in
absorbing sunlight and facilitating the generation of electric current. Therefore, the positive
correlation between silicon concentration and power output suggests that higher silicon
levels contribute to improved energy conversion efficiency in the studied samples. This
finding underscores the significance of silicon concentration in influencing the overall
performance of the power generation system under various solar irradiance conditions.
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Figure 3.3: Lake Chad Power Output (W)
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Figure 3.4: River Alau Power Output

arcnjournals@gmail.com Page | 30



International Journal of Information, Technology & Innovation in Africa

4.0 Conclusion

Silicon Content Assessment for the two sample areas has been achieved where the silicon
content analysis revealed varying concentrations in the sand samples from River Alau and
Lake Chad. River Alau’s sand (86.16%) showed higher silicon content compared to Lake
Chad's (69.62%) samples.

Physical and Chemical Properties: The physical properties such as grain size distribution,
porosity, and density were measured, showing differences between the samples. Chemical
analyses identified trace elements and impurities, affecting the suitability for solar panel
formation were also determined.

Simulation Results: The findings were simulated to project the potential efficiency and
performance of solar PV panels constructed using the sands from both sources. Simulations
indicated variations in panel performance due to differing silicon content and impurities as
duly captured in the findings.

This study highlights the significance of silicon content in sand for solar PV panel
development. It was found that River Alau’s sand shows a promising future due to its higher
silicon content, while Lake Chad's sand might require additional processing or blending with
higher silicon sources for optimal panel manufacturing. The physical and chemical
properties, along with simulation results, collectively indicate the complexities and
considerations involved in utilizing sand for solar panel development which shows that aim
and objectives of the study has been achieved.
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