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This study focuses on the Sahel, one of the areas with the highest concentration of desert dust, with
source areas having fine particle emissions in Chad, Niger, Mauritania, etc. It also includes areas of
subsidence of air masses that promote the deposition of dust, such as Senegal. It turns out that the
countries of Sahel are among the poorest in the world. They have a relatively low electrification rate.
However, this area is also characterized by its good solar potential which makes it an ideal place for the
installation of photovoltaic solar collectors. Senegal has launched the challenge to solve this problem
of electrification by turning to renewable energies. But being a drop zone, the sensors on the ground
will be impacted. This study defines the impact of the thickness of the dust deposit layer on a
polycrystalline photovoltaic sensor. By looking at the behaviour of irradiation and aerosol deposition in
Senegal with the ERA5 and Giovanni data, the intra-annual profile of deposition and irradiation in
Senegal was established. By applying the results obtained on the climatology of these parameters to a
monocrystalline solar photovoltaic collector, it was contrasted that the evolution of the power, as well
as the yield of the collector was strongly impacted by the accumulation of the deposit after 5 years. The
power delivered by the collector went from 59.779 W during the month of the 1st year of accumulation
to 4.28 W during the last month of the 5th year of accumulation. The resulting yield is also affected.
More detailed illustrations are given in this work.

Key words: Dust, accumulation, photovoltaic, polycrystalline, efficiency, Senegal.

INTRODUCTION

Photovoltaic solar energy comes from the conversion of
sunlight into electricity within semiconductor materials
such as silicon covered with a thin metallic layer (Saint-
Gregoire, 2009). These photosensitive materials have the
property of releasing their electrons under the influence
of external energy. This is the photovoltaic effect (Quilliet

et al.,, 1960; Wilson and Woods, 1973). The energy is
provided by photons (components of light) which strike
the electrons and release them, inducing an electric
current (Mouratoglou and Pierre-Guy 2009). This direct
current is calculated in watt-peak (Wp) and can be
transformed into alternating current using an inverter. The
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Figure 1. Simplified diagram of the device for simulating dust deposition on a photovoltaic collector.

Source: Author

energy produced is available as direct electricity or stored
in batteries (decentralised electrical energy) or as
electricity fed into the grid. It is said to be renewable
because its source (the sun) is considered inexhaustible
on a human time scale (Dahmoun, 2021).

Countries in the Sahelian zone are continuously
affected by the presence of dust in the atmosphere. As
Senegal is located in an air mass subsidence zone,
aerosols in our atmosphere tend to fall and form
accumulations of deposits. Accumulations impact ground-
based devices such as solar photovoltaic collectors. This
study simulates the deposition of aerosol on a
photovoltaic collector over 5 years, applying the results
obtained from the climatology of irradiation and dry dust
deposition.

This application was done by taking the first grid. This
grid is for Senegal, a country that is beginning to turn to
renewable energies, namely photovoltaic energy. The
behaviour of these collectors in the presence of deposit
accumulation is shown in this work.

MATERIALS AND METHODS

The aim of this study is to simulate the deposition of dust on a solar
photovoltaic panel. In the present case the panel used is
polycrystalline panel. The accumulation of deposits took place over
5 years.

We placed ourselves in the first grid, more precisely in Senegal.
With the climatology of irradiation and dust deposition made
previously using the ERA5 and Giovanni data, we were able to
simulate the impact of prolonged dust deposition on PV panels with
the appropriate equipment. The dust thickness at which the panel
production reaches a critical threshold was determined. Figure 1
shows a simplified diagram of the set-up.

A RES550B solar simulator was installed and used as a light
source to illuminate a 100 W polycrystalline solar panel. The panel
is connected to a long-life battery which in turn is connected to a
control console.

The panel is also connected to the control console, which allows
to read the current and voltage characteristics of the panel, as well
as other parameters such as the temperature of the panel and the
irradiation received by the panel.

The light intensity received by the panel is calibrated by adjusting
the distance between the panel and the solar simulator and by
adjusting the number of lamps lit. After connecting the battery to the
PV panel, it is connected to the control console to supply it with
power. The console is supplied with power by the battery, which
protects it from current fluctuations, voltage drops and power cuts.
Once the installation is complete and the dust deposit in G1 in
grams per square meter per month is known, the procedure of
accumulating dust deposits on the sensor begin.

In order to know the thickness of the deposits on the collector,
the density of the collected dust was first determined.

In this study 127.7 g occupies a volume of 100 ml, which gives
127.7x10-4 g/m®. The present panel is about 1 m? in area
considering the uniform deposition over the entire panel surface.
The thickness of the deposit is obtained by taking the infinitesimal
height of the cube formed by the deposit whose base area is the
surface of the panel.

Paust= 127.7x10™ g/m?

Cubic volume = Base area x Height = Sp X Hepaisseur (1)
. . . m
The density is given by: Paust="" (2

Knowing Equation 1:

™

“SxH

p 3)

Knowing the density of the dust collected, as well as the base area
of the deposit, for a mass of dust deposited on the panel the
deposit thickness is given by Equation 4.

X . deposit mass
Deposit thickness - : (C)]
Deposit area x p dust

All the manipulations in this part were done as follows.
A solar simulator type RE551B consists of a frame of 12 lamps,
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Figure 2. Test bench for a solar simulator type RE551B. (a) Left front view of the two 12-
lamp blocks, (b) right rear view with the safety device consisting of switches and circuit

breaker.
Source: Author

Figure 3. Control console allowing. (a) The top image is a front view of the console allowing the
visualisation of the values associated with the different sensors. (b)The bottom image is a view
from the back of the console.
Source: Author

each of which can deliver 500 W. The solar simulator is
accompanied by a safety device containing two switches and two
circuit breakers. The simulator consists of two blocks of 6 lamps
and each block is controlled by a switch and a circuit breaker
(Figure 2).

There is also a control console which allows the front panel to read
the voltage and current delivered by a panel, the power of the solar
flux and the temperature of the panel. On the rear panel are all the
ports for connecting the various sensors to the console (Figure 3).
A rheostat is also used, which is nothing more than a manually
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Figure 4. Perspective view of a rheostat.
Source: Author

Figure 5. AGM Series 3 battery used in our study.
Source: Author

variable resistor. In the present study, it is connected to our solar
collector and then to the control console (Figure 4).

There is need for a battery that will be connected to both the PV
solar collector and the console in order to have storage and also
protect the console from being switched on or off too suddenly
when it is directly connected to the panel (Figure 5).

There is need for a polycrystalline panel of one square meter on
a tiltable bench, with a power of 100 W, an open circuit voltage of
21.84 V, a short circuit current of 6.11 A, a maximum power voltage
of 17.99 V and a maximum power current of 5.57 A (Figure 6).

Finally, there is a precision balance, a low-profile beaker with a
graduated scale for weighing the dust collected (Figure 7).

In this work, UV index aerosols (AUVI) and dust depositions were
used. The data were derived from MODIS sensor on the Terra and
Aqua satellites. The AUVI data were initially derived from the Total
Ozone Mapping Spectrometer (TOMS) version 8 daily global

gridded data product (EP) containing total column ozone, UV
aerosol index, Lambertian effective surface reflectivity (Rayleigh
corrected) and local noontime UV-B irradiances. The data were
considered in a global grid of size 180° x 288° with a lat-long
resolution of 1.00 x 1.25 degrees. The AUVI were also obtained
from the OMI science team. The OMTO3d product is produced by
meshing and averaging only good quality orbital data over the total
ozone level 2 (OMTOS3, based on the improved TOMS version-8
algorithm) on grids of resolutions 1°x1°.

These data are pre-processed by Acker in 2014 on the
https://giovanni.gsfc.nasa.gov/giovanni/).The irradiation is directly
extracted from the ERAS platform. ERAS is the fifth generation of
ECMWEF reanalysis for global climate and weather for the last 4 to 7
decades. Currently, data are available from 1979 onwards. ERA5
re-places the ERA-Interim reanalysis. The data were re-gridded to a
regular lat-lon grid of 0.25° for the reanalysis and 0.5° for the
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Figure 6. 100 W polycrystalline photovoltaic solar panel: (a) bottom view, (b) top view.
Source: Author

Figure 7. Top view of the precision balance on which the low-profile graduated beaker containing dust
is placed.

Source: Author
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Table 1. Summary of maximum irradiance in W/m2 in each grid.

Grid January February March  April May Jun July  August September October November December Average
Grid 1 479.55 525.46 574.07 613.43 611.11 618.06 615.74 590.28 562.50 525.46 481.48 467.59 569.13
Grid 2 491.49 527.78  574.07 604.17 59491 620.37 615.74 590.28 576.39 534.72 500.00 479.17 571.09
Grid 3 510.26 553.24 59491 620.37 601.85 625.00 615.74 590.28 581.02 557.87 525.46 497.69 573.09
Grid 4 511.22 543.98 601.85 641.20 648.15 645.83 622.69 590.28 592.59 555.56 520.83 497.69 573.14
Grid 5 517.98 555,56  523.15 657.41 655.09 645.83 625.00 590.28 590.28 550.93 532.41 497.69 571.18
Grid 6 508.93 548.61 587.96 625.00 571.76 622.69 599.54 590.28 562.50 532.41 509.26 490.74 568.75
Grid 7 534.84 527.78 576.39 613.43 625.00 613.43 599.54 590.28 567.13 555.56 604.17 488.43 571.89
Average 507.75 540.34 576.06 625.00 615.41 627.31 613.43 590.28 576.06 544.64 524.80 488.43

Source: Author

uncertainty estimation. There are four main subsets: hourly
and monthly products, both on pressure levels (upper air
fields) and single levels (atmospheric, ocean wave and
land surface quantities).

RESULTS AND DISCUSSION

Table 1 and Figure 8 summarize the variation of
maximum solar radiation observed over 30-year
monthly averages from 1980 to 2010. The results
are close to Soulouknga et al. (2017). For each of
the seven grids of the 10-20 bands, the highest
values are observed in April, June and July. The
observations found were in line with Bilal et al.
(2007).

Table 2 and Figure 9 give the average dust
deposition on each of the seven grids of the 10-20
bands; the results are close to Orange et al.
(1990). It can be seen that in January and
February the maximum deposition is located on
the first grid (G1), with a monthly average per
square meter per month exceeding 2.5 g. Grids
G3 and G4 have a deposition of 2.28 g during
these first months (Soleilhavoup, 2011). G2 and
G6 have 1.52 g of deposition. G5 and G7 have

the lowest deposits in January and February (0.76
9).

For the month of March, G3 and G4 keep the
same deposit values. However, G1, G2 and G6
have a deposit of 1.9 g. The deposit values in G5
and G7 remain the same as in January and
February.

In April the deposit in G1 rises slightly as well as
in G3 with a value of 2.9 grams. G2 and G4 keep
the same values as G2 in March. The deposits for
G5 and G6 remain the same as in January and
February, while the deposit in G7 drops to 0.38 g.

May and June have quite similar profiles with a
slightly higher deposition in G1 for May; but, it was
higher in G5, G6, and G7 for June.

In July the deposition values in G1 do not
change compared to the previous month and the
deposition in G3 increases to the same value as
in G1. The deposits in G2, G3, G5 and G7 also
remain the same as in June. In G6, there is a
slight decrease.

In August the deposition in the first four grids
decreases, but in G5 and G6, we have the same
variations as in June with a deposition of 1.4
g/m?/month; while the deposition in G7 remains

almost the same.

In September the lowest deposition values are
noted for G1, G2, G3, and G4, with 1.4 g. In G5
and G7, the same deposits are noted. In G6, we
have the same values as in the first three grids. In
October, November and December, we note that
the deposit in G1 remains the same as in
September, but in G2, G3 and G4 it rises again to
the same values as in January, that is, 1.5 and
2.28 g, respectively.

It is interesting to note the downward trend of
dust deposit in G1 between January and
December.

During and after the passage of Ultraviolet
Index Aerosols (AUVI), deposits are noted in the
10-20 bands. Countries like Senegal, the two
Guineas, part of Mali, Burkina Faso, Niger, Chad
and Nigeria are covered by the deposit depending
on the month. A maximum deposition in grids 3
and 4 is noted in November and December. This
concerns Niger and part of Chad, because these
two grids are source zones. According to the
process of uplift, transport and deposition of fine
particles, aerosols and the sandblasting process
are favoured by harmattan circulation. A large part
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Table 2. Summary of maximum dust deposition in g/m%month in each grid of the 10-20 band.

Grid January  February March April May June July August September October November December
Gridl 2.66 2.66 1.90 228 228 190 1.90 1.52 1.14 1.14 1.14 1.14
Grid2 1.52 1.52 1.90 190 152 152 152 1.33 1.14 1.14 1.52 1.52
Grid3 2.28 2.28 2.28 228 152 152 152 1.33 1.14 1.52 2.28 2.28
Grid4 2.28 2.28 2.28 190 152 152 1.90 1,52 1.14 152 2.28 2.28
Grid5 0.76 0.76 0.76 0.76 095 114 1.14 1.14 0.76 0.76 0.76 0.76
Grid 1.52 1.52 1.90 152 095 114 0.95 1.14 1.14 0.76 1.52 1.52
Grid7 0.76 0.76 0.76 0.38 057 0.76 0.76 0.76 0.76 0.38 0.38 0.38

Source: Author
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of the particles fall first on and around this same
uplift zone, hence we have maximum deposits in
Niger and Chad area. In January and February,
the maximum deposits are located in grids 1 and
2. These two grids mainly cover Senegal and part
of Mali. There are correlations between the
deposition observed in the Chad-Niger region and
the deposition in the Senegalo-Malian region.
After the uplift of aerosols in grids 3 and 4,
particles smaller than or equal to 20 um are
transported over thousands of kilometres in the

lower and middle layers of the atmosphere; they
end up arriving in grids 1 and 2. A shift of ‘about 1
month and a half is observed. A significant deposit
is observed in January, February, June and
August in the Tchat-Niger region as well as
Senegal-Malian zone in March, April, May, July
and September.

Regarding the evolution of PV production in the
absence of collector deposition, Table 3 gives a
summary of the evolution of the current, voltage
and power characteristics of a solar PV panel as a

function of the average monthly irradiation in G1,
which includes Senegal. In this table, it is
considered that there is no deposition and
therefore no accumulation; the powers obtained
are optimal.

The evolution of the PV production for a year of
deposit accumulation on the collector is shown in
Table 4. The evolution of the PV production during
the 2nd year of deposit accumulation on the
collector is shown in Table 5. The evolution of the
PV production during the 3rd year of deposition on
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Table 3. Summary of power generated in a deposit year in grid 1 with no deposit.
Month January February March  April May Jun July August September October November December
Deposit 0 0 0 0 0 0 0 0 0 0 0 0
Irra-medium (W/mz) 479.55 525.46 574.07 613.43 611.11 618 615 590.74 562.5 425.46 481.48 467.59
Current | (A) 2.93 2.94 3.2 34 3.06 3.17 3.15 3.17 3.14 3.12 3.11 3.01
Voltage V (V) 20.4 19.9 18.7 18.7 185 18.4 18.4 18.3 18.1 18.1 18.1 18
Accum 0 (g/mz) 0 0 0 0 0 0 0 0 0 0 0 0
Power (w) 59.772 58.506 59.84 63.58 56.61 58.328 57.96 58.011 56.834 56.472 56.291 54.18
Source: Author
Table 4. Summary of power output in Watt in relation to the 1st year of accumulation Maximum dust deposit in g/m? in the grid 1.
Month January February March April May June July  August September October November December
Deposit 2.66 2.66 1.9 2.28 2.28 1.9 1.9 1.52 1.14 1.14 1.14 1.14
Irra-Medium(W/mz) 570 570 570 570 570 570 570 570 570 570 570 570
Current | (A) 3.11 29 2.83 2.6 2.3 2.23 2.14 2.12 2.13 2.11 2.09 2.1
Voltage V (V) 18.3 18.1 17.9 17.9 17.8 17.8 17.7 17.7 17.7 17.7 17.6 17.6
Accum 1 (g/mz) 2.66 5.32 7.22 9.5 11.78 13.68 15.58 171 18.24 19.38 20.52 21.66
Power (w) 56.913 52.49 50.657 46.54 40.94 39.694 37.878 37.524 37.701 37.347 36.784 36.96
Source: Author
Table 5. Summary of the power in Watt produced in relation to the 2nd year of accumulation Maximum dust deposit in g/m2 in the grid 1.
Month January February March  April May June July August September October November December
Deposit 2.66 2.66 1.9 2.28 2.28 1.9 1.9 1.52 1.14 1.14 1.14 1.14
Irra-Medium (W/mz) 570 570 570 570 570 570 570 570 570 570 570 570
Current | (A) 2.03 1.77 1.75 1.67 1.4 1.4 14 1.4 1.4 1.37 1.37 1.2
Voltage V (V) 17.6 175 175 175 175 17.4 17.4 17.4 17.4 17.3 17.3 17.3
Accum 2 (g/mz) 24.32 26.98 28.88 31.16 3344 3534 37.24 38.76 39.9 41.04 42.18 43.32
Power (w) 35.728 30.975 30.625 29.225 245 2436 2436 24.36 24.36 23.701 23.701 20.76

Source: Author
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the collector is shown in Table 6. The evolution of the PV
production during the 4th year of deposit accumulation on
the collector is shown in Table 7. The evolution of the PV
production during the 5th year of deposit accumulation on
the collector is shown in Table 8.

Tables 4 to 8 summarize the behaviour of the current,
voltage and power characteristics as a function of the
evolution of the accumulation of dust on the collector.
The accumulation is simulated over 5 years. Table 4
summarizes the behaviour of the panel during the first
year of dust accumulation. In Tables 5, 6, 7 and 8, we
have, respectively, the 2nd, 3rd, 4th and 5th years.

Figure 10 shows the evolution of the power produced
by the panel during the first year of accumulation.
Between January and June the power produced by the
panel falls more rapidly, for a deposit of 2.66 g; we have
a power of 56.9 W in January. In June, for a deposit of
13.68 g on the sensor, we have a power of 39.64 W.
Between June and December, that is, the 6 and 12th
month, the decrease of power, although present, is less
marked; we note a loss of 2 W.

In the second year of accumulation, as shown in Figure
11, the power loss is less regular than in the first year of
accumulation. In fact, between the 13 and 14th, 16 and
17th, 23rd and 24th months, the power drops are more
significant for the other months. It is also noticed that
during the second year of accumulation, the loss of
power is very minimal between the 17th and 23rd
months.

During the third year of accumulation, between the 25
and 30th months, the power hardly changes despite the
accumulation of deposits; it is between the 31st and 33rd
months that a significant drop was observed (Figure 12).

In the 4th year of deposit accumulation, Figure 13
shows the shape of the curve is reversed compared to
the 3rd year. Between the 36 and 38th months, the
decrease in power is slightly visible, although very small.
It is between the 38 and 40th months that the decrease in
power is most significant. Between the 40 and 48th
months, the power continues to decrease but more
moderately. These results are similar to those of Diop et
al. (2021), Ndiaye et al. (2017) and Neher et al. (2017).

With the 5th year of accumulation (Figure 14), the
power is at its lowest with 8.36 W in month 49, 5 W in
month 51 and 4.28 W in month 60.

In the first year of accumulation of dust deposits we
have for the first month a deposit of 2.66 g and a power
of 56.9 W; in the 12th month the deposit was 21.66 on
the collector and the power delivered was 36.96 W, that
is, a power loss of 19.97 W.

In the second year of accumulation, in the 13th month
the deposit is 24.32 g, the power produced is 35.7 W; in
the 24th month the accumulation is 43.32 g and the
power delivered by the collector is 20.76 W, that is, a
power loss of 14.94 W. For the 3rd year, at the 25th
month, the accumulation is 45.98 g for a power of 20.4 W;

at the 36th month for 64.98 g of accumulation on the
collector we have a power of 15.51 W, that is, a power
loss of 4.89 W. At the 4th year, for a deposit of 67.64 g,
we have a power of 13.77 W in the 37 and 48th month,
an accumulation of 86.64 g with a power of 8.29 W, that
is a power loss of 5.48 W. In the 5th year of deposit
accumulation, the power is 8.15 W, for an accumulation
of 89.3 g in the 49th month and in the 60th month the
power drops to 4.28 W, for a deposit of 108.3 g; there
was a power loss of 3.87 W. It can be seen that the
power losses go from almost 20 W in the first year of
accumulation to 3.87 W in the last year of accumulation,
so there is an inverse evolution between the gradient of
loss of the accumulation on the collector. However, the
power still increases from 56.9 to 4.28 W in 5 years of
dust accumulation on the PV collector. Table 9
summarizes the evolution of PV performance in the
absence of deposits. Tables 10 to 14 summarise the
evolution of the PV performance with respect to the
thickness of the deposit on the collector.

In Figure 15 the collector efficiency decreases with
increasing deposition thickness for the first year between
the 1st and 7th months. As the deposition thickness
increased from 2 to 10 ym the efficiency dropped from 10
to 6%. Between the 8 and 12th months the deposit
thickness increased from 12 to 17 pum but the vyield
remained constant at 6%.

For the second year (Figures 16 and 17), the evolution
of the yield goes from 6.2 to 4.2% between 13 and 17th
months at the same time as the thickness of the deposit
goes from 19 to 26 um. It remains relatively constant
while the thickness increases between the 18 and 24"
month from 27 to 33.9 um.

In the third year (Figures 18 and 19), the yield remains
constant between the 25 and 30th months at 3.5% while
the thickness increases from 36 to 40 um. It is between
the 34 and 35th months that the yield drops again
significantly to 2.7%, with a deposit of 49 pm thickness.

With the 4th year (Figures 20 and 21), the yield is 2.3%
at month 39; at 1.45% the deposit thickness is 67.8 um.

From the 5th year (Figures 22 and 23) to the 50th
month, the deposit thickness is 73.5 um and the yields
become almost zero.

This decrease of the production of the PV collector is
because desert dust results from the cracks of quartz
grains, which have reflecting and absorbing properties.
Therefore, when the radiation arrives on the plate
covered with a layer of dust, part of the radiation is
reflected, part is absorbed and another is transmitted.
When the thickness of the deposit increases, the part of
the radiation absorbed increases. This reduces the
irradiation transmitted to the panel and consequently the
energy produced by the panel.

Quick increase in the thickness of deposit affects the
PV vyield more than the same amount of deposit
accumulation but over a longer period of time. It is
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Table 6. Summary of power output in Watt in relation to the 3rd year of accumulation Maximum dust deposit in g/m2 in the grid 1
Month January February March April  May June July  August September October November December
Deposit 2.66 2.66 1.9 2.28 2.28 1.9 1.9 1.52 1.14 1.14 1.14 1.14
Irra-Medium(W/m?) 570 570 570 570 570 570 570 570 570 570 570 570
Current | (A) 1.2 1.2 1.2 1.2 1.2 1.2 1.16 1.16 1 0.94 0.94 0.94
Voltage V (V) 17 16.9 16.9 16.7 16.7 16.7 16.7 16.6 16.6 16.6 16.5 16.5
Accum 3 (g/m?) 45.98 48.64 50.54 5282 55.1 57 58.9 60.42 61.56 62.7 63.84 64.98
Power (w) 20.4 20.28 20.28 20.04 20.04 20.04 19.372 19.256 16.6 15.604 15.51 15.51
Source: Author
Table 7. Summary of the power in Watt produced in relation to the 4th year of accumulation Maximum dust deposit in g/m? in the grid 1.
Month January February March  April May June July August September October November December
Deposit 2.66 2.66 1.9 2.28 2.28 1.9 1.9 1.52 1.14 1.14 1.14 1.14
Irra-Medium (W/m?) 570 570 570 570 570 570 570 570 570 570 570 570
Current | (A) 0.84 0.84 0.84 0.65 0.61 0.6 0.6 0.6 0.6 0.58 0.58 0.58
Voltage V (V) 16.4 16.1 16 15.9 15.6 15.1 14.7 14.6 14.3 14.3 14.3 14.3
Accum 4 (g/m?) 67.64 70.3 72.2 7448 76.76 78.66 80.56 82.08 83.22 84.36 85.5 86.64
Power (w) 13.776 13.524 1344 10.335 9.516 9.06 8.82 8.76 8.58 8.294 8.294 8.294
Source: Author
Table 8. Summary of the power in Watt produced in relation to the 2nd year of accumulation Maximum dust deposit in g/m? in the grid 1.
Month January February March April May June July  August September October November December
Deposit 2.66 2.66 1.9 228 2.28 1.9 1.9 1.52 1.14 1.14 1.14 1.14
Irra-Medium(W/m?) 570 570 570 570 570 570 570 570 570 570 570 570
Current | (A) 0.57 0.45 0.45 0.45 043 0.43 0.43 0.43 0.42 0.41 0.41 0.4
Voltage V (V) 14.3 14.2 11.3 11.3 11.2 11.2 11.2 11.2 11 10.9 10.7 10.7
Accum 5 (g/m?) 89.3 91.96 93.86 96.14 9842 100.32 102.22 103.74 104.88 106.02 107.16 108.3
Power (w) 8.151 6.39 5.085 5.085 4.816 4.816 4.816 4.816 4.62 4.469 4.387 4.28

Source: Author
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Figure 10. Power output in Watt in relation to the 1st year of accumulation Maximum dust
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Source: Author
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Figure 11. Power output in Watt in relation to the 2nd year of accumulation Maximum dust deposit in g/m? in
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Source: Author
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Figure 14. Power in Watt produced in relation to the 5th year of accumulation Maximum dust deposit in g/m2 in

the grid 1.
Source: Author

because a sudden accumulation of deposit is
synonymous with strong absorption. In fact, the mass
deposit is associated with an exponential extinction
coefficient. The ratio of the luminance after crossing this
medium with the luminance of a source before crossing a
medium is equal to I()/I,(*) = e "), with optical
thickness 1(A) which measures the part of the energy lost
by absorption. As a result, on our solar collector, when
the accumulation of deposits grows very quickly, the

optical thickness increases the absorption of light
exponentially.

CONCLUSION AND PERSPECTIVES

The study reveals good solar potential in the 10° North -
20° North band, which exceeds 500 W/m?® from February
to November. This attests to the good capacity to receive
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Table 9. Evolution of the annual PV yield in the absence of deposit.

Month January February March April May June July August  September October November December
Power (w)  59.772 58.506 59.84 63.58 56.61 58.328 57.96 58.011 56.834 56.472 56.291 46.18
Efficiency 0.124641 0.111342 0.104238 0.103646 0.092634 0.094381 0.094243 0.098200 0.101038 0.132731 0.116912 0.115870

Source: Author

Table 10. Evolution of PV yield in one year of deposit accumulation.

Month January February March April May June July August  September October November December

Efficiency 0.099847 0.092087 0.08887 0.081649 0.071824 0.069638 0.066452 0.065831 0.066142  0.065521 0.064533 0.064842
Deposit thickness (m) 2.08E-06 4.17E-06 5.65E-06 7.44E-06 9.22E-06 1.07E-05 1.22E-05 1.34E-05 1.43E-05 1.52E-05 1.61E-05 1.70E-05

Source: Author

Table 11. Evolution of PV yield after 2 years of deposit accumulation.

Month January February March April May June July August  September October November December

Efficiency 0.062680 0.054342 0.05372 0.05127193 0.042982 0.042736 0.042736 0.042736  0.042736  0.041580 0.041580 0.036421
Deposit thickness (m)  1.90E-05 2.011E-05 2.26E-05  2.44E-05 2.62E-05 2.77E-05 2.92E-05 3.04E-05 3.12E-05  3.21E-05 3.30E-05 3.39E-05

Source: Author

Table 12. Evolution of PV yield after 3 years of deposit accumulation.

Month January February March April May June July August  September October November December

Efficiency 0.035789 0.035578 0.035578 0.035157 0.035157 0.035157 0.033985 0.033782  0.029122  0.027375 0.0272105 0.0272105
Deposit thickness (m) 3.60E-05 3.81E-05 3.96E-05 4.14E-05 4.31E-05 4.46E-05 4.61E-05 4.73E-05 4.82E-05 4.91E-05  5.00E-05 5.09E-05

Source: Author

Table 13. Evolution of PV yield after 4 years of deposit accumulation.

Month January February March April May June July August  September October November December

Efficiency 0.02416  0.02372  0.02357 0.01813 0.01669 0.01589 0.01547 0.01536 0.01505 0.01455 0.01455 0.01455
Deposit thickness in (m) 5.30E-05 5.51E-05 5.65E-05 5.83E-05 6.01E-05 6.16E-05 6.31E-05 6.43E-05 6.52E-05 6.61E-05  6.70E-05 6.78E-05

Source: Author
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Table 14. Evolution of PV yield after 5 years of deposit accumulation.
Month January February March April May June July August  September October November December
Efficiency 0.0143  0.011210 0.008921 0.008921 0.008449 0.008449 0.008449 0.008449 0.008105 0.007840 0.007696 0.007508
Deposit thickness in (m) 6.99E-05 7.20E-05 7.35E-05 7.53E-05 7.71E-05 7.86E-05 8.00E-05 8.12E-05 8.21E-05 8.30E-05 8.39E-05 8.48E-05
Source: Author
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Figure 15. Evolution of PV yield versus deposit thickness in the first year of deposit accumulation.

Source: Author

photovoltaic devices from the countries of the
Sahelian zone, in particular Senegal. However,
the study of the dust deposit reveals that Senegal
characterized by grid 1 is the most impacted from
January to July. In this work the results showed

that when the dust deposit thickness is equal to
24.4pum the efficiency decreases by half and when
it reaches 73.5 pum the PV efficiency starts to
become almost zero. The other interesting fact is
that it is the rapid increase of the deposit

thickness that affects the efficiency more, than
when it is more moderate. With this work it will be
easier to predict how often the collectors should
be cleaned, and after how long without cleaning
the sensor will enter a critical phase of production
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Figure 16. Evolution of PV yield versus deposit thickness in the 2nd year of deposit accumulation.
Source: Author

Figure 17. 2nd year of deposit accumulation on the polycrystalline PV panel.
Source: Author
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Figure 18. Evolution of PV yield versus deposit thickness in the 3rd year of deposit accumulation.
Source: Author
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Figure 19. 3rd year of deposit accumulation on the polycrystalline PV panel.
Source: Author
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Figure 20. Evolution of PV yield versus deposit thickness in the 4th year of deposit accumulation.
Source: Author

Figure 21. 4th year of deposit accumulation on the polycrystalline PV panel.
Source: Author
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Figure 22. Evolution of PV yield versus deposit thickness in the 5th year of deposit accumulation.
Source: Author

Figure 23. 6th year of deposit accumulation on the polycrystalline PV panel.
Source: Author
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in relation to the user's needs.
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