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Abstract— In today’s technological world, it is affordable to design a solar based system that can provide the energy needed 
for day to day life. One such application is solar water pumping which is cost effective and reliable in a country like India, 
where it receives sunlight throughout the year. This paper is based on a solar water pumping system, which is designed and 
analyzed according to the requirement at Vellakovil, Tamilnadu, India. The solar irradiance data is collected for the chosen 
location using PVgis. A dedicated software (PVsyst) was considered for the sizing of photovoltaic systems considering the 
proposed energy consumption, site location, source of water and daily requirement of water. Sizing of the solar panels was 
also calculated manually. The system is designed with these data and the efficiencies are compared to obtain the system with 
better energy output. 
  Index Terms— Solar panels; direct coupled solar pumping system; PVgis; PVsys; 

 
1. INTRODUCTION 

The non-renewable energy such as Coal, Petroleum and 
Natural gas is depleting exponentially due to the over use by 
human population along with the environmental degradation 
caused by producing energy from such resources. So it has 
become highly necessary to use alternate energy resources. 
This proposed solar water-pumping system will replace the 
use of traditionally used gas powered pumping systems and 
will be environment friendly. This solar water pump will 
pump water from ground water and deliver it to the required 
area. The operation of solar powered pumps is cost-effective 
due to the lower operation and maintenance costs and has 
less environmental impact than pumps powered by 
conventional form of energy. 

Solar energy is obtained by converting sunlight to D.C 
electricity. The solar cells are composed of semiconductor 
materials that produce electrons when light energy strikes 
the solar cell. Electrical connectors that are connected at the 
end of the solar panel allow the electrons to be captured in 
the form of DC current. This electricity can either be 
converted to AC or used in DC form according to the 
application. The converted AC energy is used to power the 
pump and finally the water is pumped for the purpose 
required. This solar water pumping system has the following 
advantage: 

 
 It is an abundant Renewable Energy. 

 It is a Non-polluting technology, which means that it does 
not release greenhouse gases. 

 It is a Noiseless technology as there are few moving parts 
involved in energy generation. 

 This technology requires Low-maintenance because of 
lack of moving parts. 

 It can be installed on modular basis and expanded over a 
period. 

 Most viable alternative for providing electricity in remote 
rural areas as it can be installed where the energy 
demand is high and can be expanded on modular basis. 
 

2. SITE SURVEY 
The electrical output of a PV array depends on the solar 

radiation it receives. Outside the Earth’s atmosphere, on a 
surface normal to the solar beam, the power density is 
1,365W/m2.As the solar radiation passes through the 
atmosphere, some of it is scattered and absorbed, the 
amount depending on the length of the atmospheric path 
traversed by the solar radiation and the quantity of dust, 
water vapor, ozone, carbon dioxide and other aerosols and 
gases present. About one half of the scattered energy is 
returned to the earth as diffused radiation from the sky. The 
diffused radiation plus the direct irradiance from the sun are 
together termed as total irradiance. The total irradiance on a 
horizontal surface is called the global irradiance. 
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Vellakovil, a municipal town in Kangeyam taluk in Tirupur 
District, in the Indian state of Tamilnadu. It is located in 
10.93°N 77.72°E and has an elevation of 231m (758 ft). PVgis 
is an online tool to estimate the solar electricity production of 
a photovoltaic (PV) system. It gives the annual output power 
of solar photovoltaic panels. The solar radiation data used in 
PVgis has been calculated from satellite data. In this manner 
the data for any choosen location can be obtained with 
hourly time resolution. 

 
2.1. Performance of a PV 
The monthly performance of the photovoltaic system and the 
global irradiance at the Vellakovil is calculated using PVgis 
with an inclination angle 11 degree is shown Table 1. 
 

 
Table 1: PV performance 

 
It is inferred from the below graph that a panel that is 

inclined at an angle yields more energy output than that is 
kept at an angle of 0 degree. 

 

 
 

(a)Monthly energy output from fixed-angle, (b) Monthly in-
plane irradiation for fixed angle 

Figure 1: Graph for monthly PV performance 
 
2.2. Monthly solar irradiation 

The solar irradiation at the chosen location is obtained for 
each month using PVgis. 

 

Table 2: Monthly solar irradiance data 

Table 2 shows the irradiation data on horizontal plane and 
inclined plane with optimal inclination month wise and figure 
2 shows the monthly irradiation in graphical representation. 

 

 

Figure 2: Monthly irradiation 
2.3. Average daily solar irradiance 

Figure 3 shows the daily irradiance on a fixed plane. Table 
3 shows the solar irradiation data that is obtained using PVgis 
for the month of July on an hourly basis. It is seen that the 
global irradiation is maximum between 10.00 AM to 1.30 
PM.  

                                                                                        

Figure 3: Daily Irradiance on a fixed plane 
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 Table 3: Daily solar irradiation data for the month of July 
graph 

3. PROPOSED SYSTEM 
Direct-coupled pumping system is chosen without battery 

backup as the battery backup pumping systems reduce the 
losses. The proposed system is  shown in Figure 4.  

 
 

Figure 4: Proposed system 
 
3.1. Solar panel 
The proposed system has solar panels manufactured by 
seraphim energy limited, made of polycrystalline cells which 
are rated 250 watts each. The numbers of panels are 
calculated in the following steps: 

• Step 1:  
Calculation of total Wh per day = watt rating * no of 
hours used 

=7.5*746*3.5                                    
=19582.5 Wh 

• Step 2:  
Calculation of total Wh for the PV panel= total Wh * air 
mass ratio 

                                            = 19582.5 *1.3 

                                 = 25457.25 Wh  
• Step 3:  
Total peak rating of the PV panel = (total Wh for the PV 
panel /generation factor)   

=25457.25 /4.32 
   = 6000 W 

• Step 4: 
Calculation of number of panels for the system   = (total 
peak rating of PV panel/rating of the solar panel) 
   =6000/250                                                                                    
   = 24 panels  

Therefore, 24 panels are chosen to provide electrical power 
for the pump. 
 
3.2. Inverter 

DC current produced from solar panel will be delivered to 
solar pump controller, which consists of inverter and variable 
frequency drive. A solar water pump designed with variable 
frequency drive, greatly improves efficiency. The inverter 
converts the DC current into AC current to drive pumping 
system. The inverter will automatically regulate output 
frequency according to sun radiance intensity. The inverter 
can be run in Digital mode control, with automatic operation 
and manual operation mode options complete protection 
functions. 

 
3.3. Pumping system 

Submersible pump is used for this system since the water is 
drawn from a deep well. Three-phase pump is used with 
specification of 7.5 HP as per the water needs for the 
industry. The motor and pump are built together as in 
submersible system. The pump is located at a depth of 130 
m, which satisfies the water requirements for daily use. 

4. SOFTWARE DESIGN 
For the software design, PVsyst a computer software 

package is considered. It is used for the study, sizing, and data 
analysis of complete PV systems. It deals with grid-connected, 
stand-alone, pumping and DC-grid PV systems. 

According to the application, the required system is chosen 
as pumping from the preliminary design. After choosing the 
type of system, the location of the project is chosen as 
Vellakovil. From the data obtained through PVgis, solar panel 
placed at 11 degree has better energy output. So the tilt 
angle is given as 11 degree and the azimuthal angle is kept 0 
degree. For designing the hydraulic circuit, the type of 
pumping system, storage tank specifications, the pump depth 
and static depths are specified. In the system design, the 
other specifications such the solar panel, sizing of the solar 
panel and the inverter control mode are selected. The silicon 
polycrystalline panel is chosen with 250Wp. The control 
mode is selected as in the proposed system. By entering 
these details, the software calculates the panel sizing, which 
matches the manual calculations. The software calculates the 
detailed losses and the simulation is made to run. Finally, the 
software-generated report can be obtained. The energy and 
losses related to the system is shown in Figure 5. 
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Figure 5: Monthly energy graph for the system 

5. COMPARATIVE ANALYSIS
The efficiency of a PV module lies between 13% to 20%. 

Thus, the efficiency has to be calculated for different solar 
panels in order to have a better output. A comparison in the 
efficiency has been made using PVsyst software, which is 
tabulated in Table 4. 

Table 4: Comparison of the system efficiency 

Thus, the monocrystalline 26 v panel has better efficiency 
when compared with other type of solar panels. But, since 
polycrystalline 25V panel also has efficiency of about 15.35% 
close to the efficiency of the monocrystalline 26V panel, the 
polycrystalline panel is chosen because of its cost 
effectiveness. 

6. CONCLUSION
Solar radiation site survey is done for the specified plant 

location using PVgis. In this work design for the 7.5HP solar 
water pump is done with both manual and software 
calculation at standard test conditions. A comparative 
analysis of the pumping system efficiency is done using 
various types of panels as a comparative tool and it is inferred 
that optimum design with greater efficiency is found when 
we use Polycrystalline 250Wp, 25V solar panel for the 
pumping system.  
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