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Abstract 

Energy is required for a wide range of applications such as 

transportation, industrial applications, agricultural 

applications, household requirements and office applications. 

The usage of renewable energy is increased now a day’s 

taking environment status into account. But the solar energy 

we use is not efficient as the outcome of the solar energy 

depends on various factors like temperature, irradiation, 

climate, etc. Some optical designs are proposed to improve the 

performance by rejecting the waste heat on the solar panel. 

Every single degree rise in temperature can drop the voltage 

by 0.25V. So some green vegetation which can be grown even 

under shade can be grown under the place where the solar 

panel is mounted. This provides the moist condition and hence 

the drop in efficiency is mitigated. The DC output from the 

solar panel is not the regulated one. It keeps on fluctuating as 

the radiation of the sunlight is not uniform or fixed. When it is 

given to the load, it must be a fixed one so that the load 

remains safe. Hence, we make use of a switching circuit to 

provide a constant regulated voltage to the load. In order to 

make use of it in the night time, the battery can be used as a 

source of back up. The life cycle of the battery can be 

safeguarded by using charge controllers in the setup. Charge 

controller takes into account the state of charge and the depth 

of discharge.When the reliability and the efficiency of the 

photovoltaic system are high, the power generation is more 

and hence the demands are met in an eco-friendly way. 

Keywords: Solar Panel, Optical designs, 

Conversionefficiency, Cooling, Power generation. 

 

INTRODUCTION 

Energy can have many forms like heat energy, electrical 

energy, chemical energy, nuclear energy, light energy and so 

on. The use of energy plays a very important role in one’s life. 

The availability and accessibility of sufficient amount of 

energy accelerate individual’s and nation’s development [1]. 

Since the use of energy has become an integral part of our life, 

its supply should be secure and sustainable.  At the same time, 

it should be economical, environment friendly and socially 

acceptable. The obvious choice of a clean energy source, 

which is abundant and could provide security for the further 

development and growth, is the sun’s energy. Several works 

have been undergone for improving the efficiency of solar 

panel. The normal conventional solar panel is 14 to 20% 

efficient. In order to make it a prime source of power 

generation, Bi-axial type concentrated Solar Tracking system 

had been used. In that work the sunlight had been 

concentrated by microstructure Fresnel Lens [1]. But the 

problem in their work is the temperature of the panel which 

could rise above 10000 C. This will bring down the outcome 

of the panel. An indoor procedure based on charge-coupled 

device camera measurements was used to characterize the 

non-uniform light patterns on the multi-junction solar cell. 

This has a drawback of manufacturing cost. So, as a result its 

commercial availability reduces.  This paper proposes some 

optical designs that improve the efficiency of the solar panel. 

The panel and the mirror are covered with the optical band 

reject filter to eliminate the low energy red colour photons 

which are not converted to electrons when getting incident on 

the solar panel. As we use the mirrors some additional 

photons are made to fall on the panel which in turn improves 

the output [2].But, as the optical concentration is done here 

there is some amount of heat generated in the solar panel i.e.  

The module temperature is getting high [3]. This rise in 

temperature can drop the efficiency of the solar panel. For 

every degree rise in temperature, certain amount of voltage 

drop is observed. To avoid this, we have to propose some 

cooling methodologies. The cooling methodologies suggested 

are commercial, eco-friendly and provides the good outcome. 

 

EFFECT OF TEMPERATURE 

The output power of a solar PV module depends on the 

temperature at which the module is operating[4].The module 

temperature is normally higher than the ambient temperature. 

The module temperature could be up to 20˚ C to 30˚ C higher 

than the ambient temperature, depending on the conditions 

such as radiation intensity, wind speed etc[1]. Thus inthe noon 

conditions, where the ambient temperature is about 35˚ C, the 

module temperature will be about 55˚C to 60˚C[1].The higher 

temperature of the module is due to the use of glass cover of 

the module, which traps the infrared radiation (greenhouse 

effect) and increases the module temperature. 

Tmod = Tamb + KPin 

 where Tamb is ambient temperature, Pin is the 

radiation intensity in W/m2 and K is a constant with value 

varying between 0.02 and 0.03 depending on wind speed, 

humidity, etc. Higher wind speed will give lower values of K. 

When the temperature increases, the short circuit current rises 

and the open circuit voltage falls[5]. Decrease in Voc is more 

prominent than the increase in the Isc. Therefore, overall, the 

power output and efficiency of solar cells and modules 

decrease with the increase in its operating temperature[7]. The 
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current increase with temperature is due to the decrease in the 

band gap of Si and voltage decreases with temperature due to 

the increase in the carrier recombination. The effect of 

temperature on the I-V curve of solar PV module is shown in 

the Fig. 2.1 

 

Fig. 1: Simulink Model of a Solar Panel 

 

In order to measure the performance of solar panel at different 

temperature conditions, a simple Simulink design is made as 

shown in the figure. The readings are measured for a fixed 

irradiation value i.e. 500W/m2 The corresponding current and 

voltage curve is as follows. 

 

Fig. 2: I-V Curve for various values of temperature 

 

From the above graph, it is inferred that the performance of 

the solar panel degrades for the rise in temperature. So, in 

order to avoid the drop in efficiency we are providing some 

cooling methodologies which mitigate the unwanted waste 

heat settled on the panel and reduce the efficiency. 

 

COOLING METHODOLOGIES 

Coconut Oil on the Panel 

The layer of coconut oil of particular thickness is applied on 

the solar panel to check for the temperature. It can act as a 

spectrum filter for the solar cell. It can absorb the heat which 

can be used for the thermal system separately. The coconut oil 

which was used had been exposed to the sunlight for the 

period of thirty days. Even after prolonged exposure to 

sunlight, there was no aging or degradation observed. When 

silicone oil was kept for the exposure for 30 days there was 

degradation in the quantity and at the same time aging of 

liquid was observed. This layer of coconut oil provides the 

good moist condition for the heat generated on the panel. 

Hence, by this method the heat generated on the panel is 

rejected. The only problem of using oil would be the dust 

formation.But in our proposed method, above the coconut oil 

coating we wrap the panel with the optical red color filter to 

eliminate the red color photons which are of no way use to us 

even if it is incident on the solar panel. This avoids the dust 

formation as it is wrapped up with the red filter. Before 

selecting a liquid to be a cooling agent, it must satisfy certain 

criteria like the liquid used a coolant should not be volatile, 

undergo ageing or degradation in periodic exposure to 

sunlight. 

 

  

February 15, 2019                      March 14, 2019 

Fig. 3 :  Coconut oil exposed to sunlight for 30 days 

 

 

Fig. 4: Coconut oil as a layer of coating on Solar Panel 

 

So now, above the coating of coconut oil, our optical band 

reject filter is being wrapped up. This avoids the dust 

formation.  
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Table 1: Readings observed for the Cooling effect 

Time Luxmeter 

readings 

Output Power of the 

Solar Panel which is 

coated with coconut 

oil (Watts) 

Output Power of 

the normal 

Solar Panel 

(Watts) 

6.00 AM 54000 Lux 0.5268 W 0.2110 W 

7.00 AM 75123 Lux 1.1201 W 0.4879 W 

8.00 AM 85700 Lux 1.5219 W 0.6698 W 

9.00 AM 88459 Lux 1.7548 W 0.9142 W 

10.00 AM 91254 Lux 1.9925 W 1.1569 W 

11.00 AM 98654 Lux 2.1548 W 1.3896 W 

12.30 PM 100000 Lux 2.7932 W 1.9018 W 

1.00 PM 91110 Lux 2.6314 W 1.8754 W 

2.00 PM 90090 Lux 2.4178 W 1.7569 W 

3.00 PM 84300 Lux 2.0001 W 1.2456 W 

4.00 PM 67500 Lux 1.5584 W 0.9245 W 

5.00 PM 52415 Lux 1.2248 W 0.6589 W 

 

From the above table, it is inferred that the layer of coconut 

oil help us in avoiding the heat on the module and hence the 

proposed design setup has higher output power when 

compared to the normal solar panel. 

 

USE OF GREEN PLANTS 

The major critical issue while mounting the solar panel is to 

check for the proper cooling methodology. Usually, water is 

placed below the panel to provide some moist conditions.  

But however, there are places where there is a possibility of 

water scarcity. Hence, we focused on the idea of green 

vegetation i.e. there are some plants which can grow under 

shade, or requires less light. Among those plants the one with 

the good moist conditions are selected. Our first aim is to 

remove the unwanted waste heat in the solar panel because 

once the heat on the solar panel is allowed; it will result in the 

hot spot or burn-out. So, in order to avoid that waste heat, we 

grow some plants which can provide the moist conditions for 

the panel and inturn reject that unwanted heat. This indirectly 

improves the efficiency of the panel used. The plants which 

are opted are Ocimum tenuiflorum, Mint, Aloe Vera. 

 

 

(a)                          (b)                        (c) 

Fig 5: Plants with good moist conditions 

 (a) Tulsi(b) Mint    (c) Aloe Vera 

 

Fig. 6: Solar Panel placed above the tray of 

Green Plants 

 

Table 2: Comparison of cooling methodologies 

Model Radiation Im  (mA) Vm (V) 
Power 

Normal Proposed 

Plants 

632 W/m2 

310 mA 9.3 V 1.23 W 2.88 W 

Water Tray 422 mA 10.59 V 2.99 W 4.46 W 

Coconut Oil 510 mA 11.39 V 4.11 W 5.80 W 

Plants 

711 W/m2 

523 mA 12.04 V 4.99 W 6.3 W 

Water Tray 592 mA 12.16 V 6.04 W 7.19 W 

Coconut Oil 625 mA 13.38 V 7.22 W 8.36 W 

Plants 825 W/m2 637 mA 13.99 V 7.31 W 8.91 W 

Water Tray 

 

653 mA 14.26 V 8.11 W 9.31 W 

Coconut Oil 669 mA 15.03 V 8.92 W 9.99 W 

 

SOLAR PANEL AS A RELIABLE SOURCE 

The sun’s energy is hugely available yet still unreliable. It 

varies as a function of time. It is not available during the 

nights or in cloudy sky. If the PV systems are Grid-connected, 

then this is not a matter of problem [6].But for the standalone 

applications like those simple solar panels which are aimed 

for commercial applications, we need a high reliability and the 

battery backup is the source of our power during nights. 

However, when the batteries are included in our photovoltaic 

system, they should be healthy and enhance the performance 

of the system[7]. But in some cases, if the battery used is not 

healthy, it deteriorates the performance of the system and the 

battery ratings have to be designed with care. When the 

sunlight is not enough to meet the load demand, the load 

receives the power from the battery and when the sunlight is 

more and it exceeds the load demand the excess power 
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generated are stored in the battery. Batteries get degraded 

soon when it is allowed to charge too much or discharge too 

much[9].If this is not taken into account, then the life and 

good performance is not ensured. To take care of this issue, 

we make use of a charge controller. 

 

CHARGE CONTROLLER 

Charge controllers take care of the State of Charge and Depth 

of Discharge. It reads the voltage from the PV panel and 

based on that takes action whether to disconnect it from the 

load or the Photovoltaic Panel [8].   

 

Fig. 7: Charge Controller 

 

 

Fig. 8: Set points of Charge Controller 

 

VR is defined as a  voltage up to which a battery can be 

charged. If the limit is reached, the controller attached to it 

will either disconnect the battery from the input source or 

starts regulating the current given  to the battery[1].VRH is 

the difference between VR and the voltage at which the 

controller reconnects the battery to the PV source and starts 

charging. LVD is the minimum voltage up to which the 

battery can be allowed to discharge, without getting deep 

discharged. LVDH is the difference between LVD value and 

the battery voltage at which the load can be reconnected to the 

battery terminals.  

 

Fig. 9: Experimental Setup 

 

Table 3: Charge Controller Observations 

Time Vpv Ipv Ppv Vbat Ibat Pbat VL IL PL 

9.00 

AM 

8.9 

V 

499 

mA 

4.44 

W 

8.5 

V 

400 

mA 

3.4 

W 

6.93 

V 

110 

mA 

0.76 

W 

9.30 

AM 

9.5 

V 

510 

mA 

4.81 

W 

7.21 

V 

360 

mA 

2.5 

W 

7.19 

V 

156 

mA 

1.02 

W 

6.00 

PM 

3.2 

V 

280 

mA 

0.89 

W 

0.19 

V 

825 

mA 

0.15 

W 

2.93 

V 

230 

mA 

0.67 

W 

 

From the table, it is inferred that the PV panel at 9.00 AM 

generates 4.4 W while only 1W is required by the Load. In 

this case, the PV panel is generating additional power. Now, 

the additional powers are fed to the battery for later usage. 

Then in the evening, the irradiation is not good and the PV 

panel generates only 0.89 W while the load requires 1W. 

Now, the battery is made use for the power generation. This 

charge controller is necessary to monitor the performance of 

the battery used. When the backup system in the solar panel 

set up is healthy,  due to overcharging the battery will not 

swell out and due to deep discharging the reliability will not 

be lost. This is done by introducing the charge controller[10]. 

 

COMPLETE PHOTOVOLTAIC SYSTEM 

 

Fig.10 : Complete Photo Voltaic System 
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Our proposed Photo Voltaic system includes,  

 A Solar Panel covered with the optical filter. 

 Mirrors for concentrating the sunlight. 

 Green vegetation beneath the panel to provide 

cooling. 

 Coconut peat placed underneath the panel. 

 Applying a layer of coconut oil for cooling. 

 

 

Fig. 11 : Experimental Setup for Panel with Optical filter 

 

Table 4: Experimental Observations 

Time Normal Solar Panel Solar panel with proposed  

optical design setups 

Voltage  

(V) 

Current 

 (A) 

Power 

(Watts) 

Voltage  

(V) 

Current  

(A) 

Power 

(Watts) 

7.00 AM 20.01 V 89 mA 1.78 W 23.54 V 100 mA 2.35 W 

8.00 AM 25.49 V 108 mA 2.75 W 29.19 V 146 mA 4.26 W 

9.00 AM 30.15 V 195 mA 5.88 W 34.31 V 294 mA 10.11 W 

10.00 AM 34.65 V 289 mA 10.01 W 39.24 V 338 mA 13.62 W 

11.00 AM 36.47 V 357 mA 13.02 W 42.49 V 434 mA 18.45 W 

12.00 PM 38.21 V 485 mA 18.53 W 44.99 V 0.50 A 22.51 W 

1.00 PM 35.14 V 476 mA 16.85 W 43.59 V 0.50 A 21.79 W 

2.00 PM 30.14 V 410 mA 12.35 W 41.78 V 499 mA 20.84 W 

3.00 PM 26.98 V 315 mA 8.50 W 38.14 V 374 mA 14.26 W 

4.00 PM 21.14 V 307 mA 6.49 W 33.46 V 365 mA 12.21 W 

5.00 PM 17.96 V 297 mA 5.33 W 26.75 V 330 mA 8.82 W 

6.00 PM 7.23 V 254 mA 1.83 W 11.25 V 289 mA 3.25 W 

 

CONCLUSION 

The only urge need for improving the efficiency of the solar 

panel is because it is the renewable source of energy and we 

cannot run out of solar energy as the Sun is the prime source 

of light. Based on the solar PV system mounted, the energy 

bills can be reduced.The proposed designs can help us 

mounting this renewable power generation in all the 

commercial houses possible. The proposed design setups can 

be used for the sake of generating more electricity than the 

conventional one. As the efficiency is improved, the number 

of panels required is also reduced and hence the space is less 

consumed and it can be virtually mounted on anywhere in a 

field or in a building. The reliability during the night time is 

ensured by using the Batteries for saving the excess power 

generated by the solar panel after meeting the load demand. 

Charge controllers were also used to safeguard the 

performance of the Batteries.   
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