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Abstract— The limited fossil fuels and demand for the energy 

made renewable a booming source of generating energy. An 

enormous amount of solar energy made it a best alternative 

renewable energy, which is free of cost and unlimited source of 

energy, eco-friendly and sustainable to the environment. But 

during the execution of panels on land has the burden of intense 

land requirements which is a premium commodity. The hurdles 

faced are land availability, land acquisition, land development 

and, land evacuation. Earth is covered with 70% of water. So, 

most of the solar energy is captured by water compared to land. To 

conserve the valuable land and water, installing a solar PV system 

on water bodies like oceans, lakes, lagoons, reservoirs, canals and 

water storage tanks are an appropriate option. They have 

numerous advantages compared to land installed solar panels. 

They reduce the valuable land area, reduce evaporation of 

drinking water, cooling of solar panels by the water below the 

panels. Additionally, the aquatic environmental profits by the 

solar installation limit the algae growth and potentially improves 

water quality. In this paper a new method of the float was 

discussed, a comparison is made between the floating PV system 

and standalone PV system. This method also improves the 

efficiency of the solar panel. A Small prototype has been designed 

and the results were plotted for different loads. 

 

Keywords Renewable energy, floating PV system, solar 
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I. INTRODUCTION 

With the rapid growth of population, the energy demand 

has been increasing exponentially for human needs. The 

demand should be met without affecting the environment. 

The consequences of environmental pollution let the world 

shift towards renewable energy [1]. For the development of 

renewable energy, the ISA summit was conducted with the 

help of UNCCC (United Nations Climate Change 

Conference) in 2016. The main objective of the summit is to 

work for efficient exploitation of solar energy to reduce 

dependence on fossil fuels. So, India had participated in the  

 

summit and the government of India has been decided to 

generate the energy of 100 GW using solar energy from 20 
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MW which was planned before [2]. Under the JNNSM 

(Jawaharlal Nehru National Solar Mission) of India, the 

target can’t be reached using standalone, rooftop, and other 

application PV systems. 

The floating solar PV plants are the advantage to generate 

energy from solar PV systems [3]. floating solar panels are 

placed to cover the surface of the irrigation canals, reservoirs, 

lakes, summer storage tanks of cities, quarries and few ponds. 

By placing the solar panels over the water increases the 

efficiency and life span of the solar panel. Commercial PV 

modules which are available in the market can generate 6-18 

% of electrical energy [4]. The generation capacity of the 

solar panel increases by 16% due to cooling [5]. The 

maximum efficiency of solar cell can be obtained with ideal 

values such as operating temperature and solar irradiation [6]. 

 If the operating temperature of the solar cell increases by 

1
0
C the efficiency of the cell will decrease by 0.485% [7]. 

Abdolzadeh and Ameri proposed the new methodology of 

cooling and maintaining the ambient temperature of 

Photovoltaic cell using water sprinklers [8]. This laid the 

foundation for a different cooling process like using a thin 

metallic sheet in the middle or fins at the back wall of air duct 

which transfers heat in augmentations in an air-cooled 

thermal solar collector to increase its efficiency [9]. 

Anderson has proposed two methods which will increase 

both the thermal and electrical efficiency. Firstly, 

maximizing the ratio of the cooling tube width to spacing. 

Secondly, by implementing thermal conductive adhesives 

provides good thermal contact between the photovoltaic 

module and the absorber will be achieved [10].  

This paper consists of three sections. Section 1 consists of 

design of PV cell with ideal characteristics and practical 

values and the efficiency of the panel on no load is calculated. 

Section 2 comprises of a new method of float designed for 

floating the solar panel. The output and efficiency 

comparison of floating solar panel and ground mounted panel 

has been categorized under section 3. 
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II. MODELING OF SOLAR PV MODULE 

 

 
Fig1. Equivalent circuit of a solar cell 

 

Figure 1 shows the equivalent circuit of a solar cell. The 

modelling of the panel is done using the equivalent circuit. 

Using superposition principle, the output current is 

expressed as  

                         I=Ipv–Id ----                                    (1) Where Ipv is the light generated current of the solar cell which mainly depends on solar irradiation and its working temperature given by 

            Ipv=[Isc+K1(Tc–Tr)]G                            ----(2) 

Where, Isc is the short circuit current of the cell, 

           Kl is the short circuit current temperature 

coefficient of the cell, 

           Tc and T are the working temperatures of cell and 

reference temperature respectively in 
o
C. 

Using Shockley Equation, Id can be expressed as  

              Id=Is{exp[
         

    
  -1}                     ----(3) 

Where, Is is the diode saturation current 

            q is the electron charge 

           V is the output voltage of the PV cell 

            I is the output current of PV cell 

            A is the diode ideality constant 

            K is the Boltzmann constant         

The diode saturation current is given by 

            Is=Irs(
  

  
)

3
exp[

   

  
(
 

  
 -

 

  
)]                    ----(4) 

Where, 

            Irs is the diode reverse saturation current 

          

  Eg is the band gap energy of the semiconductor used in 

the cell 

The diode reverse saturation current is given by 

              Irs=
   

   (
    
    

)  
                                ----(5) 

Where, Voc is the open circuit voltage 

             Isc is the short circuit current 

The output current is obtained by substituting the above 

equations in equation 1 

I=Ipv-Is{exp(
        

    
)-1}                             ----(6) 

III. DESIGN OF SOLAR PV PANEL 

Maximum power 60 W 

Voltage at Pmax  17.1 V 

Current at Pmax 3.5 A 

Minimum power Pmin 58 W 

Short circuit current Isc 3.8 A 

Open circuit voltage Voc 21.1 V 

Table. I. 60watt solar panel specifications 

The specifications shown in table I are considered for the 

designing of solar module. The modelling is done in matlab 

as shown in figure 2 and 3. The modelling is done using the 

equations 1 to 6. The characteristics at different irradiances 

and temperatures are shown in figure 4,5 and 6. 635W/m
2
 is 

the irradiance at the location at which the experiment is 

conducted and is found by calculation in the later section. 

 
Fig 2. Simulation of solar PV panel 

 

 
                                                                                                                                                                                                                                     

Fig 3. Design of solar PV module 
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Fig 4. PV characteristics at different solar irradiance 

 

 
Fig 5. IV characteristics at different solar irradiance 

 

 
Fig 6. IV characteristics at different cell temperatures 

IV. CALCULATIONS 

Maximum ideal power of solar panel as on Matlab= 59 W 

Total power output= number of panel*power output 

                              =   1* 59= 59 W 

Total generation in year = Power Output * 2920      (8hrs a 

day) 

               = 59*2920 = 172280 W 

 

Total average mean Potheri’s solar radiation from figure 7 

is 5.08KWh/m
2 
   

 

 
Fig 7. Monthly average irradiation of Chennai 

 

Yearly Global Radiation = Mean Radiation * 365= 5.08* 

365 = 1854.2 KWh/m
2
 

Average yearly irradiation = 
                  

               
 = 

      

    
 = 

635 W/m
2
 

Average yearly irradiation at 12.8183
o
 N latitude and 

80.0384
o
 E longitude of India is found out to be 635 W/m

2
. 

The ideal irradiation is 1000 W/m
2
. Hence the efficiency of 

the panel decreases. This floating PV system curbs the effect 

of solar irradiation and the increase the efficiency of solar 

panel to a certain extent. 

V. FLOATING PANEL STRUCTURE 

 The pontoon is the floating structure which provides 

enough buoyancy and support to solar panel. Different 

systems can be used to design the floating structure. Some 

systems have the pontoon as the mechanical structure which 

has a disadvantage during over flooding. This has been 

overcome by using electrical machinery to support the 

structure. Cost and energy for machinery had become the 

issue. To overcome these limitations different materials are 

considered such as rubber, aerogel, polyethylene, High- 

Density Poly Ethylene (HDPE),  

etc. the properties of the different materials are shown in 

the table1. 

Table. II. Properties of different material 

 

 

  

Property HDPE Rubber Aerogel 

Strength to 

density ratio  

930-970 Kg/m
3 

15-20 

Kg/m
3 

300-1000 

Kg/m
3 

 Withstand 

temperature 

Up to 120 
0
C  Up to 

300
0
 C 

Up to 350
0
 

C 

Cost per m
2 

(INR) 

550 1184 3500 

Lifespan  50 years  5 years 25 years 
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On referring to table II, HDPE is found to have better 

properties in strength to density ratio, cost and lifespan. 

Hence it can be considered as the best option for float. The 

float is designed in such a way that the air gets trapped in the 

structure to give it enough buoyancy to float on water. The 

HDPE pipes are heated and joined to form a closed square 

structure as shown in the figure 8. The size is chosen such 

that it suffices the solar panel considered for floating. The 

average panel size of a 60W panel is 0.6*0.7 m. Hence the 

float considered is 1*1m. The simpler the panel the higher the 

efficiency due to quick cooling rate. The closed structure is 

then covered with a sheet on both sides where one side 

provides insulation and the other forms the base on which the 

panel is placed. The sheets provide extra support and help in 

trapping air inside so that the withstanding capacity of the 

float increases.  

VI. EXPERIMENT PROTOTYPE 

 
Fig 8. Float structure of HDPE 

 

The ponton designed is made to float on water body 

essentially a pond. The tilt angle of the solar panel is not a 

major issue since the experiment is done to compare the 

efficiency of ground mounted and float solar PV system. 

Hence the tilt angle is considered as zero degrees for both 

systems. The experiments were done simultaneously to 

produce the same conditions between the experiments. The 

experiment is conducted at peak hours from 11 am to 1:30 

pm. The rheostat was connected as the load for both 

experiments. Same type of 60W panels was used to ensure 

precise comparison. 

 
Fig 9. Floating  PV panel prototype 

VII. RESULTS AND DISCUSSION 

Experimental results were obtained by using multi-meter 

and temperature of the solar cell is measured using IR 

thermometer. The overall result shows the increment of 

power and efficiency of the PV panel when floating on water. 

The power outputs of both systems are shown in fig 10. For a 

50 ohm load the floating panel gives a power of 43.6192W 

whereas the ground mounted gives an output of 39.2W, 

which shows that in the same duration the floating panel 

produces 4.4192W. The energy gain of a floating solar panel 

is 11.27% more than that of ground mounted system. On that 

particular day the temperature reached as high as 66.1
0
C for a 

ground mounted system  

 
Fig 10. Power output of ground mounted and floating 

PV system 

  



International Journal of Recent Technology and Engineering (IJRTE) 

ISSN: 2277-3878, Volume-8, Issue-2S11, September 2019 

3372 

Published By: 

Blue Eyes Intelligence Engineering 

& Sciences Publication  

Retrieval Number: B15660982S1119/2019©BEIESP 
DOI: 10.35940/ijrte.B1566.0982S1119 

 
 

 
Fig 11. Temperature and efficiency of floating and 

ground mounted PV system 

 

 
Fig 12. Variation of temperature of solar panels 

 

whereas it reached 64.2
0
C for a floating system. The 

temperature variations have affected the efficiency of the 

panel which is shown the figure11.The efficiency for a 50 

ohm load has a peak of 12.57% for a floating system whereas 

it is only 11.16% for a ground mounted system. The 

increasing temperature is shown in the figure12. 

 
Fig 13. Power output of ground mounted and floating 

PV system 

For a 20 ohm load the efficiency increased to as high as 

27.6 % for a floating system whereas it is 27.38% for a 

ground mounted system. The power gain is 1.72W for a for a 

floating system which is 1.79 % of a ground mounted system. 

The respective outputs are shown in the figures 13,14 and 15. 

 
Fig 14. Efficiency and temperatures of both PV systems 

 

 
Fig 15. Variation of temperature of standalone and 

floating PV   system 

VIII. CONCLUSION 

This paper highlights the floating PV system installed on 

water bodies. Floating system is an innovative step as it could 

solve land acquisition. The temperature of the panel is kept 

low and hence it generates more power than those set on land. 

The power gain is 11% higher for the floating system and the 

water evaporation reduced by 70%. The panel can be 

designed to further increase the efficiency. Different cooling 

methods can be installed to increase efficiency of the system. 

Sprinkler system would be feasible idea for the cooling 

process. Different structures of floats can also be made. One 

major drawback is it is not advised to be installed on 

seashores due to the tidal force. This can be overcome by 

using a different float design. 
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