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Abstract: The most dependable constituent of 
the photovoltaic system is considered to be PV 
modules. The energy conversion performance 
and degradation modes of the modules are 
crucial for their reliability and lifetime. 
Understanding PV systems' performance and 
degradation through their lifetime is the 
objective of this study.To that end, the work in 
our paper presents a simplified examination of 
various causes for degradation specially hotspot 
degradation in silicon PV modules and different 
types of methodologies incorporated to 
investigate these degrading mechanisms.Under 
STC condition and when module is not dust 
covered it can be observed that the maximum 
power generated by the module id 360.8 watts 
at the voltage 39.09 V. The efficiency observed 
is 17.55 and the fill factor is 78.4.  How ever 
when module was subjected to real out door 
condition drastic change in the outpower was 
noticed due to presence of the dust deposition. 
It can be observed that in case 2 when the 
module was subjected to irradiance of 1100 
watts per meter square the power generated 
dropped to 255.9 watts creating a loss of 29 % 
of power . Similarly, the efficiency drops to 
11.75 and fill factor drop to50.23. Along with 
the temperature of the dust accumulated area 
was observed to be 55 degrees Celsius. 
Keywords: Photovoltaics, power output, 
performance parameter, soiling 
 
1 INTRODUCTION  
The total solar energy coming on Earth is far 
more than the global energy needs at the 
moment and in coming future [1]. This highly 
distributed source has the ability to meet all 
future energy demands if properly exploited. 
Due to its limitless supply and lack of 
pollution, solar energy is predicted to become a 
more appealing renewable energy source in the 
twenty-first century than the finite fossil fuels 

to be very precise examples like coal, 
petroleum, and or natural gas [2]. 
The problem at hand is the degradation of 
photovoltaics of hotspots development due to 
the a layer of accumulation of dust on the 
surfaces. Photovoltaic systems so are designed 
so as to capture and convert solar energy into 
electricity, but when dust and debris settle on 
the surface, it can reduce the efficiency of the 
system by hindering the sunlight and reducing 
the output. Hotspots are areas where excessive 
heat is generated due to a localized increase in 
resistance, which can occur as a result of the 
accumulation of dust or other factors. If left 
unaddressed, the degradation of photovoltaics 
due to dust accumulations can lead to a very 
noticeable decrease inenergy production, 
reduced lifespan of the system, and increased 
maintenance costs. Therefore, it is important to 
develop effective cleaning strategies and 
maintenance plans to prevent the build-up of 
dust and other sorts of contaminants on the 
surface of photovoltaic systems. One eye-
catching agenda  accumulation of dust on 
photovoltaic systems is the development of 
hotspots. Hotspots occur when there is an 
increase in resistance in a localized area, which 
can cause excessive heat generation that can 
damage different components of thePV system. 
Hotspots can occur due to a variety of factors, 
including shading, manufacturing defects, and 
the accumulation of dust and debris on the 
surface. The accumulation of dust on 
photovoltaic systems can also lead to other 
issues, such as reduced lifespan of the system, 
increased maintenance costs, and the need for 
more frequent cleaning. In addition, the buildup 
of dust can also impact the performance of the 
system during periods of low sunlight, such as 
cloudy days or during the winter months.To 
address the problem of degradation of 
photovoltaics due to dust accumulation, there 
are various strategies that can be employed. 

International Journal of Recent Research and Review, Vol. XVI, Issue 2, June 2023

ISSN 2277 – 8322



 

T
m
c
in
d
b
in
s
a
im
 
2
R
f
p
w
e
is
2
in
m
d
y
d
D
b
o
d
la
d
a

I
I

D
r
o
m
lo
w
o
m
a
e
r
m
a

These inc
maintenance
cleaning c
nstallation 

detect hotsp
become a m
nstallation 

system ca
accumulatio
mproving it

2 DEGRA
Renewable e
fast growing
predictable 
will chief in
ever the PV
ssue where 

25-30 years
nstallation 

module can
determine th
year [4]. S
degradation 
Depending 
bifurcated in
of the PV 
degradations
ab name by

degradation 
as shown in 

I. Ribb
II. Glas

III. Enca
IV. Cell 
V. PIDs

Degradation
efers to the

over time d
modules are
ong lifetime

which can 
overall effe
manufacture
as using h
encapsulatio
igorous qu

manufacturi
and inspecti

clude reg
e of the sy
coatings o

of monito
pots and o

major proble
and locati

an also 
on of dust
ts performan

ADATION
energy is al
g source of 
that solar 

n all the ene
V module r

its manufac
s [32]. Wit
its very we

n degrade 
he degradat
Some stud
can also rea
upon degra

n short-term
system hu

s [6][7]. Ac
y NREL sp
in last dec
figure 1: 

bon Discolo
s Breakage–

apsulant dis
breakage -9

s-  8% 
n in photo
e loss of pe
due to vari
e designed 
es, they can

impact th
ectiveness.T
ers employ 
high-quality

on techniqu
uality contro
ng process
ions of PV

gular cle
ystem, the 

or surfaces
oring syste
ther issues
em. Additio
on of the 
help to 
t and deb
nce and life

N IN SOLAR
llowing a si
f energy wo

PV Band 
ergies by 20
reliability s
ctures give 
th such a 
ell obvious

. Recent 
tion rate of 
dies also s
ach up to 0.
adation the

m and long-
ugely impa
ccording to 
otted that t

cade is men

rations– 20
– 12% 
colorations
9% 

ovoltaic (P
erformance 
ious factor
to be dura

n experience
heir power 
To mitigate 

various tech
y material
ues, and i
ol measure
s. Regular 

V systems c

eaning an
use of se

s, and th
ms that c

s before th
onally, prop

photovolta
reduce t

bris, thereb
espan. 

R CELL 
ignificant an
orldwide. It 

wind energ
025 [3]. Ho
eems a gre
a warranty 
long run 

s that the P
studies h

0.6-0.7% p
show s th
.7% [5]. 
e degradatio
-term.The li
acted by th

very famo
the most se
ntioned belo

% 

- 10% 

PV) modul
or efficien

rs. While P
able and ha
e degradatio

output an
degradatio

hniques, su
ls, improv
implementin
es during t

maintenan
can also he

37 

nd 
lf-
he 
an 
ey 

per 
aic 
he 
by 

nd 
is 

gy 
ow 
eat 
of 
of 

PV 
has 
per 
hat 

on 
ife 
he 

ous 
en 

ow 

les 
cy 

PV 
ve 

on, 
nd 

on, 
ch 
ed 
ng 
he 

nce 
elp 

id
ea

 
3

D
th
pa
st
de
cr
cr
H
de
at
re

H
ei
ot
[9
ar
 

F

It
m

dentify and 
arly stage. 

Figure 1 :
d

HOTSP
– LITER

Degradation 
here is a de
anel output
till continu
epending up
rosses the 
reates a very

Hotspots in
egradation 
ttains very 
eason for ho

I. S
II. D

III. C
IV. A

b
Hot spots res
ither shade
ther cells an
9][10]. Fig
rising in a P

Figure 2 : D

t has been 
module can g

address de

 representat
degradation 

POT DUE T
RATURE S

can me d
ecline in the
t[37]. Howe
ues to perf
pon the seve
value of 

y dangerous
n a PV 

where a p
high value 

otspot in PV
Shadow 
Dusting 
Cell mis ma
Any interru
between the
sult from th
d or soiled
nd create hi
ure 2 sho

PV module d

Different typ
pan

seen that t
get decline 

egradation 

tion of  perc
in solar cel

TO SOIL A
SURVEY 
defined as 
eperformanc
ever PV m
form after 
erity . If the
its critical 
s situations 
module is

portion on 
. There cou

V modules s

atch 
uptions in 
e cells. 
his defectiv
d forms bu
gh heat-dis
w differen
due to hotsp

pes of hotsp
nel. 
the efficacy
by 25% due

issues at a

centage of 
l. 

AND DUST 

phase whe
ce of the PV

module migh
degradatio

e degradatio
threshold 

[8]. 
s one suc

PV modul
uld be man
uch as  

connection

ve solar cell
urden on th
sipation site

nt condition
pots. 

pots in a PV

y of the PV
e to presenc

an 

 

en 
V 
ht 
on 
on 

, 

ch 
le 

ny 

ns 

l's 
he 
es 
ns 

 
V 

V 
ce 



 

o
s
d
s
o
th
th
n
a
m
o
3
h
in
d
a
d
o
o
m
 

T
p
d
S
r
S
P
te
s
o
d
a
w
th
[
o
r

of soil , dus
surface [11
deposition l
surface of P
output to de
he output o
he module[

nearly 500 m
air from di
movements 
of  hotspot c
3 below . T
hotspot [14]
nstalled  in

deposition b
article by G
dust decreas
of wind an
orientation 
modules. 

Figure 3 : 
The deposit
parameter w
demonstrate
Shobokshy 
esearchers 

Sahara dese
PV system 
exture thin 

study  dust
output of ap
drop due to 
analysed by 
which show
he soil is 
19]. Accord

on a modul
apid declin

t and depos
]. This pr

limits the su
PV panel , 
ecline. This 
f covered c

[12]. Dust u
micro meter
ifferent sou
 ,pollution 

can be easily
The soiled 
].  One suc
n desert are
by climatic 

Goossens et 
ses as there

nd this is h
and titlt 

Hotspot ge
tion of du

which is the 
ed in the pr

[16]. Th
 Montes et

ert is creati
performan

reddish bro
t deposition
pproximate 

dust by 3%
a study fro

wed that the 
deposited 

ding to rese
e for one t

ne in the e

sition upon 
rocess of 
unrays inci
hence forci
causes the

ell and unco
usually is sm
rs of size d
urces like 
etc.[13]. A 
y seen throu
or dusted 

ch example
ea are subj
zone[15]. 
all, the acc
 is increase
highly influ

installation

eneration du
ust layer ha

density of s
esented res

he research
t al showed
ing some im
nce. The 
own [17].  
n causes  
7 % with s

% [18].A ne
m Universi
time period
is also ver

earch work i
to six mont
efficiency[2

debris on t
soil or du

idence on t
ing the pan

e mismatch 
overed cell 
mall particl

disperse in t
wind,vehic
developme

ugh the figu
cell develo

e is a modu
jected to so
According 

cumulation 
e in the spe
uence by t
n of a P

ue to soiling
as one mo
soil layer w
earch by E
h paper b
d that dust 
mpact on th
Soil was 
In a resear
reduction 
olar radiatio
w aspect w

ity of Malag
d from whi
ry importan
if dust retai
ths can cau
20] . Vario

38 

he 
ust 
the 
nel 
in 
in 

les 
he 
cle 
ent 
ure 
op 
ule 
oil 
to 
of 
ed 
he 

PV 

 
g 
ore 

was 
L-
by 
of 
he 
of 
ch 
of 
on 

was 
ga, 
ch 
nt,  
ins 
use 
ous 

ty
fi

F

A
of
im
tr
ac
im
th
du
ho
T
no

I

IV

V

V

T
of
w
lik
ai
sh
T
cu
pe
lin
ac
re
an

ypes of soi
gure 3  

Figure4 : Po

A work show
f dust like 
mpact the 
ransmission 
ccumulated 
mpact in the
he electrical
usting may
otspots caus
he main rea
oticed in fig
I. Figur

modu
layer 

II. Figur
cover

II. Figur
algae

V. Figur
pollen

V. Figur
layer 

VI. Figur
agricu

here are tw
f shadowin

when solar p
ke a structu
ir might re
hading. The
he voltage i
urrent is. B
erformance
nked to p
ctuality, ce
esistance to
nd produce 

iling image

ossible soil 
PV m

wed that the 
sand ;lime

what w
glass use
dust creati

e PV modu
l performan
y lead a w
sing over he
asons for du
gure 4 and f
re 17 A.- 
ules covere
 

re 17 B.- 
red with bir
re 17 C. -  s
e. 
re 17 C . 
ns. 
re 17 C. - 
over modu

re 17 C. -
ultural emis

wo forms of
ng is hard s
panels are co
ure or a clou
esult in th
e voltage d
is unaffecte
oth have an
. Soiled or

performance
ells that 

o generated
hot spots. 

es can be 

and dust- d
odule 
impact of v

e-salt ; ashe
we call 
ed in modu
ing a therm
ule causing 
nces [22]. O
well known
eating of a m
ust accumul
figure 5. 
 shows th

ed with m

 shows t
rds excreta. 
shows the d

- shows d

 shows eng
ule . 
- shows d
ssion. 
f shading. T
shading, wh
overed by a
ud of dust. 

he second 
drops with t
ed by the sec
n impact on
r darkened 
e and pow
are darke

d current. T

seen in th

deposition on

various type
es; soil; th
the optic
ule [21].Th

mal run-awa
reduction i

On the othe
n impact o
module [23
lation can b

he image o
mineral du

the module

deposition o

deposition o

gine exhau

deposition o

The first so
hich happen
a solid objec

Smog in th
form, subtl
the first on
cond, but th
n PV modul
surfaces ar

wer loss. I
ned exhib

They get ho

he 

 
n 

es 
at 
al 
he 
ay 
in 
er 
of 

3]. 
be 

of 
ust 

es 

of 

of 

ust 

of 

ort 
ns 
ct, 
he 
le 
e. 

he 
le 
re 
In 
bit 
ot 



 

 
4
T
f
f
th
[
p
1
2
 
4
T
r
K
p
T
c
h
m
s
te
s
T

A
a
e

Figure

4 RESUL
The entire 
factors that
figure 5 sho
he settleme
24]. The f

parts: 
1. Visual ins
2. Electrical

4.1 VISUA
The visual 
oof top of 

K.N.Modi U
panel is first
The panel u
crystalline r
heavy depo
modules an
single modu
est purpose

seen in Tabl
The module 

Tab

As we can s
a lot of dust
edges of the

e 5 : The ma
accum

LTS  
frame wor

t impact th
ows what a
ent of dust 
full experim

spection 
 Characteriz

AL INSPE
inspection 
the Solar p
University, 
t experimen
used for th
roof top pa
osition of 
nd edges o
ule of 380 W
e. The mod
e 1. 
specificatio

ble 1: Modu

see in the th
t is deposite
e panel also 

ain reason f
mulation 

rk depends
he soil dep
are the facto

on surface 
ment is div

zation 

CTIONS 
was perfo

panel install
Newai Ra

nt with visu
he experime
anels. The 

dust over
f the PV 
Watts have

dule specific

ons are as fo
ule Specific

hrough visu
ed on the pa
have more 

for dust 

s on vario
position. T
ors impactin

of PV pan
vided into 

ormed on th
led on the D
ajasthan. Th
ual inspectio
ent is mon

panels ha
r the enti
modules.  

e used for t
cation can b

follows: 
ation 

 
ual inspectio
anel . And t
deposition 

39 

 

ous 
he 
ng 
nel 

2 

he 
Dr 
he 

on. 
no-
ve 
ire 
A 

he 
be 

on 
he 
of 

th
ov
pa
on

 
4.
4.
T
un
w
de
P
T
th
ax
th

F
m

4.
 
To
pe
to
ou
m
to
th
T
fo

he sand . N
verlooking 
anel is heav
n the edges.

Figure 6 : 

.2 I-V CH

.2.1 Unde
he graph s
nder STC c

watts per me
egrees Cels
-V characte
his is unde

hat is when 
xis represen
he current o

Figure 7: I-V
module whe

.2.2 I-V G

o find out th
erformance 
o understand
utputs when

module was p
op and not c
he module s
he dust dep

ollowing wa
I. The M

Nothing can
the panel. F

vily loaded 
. 

The picture
inspe

HARACTE
er Normal c
shown belo
onditions th

eter square a
sius. Figure 
eristics wh

er condition
there is no 

nt the voltag
f the PV mo

V and P-V c
en no dust d

the 
Graph unde

he impact o
characteris

d the differe
nthe module
put under re

cleaned for 
and to depo

position has 
ays: 
Module effi

n be seen 
Figure 6 sh
with the du

e of the mod
ection 

ERISTICS 
condition 
ow are the
hat is irradia
and tempera
7 represent

hen no dus
n when mod

dust depos
ge and Y a
odule under
 

characterist
deposition is
lab. 

er test condi

on working a
stics of PV m
ence betwee
e is shaded 
eal conditio
1 month and
osit .  
impacted th

ciency drop

through ju
hows that th
ust especiall

dule under 

e I-V curve
ance of 100
ature with 2
t the I-V an
t is presen
dule is clea
sition. The x
xis represen
r test. 

tics of the P
s applied in

itions 

and 
module and
en the 
or not , the 

on on roof 
d allowed o

he output in

pped. 

ust 
he 
ly 

 

es 
00 
25 
nd 
nt. 
an 
x- 
nt 

 
V 

n 

d 

on 

n 



 

I
I
T
m
c
s
b

II. The p
III. The 
IV. The h
The curves g
maximum p
curve which
shade or dus
be seen in fi

 
4.3 T

W
 

Figur

 
The mo
on the
Univers
covered
the help
the back
was m
pyranom
measure
have m
till 17:
variatio
The or
irradiati
While 
variatio
the tem

Irr
ad
ia
tio

n 

power gene
fill factor o
hotspot crea
get distorted
oints can be

h is the repre
st available 
igure 8 . 

TEMPERAT
WITH DUS

re 9 : The m

odule was t
e roof to
sity. The 
d with the s
p of the th
k of the PV
measured 
meter attach
e irradiatio

measured the
:24:00. Th

on of hotsp
range line 
ion from 
the blue gr

on of the so
mperature 

0
200
400
600
800
1000
1200
1400

TI
M
E

08
:3
4:
00

08
54

00

Temp

erated dropp
f the modul
ated in the p
d and multip
e seen in I-V
esentation o
on the pane

TURE-IRR
ST 

odulation of

tested on 5t

op of Dr
temperatu

shadow is m
hermocoupl

V Module. T
with the

hed to the m
on for who
e reading fr

he figure 9
pot with th
shows the 
morning 

raphs were
oiled cell. T
profile of 

08
:5
4:
00

09
:1
4:
00

09
:3
4:
00

09
:5
4:
00

10
:1
4:
00

perature‐

ped. 
le dropped.
panel. 
ple 
V &P-V 
of any kind 
el which can

RADIATIO

of the weak c

th April, 202
r. K.N.Mo
ure of ce
measured wi
e attached 

The irradiatio
e help 

module. It c
ole day. W
rom 08:15:0
9 shows th
he irradiatio

variation 
to evenin

e temperatu
Table 2 sho

the hotsp

10
:3
4:
00

10
:5
4:
00

11
:1
4:
00

11
:3
4:
00

11
:5
4:
00

Irradiation

40 

of 
n 

ON RESPO

 
cell tempera

day . 

23 
odi 
ell 
ith 
at 

on 
of 
an 

We 
00 
he 

on. 
of 

ng. 
ure 
ow 
pot 

cr
an
ho
de
sh
pa
ou
cr
le
w
is
ef
an
pe
de

12
:1
4:
00

12
:3
4:
00

12
:5
4:
00

13
:1
4:
00

13
:3
4:
00

Time 

n of weak 

Figure 8: T

NSE OF TH

ature (cell c

reated on th
nd dusting.
otspot max
egree Cels
hows th
arameters. 
utdoor test
reation of h
evel of   2

when measu
s also dro
fficiency fr
nd fill fac
ercentage 
eterioration

13
:3
4:
00

13
:5
4:
00

14
:1
4:
00

14
:3
4:
00

14
:5
4:
00

15
:1
4:
00

cell (Cove

The electrica
with dust d

HE CELL 

covered with

he test sola
. It can be
ximum tem
sius. Also, 
he variou

It can be 
ting the p
hotspot the 
201 watts f
ured in STC
op in the
rom 17.55 
ctor drop f

which 
n of the mod

15
:1
4:
00

15
:3
4:
00

15
:5
4:
00

16
:1
4:
00

16
:3
4:
00

16
54

00

ered with 

al character
deposition . 

COVERED

h Dust ) for

ar panel due
e noticed t
mperature 

table 3, 
us perfo
seen that 

ower and 
power drop
from 360. 

C conditions
e paramete

to 9.2 per
from 78.4 

represents
dule due to h

0
10
20
30
40
50
60
70

16
:5
4:
00

17
:1
4:
00

dust )  

ristic curve 

D 

 

r entire 

e to soil 
that the 
is 60.8 
table 4 

ormance 
due to 
due to 

ps to the 
2 watts 
s. There 
ers like 
rcentage 
– 45.6 

s the 
hotspot.  

Te
m
pe

ra
tu
re
 

 



41 
 

 
Table 2: Temperature configuration of the formed hotspot due to dust. 

Average Temperature  50.40C 
Maximum Temperature  60.80C 
Minimum Temperature  41.90C 

 
Table 3 : Comparison of Experimental Results with 1100 Watts/ m2Irradiance 

Irradiance 
Watts/m2  

Pmax   
 

(W) 

Efficiency 
(%) 

Fill 
Factor 

F.F.(%) 

Module 
Temp. 

1100 201 9.2 45.6 55.5 
 

Table 4: Comparison of Experimental Results at STC 

Irradiance 
Watts/m2  

Pmax  
 

(W) 

Efficiency 
(%) 

Fill 
Factor 
F.F.(%) 

Module 
Temp. 

STC 360.8228 17.55 78.4 24.8 

 
 
5 CONCLUSION  
The IV curve clearly showed that module 

under STC and when soil were not 
deposited. It was clearly observed that 
Under STC condition and when module 
is not dust covered it can be noted that 
the maximum power generated by the 
module id 360.8 watts  at the voltage 
39.09 V. The efficiency observed is 
17.55 and the fill factor is 78.4 .  How 
ever when module was subjected to real 
out door condition drastic change in the 
outpower was noticed due to presence 
of the dust deposition . It can be 
observed that in case 2 when the 
module was subjected to irradiance of 
1100 watts per meter square the  power 
generated dropped to 255.9 watts 
creating a loss of 29 % of power . 
Similarly the efficiency drops to 11.75 
and fill factor drop to50.23. Along with 
the temperature of the dust accumulated 
area was observed to be 55 degree 
Celsius. 
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