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Abstract

This paper is a novel attempt to evaluate the performance of photovoltaic (PV) modules using current-voltage (I-V) and
power-voltage (P-V) characteristics. Numerous significant performance parameters, such as open-circuit voltage, short-
circuit current, maximum power point (MPP), fill factor (FF) and efficiency, are evaluated under various environmental
conditions during the investigation. In order to capture online solar electrical parameters, a low-budget test rig is developed
using Arduino-assisted supporting components and interfaced with the MATLAB Graphical User Interface (GUI)

environment to demonstrate experimental I-V and P-V characteristics. The performance assessment is conducted for three
naturally available dust samples categorized using types and weights. In addition, reflectors are often used to boost the
efficiency of clean and dusty modules for comprehensive comparison. The present study is useful for three aspects: designing
a low-cost PV analyser; choosing the location of the solar power plant; and enhancing the efficiency of the current solar
plant.
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The authors [1], developed a low cost solar radiation
measurement and data acquisition system based on the
microcontroller. The designed system has features to easily
obtain results from hardware and software. The developed
system is used to monitor the PV plant and collect data at
remote locations in the developed area. In [2], the authors
designed an economic open source control system for real-
time performance using remote signals and graphs. This
microcontroller-based design is a low-cost open source
hardware that can be used to provide better connectivity. The
authors in [3], designed a data logger to size renewable
energy sources and load solar-wind hybrid power system. In
this paper, the solar-wind hybrid power generation records
current and voltage for the purpose of analysis. The authors
in [4] used Arduino and Raspberry-pi microcontroller to

1. Introduction

Depleting fossil fuels and environmental concerns motivated
researchers to explore and extract electrical energy from
renewable energy resources. Solar energy is one of the
promising renewable energy resources due to several
associated advantages such as non-polluting green source,
diverse technologies available, cost effectiveness, etc. 1-V
characteristic of the PV module is non-linear and is affected
by several environmental parameters.  Therefore
measurement and acquisition of various environmental
parameters and subsequent evaluation of solar PV
performance is an important issue.
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design a wireless sensor controller. This wireless controller
has been designed for a wide range of environmental
monitoring applications. In [5], the authors designed an open
source data logger to measure and record long environmental
and operational data based on the Arduino platform. This data
logger is designed to measure and analyse several useful
parameters. The authors of [6], examined the impact of dust
on the performance of PV modules in a given climate region.
The weather elements mentioned in this paper depend on the
season, which obviously affects the deposition of dust on PV
modules. As a result, dust-induced PV performance is
different in different seasons. The authors of [7] have
established the effect of dust settlement on the power output
of photovoltaic modules. In this paper, dust properties were
examined by means of a scanning electron microscope
(SEM). Special PV glass coating has potential power loss
reduction caused by dust settlement. In [8], the authors have
reported the results of a study on the effect of dust
accumulation on solar PV module power output. The study
shows that power decreases by as much as half of the real
power of the PV module. Basically, the decrement in power
output due to dust accumulation depends not only on the
duration of the module exposure, but also on the properties of
dust. In terms of electrical parameters and PV characteristics,
the authors of [9] investigated the various effects of dust
deposition on PV panel glazing. Several types of dust samples
were considered for this purpose. Studies on the effect of
different environmental parameters on the efficiency and
performance of PV cells were conducted by the authors in
[10]. Dust settling on the surface of the PV module reduces
power and efficiency. The authors of [11] discuss
experiments on the impact of dust deposition on the
performance of the solar system. There are other dependent
factors that can be accounted for in terms of efficiency and
output to verify system performance. In [12], the authors have
monitored the PV modules ' real - time temperature, power
generation, solar irradiance and other environmental
parameters. Dust deposition strongly affects the performance
of PV modules. In [13], the authors have studied the effect of
dust on PV modules performance. Due to the deposition of
different types of pollutants and accumulations, reduced PV
performance was identified. In addition, the type of dust that
has more effect on the voltage of the PV module has been
identified. The authors of [14] aimed at identifying the
deposition of seasonal dust on a large-scale PV plant.
Preventing dust deposition at the PV module plant improves
the frequency level of the plant and provides good efficiency.
The authors of [15] studied the effect of dust fouling on the
glass coverage of the PV module and investigated the effect
on dust mitigation of the inclination angle and anti - reflective
cover. The results concluded that these effects reduce the
required efficiency and power output. The authors of [16]
studied the effect of dust on the PV module's light
transmission. Analyse the effect of dry cleaning on glass
removal of settled dust particles and the impact of brushing
on glass transmission. Soft clothes brushes and brushes with
longer bristles to further investigate the cleaning efficiency
and related impact on the panel and prevent damage to the
solar panel surface. The authors of [17] studied that
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accumulated dust reduces solar panel performance and
reduces solar panel efficiency. The authors [18] studied the
effect of external and internal reflectors on both sides.
Reflectors are good modifications to increase solar irradiation
and efficiency. The authors of [19] used the bifacial solar
panel with the optimized reflector and achieved maximum
power and efficiency. The solar panel thus obtained has good
current and voltage performance. The authors of [20] reported
the accumulation of dust and soil that reduces reflectance
radiation, solar field efficiency, and optimized the cost of
cleanliness. In [21], the authors have analysed and compared
the solar panel without a reflector, solar radiation and
different reflector angle. As a result, the solar efficiency
increases when the reflector angle is adjusted. After
evaluating the power output, the authors of [22] investigated
and analysed the performance of mono-crystalline using
concentrator and reflector. A performance improvement has
been claimed in this paper, which prevents the fluctuating
intensity of sunlight due to the passing of different cloud
conditions and other factors such as temperature and
humidity. The authors [23] discuss with a semi-concentration
reflector the structural and economic benefit of spherical
silicon solar cell. This demonstrates improved solar cell
electrical performance and provides a good level of intensity.
The authors [24] used planar concentrator as a low - cost
method to increase the solar panel's performance and
efficiency. It is possible to use this methodology to optimize
the reflector topology and to identify the increased energy.

The novel addition in this paper, with the inspiration of the
above-mentioned literature, is to establish a budget
experimental set-up for online PV module characterizations
required to assess the impact of considered natural soils,
namely Brick furnace dust, Sugar mill bagasse dust, Natural
dust. Performance is also measured using aluminium
reflectors with a touch of improvement.

2. Experimental setup and specifications

The real-time system comprises of different components, for
example, two Arduino (ATmega328P, ATmegal6U2),
Temperature-humidity Sensor Module (DHTI11), Photo
resistor Light sensor (VEE00067), Current sensor (ACS712:
Range-25A), and Voltage sensor module (KG045). A
monocrystalline PV module comprises 4%4 solar cells in
parallel series for online PV module characterization. The
schematic and experimental diagrams include various
important components, as shown in Figure 1,
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o Long-term stability: £0.5% RH/year
TR G HRIS Toam o Sensing period average: 2 sec.
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+ Velnge Seaer 5 Light seasor

4. Current sensor

o Current sensor chip: ACS712ELC-05B
o Pin +5V DC supply, on board indicator

5. Voltage sensor

o I/P DC voltage range: 0-25V
o DC voltage detection range: 0.02445V-25V
o Voltage analog resolution- 0.00489V
o Output interface: "+" then 5/3.3V, "-" then GND,
AT "s" then the A0 pin
‘358%“’”@ o 15V maximum voltage on the ADC side of the
module
Figure 1. Schematic diagram of system under For the purpose of designed system investigation, a self-
consideration assembled 4x4 series—parallel (SP) configured module is

developed. The area of PV cell is 0.316m?. The experimental
setup of designed system is shown in Figure 2 as,

2.1. Specification of system components

The specifications of all the associated components in the
experimental setup are listed as, \_1\ g~
Light Source

1. Arduino (Atmega 328)
g ———
o Microcontroller Atmega- 328, Operat. Voltage= Vs . cwr B
+5V. T
o Digital output Pins: 14 (of which 6 provide
PWM output)

Analog input pins: 6

DC current per output pin: 40 mA

DC current for 3.3V pin: 50 mA

Memory: Flash memory- 32 KB out of which 0.5
KB used by boot loader, SRAM- 2 KB and
EEPROM- 1 KB

o Clock speed: 16 MHz

o 0O O O

2. Photo-resistor Light sensor

Figure 2. Experimental setup for investigation

o I/P voltage: 3.3- 6V DC
o Supply current —0.5-3mA 3. Results and discussion
o Sense irradiation range 0-1023W/m?
o Peak wavelength — 540nm The real time measured voltage and current are used to obtain
power, efficiency and FF of PV module with the resistive load
3. Temperature and Humidity sensor variation. Several test cases are considered for performance
investigation. The characteristics of I-V and P-V are plotted
o Power supply: 3-5.5V DC Output signal- digital ~ for various test cases as follows:
signal via single- bus sensing element e Performance of clean PV module with and without
o Polymer resistor measuring range- humidity reflector
o 20-90% RH e Effect of various types of dust accumulation on PV
o  Temperature 0-50°C humidity hysteresis performance without reflector
o =*I1%RH
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e Effect of various types of dust accumulation on PV
performance with reflector

e Performance comparison of all the considered above
cases

2.1. PV performance of clean PV module with
and without reflector

This section discusses about effect with and without reflector
on the PV module. The reflector increases the intensity of
light falls on PV module. Aluminium foil material is used for
reflecting purpose and the reflecting properties depend on the
size and optical properties of the used reflector. Optical
properties of Aluminium (AL) reflector is, Refractive index
(n=1.0972), Extinction coefficient (K= 6.7943), Chromatic
dispersion (3.5414 um™) and area of reflector is (A= 0.38 m?).
In order to get more solar energy and increase short circuit
current (Is), four aluminium sheet made reflectors are
mounted on the side of PV module and light source is fitted
vertical over the PV module to avoid shadow. The
experimental setup of clean PV module with reflector shown
in Figure 3 as,

Figure 3. Experimental setup of clean PV module with
reflector

The voltage of the open circuit and the current of the short
circuit increases with the increase in solar irradiance, thus
varying the maximum power point. The PV module
performance is obtained at different levels of irradiance. For
the given irradiation level, voltage, current, power, efficiency
and FF are calculated and maximum power is obtained for the
given voltage. The corresponding characteristics of I-V and
P-V indicate the Pmay for different levels of irradiance. The
power output of the PV module is obtained as high at high
irradiance level. The characteristics of I-V and P-V are
plotted with and without a clean module reflector and are
shown in Figures 4 and 5.

In Figure 4 the I-V and P-V curves are shown at the
irradiation level of 300 and 500 W/m2. These results are used
for calculating the FF, power and efficiency of PV module,

2 EAI

needed for comparison study. The electrical parameters of PV
module without reflector at different irradiation level
(300/500 W/m2) are shown in Table 1.
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Figure 4. |-V and P-V characteristics of clean PV
module without reflector

Table 1. Electrical performance parameters of clean
PV module without reflector

Irradiation level

Performance parameters

500 W/m? 300 W/m?
Ve (V) 2.08 2.08
I (A) 4.10 3.10
In (A) 3.92 2.94
Vi (V) 1.75 1.73
Power (W) 5.94 4.13
FF 0.80 0.78
“Efficiency (%) 3.70 2.74

*The efficiency is on lower side due to cell aging and environment exposure. Moreover used

artificial light source as Helogen lamp is another reason

In Figure 5, the I-V and P-V characteristics at different
irradiation level of 500/300W/m? are shown with reflectors.
For obtaining maximum power and efficiency of the PV
module, the aluminum reflectors are used at all the four sides.
Due to this effect, increment in short circuit current (Isc), Vim
and I, of the PV module resulted. These results are used to
calculate the FF, power and efficiency of PV module. The
electrical performance parameters of PV module with
reflector at different irradiation level (500/300 W/m?) are
depicted in Table 2 as,
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Figure 5. |-V and P-V characteristics of clean module
with reflector

Table 2. Electrical performance parameters of clean
PV module with reflector

Irradiation levels

Performance parameters

500W/m?  300W/m?
Ve (V) 2.10 2.10
L (A) 6.22 5.52
Inm (A) 6.15 5.12
Vi (V)S 1.81 1.51
Power (W) 10.13 7.47
FF 0.85 0.69
Efficiency (%) 6.01 5.25

3.2. Effect of various types of dust
accumulation on PV module performance
without reflector

This section examines the effect of accumulating different
types of dust on the surface of the PV module. The dust
deposits on the surface of the PV module emulate the scenario
under real environmental conditions. Dust obstructs the
irradiation that has entered the solar cell and reduces the
power generated. In this case, the degradation of PV
performance using various types of dust was investigated
under different levels of irradiance. For investigation
purpose, Brick furnace dust, Sugarcane mill dust and Natural
dust are considered. The weights of all the dust samples are
measured by digital weighing machine. The dust samples’
weights (1gm, 2gm and 5gm) of each dust sample have been
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taken for investigation purpose. Figure 4 shows the sample of
all the three types of dust as,

(a) (b)

Figure 6. Sample of different types of dusts: (a) Brick
furnace dust (b) Sugar mill bagasse dust (c) Natural
dust

3.2.1 Effect of Brick furnace dust on PV module
performance

The brick furnace dust sample is weighed as 1 gm, 2 gm and
5 gm and spread almost uniformly over the PV module. The
electrical performance parameters are analysed for all the
samples of weights at two levels of the irradiation. The effect
of dust accumulation is causing reduction in short circuit
current (Isc). The solar irradiation incident to the PV module
decreases the output strength of the PV module due to the dust
of the brick furnace and the performance of the system to be
decreased. The characteristics of I-V and P-V are plotted for
brick furnace dust at different weights and the irradiation and
efficiency characteristics are shown in Figure 7-8 as,
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(b) P-V characteristics
Figure 7. |-V and P-V characteristics with Brick furnace

dust at 500 W/m?
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Figure 8. |-V and P-V characteristics with Brick furnace
dust at 300 W/m?

Above results are used to calculate the power, FF and other electrical
parameters of the PV module for different weights and irradiation
levels of 500 W/m2 and 300 W/m?, and depicted in Table 3 as,

Table 3. Electrical performance parameters with Brick
furnace dust at 500/300W/m?

Parameters Irradiation levels
500W/m? 300W/m?
Weight (gm) 1.0 2.0 5.0 1.0 20 5.0
Voc (V) 2.08 2.07 2.05 2.05 204 2.02
Isc (A) 4.10 3.89 350 3.10 290 2.6l
Im (A) 398 3.78 3.04 285 275 234
Vi (V) 1.71  1.68 1.73  1.75 171 1.73

Power (W) 6.80 635 588 498 427 4.04
Fill Factor 079 078 073 0.78 0.70 0.69

*Above tables show the impact of different irradiation levels and
different weights of dust on electrical performance.

3.2.2 Effect of Sugar mill bagasse dust on PV
module Performance

This section discusses about impact of sugar mill bagasse dust
on PV performance. Due to this, reduction in the ISC, power
and FF of PV module is observed. I-V and P-V characteristics
are plotted for brick furnace dust at different weights and
irradiation levels. Figure 9-10 show the performance of PV
module with sugar mill bagasse dust with the same
environmental conditions, similarly as the brick furnace dust.
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Figure 9. |-V and P-V characteristics with sugar mill
Bagasse dust at 500W/m?2
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Figure 10. I-V and P- V characteristics with sugar mill
Bagasse dust at 300W/m?2

Above electrical performances curves are used to calculate
the FF, power and other electrical parameters for the
considered PV module. Due to the dust effect, reduction in
power is observed with increase in the dust weight. Table 4
shows the calculated FF at different weights and irradiation.

EAI Endorsed Transactions on
Energy Web
052020 - 07 2020 | Volume 7 | Issue 28 | e10



Experimental system design for online characterization and performance analysis of PV module under distinguish environmental conditions

Table 4. Comparison of parameter with sugar mill
Bagasse dust at 500/300 W/m?

Parameters Irradiation levels

500W/m? 300W/m?
Weight (gm) 1.0 2.0 5.0 1.0 20 5.0
Voc (V) 2.08 205 205 204 204 203
Isc (A) 400 380 3.75 351 331 297
Im (A) 375 3.65 3.04 3.09 289 245
Vm (V) 1.62 164 168 1.68 1.65 1.66

Power (W) 6.07 599 499 528 473 4.06
Fill Factor 077 076 0.64 0.72 0.67 0.65

3.2.3. Effect of natural dust on PV performance
Natural dust is used here to assess the influence of different
weights and irradiation levels on the performance of the PV
module. The natural dust affects the PV module performance
and electrical parameters. Short circuit current (Isc= 4.2A) is
more at irradiation 500W/m?, whereas, Isc= 3.51A at
300W/m?. Figure 11 and 12 show the electrical performance
of natural dust on the PV module.

4 r e iy | -]
3 | W= 1gm T _
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=
O q i
o |
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(a) I-V characteristics
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=
£ 2 |
o]

Voltage (V)

(b) P-V characteristics
Figure 11. |-V and P-V characteristics with Natural

dust at 500W/m?
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Power (W)

Voltage (V)

(b) P-V characteristics
Figure 12. I-V and P-V characteristics with Natural dust
at 300W/m?
Above I-V and P-V curves are used to calculate the FF,
maximum power and other electrical parameters of the PV
module, depicted in Table 5 as,

Table 5. Comparison of parameters with natural dust

at 500/300 W/m?
Parameters Irradiation levels
300W/m? 300W/im?

Weight (gm) 1.0 20 il 1.0 20 30
Yoo (V) 203 2.03 201 203 2.03 202
Isc (A) 420 413 388 3.07 3.01 282
Im (A 383 382 342 2.50 243 220
Vm (V) 1.87 187 187 1.87 189 1.85
Power (W) 719 7.14 619 5.33 467 411
Fill Factor 084 0.83 0.77 073 072 0

3.3. Effect of dust accumulation on PV
performance with reflectors

In this segment, a study was conducted on the effect of
different types of reflector dust on the performance of the
solar PV module. Aluminium foil used for the purpose as a
reflector, increases the irradiation level of light. Reflectors are
covered at all sides of PV module, which increase short
circuit current (Isc) and hence power as compared to the
without reflector system. The experimental setup for dust
with reflector is shown in Figurel3 as,

Figure 13. Experimental set up with dust and reflector
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3.3.1 PV Performance for reflector with Brick
furnace dust

This section discusses about PV performance for Brick
furnace dust with reflector. In this case, the short circuit
current (Isc=6.02 A) and power (9.88W) are obtained at
irradiation level of 500W/m?. Intensity of light decreases the
short circuit current and power of the PV module. When dust
(weight) accumulation on the PV module increases, the
power and short circuit current are impacted. I-V and P-V
curves are seen at different rates of weight and radiation. I-V
and P-V characteristics are shown in Figure 14-15 as,

8
6 L 4
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5} 2 o o o o W= 5gm
0 .
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(a) I-V characteristics
10 .
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-_— = == W= 2gm

Power (W)
k)
R

Vitage (V)
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Figure 14. |-V and P-V characteristics of Brick furnace
dust with reflector at irradiation 500W/m?
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(b) P- V characteristics
Figure 15. |-V and P-V characteristics of Brick furnace
dust with reflector at irradiation 300W/m?

Using the above results, the FF, power and electrical
parameters of the PV module used are calculated. The FF
obtained at different weights and irradiation are shown in
Table 6 and as

Table 6. Comparison of parameter with Brick furnace

dust at 500/300 W/m?2
Parameters Irradiation levels
500W/m? 300W/m?

Weight (zm) 1.0 2.0 5.0 1.0 2.0 5.0
Yoo (V) 202 202 2.01 2.08 208 210
Isg (A) 602 341 315 325 310 444
Im (A) 5.65 4.80 4.82 4.83 480 408
Ym (V) 175 175 1.32 1.81 1.63 1.69
Power (W) 088 B35 7.32 £74 792 689
Fill Factor 079 0735 0.68 0.80 076 073

3.3.2 Effect of Sugar mill Bagasse dust on PV
module performance using reflector

In this section sugar mill bagasse dust is used to get
accumulated on the PV module. Decrease in the short circuit
current is observed (Isc= 5.88A, 5.23A, 5.15A) for weights
(1gm, 2gm, 5 gm) respectively at 500 W/m?. When irradiation
is reduced to 300 W/m?, the Isc is further decreased as (5.20A,
4.62A, 4.50A) respectively for the above mentioned weights
and hence power of module decreases with increase in
weight. The performance of the I-V and P-V characteristics
are shown in Figure15-16 as,
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(b) P- V characteristics
Figure 15. |-V and P-V characteristics of sugar mill
bagasse dust with reflector at 500W/m?2
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Figure 16. |-V and P-V characteristics of Sugar mill

bagasse dust with reflector at 300W/m?

Above results are used to calculate the FF, power and
electrical parameter of the considered PV module; and are
shown in Table 7 as,

Table 7. Comparison of parameter with Sugar mill
bagasse dust at 500/300 W/m?

Parameters Irradiation levels
500W/m? 300W/m?

Weight (gm) 1.0 20 50 10 20 50
Voc (V) 2.08 2.08 2.06 2.08 2.08 2.10
Isc (A) 588 523 5.15 520 4.62 4.50
Im (A) 575 4.85 4.50 510 424 438
Vm (V) 1.61 1.65 1.66 1.51 149 1.42
Power (W) 922 8.02 7.42 770  6.57 6.37
Fill Factor 0.74 0.73 0.71 0.71 0.69 0.67

4. Performance comparison of all the
considered dust cases

In this section, performance of PV module under different test
conditions is analysed and compared to obtain the inference
of the study.

4.1. Comparative analysis of PV module for
dust accumulation without reflector

The sugar baggase dust affects the efficiency (n) and
deteriorating with increment in weight. It is evident from
Table 8 that FF and efficiency both decrease with increase in
weight of dust as,

Table 8. Comparison of FF and n for different
dusts and weights
Natural Brick
dust furnace
dust
FF n
(%)
4.02
3.85
3.32
5.52
5.02
4.29

Irradiation Weight
W/m?  of dust

Sugar
bagasse
dust
FF n
(%)
3.88
3.70
3.23
5.40
4.90
4.36

FF n

(%)
4.04
3.94
3.52
5.76
5.31
4.47

0.74
0.73
0.70
0.72
0.71
0.70

0.74
0.73
0.70
0.76
0.75
0.73

0.74
0.73
0.73
0.71
0.68
0.65

Igm
2gm
Sgm
Igm
2gm
Sgm

500

300

In Table 9, the performance of PV module is investigated for
the variable thickness of considered dust samples e.g.
Natural, Brick furnace and sugar bagasse dust. The solar
irradiations are considered as 500W/m? and 300 W/m? for the
extensive study. Maximum power of clean panel without dust
is 5.69 W at 300 W/m? as,

Table 9. Comparison of Vm, Im and P with different
weights of dust at 500/300W/m?

Dust weight Irradiation Natural dust

Brick furnace dust Sugar bagasse dust

Vm Im P Ploss(O/O);|= Vm Im P Ploss(%) Vi Im P PIOSS(%)
M @A) W M @A W M A W
Igm 1.60 392 6.27 -1.72 1.61 3.88 6.24 -2.19 1.62 3.75 6.07 -4.85
2
2gm S00W/m 1.62 3.78 6.12 -4.07 1.65 3.62 597 -6.42 1.60 3.54 574 -10.03
Sgm 1.68 325 546 -14.42 1.69 3.05 515 -1927 | 1.68 299 5.02 -21.31
Igm 1.68 3.35 5.36 -5.79 1.78 289 5.14 -9.66 1.63 3.09 5.03 -11.59
2gm 300W/m> 1.62 3.05 494 -13.18 1.70 2,75 4.67 -17.92 | 1.58 3.89 4.50 -20.91
Sgm 1.70 245 4.16 -26.88 1.73 231 399 -2987 | 1.66 245 4.06 -28.64

* Minus sign indicates % decrease in maximum power with respect to the clean panel (6.38 W)
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irradiation levels are considered as 500W/m? and
300W/m? for the extensive comparative study. A
comparison of FF and efficiency for different dusts and
weights with reflector at 500/300W/m? irradiation level
is done and the obtained performance parameters are
depicted in Table 10 as,

4.2. Comparative analysis of PV module for
dust accumulation with reflector

In this investigation of dust accumulation with reflector,
two types of dust samples e.g. brick furnace dust and
sugar bagasse dust are considered only. The solar

Table 10. Comparison of FF and efficiency for different dust samples and weights with reflector at
500/300W/m?

Dust samples Brick furnace dust Brick furnace dust

Irradiation level

Sugar bagasse dust Sugar bagasse dust

500W/m? 300W/m?
Weight of dust FF n (%) FF N (%) FF N (%) FF n (%)
lgm 0.79 6.33 0.74 5.93 0.79 9.39 0.71 8.27
2gm 0.75 5.38 0.73 5.17 0.76 8.51 0.68 7.06
Sgm 0.68 4.72 0.69 4.78 0.73 7.31 0.67 6.82

5. Conclusion

The aim of this paper was to develop the low cost
experimental setup using Arduino-UNO interfaced with
MATLAB based GUI platform to obtain the I-V and P-V
characteristics for the PV module's comprehensive
performance investigation. The system developed was
intended for data acquisition, monitoring, display of
characteristics and evaluation of the impact of considered
dust samples on the PV module. The main points of this
experimental study are below and the assessment of PV
system is carried out in terms of Voc, Isc, maximum power,
efficiency and FF as,

e The improvements in the efficiency and FF of PV
module are observed as 6.01% and 0.85
respectively for the clean PV module with reflector
as compared higher as 3.70% and 0.80 for clean PV
module without reflector at 500 W/m?.

e The sugar mill bagasse dust sample reduced PV
module performance in terms of FF as 0.77 as
compare to different dust samples such as brick
furnace (FF- 0.79) and natural dust sample (FF-
0.84) without reflectors at 1gm dust and 500W/m?
irradiance.

e The sugar mill bagasse dust sample reduced PV
module performance in terms of FF as 0.74 as
compare to brick furnace dust sample as 0.79 with
reflector at 1 gm, 500 W/m?.

® The comprehensive study of dust accumulation
effect on solar PV system is carried out. Present
study is helpful for the online characterization of PV
module, the cost of developed system is very low as
compared the commercial available system. It is a
novel contribution at the laboratory based

D EA
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experimental platform for the new beginners in this
area.
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