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Abstract
Surface temperature has been found to be an
important parameter affecting the efficiency of
solar cells. Current study 80 °C. The Solar
spectrum is divided into three bands. Ultraviolet,
Visible and Infrared. Photovoltaic Panels have the
capacity to convert only visible light into the
electricity while ultraviolet and infrared tends to
increase the panel temperature which in turns
decreases the efficiency of PV Panels. Filters have
been made to block UV and Infrared bands and
allows only Visible to pass. An experimental
setup was developed for performance investigation
of two 50 Watt PV panels under the real conditions
in an open climate of a Pakistan’s city, Sahiwal.
Two 50W panels were used for the experiments;
Reference PV panel, while other PV panel is
developed with 8mm thick transparent glass
boundary making hollow space to be filled by
water of thickness 25mm. The experimental
results shows a temperature drop of 8.57 °C with
power increment of around 1.46%. Hence, proposed
study can be an effective approach to control solar cell
temperature so that maximum performance can be
achieved.
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INTRODUCTION

Fossil fuel burning is considered a major source
to compete the growing energy demand in
today's world. Fossil fuels including Oil, Gas
and Coal is also the most responsible for climate
disaster and global warming. Also the sources of
fossil fuels are in limited quantity and in order to
commensurate with the increasing energy
demands a very big quantity of these fuels has to
burn. And this unequal supply and demand chain
only results in higher energy prices in addition to
pollution and carbon emission. The ultimate
solution to all this is Renewable Energy.
Renewable energy encircles the technologies like
Wind energy, Solar, Hydroelectricity, Wave
energy and geothermal energy. All these sources
are very promising In terms of carbon emissions
and clean energy production. But the most
abundant energy source in the world is Sun
which is the fundamental of solar energy[1].
Solar cells converts light from the sun into direct
current. When the sunlight in the form of
photons strikes the surface of panel it excites the
charge carriers, and these charge carriers is our
current. Conventional solar cells are made from
semi-conductor materials mainly from silicon,
which become conductor at high temperatures
and insulator at low temperatures. Not only the
sources of solar energy are abundant but also the
silicon is the second most abundant material in
the earth crust making another promising future
for solar energy. But one of the major problems
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with solar panels is their low efficiencies, a
commercially available panel of polycrystalline
type only has an efficiency of around 16-18%.
Even this not enough the environmental factors
like dust, air , moisture and most dominantly
elevated temperatures plays a significant role in
lowering the PV efficiencies[2]. Some remedies
must be taken in order to mitigate the effect these
factors on PV panel efficiencies.
2.

THEORY

In this paper we are going to address the most
responsible environmental factor which cause the
lower efficiencies in PV panel that is
temperature. A myriad of solutions has been
proposed in the past relating to the cooling of
solar panels. Mainly two type of cooling
techniques are available i.e. active [3]–[8] and
passive [9], [10] cooling techniques. The only
difference is that active techniques requires some
external power source to make cooling
methodology work, while passive don’t. In
addition to that, use of PCM (phase change
material) [11], [12], and Nano fluids [13]–[17]
also have application in cooling PV panels.
Another technique is the use of filters of
different fluids, these filters design so that only a
specific wavelength of sunlight pass-through.
Sunlight comes in three different wavelengths
i.e. infrared rays (IR) about 54%, ultraviolet 4%
(UV), and visible light comprises of 42% of the
solar spectrum. The purpose of the filters is to
allow only the visible light of the spectrum to
pass through as the other two wavelengths i.e.
infrared and ultraviolet only works to increase
the PV temperature which leads to lower
efficiencies. This project aims to control the
solar panel temperature by using water as a rays
filter.
3.

transparent glass of thickness 8mm was used to
cover the boundary of plate. Length and Width
of glass is 26.75 x 21.8 inches as in fig-1. UVVis Spectroscopy indicates that water absorbs
ultraviolet and infrared radiation more
effectively than visible light. A graph is drawn
from the results of UV-VIS spectroscopy fig-2,
performed at COMSATS University Islamabad.

MODELING AND SIMULATION

UV-Vis (Ultraviolet Visible Spectroscopy) is
used to measures the absorption of light across
the ultraviolet, visible light and near infrared
wavelengths through a liquid sample. The
infrared and UV content in solar radiation
transmitted through PV cell is the main cause
of temperature increase of cell. A layer of water
of thickness 25mm placed in front of cell
enclosed in a transparent glass of 8mm
thickness will absorb much of this ultraviolet
and infrared radiation. The water used in the
glass made filter is 2.42 gallons. Simple
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Fig-1 Experimental PV Panel

Fig-2 UV-VIS Spectroscopy

The testing site was at the roof of management
sciences department at COMSATS University
Islamabad, Sahiwal Campus. Experimentation was
carried out during the month of May with average
solar radiation of 852 W/m2. For the sake of data
collection Prova-210 IV-curve meter was used key
specifications in Table-1. Similarly, for the solar
intensity measurement seaward irradiance meter
200R was utilized key specifications in Table-2. In
addition to all these a standard PV panel of same
specifications is also used without any filtration
measure to observe the increase in performance. The
specifications of the PV panel taken under
consideration are shown in Table-3.
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Table-1 key Specifications of IV Curve Meter
Power Pmax
Voltage at (Pmax) Vmax
Current at (Pmax) Imax
PV Panel Area Setting
Standard Light Setting
Opera. Environment

4.

500W
60V ± 1% accuracy
12A ± 1% accuracy
0.001m2-9999m2
10W/m2 -1000 W/m2
5°C-50°C

Table-2 key Specifications of Irradiance Meter 200R
Values
0-1500 W/m2
100-1250 W/m2
1 W/m2
Values
-30°C- +125°C
-30°C- +125°C
1°
Values
0-90°C
0-90°C

Fig-3 shows that providing a water layer resulted in
a difference of temperature. Variation of average
surface temperature of modules is plotted with time.
Minimum temperature for reference module was
observed at 9:00am that was 42 °C and that for
experimental
module
was
32°C.Maximum
temperature was observed at 01:00pm for reference
module that was 58°C and for experimental module
was 50 °C.
AVERAGE TEMPERATURE
COMPARISON
Reference Module

Experimental Module

70
60

Table-3 Specification of PV panel
Glass type
lamination
Power max
Voltage max
Current max
Voltage max
Current Isc

Average Temperature Variation

TEMPERATURE °C

Irradiance
Display range
Measurement range
Resolution
Temperature
Display range
Measurement range
Resolution
inclinometer
Display range
Measurement range

RESULTS

Tempered glass
EVA
50W
17.4V
2.89A
22.0V
3.03A

50
40
30

20
10
0

TIME
The related parameters including maximum power,
maximum efficiency, solar irradiance, and
performance ratio are calculated to understand the
experimental results.
Pmax = Vmax x Imax

ED = EH / cos δ

ηp = (Pmean / Pmax (STC)) x 100

PR= Yf / Yr
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Fig-3 Average Temperature Variation
Comparison of Average Efficiency
Fig-4 is interpreted as a relationship between
temperature and PV panel’s efficiency. The
efficiency of experimental module increases when its
temperature becomes less than the reference module.
Minimum efficiency was observed 11.95% and
12.19% for reference module and experimental
module respectively at 09:00am. Maximum
efficiency was observed 12.73% and 12.47% for
experimental module and reference module at
1:30pm respectively.
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Comparison of Average Performance Ratio
EFFICIENCY COMPARISON
Reference Module

Experimental Module

12.80%

12.40%

PERFORMANCE RATIO COMPARISON

12.20%

80

PERFORMANCE RATIO

EFFICIENCY %

12.60%

Fig-6 shows us the comparison of performance ratio
of reference module to the experimental module.
Minimum Value for Performance ratio observed was
61.5 and 63 for reference and experimental module
respectively at 12:00pm. Maximum performance
ratio observed was 72.1 and 74.6 for reference and
experimental module respectively at 09:30am.

12.00%
11.80%
11.60%
11.40%

60
40
20

0

TIME

TIME
Reference Module

Fig-4 Comparison of Efficiency

Fig-6 Average Performance Ratio Comparison

Comparison of Power Output
Fig-5 shows us the comparison of power output of
reference module to the experimental module. A
significant increase in power output is observed by
decreasing temperature of module. Overheating
reduces the power output of panels. Minimum power
output was observed 26.8W for reference module and
27.15W for the experimental module at 9:00am.
Maximum power output observed was 27.68W for
reference module and 28.82W for experimental
module at 12:00pm. Decrease observed in the graph
is due to the high temperature of Panel.
POWER COMPARISON

POWER (W)

Experimental Module

5.

CONCLUSIONS

An average temperature difference of 8.57°C was
observed with irradiance of 852W/m2 at average
ambient temperature of 40°C. This resulted about
1.46% increase in power output and 2.45% increase
in efficiency of PV module. By increasing the
experimental scale of this research, further testing
can also be checked. Instead of using water as filter
any other filter i.e. Nano-fluids can be used that
absorbs UV and Infrared radiation and allow visible
light to pass through.
NOMENCLATURE

29
28

PV

Photovoltaic

ISC

Short Circuit Current

VOC

Open Circuit Voltage

PMAX

Maximum Power

VMAX

Voltage Maximum

PR

Performance Ratio

Ed

Direct Irradiance

27
26
25

TIME
Reference Module

Experimental Module

Fig-5 Power Output Comparison
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YF

Final Yield

YR

Reference Yield

Exp

Experimental
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