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Abstract 

Solar energy is abundant and offers significant potential for near-term and long term climate change 

mitigation. There are a wide variety of solar technologies of varying maturities that can, in most regions 

of the world, contribute to a suite of energy services. Even though solar energy generation still only 

represents a small fraction of total energy consumption, markets for solar technologies are growing 

rapidly. The objective of this work is to improve the efficiency of the solar panel by water cooling 

technique. Photo voltaic solar cell generates electricity by receiving solar irradiance. The electrical 

efficiency of photovoltaic (PV) cell is adversely affected by the significant increase of cell operating 

temperature during absorption of solar radiation. The aim of the present work is to reduce the temperature 

of the solar panel in order to increase its electrical conversion efficiency. So the need is to decrease the 

temperature of the solar panel by applying the water through copper coil fitted beneath the solar panel. 

The experiment is to be conducted in two methods, with cooling and without cooling for knowing the 

effective variation of efficiency between the panels. The readings are taken in without cooling and are 
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compared with the cooling panel. The water flows below the surface of the solar panel with the help of 

copper coil. So the flow of water through coil cools the solar panel. 

Keywords: Solar Energy, Photo voltaic solar cell, Efficiency. 

 

1. INTRODUCTION 

Solar energy is abundant and offers significant potential for near-term (2020) and long term (2050) 

climate change mitigation. Even though solar energy generation still only represents a small fraction of 

total energy consumption, markets for solar technologies are growing rapidly. Much of the desirability of 

solar technology is its inherently smaller environmental burden and the opportunity it offers for positive 

social impacts. The cost of solar technologies has been reduced significantly over the past 30 years and 

technical advances and supportive public policies continue to offer the potential for additional cost 

reductions. Potential deployment scenarios range widely from a marginal role of direct solar energy in 

2050 to one of the major sources of energy supply. The actual deployment achieved will depend on the 

degree of continued innovation, cost reductions and supportive public policies. 

 

1.1 Photovoltaic 
A solar cell, or photovoltaic cell (PV), is a device that converts light into electric current using the 

photovoltaic effect. The first solar cell was constructed by Charles Fritts in the 1880s. The German 

industrialist Ernst Wernervon Siemens was among those who recognized the importance of this 

discovery. In 1931, the German engineer Bruno Lange developed a photo cell using silver selenide in 

place of copper oxide, although the prototype selenium cells converted less than1% of incident light into 

electricity. Following the work of Russell Ohl in the1940s, researchers Gerald Pearson, Calvin Fuller and 

Daryl Chapin created the silicon solar cell in 1954. These early solar cells cost 286 USD/watt and reached 

efficiencies of 4.5–6%. By 2012 available efficiencies exceed 20% and the maximum efficiency of 

research photovoltaic is over 40%. 

 

1.2 Solar Power Production 
Solar power is the conversion of sunlight into electricity, either directly using photovoltaic (PV), or 

indirectly using concentrated solar power (CSP). CSP systems use lenses or mirrors and tracking systems 

to focus a large area of sunlight into a small beam. PV converts light into electric current using the photo 

electric effect. Solar power is anticipated to become the world's largest source of electricity by 2050, with 

solar photovoltaic and concentrated solar power contributing 16 and11 percent to the global overall 

consumption respectively. Commercial CSP plants were first developed in the 1980s. Since 1985 the 
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eventually 354 MW SEGS CSP installations, in the Mojave Desert of California, is the largest solar 

power plant in the world. Other large CSP plants include the 150MW Solnova Solar Power Station and 

the 100 MW Andasol solar power station, both in Spain. The 250 MW Agua Caliente Solar Project, in the 

United States, and the 221 MW Charanka Solar Park in India, are the world’s largest photo voltaic plants. 

Solar projects exceeding 1 GW are being developed, but most of the deployed photovoltaic is in small 

rooftop arrays of less than 5 kW, which are grid connected using net metering and/or a feed-in tariff. In 

2013 solar generated less than 1% of the world’s total grid electricity. 

 

2. RELATED WORK 

The works carried out based on the following literature survey and the literature categorized related to 

work of improving the efficiency of photovoltaic panel. Different types of review papers and journals are 

studied. There are different methods to improve the efficiency of the solar panel and the project has been 

conducted on improving the efficiency of the solar panels by water cooling method. The ideas are to be 

taken from the below literatures. 

 

Rupali Nazar can improve efficiency of solar panel by using solar tracker with panel which continuously 

tracks sunlight throughout the day to get maximum solar energy. Next method to improve the efficiency 

is dust cleaning. Dust is barrier between sunlight and solar panel. Third method is cooling technique. 

Other method is anti-reflecting coating for solar panel, which improve efficiency of panel. These are the 

different methods used to improve the efficiency of solar photo voltaic panel. From these, we have to 

know that the solar photo voltaic panels are continuously focused through the sunlight. And the amount of 

dust present on the panel reduces the efficiency of the panel [1]. 

 

K.A. Moharram, et.al. Minimize the amount of water and electrical energy needed for cooling of the solar 

panels, especially in hot arid regions, e.g., desert areas in Egypt. Temperature reduces 10 C for every 

5mins. Efficiency increases 12.5%. From this method we have known the fact that reducing the 

temperature of the panel achieved increases efficiency [2]. 

 

M Mohamed Musthafa Water absorption sponge fitted on the back side of the solar panel. Efficiency 

without cooling is 8-9%. Efficiency with cooling is 12-14%. This method shows that the cooling only 

increases the efficiency. For getting the effective performance we have to cool the solar panels [3]. 

 

Xiao Tang, Zhenhua Quan, Yaohua Zhao has done a novel micro heat pipe array in solar panel cooling. 

Both of air-cooling and water-cooling conditions under nature convection condition. Efficiency increases 
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13.9% - 14.5% in water cooling than air cooling. This experiment shows that both water and air are used 

to cool the solar panels. And the result shows that the water cooling method only increases percentage of 

efficiency [4]. 

 

P G Nikhil, M Premalatha Silicone oil cooling of the solar module surface. Solar Module with maximum 

power (Pmax) of 7W was employed for cooling. The cooling contributes to improvement in the module 

efficiency to above 20%. In the above experiment solar panel is to be immersed in the silicone oil for the 

better cooling. Silicone oil is any liquid polymerized Siloxane with organic side chains. The most 

important member is polydimetyl siloxane. These polymers are of commercial interest because of their 

relatively high thermal stability and their lubricating properties [5]. 

 

Xuedong Yu, et.al. Find efficient antireflection coating is critical for the improvement of silicon solar cell 

performance via increased light coupling. Wellaligned ZnO Nano whisker (NW) arrays on Czochralski 

silicon solar cells by seeding-growth two-step process. The ZnO NW array-coated solar cells display 

broadband reflection suppression from 500 to 1,100 nm, and the minimum reflectance smaller than 3% 

can easily be achieved. By optimizing the time of ZnONW growth, it has been confirmed that an increase 

of 3% relatively in the solar cell efficiency can be obtained. This experiment shows that the coating on the 

solar panel surface increase the efficiency till more [6]. 

 

Sayran A. Abdulgafar, et.al. In the work, the cooling of a photovoltaic panel via water immersion 

technique. To optimize the efficiency of a solar panel by submerged it in distillated water at different 

depths. Thermal drift has been reduced and the solar panel efficiency has increased by about 11% at water 

depth [7]. 

 

Anas Al Tarabsheha, et.al. The operating temperatures of the PV cells are not equal since the fluid 

flowing through the cooling pipes has a temperature difference between the inlet and the outlet of the 

pipes. The module is cooled by a fluid flowing through pipes underneath the PV module backside. The 

geometry can improve the PV cell parameters and consequently the performance of the PV module. The 

best design is the one which keeps the operating temperature of the PV cells as minimum as possible 

resulting in a maximum energy yield of the PV cells [8]. 

 

Ms. Anchali Patankar, Prof. Sandeep Mahajan done the thermoelectric cooling system which improves 

the power capacity of the photovoltaic by 2% - 20% and enhance the power generation efficiency of 
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photovoltaic by 2.29% - 3.37% through the combined application of photovoltaic and thermal 

technologies, the total energy of the overall system can be improved by 37% -60%[9]. 

 

B.Balamuralikrishnan, et.al. The solar PV is an exciting technology but suffers from low efficiency. A 

study on low efficiency in multi MW solar power plants reveals that the electric yield of the PV modules 

is reduced due to reflection from the sun and when a module temperature is elevated, there is decrease in 

the voltage and efficiency. To improve the efficiency of the solar photovoltaic panels by active cooling to 

reduce the temperature losses and by using optical filter to reduce reflection losses considerably to some 

extent [10]. 

 

3. PROPOSED METHOD 

 

Fig.3.1. 3D modeling (front view) 

 

Fig.3.2.3D modeling (rear view) 
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Fig.3.3.2D modeling 

 

The fig.3.1, fig.4.9 and fig4.10.shows the 3D and 2D modeling of experimental setup in front and rear 

view respectively. The 3D and 2D design is carried out with the help of solid works software and Auto 

Cad software respectively. 

 

Fig.3.4. Experimental setup 

 

4.RESULTS AND DISCUSSION 

The efficiency of the solar panel is increased by water cooling technique and the project has to be 

conducted for 5 days. The readings are to be taken for all the 5 days and are given below. The readings 

are to be taken for both with cooling and without cooling. The tabulation includes the time, temperature 

for both ambient and surface, voltmeter ammeter and efficiency readings.  

 

4.1 Calculation for Power and Efficiency 

In order to find electrical conversion efficiency of the solar panel, the following parameters were 

measured, such as the output power in terms of voltmeter and ammeter reading; the panel surface 
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temperature was measured. In addition, real time solar radiation intensity (W/m2) and the ambience 

temperature was measured. The efficiency of a solar cell is determined as the fraction of incident power 

which is converted to electricity and is defined as  

       

  Pmax =Voc Isc FF 

 

                                                                     𝜂 =    𝑉𝑜𝑐𝐼𝑠𝑐𝐹𝐹 

      𝑃𝑖𝑛 

Where Voc is the open-circuit voltage; where Isc is the short-circuit current and FF is the fill factor where 

η is the efficiency. 

 

4.2 Fill Factor 

 The short-circuit current and the open circuit voltage are the maximum current and voltage respectively 

from a solar cell. However, at both of these operating points, the power from the solar cell is zero. The 

"fill factor", more commonly known by its abbreviation "FF", is a parameter which, in conjunction with 

Voc and Isc, determines the maximum power from a solar cell. The FF is defined as the ratio of the 

maximum power from the solar cell to the product of Voc and Isc.    

𝑉 𝑝  𝑉𝑜𝑐  
𝑛  

𝑞
      

𝑉 𝑝
   

 

     

However, the above technique does not yield a simple or closed form equation. The equation above only 

relates Voc to Vmp, and extra equations are needed to find Imp and FF. A most commonly used 

expression for the FF can be determined empirically as   

𝐹𝐹  
𝑉𝑜𝑐      𝑉𝑜𝑐       

𝑉𝑜𝑐   
 

Where voc is defined as a "normalized Voc"   

𝑉𝑜𝑐  
𝑞

𝑛  
 𝑉𝑜𝑐 

 

4.3 Overall Readings 

The overall readings of 5 days are enclosed below table 4.1 

Table 4.1.Overall readings 

Day Time Without cooling With cooling 

  Temp Volts Amps Eff Temp Volts Amps Eff 
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  °C V A % °C V A % 

1 

10 39 19.5   39 18.5   

11 41 20   41 19.5   

12 44 20.2   44 19.8   

13 47 19.8   47 19.5   

14 48 20   48 19.5   

15 47 20   47 19.5   

16 44 19.8   44 19.2   

2 

10 37.3 20 0.2 5.6 37.4 19.5 0.2 5.4 

11 40.2 20 0.2 5.6 35.9 20 0.4 11.2 

12 41.2 20 0.2 5.6 38.5 20.4 0.4 11.4 

13 43.4 20 0.2 5.6 39.4 20.4 0.4 11.4 

14 45 20 0.2 5.6 35.5 20.6 0.7 20.1 

15 40.5 20 0.2 5.6 30 21 0.8 23.5 

16 38.2 19.8 0.2 5.6 30.1 20.5 0.9 25.8 

3 

10 38.9 20 0.2 5.6 30.7 19.5 0.6 16.3 

11 40.4 19 0.2 5.6 32.5 20 1 28 

12 41.7 19.5 0.2 5.4 31.8 21 0.6 17.6 

13 42.5 19.5 0.2 5.4 30.9 20.6 0.8 23 

14 42.9 19.8 0.2 5.5 32.4 20.5 1.6 45 

15 42.1 20.2 0.2 5.6 33.6 20.5 1.8 51 

16 41.8 20 0.2 5.6 29.8 20.2 0.8 22.6 

4 

10 39.8 20 0.2 5.6 38.9 20.5 0.2 5.7 

11 38.9 20 0.2 5.6 36.4 20.5 0.2 5.7 

12 41.9 20 0.2 5.6 34.5 20.5 0.6 17.2 
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13 42 20 0.2 5.6 34.7 20.6 0.6 17.5 

14 41.5 20 0.2 5.6 34.9 20.5 0.6 17.5 

15 39.2 20 0.3 5.8 31.4 14 2.7 52.9 

16 35.4 19 0.8 18.8 29.2 13.5 1.53 28.1 

5 

10 37.7 18.5 0.55 14.2 32.5 19.7 0.7 24.8 

11 39.2 19.5 0.6 16.3 33.1 20.5 0.9 25.8 

12 41.1 20 0.4 11.2 34.8 20.5 0.8 22.9 

13 41.6 19.5 0.9 24.5 32.4 20.5 0.9 25.8 

14 39.7 19.5 0.9 24.5 32.1 20.5 0.9 25.8 

15 39 19.5 0.7 19.1 30.8 20.5 0.9 25.8 

16 32.9 19.5      0.7 19.1 29.4 20.5 0.9 25.8 

 

4.4 Sample Calculation  

OBTAINED DATA (without Cooling) 

Voc = 19.5 V  

Isc   = 0.2 A 

T     = 53°C = 327 K 

q     = 1.602 x 10
-19 

k     = 1.381 x 10
-23 

n     = 1 

Normalized Voc = 
                

                 
  

Normalized Voc = 691 V 

Fill Factor (FF)   = 
                  

     
 

                   FF   = 0.9 

Efficiency (𝜼)     = 
            

  
 

                      𝜼    = 7.02 % 

 

OBTAINED DATA (with Coolinized Voc = 775 V 

Fill Factor (FF) =   
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              FF   = 0.9 

Efficiency (𝜼) = 
          

  
 

                  𝜼 = 34.02 % 

 

4.5 GRAPHS FOR TIME vs VOLTAGE, AMPERE AND TIME vs TEMPERATURE, 

EFFICIENCY 

Graphs are drawn for the readings taken in those 5 days. The graph shows the variation of data in these 5 

days. The graphs are to be drawn by using the parameter. The parameter includes the temperature, 

voltmeter, ammeter, efficiency and time. The graphs are to be drawn of two types, they are: 

 Time vs. Voltage, Ampere 
 

 Time vs. Temperature, Efficiency 
 

 

Graph 4.1. Time vs Temperature & Efficiency of PV panel with & without cooling 

 

Graph 4.2. Time vs. Voltage & Ampere of PV panel with & without cooling 

 

The Cooling is not started yet. Observation starts today. Under absence of amps, Efficiency and 

temperature difference are zero. Still, there is a slight difference in volts. 
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Graph 4.3. Time vs Temperature & Efficiency of PV panel with & without cooling 

 

Graph 4.4. Time vs Voltage & Ampere of PV panel with & without cooling 

 

 

Graph 4.5. Time vs Temperature & Efficiency of PV panel with & without cooling 
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Graph4.6. Time vs Voltage & Ampere of PV panel with & without cooling 

Today, there is a slight deviation in volts and amps. By 10.00 AM temperature is high, panel temperature 

gets increased. Cooling is done in one panel, surface temperature of the panel gets reduced and it shows 

increase in amps. By 4.00PM, temperature decreases gradually and amps increases. So, the efficiency also 

increases correspondingly.  

 

 

Graph 5.7. Time vs Temperature & Efficiency of PV panel with & without cooling 

 

Graph 5.8. Time vs Voltage & Ampere of PV panel with & without cooling 
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When cooling starts, amps variation is low. Without cooling panel shows constant amps throughout the 

day. Between12.00AM-2.00PM the ambient temperature is high and so surface temperature of panel also 

increases. Cooling takes place efficiently on high temperature only. Amps gets increased following 

efficiency also increases. Amps increases on high temperature as cooling takes place efficiently. At 

3.00PM temperature is good, cooling takes place good and so change in efficiency.  

 

 

Graph 5.9. Time vs Temperature & Efficiency of PV panel with & without cooling 

 

 

 

Graph 5.10. Time vs Voltage & Ampere of PV panel with & without cooling 

 

Temperature is moderate from 10.00AM – 02.00PM. Electrical flux takes place randomly in flow of 

current and it exists today. Amps and volts of both with & without cooling remain same with slight 

changes. Efficiency is high in both cooling & without cooling due to some electrical flux.  

 

5.CONCLUSION 

The experiment has to be conducted on the solar panels for increasing the efficiency of the panels by 

water cooling. Readings are to be taken for this project and its displayed. Results and discussion were 

conducted. Finally, concludes that the increase in the temperature of the solar panel reduces the 
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efficiency. So, tries to reduce temperature of the solar panels by water cooling technique in below the 

panels. This leads to the absorption of heat from panel and then the cooling occurs in it with the help of 

copper coil. Thus, attain the maximum efficiency due to the effective cooling of the panels. From the 

overall graph, known about the fact that there is increase in temperature leads to increase in the 

efficiency. But the increase in the surface temperature leads to decrease in the efficiency. So planned to 

reduce the temperature by cooling to maximum of 10-12°c. Decreasing the temperature of the solar 

panels tends to increase the efficiency by means of using water as a cooling agent. Production of 

electricity leads to increase in co2 emission by the use of renewable energy source such as the burning of 

coal. But the usage of solar panel will produce less amount co2. Emission of co2 by the use of coal and 

other renewable energy sources increase the greenhouse gas and increase in earth’s temperature. So, 

increasing the usage of solar energy and reducing the usage of other renewable energy sources leads to 

decrease in the co2 emission. Usage of solar energy more and more leads to increasing the power 

production as well as reduction in the co2 emission. In India totally there are about 1, 67,707.88 MW is to 

be produced by means of coal. This requires huge amount of coal and the emissions from the coals are too 

high. This is to be eliminating by avoiding the usage of coal and developing the solar production. 
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