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Abstract

Performance of solar panel decreases with increase in the temperature of the panel. Output power of PV
module drops by 0.45% per oC rise in temperature if heat is not removed. Cooling of the modules would
enhance the performance of the module. To cool this system thermoelectric system is developed.
Thermoelectric module is attached at the back of PV module, and it is operated in cooling mode. The role
of TEC is to reduce the temperature of the PV cells, to increase the efficiency of the system, its power
capacity and lifetime. The use of thermoelectric devices based on silicon material results in increasing
efficiency of PV system of 3.6% with a maximum efficiency of 13.06%.
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Introduction

Solar energy can be a major source of power & can be utilized by using thermal and photovoltaic conversion systems. India receives solar
energy equivalent to more than 5,000 trillion KWh per year, which is far more than its total annual consumption. The daily global radiation
is around 5 kWh per sq. m per day with sunshine ranging between 2,300 and 3,200 hours per year in most part of India. Though the energy
density is low and the availability is not continuous, it has now become possible to harness this abundantly available energy very reliably for
many purposes by converting it to usable heat or through direct generation of electricity. Photovoltaic cell / Solar cell has a potential to
convert the solar energy into electricity.

The solar cell works in several steps:

e  Photons in sunlight hit the solar panel and are absorbed by semiconducting materials, such as silicon.

e Electrons are excited from their current molecular/atomic orbital. Once excited an electron can either dissipate the energy as
heat and return to its orbital or travel through the cell until it reaches an electrode. Current flows through the material to
cancel the potential and this electricity is captured.

e An array of solar cells converts solar energy into a usable amount of direct current (DC) electricity.
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Need Of Cooling System in Solar Panel

A general rule of thumb is that the efficiency of solar cell decreases with 0.5% of a every 1°C. This means that the efficiency of a solar cell
could drop as much as 25%, as the temperature of the solar panel increases, its output current increases exponentially, while the voltage output
isreduced linearly. In fact, the voltage reduction is so predictable, that it can be used to accurately measure temperature. As a result, heat can
severely reduce the solar panel’s production of power. Excessive heat can significantly reduce the output of a PV system. It is therefore
extremely important to keep your solar panels well ventilated.

Make sure the wind can cool on all sides, including the underside. The Following are the type of cooling system used in PV module,

e Passive cooling system
e Active cooling system

Thermoelectric Module

Thermoelectric Cooler (TEC) is a semiconductor based electronic part incorporates a number of thermoelectric components, which are
connected thermally in parallel and electrically in series. The thermoelectric elements are made of a couple of p-type and n-type
semiconductors. When electric current flows across the thermoelectric components, the heat is conveyed from the cold side to the hot side
caused by the Peltier effect. Two unique semiconductors, one n-type and one p-type, are used because they need to have different electron
densities. The semiconductors are placed thermally in parallel to each other and electrically in series and then joined with a thermally
conducting plate on each side. When a voltage is applied to the free ends of the two semiconductors there is a flow of DC current across the
junction of the semiconductors causing a temperature difference. The side with the cooling plate absorbs heat which is then moved to the
other side of the device where the heat sink is. The cooling ability of the total unit is then proportional to the number of TEC:s in it.
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Fig 2. Principle of TEC
Some benefits of using a TEC are:

e No chlorofluorocarbons (CFC) and Temperature control to within fractions of a degree can be maintained
e Flexible shape (form factor); in particular, they can have a very small size

e Can be used in environments that are smaller or more severe than conventional refrigeration

e Long life, with mean time between failures (MTBF) exceeding 100,000 hours

Experimental Setup And Working

In this method, first the solar panel is placed in the wooden stand at an optimum angle of 45°(SESW). Because the solar panel are more
productive when the sun rays are perpendicular to the surface of panel. Then the negative electrode of thermoelectric module is set in contact
with the medium to be cooled i.e., back side of solar panel with the help of thermal grease, while the positive electrode is set free that
dissipates thermal energy into the external environment. When a DC power is supplied in between the electrodes, the negatively charged side
becomes cooler while the positively charged side becomes warmer. Thus, the waste heat dissipates from the panel, and the efficiency of
panel get increased.

Fig. 3. Experimental setup

For measuring temperature, four sensors are connected at different points on the solar panel. The temperatures are noted using infrared
thermometer. For measuring the voltage and current under various load. The readings are noted using digital micrometer. The readings are
taken with and without TEC.

Results And Discussion

The temperature is measured at five different points on the back surfaces of the PV module. It is observed that the difference of temperature
between the five points of measurements on the photovoltaic module is very low. This fact confirms that the temperature is uniform in the
photovoltaic panel. The solar radiation data demonstrates the rising and falling solar irradiation values during the time of experimentation.
It is revealed that the radiation intensity on the subsequent days of the experimentation was not similar but however it seems to be constant
after 12 noon on those days. Since the conditions of maximum power prevailed at around 1pm, it is reasonable to consider constant solar
intensity for the sake of clarity in the present analysis on the electrical performance of the PV module.
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Thermal Characteristics

Thermal performance comparisons have been performed employing the hourly temperature data of PV module and ambient in which the
variation of PV module temperature with time under different operating conditions is depicted. The profiles of temperature distribution of
PV module are almost same for different cases of experiments i.e., without cooling and with cooling. This reveals the reliable functioning
of the PV module under different operating conditions.

It is observed that the temperature of PV module without cooling is higher than the ambient temperature throughout the day with a maximum

temperature of 540C at 1 PM. The temperature of the module is reduced to about 48.50C at the same time of around 1 PM when cooling
is provided with TEC.
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Fig 4. Comparison of Temperature

This graph indicates that the comparison of various temperature like without cooling with cooling atmosphere. From these curves clearly
understood the Temperature of without cooling is high compared to with cooling.

Electrical Characteristics

The variation of output power of PV module with time under different operating conditions is depicted in Fig (a). It is inferred that output
power is maximum when the module is provided with cooling arrangement. A maximum output power of 9.18W is obtained with the use of
cooling (TEC). However, the output power is least at a value 9.18W without cooling arrangement. This indicates that the module temperature
has a considerable effect on the output power of PV system.
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Fig 5. Effect of Thermoelectric Module on Solar Panel Power Generation

It is obvious from above graph; the output power of the module is increased with the use of TEC compared to the case of without cooling.
The output power is about 9.18W when cooling is provided with TEC. Hence it is evident that maximum output power is obtainable when
the PV module is cooled with TEC.
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Efficiency

A maximum efficiency of 13.06% is obtained with the use of TEC. Hence the experimental results indicate that the module temperature has
a considerable effect on the output power and efficiency of PV system. This is because when the temperature of the PV module increases,
photons are excited which impends the uniform movement of electrons and this impedance reduces the power output which in turn reduces
the efficiency of the module.
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Fig 5. Efficiency Vs Time curve

The variation of efficiency of PV module with time under different operating conditions is depicted in Fig (a). It is inferred that the efficiency
is maximum when the module is obtained with cooling arrangement.

From this Fig (a) the efficiency of PV panel without cooling is less than with cooling (TEC). The efficiency of cooling panel at 1 PM is
13.06%. But without cooling efficiency of PV panel 12.6 only. From these variations of efficiency indicate the cooling of PV panel increase
the efficiency PV panel.

Efficiency Calculation

Efficiency of without cooling (Normal PV) panel 12.6 % Efficiency of with cooling (TEC) is 13.06 %
Increasing Efficiency = TEC - Normal PV

=13.06-12.6

=0.46%

Increasing Efficiency percentage = [(TEC - Normal PV)/Normal PV] x 100

=(0.46/12.6) x100

=3.6

Conclusion

We investigate the effect of temperature on the efficiency of a conventional solar cell, then we calculate the amount of electric power
generation in TE device resulting of waste energy (heat) in photovoltaic cell and finally calculate the efficiency of the hybrid system. The

use of thermoelectric devices based on silicon material results in increasing efficiency of PV system of 3.6% with a maximum efficiency of
13.06%.
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