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Abstract - Photovoltaic panels’ efficiency strongly depends on temperatures. In hot weather, the yield of 
the PV panels is low due to the fact that the absorbed solar radiation which is not converted into 
electricity rises the PV cells’ temperature, causing the decline of the electrical efficiency. 

In the proposed method, we developed a support comprising a heat exchanger on which the photovoltaic 
panel will be installed. This is an application of a relatively new technology. The resulting component 
photovoltaic/heat exchanger not only will produce electricity, but will also serve as heat source because the 
amount of solar energy absorbed and converted into heat can be recovered and used for heating or for 
domestic uses. 

In this study, a hybrid prototype is developed and experimental measurements carried out to evaluate the 
electrical and thermal performance. Thus, a significant improvement of the electrical yield is realized and 
hot water is produced that can be used for domestic uses. Then, a comparison is done between the hybrid 
prototype and a simple PV panel with the same characteristics, which is installed on a simple support. We 
also determine the behavior of the panel’s exchange coefficient as a function of the water outlet 
temperature. The results of this experiment show that the hybrid prototype can be a good alternative to 
simple photovoltaic modules. 
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I. Introduction 

Preliminary studies have shown that 1°C increase in temperature compared to its standard value (25° C) causes a 
0.5 % decrease of the efficiency. Thus, to improve the performance of the PV panels, we propose in this document 
a method to reduce the temperature. 

The conceived system comprises a photovoltaic panel and a coil heat exchanger which is connected to the rear of 
the PV panel and serves as a support. The coil heat exchanger utilizes water as coolant and constitutes a cooling 
system which recuperates the heat from the panel (heated by the radiation not converted into electricity) and from 
the surrounding air that also heats the panel by convection. A major part of the heat recovered is transferred to the 
coolant (water) circulating inside the coil heat exchanger made of copper. From the system built, an energy 
assessment is carried out based on parameter measurements. Then, a comparison is made between the conceived 
system and a simple PV panel of the same characteristics. 

II. Experimental apparatus 

The objective of the experiment is to study the effect of the cooling on the following parameters of the photovoltaic 
panel: the output power, the electrical efficiency and the thermal efficiency. To do so, we compare the 
performance of two identical photovoltaic panels, one combined to a coil heat exchanger fixed to its rear, the other 
one installed alone. 
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Figure 1: Photovoltaic solar panel installed on a support consisting of a coil heat exchanger 

The device comprises a photovoltaic solar panel placed on a support with a coil heat exchanger made of copper, 
a cold water tank and flow control valves. 

 
Figure 2: View of experimental apparatus with the hybrid prototype and the solar panel installed alone 

Nominal power  Wc 50 

Voltage Wmp 18 

Current Imp 2,85 

Vco 22,2 

Icc 3,09 

β -0,48% /°C 

dimensions 540x670x35 

Operating temperature -40 à +85°C 

Yield 21,3% 

Figure 3: Characteristics of the two identical solar panels used in the experiment 

The electrical experimental apparatus is composed of ammeters, voltmeters, rheostats, electrical conductors, 
thermocouples, a data recorder and a solarimeter. 
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Figure 4: Scheme of the electrical experimental apparatus 

The solar panel is associated to a support consisting of a coil heat exchanger made from a copper crown of ¼ 
inch diameter. 

The coil heat exchanger in contact with the rear of the photovoltaic panel recover the heat from the solar panel 
through the water circulating in it by gravitation and contained in the tank (figure 1). At the outlet of the exchanger, 
a tap with a flow control is connected, though which the hot water produced is collected. To optimize the heat 
transfer, the coil heat exchanger is covered with a polystyrene insulation. 

III. Results and discussion 

In this part, the experimental results obtained from the two photovoltaic panels (hybrid and simple) are discussed. 
A comparison of the behavior of the electrical parameters of the two devices is carried out. For that, the two panels 
are placed under sunlight between 11 a.m. and 3 p.m. with an inclination angle of 14° north, corresponding to the 
latitude of the place. Thermocouples are connected to different places (Top and bottom of the panels, inlet and 
outlet of the heat exchanger) for temperature measurements. In addition a solarimeter is installed to measure the 
illuminance. 

The results show that for the simple solar panel, the temperature above and below the panel increases as function 
of the illuminance. The temperature is slightly higher below the panel than above it. This is due to the fact that 
the top is more exposed to natural convection. However, for the hybrid panel, the cooling causes a decrease of 
both temperatures which tend to equalize after 2 hours of operation i.e. around 2 p.m. In addition, a significant 
difference (that gradually increases) is noticed between the inlet and outlet temperature of the cooling water. The 
reason is the heat dissipated by the panel is recovered by the water circulating inside the heat exchanger. 

 
Figure 5: Evolution of the different temperatures on the simple panel 

Tff: Temperature above the panel 

Tbs: Temperature below the panel 

E: Illuminance 
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Figure 6: Evolution of the different temperatures on the hybrid panel 

Twi: Inlet temperature of the water 

Two: Outlet temperature of the water 

For the hybrid panel, the maximum temperature measured is 43°C against 62°C for the simple one. Indeed, the 
heat exchanger associated to the panel causes the decrease of the temperature of the underside of the panel to a 
certain value. The water used for the cooling, which gets in the coil heat exchanger at 25°C, comes out at 32°C. 
The water is then heated enough to be used in sanitary. 

III.1.   Electrical performance of the collectors 

 Current – voltage characteristic 

 
Figure 7: Current – voltage characteristics of the two panels 

The current-voltage characteristic show that the short-circuit current has the same value for both panels and is 
equal to 2.7 A. On the other hand, the open circuit voltage is respectively 20.73 V for the hybrid panel and 18.78 
V for the simple panel. 

 Electric power 

The electric power is calculated by the formula below: 

                           𝑃 ൌ 𝑈 ∗ 𝐼                                                                                      1 

The power-voltage characteristic is estimated by assuming a constant illuminance value equal to 1000 W/m² 
for the two panels. 
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Figure 8: Power – voltage characteristics of the two panels 

It is noticed that due to the cooling effect, the electric power of the hybrid panel is greater than that of the simple 
panel. In addition, the maximum power point is improved by cooling. 

For a constant illuminance value of 1000 W/m², the maximum power measured is respectively 41.25 W for the 
hybrid panel and 28.25 W for the simple one. This results shows the high dependency of the electric power on the 
operating temperature. The cooling enable an optimization of the electrical parameters of the photovoltaic module. 

 Electrical efficiency of the solar panel 

It’s the ratio between the electric power delivered by the photovoltaic solar module and the power of the 
illuminance received on the surface of the panel. It’s given by: 

                                   ƞ ൌ
௎∗ூ

ா∗ௌ
                                                                                      2 

 
Figure 9: Electrical efficiency of the two panels 

The electrical efficiency is greater for the hybrid panel especially when the cooling is more effective. The 
maximum value obtained is 19.8 % for the hybrid panel and 16 % for the simple panel. These maximum values 
are recorded when the cooling and the illuminance are optimum. 

 Thermal efficiency 

The thermal efficiency is determined by the ratio between the thermal power absorbed by the water and the 
power of the incident illuminance. 

                                  𝜂௧௛ ൌ
ఘொೡ௖୼்

ாௌ
                                                                            3 
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Figure 10: Thermal efficiency of the hybrid panel 

The thermal efficiency is greater than the mechanical efficiency. Its maximum value (49.8 %) is obtained at 1 
p.m. when the illuminance is at its maximum. 

The efficiency is related to some parameters such as the difference between the inlet and the outlet temperature 
of the water, the convective exchange coefficient between the water and the tubes and the conductive exchange 
coefficient of the panel. 

IV Determination of the heat exchange coefficient of the panel 

The hybrid panel is insulated by its back side which allows us to assume that all the amount of heat released by 
the panel is completely absorbed by the water circulating in the heat exchanger. This equality of the two flows 
will allow us to determine the exchange coefficients. 

He heat flux calculated from the water fluid is: 

                     ∅ ൌ 𝑚ሶ 𝑐∆𝑇 ൌ 𝜌𝑄௩𝑐∆𝑇                                                                   4 

With  𝑚ሶ  being the mass flow of water, c the specific heat and ΔT the temperature difference between the inlet and 
the outlet of the water; ρ is the voluminal mass and Qv is the volume flow rate. 

That same flow can be obtained from the panel: 

                         ∅ ൌ 𝐾𝑆∆𝑇′                                                                                 5 

With K the exchange coefficient, S: exchange surface and ΔT’ is the temperature difference between the two faces 
of the panel. 

From these two equal equations, we deduce the overall coefficient of the panel. 
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Figure 11: Exchange coefficient as a function of the water outlet temperature (water inlet temperature 25°C) 

We note that the evolution of the heat exchange coefficient is linear as a function of the temperature of the water 
leaving the exchange, which is in agreement with the literature. Unlike the panel with simple support whose 
exchange coefficient increases with the temperature of the rear face of the panel which is the source of the storage 
in the panel. 

IV. Conclusion 

An experimental study of two devices, a simple photovoltaic panel and another of the same characteristics but 
combined to a coil heat exchanger is carried out. The hybrid panel has proved to be more efficient in converting 
the solar energy. 

The obtained results show also that the performance of photovoltaic panels depend on the ambient temperature. 
In addition, the solar energy that heats the panel is recovered and used for other applications. The heat exchange 
coefficient changes linearly as a function of the water outlet temperature from the exchanger. 
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