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Abstract—Karachi, Pakistan has great solar energy potential. Solar energy can be converted to electricity
using photovoltaic (PV) technology. Dust accumulation can significantly suppress the performance of the PV
modules. This research work is the first experimental study to examine the effect of dust deposition on the
surface of PV modules in Karachi, Pakistan. An experimental setup of polycrystalline modules has been cre-
ated by connecting three panels in a parallel arrangement. These panels were placed in an outdoor environ-
ment for one year to determine output power, efficiency and performance ratio. The results of this study indi-
cated that the dust deposition on PV modules can cause an average reduction of 14.6 W/month in power,
0.3%/month in efficiency and 1.84% in performance ratio in the environment of Karachi. For PV modules
of 780 W, the performance of PV modules is reduced by 2.21% due to dust deposition.
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INTRODUCTION
The demand for electrical power is growing day by

day all over the world [1, 2]. According to Interna-
tional Energy Agency (IEA), the energy requirement
is anticipated to exceed 1 PW h (petawatt-hour) in
2021 [3]. The whole world needs to swing towards a
cost-effective, sustainable and carbon-free renewable
energy resource instead of fossil fuels [4–8]. And the
most copious type of renewable energy is solar [9]. It
can be easily utilized to meet electric power require-
ments using photovoltaics [10].

PV modules are frequently found in open locations
like barren plains and dry regions [11]. In these scenar-
ios, the adjacent areas are isolated and full of dirt.
Therefore, PV modules are exposed to dust. Accord-
ingly, it is critical to measure the dust’s influence on
the working characteristics of PV modules [12, 13].
Accumulation of dust on the PV module’s surface is
dependent on region and time [14].

Various researchers have studied the dust effect on
PV modules in different regions. Kaldellis et al. [15]
examined the impact of dust in Athens, Greece and
found that the dust decreased the efficiency to 0.4%.
Jiang et al. [16] carried out an experimental study on
the effect of dust on the efficiency degradation of dif-
ferent modules. Adeniyi and Said [17] assessed the
power output of PV modules, subjected to dust, in the
eastern province of the Kingdom of Saudi Arabia.
Rajput and Sudhakar [18] explored the effect of dust
on the power and efficiency of PV modules in the cen-

tral region of India. Cabanillas and Munguia [19]
experimentally examined the behavior of efficiency of
PV panels, deposited by dust, in the northwest of Mex-
ico. Kumar et al. [20] studied the dust’s effect on the
conversion efficiency and maximum power point of
PV modules in India. Mohamed and Hasan [21]
investigated the influence of dust in the environment
of Sahara. Sulaiman et al. [22] conducted an indoor
study to evaluate the influence of artificial dust on the
efficiency of PV modules. Bouchalkha [23] and Bena-
tiallah et al. [24] also examined power degradation due
to the dust effect on PV modules in Abu Dhabi and
Sahara areas, respectively. The same has been experi-
enced by Sadat et al. in Iran [25]. By critically review-
ing the above studies, it is evident that there is no cur-
rent experimental study which assesses the effect of
dust deposition on PV modules in Karachi, Pakistan.
Moreover, there is no consolidated study which evalu-
ates the output power, efficiency and performance
ratio in presence of dust.

The objective of this study is to observe the impact
of dust on the power output, efficiency and perfor-
mance ratio of PV modules. To achieve this goal, this
original research article is organized as follows: Site
description provides brief information about the site
which is chosen for the experimental setup. The
selected site is provided with the weather station which
is used to measure the solar f lux. Materials and meth-
ods discuss the PV modules used for this experimental
study along with the procedure to record required data
370
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Fig. 1. Weather station at NEDUET.
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for the determination of power output, efficiency and
performance ratio. Results and analysis presented the
results and analysis of power output, efficiency and
performance ratio before and after cleaning of mod-
ules, acquired from this experimental research.

SITE DESCRIPTION

Pakistan is one of the countries in the world which
have an enormous potential of producing electrical
energy using solar irradiation [26, 27]. This experi-
mental study is conducted on the rooftop of the main
campus of NED University of Engineering and Tech-
nology (NEDUET) Karachi, Pakistan (24°56′00.8″ N,
67°06′41.8″ E). The selected site is equipped with a
weather station as shown in Fig. 1. This weather sta-
tion is fitted with Kipp and Zonen CMP10 pyranom-
eter for measuring global horizontal irradiance, a
CSPS Twin-sensor Rotating Shadowband Irradiome-
APPLIED SOLAR ENERGY  Vol. 57  No. 5  2021

Table 1. Specification of modules, used in experiment

Characteristic Value

Manufacturer Canadian Solar
Model CS6P-260P
Rated power 260 W
Rated voltage 30.4 V
Rated current 8.56 A
Open-circuit voltage 37.5 V
Short-circuit current 9.12 A
Module efficiency STC 16.16%
Length 1.638 m
Width 0.983
ter (RSI) for measuring diffuse horizontal irradiance,
a CS215 temperature and relative humidity probe,
CS100 barometric pressure sensor and a Campbell
Scientific CR1000 data logger. This setup has a mea-
surement uncertainty of less than 3% and is used to
measure solar irradiance, used in our calculations.

MATERIALS AND METHODS

This experimental study is set out to explore the
effect of duct accretion on PV modules. This study is
conducted on the rooftop of NEDUET by using three
polycrystalline modules, connected in a parallel
arrangement. Each module has a rated power of
260 Wp with an efficiency of 16.16%. Therefore, the
total rated power becomes 780 W. The specifications
of installed modules are presented in Table 1. The
modules are oriented to face south with an optimum
fixed tilt angle of 24.9°. This study is conducted by
recording initial readings from modules before clean-
ing. The readings are then again recorded after clean-
ing the modules with the help of a soft-bristled broom.
For measuring the density of dust, a glass sheet is
placed next to the experimental setup. The dust den-
sity is obtained by utilizing a digital weight balance to
weigh the dust deposited on a glass sheet. The differ-
ence in weight before and after the deposition of dust
on the glass sheet contributed information about the
density of dust, accumulated on modules. The experi-
mental setup before and after cleaning dust is shown in
Figs. 2a, 2b, respectively. Solar irradiance of 1.000 W/m2,
cell temperature of 25°C and air mass ratio of 1.5 are
considered as Standard Testing Conditions (STC) of
PV module [28].

In order to conduct this research, data were
recorded for all months of 2020 by considering their
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Fig. 2. PV modules (a) before cleaning dust (b) after cleaning dust.

(a) (b)
respective nth days [29]. The nth days are selected
because the solar irradiance on nth day of a month is
nearly equal to the average solar irradiance of that
month. During the study period, modules remained at
the rooftop’s external environment. The readings were
collected to acquire current and voltage values. The
current (I) and voltage (V) of these modules were mea-
sured before cleaning and after cleaning and noted to
simply find power (P) by using Eq. (1) [30]:

(1)

Percentage reduction in power can be found by
using Eq. (2):

(2)

The efficiency of modules can be calculated by
using Eq. (3) [30]:

(3)

where S is the solar f lux measured at the time of
recording data. A is the total module area (m2) and can
simply be found by using Eq. (4):

(4)

Percentage reduction in efficiency can be found by
using Eq. (5):

(5)

Performance ratio (PR) is one of the best compar-
ison metrics for our scenario. It can be determine
using Eq. (6) [17]:

(6)
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where  is the rated power of modules and  is the
Solar Irradiance at STC.

The percentage reduction in performance ratio is
determined using Eq. (7):

(7)

RESULTS AND ANALYSIS

Dust accumulation has a significant influence on
the performance of PV modules. The dust effect is
influenced by a variety of climatic and environmental
parameters. A sample of air carried dust was collected
from the site and tested to find the composition of dust
at the Soil Testing Laboratory of NEDUET. It was
found that the provided sample contains 76% fine
sand (diameter > 0.06 mm), 17% silt (diameter 0.06–
0.002 mm), and 7% clay (diameter < 0.002 mm).

The data obtained from the weather station and
experimental setup were recorded for the nth days of
all months of 2020. The solar f lux measured at the
same time of recording data from the experimental
setup is presented in Fig. 3. The actual parameters
were used in this study to obtain power, efficiency and
performance ratio, before and after cleaning. Percent-
age reductions for power, efficiency and performance
ratio were also measured before and after cleaning.

The power outputs, before and after cleaning the
modules, were computed for the nth days of 2020 and
are presented in Fig. 4. It can be noticed that the power
output of modules, before cleaning, varied from 611.44 to
648.70 W with a yearly average of 631.75 W. Also, the
power output of modules, after cleaning, ranged from
632.64 to 666.00 W with a yearly average of 646.33 W.
This corresponds to a significant average increase in
power of 14.6 W/month after cleaning or we can say
that the average power loss due to dust accumulation is
14.6 W/month. This power loss becomes greater as the
thickness of dust increases. The density of dust, mea-

RP RS

−
= ×

PR PR
PR 100%.

PR

clean dirty

clean
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Fig. 3. Solar f lux measured on nth days of 2020.
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Fig. 4. Power outputs on nth days of 2020.
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Fig. 5. Percentage reduction in output power.
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Fig. 6. Efficiencies on nth days of 2020.
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sured at the instance of gathering data from modules,

is presented in Table 2.

The percentage reduction in power was found by

using Eq. (2) and presented in Fig. 5. It can be
APPLIED SOLAR ENERGY  Vol. 57  No. 5  2021

Table 2. Density of dust, measured on nth days of 2020

nth day Density of dust, mg/cm2

17-January 0.132

16-February 0.091

16-March 0.123

15-April 0.161

15-May 0.165

11-Jun 0.147

17-July 0.041

16-August 0.025

15-September 0.041

15-October 0.101

14-November 0.106

10-December 0.121
observed that the percentage reduction varied from
0.43 to 3.57% with a yearly average of 2.21%.

The efficiencies of PV modules before and after
cleaning were determined using Eq. (3) and are pre-
sented in Fig. 6. It can be noticed that the efficiency of
modules, before cleaning, ranged from 12.58 to
13.63% with a yearly average of 13.12%. Whereas, the
efficiency of modules after cleaning varied from
13.05% in October to 13.99% in December with a
yearly average of 13.42%. On an average basis, there is
a difference of 0.3%.

The percentage reduction in efficiency was found
by using Eq. (5) and presented in Fig. 7. It can be
observed that the percentage reduction varied from
0.43 to 3.57% with a yearly average of 2.21%. It pro-
duces the same trend as of percentage reduction in
power.

The performance ratios, before and after cleaning
the modules, were determined for the nth days of 2020
using Eq. (6) and are presented in Fig. 8. It can be
noticed that the value for performance ratio of mod-
ules, before cleaning, varied from 77.93 to 84.93% with
a yearly average of 81.26%. Also, the performance ratio
of modules, after cleaning, ranged from 80.82 to
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Fig. 7. Percentage reduction in efficiency.

0

1

2

3

4
P

e
rc

e
n

ta
g
e

re
d

u
c

ti
o

n
 i

n
 �

, 
%

nth days of 2020

Ja
n

. 
17

F
e
b

. 
1
6

M
a

rt
h

 1
6

A
p

r.
 1

5

M
a
y

 1
5

Ju
n

e
 1

1

Ju
ly

 1
7

A
u

g
. 

1
6

S
e
p

t.
 1

5

O
k

t.
 1

5

N
o

v.
 1

4

D
e
c

. 
1
0

Fig. 8. Performance ratio for nth days of 2020.
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Fig. 9. Radar map of percentage reduction in performance
ratio.
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86.64% with a yearly average of 83.09%. This corre-

sponds to a substantial increase in the annual average
performance ratio of 1.84%.

The percentage reduction in performance ratio was

found using Eq. (7). The radar map of percentage
reduction in performance ratio is presented in Fig. 9.

It can be observed that the percentage reduction of

performance ratio varied from 0.43 to 3.57% with a

yearly average of 2.21%. It produces the same trend as

of percentage reduction in power and efficiency.

Therefore, it can be extracted that the values of

power output, efficiency and performance ratio were

significantly reduced in months with light or no rain-

falls (e.g. March, April, May, June) while the percent-

age reductions of power output, efficiency and perfor-

mance ratio were minimal in the months of moderate

to light rain (e.g. July, August, September). The main

difference in the environment of PV modules, between

raining and non-raining days, is the presence of dust.

Dust can impactfully reduce the performance of PV

modules. More the thicker the dust layer, the more

will be the power loss.

CONCLUSIONS

PV is one of the most dependable renewable energy

technologies which are playing its part in slashing the

electricity demand and all over the world. Therefore, it

will be a great benefit if the losses occurred in PV will

be reduced to as much as possible. This research is

focused to investigate the effect of the accumulation of

dust on the power efficiency and performance ratio of

PV modules, experimentally. It was noticed that the

average yearly values of power before and after clean-

ing were found to be 631.75 and 646.33 W, respectively.

The dust deposition on the surface of modules can

cause a significant reduction in power of around

14.6 W/month. The average annual values of effi-

ciency, before and after cleaning were found to be

13.12 and 13.42%, respectively. The presence of dust

on the modules can cause a decrement in the effi-

ciency of around 0.30%/month. The average annual

values of performance ratio, before and after cleaning,

were computed to be 81.26 and 83.09%. This corre-

sponds to a substantial increase in the monthly average

performance ratio of 1.84% after cleaning. Moreover,

by determining the percentage reduction in power,

efficiency and performance ratio, it was found that the

annual average percentage increment of power, effi-

ciency and performance ratio can be increased to

2.21% after cleaning of PV modules. From this study,

it can be extracted that for a 780 W system the perfor-

mance of the PV modules is reduced by 2.21% due to

dust deposition. This performance can be significantly

increased by cleaning modules at short and regular

intervals. For a much larger system, this effect can be

further amplified.

Studies can also be conducted to check the feasibil-

ity of the arrangement of a dedicated cleaning person

or a protective coating or na cleaning system for dust.
APPLIED SOLAR ENERGY  Vol. 57  No. 5  2021



EXPERIMENTAL INVESTIGATION OF DUST ACCUMULATION 375
ACKNOWLEDGMENTS

A special thanks to Dr. Mubashir Ali Siddiqui, Chair-

man of the Department of Mechanical Engineering,

NEDUET and Dr. Amir Iqbal, Dean of the Faculty of

Mechanical and Manufacturing Engineering, NEDUET

for their advices and support during the execution of this

experimental study.

FUNDING

This research is not funded by any organization.

CONFLICT OF INTEREST

The authors declare that they have no conflict of interest.

REFERENCES

1. Liu, X., Sun, T., Feng, Q., and Zhang, D., Dynamic
nonlinear influence of urbanization on China’s elec-
tricity consumption: Evidence from dynamic economic
growth threshold effect, Energy, 2020, vol. 196,
id. 117187. 
https://doi.org/10.1016/j.energy.2020.117187

2. Darwish, Z.A., Kazem, H.A., Sopian, K., Al-Goul, M.,
and Alawadhi, H., Effect of dust pollutant type on pho-
tovoltaic performance, Renewable Sustainable Energy
Rev., 2015, vol. 41, pp. 735–744. 
https://doi.org/10.1016/j.rser.2014.08.068

3. International Energy Agency, Global Energy Review
2021, IEA, Paris, 2021. https://www.iea.org/re-
ports/global-energy-review-2021

4. Ritchie, H. and Roser, M., Renewable Energy.
https://ourworldindata.org/renewable-energy. Ac-
cessed October 10, 2021.

5. Izanloo, M., Noorollahi, Y., and Aslani, A., Future en-
ergy planning to maximize renewable energy share for
the south Caspian Sea climate, Renewable Energy,
2021, vol. 175, pp. 660–675. 
https://doi.org/10.1016/j.renene.2021.05.008

6. Deng, X. and Lv, T., Power system planning with in-
creasing variable renewable energy: A review of optimi-
zation models, J. Cleaner Prod., 2020, vol. 246, id.
118962. 
https://doi.org/10.1016/j.jclepro.2019.118962

7. Fant, C., Schlosser, C.A., and Strzepek, K., The im-
pact of climate change on wind and solar resources in
southern Africa, Appl. Energy, 2016, vol. 161, pp. 556–
564. 
https://doi.org/10.1016/j.apenergy.2015.03.042

8. Daus, Y.V., Yudaev, I., and Stepanchuk, G., Reducing
the costs of paying for consumed electric energy by uti-
lizing solar energy, Appl. Sol. Energy, 2018, vol. 54,
no. 2, pp. 139–143. 
https://doi.org/10.3103/S0003701X18020056

9. Pillot, B., Muselli, M., Poggi, P., and Dias, J.B., His-
torical trends in global energy policy and renewable
power system issues in Sub-Saharan Africa: The case of
solar PV, Energy Policy, 2019, vol. 127, pp. 113–124. 
https://doi.org/10.1016/j.enpol.2018.11.049
APPLIED SOLAR ENERGY  Vol. 57  No. 5  2021
10. ur Rehman, N. and Siddiqui, M.A., A novel methodol-
ogy for determining sky blocking by obstacles viewed
virtually from any location on site, Energy Build., 2016,
vol. 128, pp. 827–833. 
https://doi.org/10.1016/j.enbuild.2016.07.050

11. Chen, Y. et al., Experimental study on the effect of dust
deposition on photovoltaic panels, Energy Procedia,
2019, vol. 158, pp. 483–489. 
https://doi.org/10.1016/j.egypro.2019.01.139

12. Said, S.A., Hassan, G., Walwil, H.M., and Al-Aqeeli, N.,
The effect of environmental factors and dust accumula-
tion on photovoltaic modules and dust-accumulation
mitigation strategies, Renewable Sustainable Energy
Rev., 2018, vol. 82, pp. 743–760. 
https://doi.org/10.1016/j.rser.2017.09.042

13. Khodakaram-Tafti, A. and Yaghoubi, M., Experimen-
tal study on the effect of dust deposition on photovolta-
ic performance at various tilts in semi-arid environ-
ment, Sustainable Energy Technol. Assess., 2020,
vol. 42, id. 100822. 
https://doi.org/10.1016/j.seta.2020.100822

14. Javed, W., Guo, B., and Figgis, B., Modeling of photo-
voltaic soiling loss as a function of environmental vari-
ables, Sol. Energy, 2017, vol. 157, pp. 397–407. 
https://doi.org/10.1016/j.solener.2017.08.046

15. Kaldellis, J.K., Kokala, A., and Kapsali, M., Natural
air pollution deposition impact on the efficiency of PV
panels in urban environment, Fresenius Environ. Bull.,
2010, vol. 19, no. 12, pp. 2864–2872.

16. Jiang, H., Lu, L., and Sun, K., Experimental investiga-
tion of the impact of airborne dust deposition on the
performance of solar photovoltaic (PV) modules, At-
mos. Environ., 2011, vol. 45, no. 25, pp. 4299–4304. 
https://doi.org/10.1016/j.atmosenv.2011.04.084

17. Adinoyi, M.J. and Said, S.A., Effect of dust accumula-
tion on the power outputs of solar photovoltaic mod-
ules, Renewable Energy, 2013, vol. 60, pp. 633–636. 
https://doi.org/10.1016/j.renene.2013.06.014

18. Rajput, D.S. and Sudhakar, K., Effect of dust on the
performance of solar PV panel, Int. J. ChemTech Res.,
2013, vol. 5, no. 2, pp. 1083–1086.

19. Cabanillas, R. and Munguía, H., Dust accumulation
effect on efficiency of Si photovoltaic modules, J. Re-
newable Sustainable Energy, 2011, vol. 3, no. 4,
id. 043114.

20. Kumar, E.S., Sarkar, B., and Behera, D., Soiling and
dust impact on the efficiency and the maximum power
point in the photovoltaic modules, Int. J. Eng. Res.
Technol. (IJERT), 2013, vol. 2, no. 2, pp. 1–8.

21. Mohamed, A.O. and Hasan, A., Effect of dust accu-
mulation on performance of photovoltaic solar mod-
ules in Sahara environment, J. Basic Appl. Sci. Res.,
2012, vol. 2, no. 11, pp. 11030–11036.

22. Sulaiman, S.A., Hussain, H.H., Leh, N., and Razali, M.S.,
Effects of dust on the performance of PV panels, World
Acad. Sci., Eng. Technol., 2011, vol. 58, no. 2011,
pp. 588–593.

23. Bouchalkha, A., Modeling of dust effect on solar panels
in Abu Dhabi, in The Second International Energy 2030
Conference Abu Dhabi, UAE, 2008, pp. 234–238.

24. Benatiallah, A., Ali, A.M., Abidi, F., Benatiallah, D.,
Harrouz, A., and Mansouri, I., Experimental study of



376 AHSAN AHMED et al.
dust effect in multi-crystal PV solar module, Int. J.
Multidiscip. Sci. Eng., 2012, vol. 3, no. 3, pp. 3–6.

25. Sadat, S.A., Faraji, J., Nazififard, M., and Ketabi, A.,
The experimental analysis of dust deposition effect on
solar photovoltaic panels in Iran’s desert environment,
Sustainable Energy Technol. Assess., 2021, vol. 47,
id. 101542. 
https://doi.org/10.1016/j.seta.2021.101542

26. Tahir, Z. and Asim, M., Surface measured solar radia-
tion data and solar energy resource assessment of Paki-
stan: A review, Renewable Sustainable Energy Rev.,
2018, vol. 81, pp. 2839–2861. 
https://doi.org/10.1016/j.rser.2017.06.090

27. SOLAR GIS. Solar resource maps of Pakistan.
https://solargis.com/maps-and-gis-data/download/
pakistan. Accessed September 29, 2021.

28. Sayyad, J.K. and Nasikkar, P.S., Capacitor load based

I–V curve tracer for performance characterisation of

the solar photovoltaic system, Appl. Sol. Energy, 2020,

vol. 56, no. 3, pp. 168–177. 

https://doi.org/10.3103/S0003701X2003010X

29. Duffie, J.A., Beckman, W.A., and Blair, N., Solar En-
gineering of Thermal Processes, Photovoltaics and Wind,
Hoboken, NJ: John Wiley & Sons, 2020, 5th ed.

30. Naqvi, A.A., Ahmed, A., Jamal, M., Majeed, A., Khi-

zar, A., and Shaheer, B., Performance Evaluation of

hybrid PVT air collector. A comparative approach,

GMSARN Int. J., 2022, vol. 16, no. 2, pp. 121–127.

http://gmsarnjournal.com/home/wp-content/uploads/

2021/08/vol16no2-2.pdf
APPLIED SOLAR ENERGY  Vol. 57  No. 5  2021


	INTRODUCTION
	SITE DESCRIPTION
	MATERIALS AND METHODS
	RESULTS AND ANALYSIS
	CONCLUSIONS
	REFERENCES

		2022-03-19T17:38:42+0300
	Preflight Ticket Signature




