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ABSTRACT
Solar PV panel generates electricity by receiving irradiance from the sun. The amount of electricity generated by a solar
panel mainly depends on the intensity of the sunlight and the materials of solar panel. The higher intensity of sunlight, the
higher amount of electricity is generated. But with the increasing amount of intensity of sunlight, the surface temperature of
the PV panel is also increased. Along with the duration and intensity of sunlight, temperature has also great effect on the
efficiency of PV panel. The output of the photovoltaic panel is significantly reduced by the increased amount of temperature
above optimal temperature of solar panel. This problem can be solved by using microcontroller based smart water cooling
system which decreases the temperature of the PV panel. This decrease in temperature enhances the overall output of the PV
panel. By observing the experimental results obtained from solar panel with smart water cooling system and without cooling
system, significant improvement in efficiency has been found. The main motive of this work is to maintain the optimum
temperature of the PV panel as it gives the best output power at optimum temperature and design a microcontroller base
smart controlling system.
Keywords: Solar energy, Panel temperature, Smart water cooler, Efficiency.

1. Introduction
Energy is a must need for life and all living
organisms on earth. Due to high consumption of energy
continually, the world is facing energy crisis for the
limited natural resources. All non-renewable energy will
be consumed within next few centuries. Thus renewable
energy can be a good alternative of fossil fuels. Among
various sources of renewable energy, solar energy is
much available and clean which helps to provide enough
energy to meet the world’s energy demands. Sun
generated energy from nuclear fusion which can be used
directly or indirectly. Solar energy can be utilized in
various application such as in solar collector which
converts radiant energy into heat or electricity production
using solar cell .Semiconducting materials are used to
make solar cells which can generate electricity from the
radiation of sun .When sunlight falls on the surface of
solar cell, the free electrons are generated which finally
produces electricity [1]. The solar PV module cannot
convert all irradiance into electricity. The other most of
the remaining part of irradiance converts into thermal
energy which actually increases the module temperature
and reduces the efficiency of solar module [2]. By water
cooling system PV module performance can be improved
since cooling reduces the excessive heat from the module
and maintains the optimum temperature [3]. Circulation
of water on the module surface decreases the temperature
of PV module by evaporation. Water should not be used
directly because of its high conductance property since
there is a possibility that it can decrease the efficiency.
But this problem can be solved by using distilled water
which has lower viscosity and it carries comparatively

high thermal capacity [4]. Therefore decreasing the
surface temperature of solar PV module through using
thin film of water flowing over the module surface can
improve the performance of the solar PV module.
2. Solar Cell Technology
2.1. Solar Irradiance
Along with the temperature, solar irradiance has a
great impact on the performance of the solar cells. The
word irradiance is termed as the measurement of power
density of sunlight received at any location on the earth,
which is expressed by watt per meter square (W/m2).
Any changes in solar irradiance can change all the
fundamental parameters of any solar cell like the shortcircuit current (𝐼𝑆𝐶 ), open-circuit voltage (𝑉𝑂𝐶 ) ,
maximum power output (𝑃𝑚 ) and efficiency
(𝜂) 𝑎𝑛𝑑 𝑡ℎ𝑒 fill factor (𝐹𝐹). However the voltage and
current both are the function of the solar irradiance
falling on the cell. Open circuit voltage and short circuit
current increases with the increasing value of irradiance
and therefore the maximum power point varies [5].
Though this is true up to a particular value of solar
irradiance because at the high value of irradiance
temperature of the PV cells comes to play the important
role. Due to overheating of the PV cells the overall power
output then begins to decrease with the further increase
of solar irradiance. Fill Factor and Maximum Power of a
PV module are shown Eq. (1) and Eq. (2) respectively
Fill Factor (𝐹𝐹) = 𝐼𝑚𝑝 × 𝑉𝑚𝑝 / 𝐼𝑆𝐶 × 𝑉𝑜𝑐
Maximum Power (𝑃𝑚 ) = 𝐼𝑆𝐶 × 𝑉𝑜𝑐 × 𝐹𝐹
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Fig.1 which shows the effect of solar irradiance in PV
panel I-V and P-V curves. It can be seen that the I-V and
P-V curves depend on solar irradiance as the curves are
shifting for different value of irradiance.

Equation of an ideal solar cell, which represents the ideal
solar cell model, is Eq. (3)
𝐼 = 𝐼𝑝ℎ − 𝐼𝑠 {[𝑒

(

𝑣
)
𝑚×𝑉𝑡

] − 1}

(3)

Where is:
𝐼𝑝ℎ - photocurrent (A), 𝐼𝑠 - reverse saturation current (A) ;
V- diode voltage in volt, 𝑉𝑡 - thermal voltage in volt (25.7
mV at 25℃), m- diode factor.
The thermal voltage 𝑉𝑡 for given temperature can be
calculated with the following equation:
𝑉𝑡 =

𝑘𝑇

(4)

𝑒

Fig.1 Shifting of I-V and P-V curves for different level of
solar irradiance from [5].

Where,
k- Boltzmann constant = 1.38 × 10−23 𝐽/𝐾,
T- Temperature (K),
e - Charge of electron = 1.6 × 10−19 Coulombs

It can be seen that the maximum power output (Pm) is
increasing with the increase in solar irradiance.

The ideal P-V characteristic curves of a solar cell for
different temperatures are shown Fig.3,

2.2. PV Panel Output
PV panel power output greatly depends on the
intensity of sunlight and the module temperature. All
incident energy on the solar panel does not convert into
electrical energy. Depending on the constructing
materials of solar panel, only around 15%-20% of the
incident radiation is converted into electrical energy. Rest
of the incident energy is dissipated as heat. The panel
surface temperature increases due to excessive heat,
which actually causes to drop in the performance of the
PV panel. Basically PV cell is semiconductor device and
like all other semiconductor devices, PV cells are also
sensitive to temperature. The efficiency of PV cell is
associated with the open circuit voltage (𝑉𝑂𝐶 ) and the
short circuit current (𝐼𝑆𝐶 ). Increment in surface
temperature of solar panel over optimum range causes
significant reduction in open circuit voltage (𝑉𝑂𝐶 ) which
results into reduction in the electrical efficiency.
Therefore the major resistance to achieve the desired
output power from PV panel is overheating the panel due
to higher irradiance and higher atmospheric temperature.
Maximum operating temperature and the temperature
coefficient are being specified by solar cell manufacturer.
The P–V curve shows us the relation between the output
power P and voltage V, at any constant irradiance and
panel temperature. The ideal solar cell (Fig.2) in which
diode and current source are connected in parallel
position.

Fig.3 P-V characteristic of solar cell for different
temperatures [6].
As it can be seen in Fig.3, with the increase in
temperature, the maximum power output is decreasing. It
indicates that the output of any PV panels can be affected
dramatically with heating of the panels.
3. Design and Experimental Setup of Smart water
cooling system
An experimental setup has been developed for this
project to study the effects of cooling. Fig.4 shows the
setup with a 20W PV module but we are also monitoring
100W PV module, sensors, dc pump, pipe,
microcontroller base smart controlling unit etc.

Fig.2 Ideal solar cell model.
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Fig.4 Experimental Setup of components connected with
PV module.

Fig.6 Circuit diagram of pump controller and data
acquisition system.

A schematic diagram for this project is shown in Fig.5,
where all the equipment’s such as PV module, charge
controller, pump, battery, controller unit, sensors, water
tank are shown with connections among them. This is the
actual layout of our experimental setup. We have built an
android app by which we can control the desired module
temperature. We can set our desired module temperature
using this app and the controlling will run on that basis.

4. Methodology
The solar PV module is a semiconductor device
which is made of such types of materials including
mono-crystalline silicon, multi-crystalline silicon,
amorphous silicon, cadmium telluride etc. When sunlight
falls on the surface of PV module then it converts radiant
energy into electrical energy by generating free electronhole pairs.

Fig.5 Schematic diagram of PV module with water
cooling system.
The circuit diagram of the pump controller and data
acquisition system is shown in Fig.6. Following this
layout all the components of controlling unit are
arranged.

All essential steps have been carefully followed during
the operation of this experiment. Two 20 watts solar PV
module have been used for conducting this experiment,
one module with cooling system while the other module
without cooling system. The tilted angle of PV module
was about 23.5° facing due south. In ideal case the
optimum temperature for solar PV module is about 25°
centigrade. But practically on the basis of geographical
location and materials of PV module, this optimum
temperature differs. When the temperature rises above
this optimum temperature, the output power decreases
gradually. So when temperature increases from the
optimum value and output power decreases which
measures a power sensor and send the signal of the
controller after that the cooling system starts
automatically. Similarly when temperature decreases
below the optimum temperature, output power also
decreases. So when temperature starts to decrease below
the optimum level then cooling process stops
automatically. A timer has been used so that the water
cooling cannot be started automatically at night during
the very hot weather. Two digital temperature sensors
have connected to the PV module. All temperature
readings have taken with the help of these digital
temperature sensors. These temperature readings have
been taken at an interval of 15 minute. In this
experiment, the readings for output power, current,
voltage have also been obtained at an interval of 15
minute through digital power sensor with their respective
temperature reading of solar PV module. All these
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features have been controlled smartly by a
microcontroller and all the data have been displayed in
smartphone which maintained communication with all
sensors by internet connection.
5. Result and Data Analysis
Experimental measurements of the module temperature
and the efficiency of the PV panel, during April to June
2020, are observed. Following table shows a single day’s
measurement of our observation.
Table 1 Change in Temperature and Power for Cooling
and Without Cooling for along a day.
Time of
Day

10:15 am
10:30 am
10:45 am
11:00 am
11:15 am
11:30 am
11:45 am
12:00 pm
12:15 pm
12:30 pm
12:45 pm
1:00 pm
1:15 pm
1:30 pm
1:45 pm
2:00 pm
2:15 pm
2:30 pm
2:45 pm
3:00 pm
3:15 pm
3:30 pm

Panel
Temp.
Without
Cooling
(C)
31
33
35
35
36
37
37
39
41
41
43
44
46
47
45
43
44
42
41
40
41
39

Panel
Temp.
With
Cooling
(C)
30
31
32
32
33
34
33
34
35
36
37
37
40
42
40
39
40
37
37
36
36
35

Output
Power
Without
Cooling
(W)
15.75
16.25
16.10
16.15
16.40
16.75
17.10
18.17
17.80
16.95
16.47
16.34
16.30
16.28
16.39
16.74
16.70
16.97
17.04
17.10
16.75
16.10

Output
Power
With
Cooling
(W)
15.90
16.50
16.95
16.99
17.13
17.58
18.45
18.90
19.25
19.55
19.80
19.61
19.12
18.76
18.82
18.65
18.23
17.86
17.74
17.85
18.00
17.75

Table 1 has given the information about module
temperature and output power at different time with and
without cooling system. From the experimental data it
has clearly seen that addition of cooling system increases
its output power approximately 1-2 watt.

Fig.7 Panel temperature with and without cooling on
different times.

Fig.8 Output power with and without cooing on different
times.
Data Analysis:
Without Cooling: The curve from Fig.7, it has been
seen that the solar module temperature without cooling is
higher than cooling process. The curve from Fig.8, it
clearly shows that output power of solar PV module
without cooling is less than cooling process.
With Cooling: Fig.7 and Fig.8 has given the
respective characteristic curve for temperature and output
power of solar PV module with and without cooling
process .With cooling process, from Fig.7 it has been
shown that the panel temperature increases from 10:00
AM to 1:30 PM but then up to 3:30 PM decreases
gradually at a lower level than without cooling process.
In Fig.8 the output power has also been followed the
same manner as temperature but at a higher level than
without cooling process. The maximum output power has
been obtained nearly at 12:45 PM because of high
irradiance.
6. Cost Analysis
From the experimental data it has been shown that if
we use 20W PV module then output power increases
average 1.5 watt per hour by cooling process but if we
use 100 Watt solar PV module instead of 20W then
nearly 60 watt power got in a day. If this power is
converted into KWH in a year then it will be 21.9 KWH.
The price for this respective unit is about 154 TK in a
year. The total cost of propose microcontroller base smart
cooling system is Digital temperature sensor – 150 TK,
Humidity & Atmospheric Temperature Sensor–120 TK,
Pump – 350 TK, DC Adapter – 110 TK, Relay Module –
100 TK, Microcontroller – 500 TK, So the total cost is
about 1330 TK . So in this case only 8-9 years will be
taken to cover up the cost for additional cooling
equipment’s. The lifetime of a solar PV module is almost
15 years. So throughout the next 6-7 years, users will be
benefitted through cooling process. So the cooling
system is applicable and cost effective for large scale or
high rated solar PV module and the cost analysis is
significant on large scale application.
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7. Conclusion
For improving the efficiency of the PV module with
water pumping system, smart water cooling technology
was developed. The experiment has been completed
successfully. This study has showed that at different
weather conditions temperature of the panel gets reduced
effectively which increases the power conversion
efficiency of the PV system. The amount of increased
output power by cooling was promising. This increased
efficiency meets with the expected result of the
experiment. The way of improving output power of solar
PV panel by smart cooling is reliable, cost effective and
easy to maintain. The smart controlling system which has
been implemented in this study is very cheap at cost.
Every component used in this smart controlling system is
available in the local market and the price of every
component is very low. In large scale, the efficiency
improvement by cooling will become more significant
and economically viable. So it comes to a conclusion that
this simple cooling technology can be implemented with
any PV module without significant increase in cost.
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