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Abstract: This paper presents an experimental test along with procedures to investigate the effect of dust influences on the
photovoltaic efficiency under the prevailing meteorological conditions in tropical climates. The reduction of the transmittance of
solar radiation and electrical power generation due to the dust on a PV module has been measured. According to the observed results
during a 30-day period, the dust accumulation reduces the glass cover transmittance from 89.8% to 74.9% and also results in the
decrement of conversion efficiency from 4.78% to 4.07%. The comparisons between the experimental results and the simulated
results used the same meteorological data as the experiment show that the predicted results simulated by the model agree

satisfactorily with those observed from the experiments.
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1. Introduction

Nowadays, solar energy is widely used in photovoltaic
(PV) systems to generate electrical energy. Although there are
many researches and developments in PV devices which are
focused on studies of materials, components, designs and sizing
of systems, the influence of the surroundings, especially the
influence of dust, on the performance of PV modules has not
been given much attention [1].

Dusts are solid particles of varying size from 1 um to 1
mm which can be suspended temporarily in a gas. But they can
settle down under gravity. The effect of dust on a PV module
influences the efficiency of the PV module by decreasing the
solar radiation incident on its surface. The transmittance of solar
radiation through the dust varies from about 2% to 40%
depending on the duration of dust accumulation, size and
density of the dust particles, the air pollution level, season and
location [2].

The main purpose of this study was to conduct an
experimental test to investigate the PV’s efficiency compared
with a simulation model under the prevailing meteorological and
operating conditions in our tropical climate. Performance indicators
of the PV module which are the electrical energy generated by
the clean module and the dust-coasted module are compared and
discussed. The experimental test was done during the winter
(November to December) in Ramkhamhaeng University, Bangkok,
Thailand. The average dust particle size and density in the
winter around the university’s area were noted to be about 50-70
um and 90-120 pg/m?, respectively [3].

2. The Photovoltaic Module Model

A Photovoltaic cell is a device that can produce an electric
current when the sunlight is incident on it. When the light hits
the surface of the module, it may be reflected, transmitted or
absorbed by the PV cell to converting photon energy to electrical
energy. Photons give their energy to electrons based on the
conservation of momentum and energy principles to produce the
photovoltaic effect [4].

Normally, a PV system operates in the clamped voltage
mode. The output voltage of the PV module is fixed at the
system’s operating voltage which is usually equal to the battery
voltage. The output current of the PV array consisting of several
PV modules can be expressed as [5]:
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The reverse saturation current, 1, is a small current
flowing back through the PV arrays all the time. To estimate
this current, an exponential expression which is a function of
cell temperature is used.
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I, depends on the incident radiation, G;, on the module
which can be expressed as [6]
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The conversion efficiency of the PV cell can be
formulated as following:
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3. Effect of Dust on the Transmittance of the Glass Cover

Generally, the transmissivity, z, is a measure of the
ability of medium to transmit the light; the total transmissivity
can be expressed as [7]
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When dust is coated on the module’s surface, it will
block the sunlight passing through the glass cover onto the PV
cell. This reduces the transmittance coefficient as well as the
solar radiation. One of the earliest researches, Garg [8] found
that after a glass sheet was exposed for 30 days, its transmittance
was reduced from 90% to about 45% at the tilt angle 15°and to
about 8% for angle 45°. He noted that the horizontal glass
receives more dust than a vertical glass and he also defined the
ratio of the transmittance of an uncleaned cover (z,) to that of
the cleaned cover (z;) as the dust correction factor (DC). Next,
Duffie and Beckman [9] reported that the influence of dust on
the solar collector reduces the radiation intensity by 2% in dry
climates whilst Al-Hasan et.al. [10] presented the effect of dirt
on beam radiation and also estimated the transmittance coefficient
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as a function of incident angle, the dust density, and the number
of particles.

Recently, the influences of dust on the transparent cover
of solar collectors were discussed by Hamdy K. et-al. [11] while
Mastekbayeva et-al. [12] focused on the transmittance of a low
density polyethylene (LDPE) glazing used commonly in solar
collectors. Moreover, Mastekbayeva also developed the dust
correction factor model for the uncleaned cover sheet inclined at
15° (DCys5) from the horizontal at Bangkok for a month which
can be described by the following equation

DC,, =0.0001- N} -0.0082- N, +0.999, 0< N, <30 (6)

In general, the dust correction factor can be applied to
estimate the incident solar radiation, G;, on the PV module by

G, = (ra)G - DC (7
4. Experimental Setup and Test Procedure for Model Validation

4.1 Experimental Setup

To ensure that the system simulation model discussed
above is acceptable, the predicted results operating under the
same meteorological and operating conditions as the experimental
results must be compared.

The experimental system in this study consists of two 50
x 50 cm? glass sheets and two a-si 40W, PV modules with area
0.625 x 1.245 m?. One glass sheet and one PV module of each
pair were cleaned everyday while the others were left uncleaned
to observe the transmittance and the conversion efficiencies due
to the dust accumulation during the test. The panels were
installed at the top of the LTB Building, Faculty of Engineering,
Ramkhamhaeng University, Bangkok, Thailand, with a tilt angle
of 15° facing to the south. The solar radiation above and below
the cleaned and the uncleaned glass sheets were measured to
calculate the transmittance of the glass. The electrical power
generated by the PV modules was delivered to the resistance
load to keep a constant output voltage.

4.2 Experimental Test Procedures

The experimental test on the system was conducted under
the prevailing outdoor conditions for thirty consecutive days.
The actual meteorological data observed during the experiment
were used as input parameters for the simulation model.
Pyranometers were used to measure the total solar irradiance
falling above and below the surface of the glass sheet and on the
PV modules. Ammeters and voltmeters measured the currents
and voltages generated by the PV modules. An outdoor wind
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anemometer was used to measure the wind speed V,inq While the
ambient temperatures, T,, were measured by type-K (Copper-
Constantine) thermocouple sensors. All these sensors were
directly connected to the data-logger. The data-logger logged all
the experimental data every ten seconds and stored the average
values for every five minutes of data in the data storage.

5. Results and Discussions

The observed prevailing variations of the solar irradiance,
G, and ambient temperature, T,, of the first days are shown as a
sample data in figure 1. These metrological data are used as the
input of the simulation model.

The comparison between the corresponding values of
PV generated electrical power, P,, simulated by the model and
those measured from the experiment are also shown in this
figure. The fluctuations are caused by the prevailing variations
of solar irradiance. The simulated generated power is reasonably
close to the observed power except for some discrepancies at
times of high solar irradiance. The variations of P, may result
from either the overestimation of the solar absorptivity of the
solar cell or the underestimation of the heat convective coefficient
between the module and the wind. Therefore, the predicted P, is
found to be higher than the actual value at high solar irradiance.
These results are similar to those studied by Sukamongkol et-al. [5].

The solar radiation above and below the glass cover
sheet are measured to determine the transmittance of solar
radiation through the glass cover as defined in eq (5). The
determined transmittances of the clean and uncleaned sheet are
shown in figure 2. It is seen that the transmittance of the clean
sheet was slightly variable around 90% while the transmittance
of the uncleaned sheet was reduced from 89.8% to 74.9% after
30 days of exposure.

This figure also present the values of the predicted
results of the dust correction factor in comparison with the
factors determined from observed data. The results show that the
model predicted values are fairly close to the experimental data
with the same pattern decreasing from 1.00 to 0.84. These
results agree with those observed by Mastekbayeva et al. [12].

Figure 3 shows the daily data of the observed total
global radiation and the comparison between the total electrically
generated power simulated by model and the measured power.
The total solar radiation values are in the range of 17.5 — 21.5
MJ/m?. For the clean module, the fluctuations of generated
power, which vary from 0.68 to 0.83 MJ, are directly caused by
the prevailing variations of solar irradiance. For the uncleaned
module, the dust accumulation on the surface of the module
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Figure 1. Variation of Metrological Data and the Predicted and Observed Variations of Generated Power.
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reduces the solar radiation transmittance that leads to the
reduction of generated power by the PV module. With the same
solar radiation input, the simulation model predicted the reduction
curve of generated power with the same pattern fluctuations as
those of the clean one. The differences between the values of
generated power by the clean and uncleaned modules are 0.03,
0.07 and 0.11 MJ for 7, 15 and 30 days of exposure, respectively. It
is clearly shown in the graph that the simulated and observed
results are good agreement with each other.

The conversion efficiencies of the clean PV module
between 4.78 % to 4.92% and the decrement of the uncleaned
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module efficiencies from 4.78% to 4.07% are presented in figure 4.
This figure also displays the conversion efficiency reduction curve
of the PV module. It is seen that more exposure days make more
efficiency reduction due to the presence of more dust settled on
the module’s surface. Both the predicted and the measured
results show that the efficiency reduction rises from 0.2% on the
first day up to 4.98% on the seventh day. Similarly, it continually
increases from 4.98% to 9.63% and almost 15% on the fifteenth
and thirtieth days, respectively. Therefore, it can be concluded
that fairly good agreement can be achieved between the predicted
results and those observed from the experiment.

l‘l'l‘\:i—l'_. anaaggnuguggatten g —

Days

Figure 2. Predicted and Observed Variations of Transmittance and Dust Correction Factor.
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Figure 3. Variation of Daily Total Global Radiation Data and the Predicted and Observed Variations of Generated Power.
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Figure 4. Predicted and Observed Variations of Conversion Efficiency and Conversion Efficiency Reduction.
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5. Conclusion

It can be concluded from the experimental validation
results that the simulation model developed is able to predict the
performance of clean and uncleaned PV modules within
acceptable limits of accuracy. In fact, the discrepancies which
appeared in the predictions of the generated power can be
minimized if the estimated values of the solar absorptivity of the
module and the heat convective coefficient between the wind
and the PV module are more precisely pre-determined. Next, the
dust accumulation results in the reduction of the transmittance
from 89.8% to 74.9% leads to the decrement of dust correction
factor from 1.00 to 0.84 after 30 days of exposure. With this
consideration, the conversion efficiency reduction curve of PV
module rises up to 4.98%, 9.63% and 14.63% on the seventh,
fifteenth and thirtieth days, respectively. These efficiency
reductions lead to the lower PV power generation. Therefore, it
is recommended that the PV modules in an operating PV system
should be cleaned from time to time to keep the high power
generation with high PV conversion efficiency. Finally, the
author suggests that the further study should include a longer
time including outdoor conditions of each season, a variety of
locations, different types of PV module and tilted angles of the
module installation.

6. Nomenclature

A = diode ideality factor, A, = module area (m?, B =
PV material constant, Ey = band gap energy at 0 K (1.16eV for
silicon), G = solar radiation (W/m?), G, = solar radiation above
the medium (W/m?), G, = solar radiation below the medium
(W/m?), G, = reference solar radiation (lkw/m”at AM1.5), 1, =
output current of panel (A), I, = light generated current per
module (A), 1/(Gy) = light generated current at Gy (A), I, =
reverse saturation current per module (A), M = number of
module strings in parallel, N = number of modules in each series
string, Ng = number of exposure days V = terminal voltage (V),
Rs = diode series resistance per module (ohms), Ry, = diode
shunt resistance per module (ohms), T, = cell temperature (K), g

= electric charge, k = the Boltzmann constant (1.38x10% J/K)
and « = absorbance
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