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Abstract - Renewable energy is collected from natural resources like solar, wind, thermal, tidal. Solar energy is one of the 
most beneficial resources for electricity generation with zero emission. Solar energy is obtained from conversion of solar 
radiation into electrical energy by means of either solar photovoltaic cell or solar concentrator. Photovoltaic cell converts 
solar energy into electrical energy by photovoltaic effect. Solar concentrator concentrates solar radiation by means of mirrors 
or reflectors. Solar energy has been utilized for generation of electricity more than 8 hours on an average day span. Solar 
water pump run on photovoltaic panels. Solar water pump is designed especially for remote location.It is emerging source 
for pupping, irrigation.Solar water pump is mainly depends on two parameters: Ground water potential and solar radiation 
during the day. This research work contains development of 3 kilowatt solar water pump for irrigation. Discharge (output) 
has been recorded for different time of day span, different interval of month according to season (winter, summer, and 
monsoon). Output of this system varies throughout the day. It is observed that discharge (Flow rate) is increased with 
intensity of solar radiation. Discharge is compare with domestic electric pump. In most of the case discharge of solar water 
pump is higher than electric pump at same head. Solar water pump is more appropriate for water pumping due to its low 
operational cost, low maintenance cost over diesel pump and electrical pump especially for remote area. 
 
Index terms - Solar pump, submersible pump, discharge, irrigation, remote area  
 
I. INTRODUCTION 
 
Solar energy is an important, clean, cheap, and 
abundantly available renewable energy. The sun 
radiates heat and light. The hydrogen atoms in core of 
sun’s core combine to form helium and generate 
energy in process called nuclear fusion. During 
nuclear fusion, the sun’s extremely high pressure and 
temperature cause hydrogen atoms to come apart and 
their nuclei to fuse or combine. Some matter is lost 
during nuclear fusion. The lost matter is emitted into 
space as radiant energy.  
Application of solar energy mainy classified into two 
categories. 
1. Solat thermal energy  
2. Solar to electrical energy  
 
Most common way of harnessed solar energy is 
photovoltaic module. Solar modules consist of layers 
of materials like a sandwich. A solar cell is made 
from a thin layer of silicon. The light carries energy 
into the cell and the cell and the wires connected to 
the cell convert the light energy into another kind of 
energy say electric current. No electricity is stored in 
the cell, electricity is utilized in different ways. Solar 
PV technology is the most significant renewable 
energy technology particularly for remote and stand 
away consumers or users away from main electric 
grid. Solar PV array is a set of photovoltaic segments. 
The solar PV modules convert the incident solar light 
energy directly to electrical energy in D.C. (Direct 
Current) form. Each solar cell in module consist of 
two layer p-type and n-type (Dropped silicon) in 
contact to make a junction, which having electrical 
connection thorough bus bar. For the protection 
purpose layer of glass is placed. Construction of solar 
PV cell is shown in figure 1. 

Figure 1 Construction of solar PV cell 
 
A single cell has a rated voltage about 0.5 V[1] and 
rated power of about 0.3 W. The DC power output 
depends upon total number of cells and power per 
cells. Actual delivered power varies with intensity of 
sun light and the load resistance. Several modules are 
connected in either series or parallel to obtain desired 
voltage, current, power. Generated electric power 
from the PV modules either stored into battery for 
storage purpose or convert into A.C. (Alternative 
Current) with help of solar converter. Schematic 
diagram of solar system is shown in figure 2.  

 
Figure 2 Schematic diagram of solar system 

 
The ever increasing misalliance between the demand 
and supply of electricity is posing challenges to 
farmer located in remote area. Groundwater has 
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promptly emerged to occupy a dominant place in 
India’s agriculture and food security in the recent 
years. It has become the main source of growth in 
irrigated area over the past 3 decades, and it now 
accounts for over 60 percent of the irrigated area in 
the country. It is estimated that now over 70 percent 
[2] of India’s food grain production comes from 
irrigated agriculture, in which groundwater plays a 
major role. Groundwater is irrigated with the help of 
pump. Generally most of the pump set for irrigation 
either run by electricity or diesel. In many of case 
diesel pump due to scarcity of electricity.  
 
The scarcity of electricity is forcing farmers to look at 
environmentally, low maintenance irrigation system. 
Solar water pump is one of the finest solution for 
irrigation. Solar water pumping system is capable to 
run all types of electrical pump. Floating pump, 
submersible pump, centrifugal pump are most 
commonly used pump for solar water pumping. 
Generally submersible pump is widely accepted for 
the ground water irrigation. These pumps can be a 
great option where the waterlevel has higher depth 
i.e. more than 14m. These are highly effective pumps 
which are capable of lifting water from up to 40m -
50m depth. The best thing about these pumps is that it 
gets easily installed under water, that’s why in this 
research articles solar water pumping system design 
for ground water irrigation with the help of 
submersible pump. It is concluded from literature 
survey that potential for solar water pumping for 
irrigation to be more than 70 million solar water 
pump in India and corresponding to that 255 billion 
liter diesel can be saved per year and it will help to 
reduce air pollution too.  
 
II. METHODOLOGY 

 
The advancement in the field of technology has made 
our lives simpler and hassle-free. Solar powered 
pump is an ideal example of this advancement. These 
pumps, without a doubt, have made the task easier 
and at the same time have given an opportunity to 
make the best use of the natural energy of the sun 
with maximum output. A solar pump is defined as a 
pump which runs on electricity that is generated by 
photovoltaic panels or the thermal energy. These 
pumps make the highest use of the energy that is 
provided by the sun for their functioning. Solar 
Pumps are environmental-friendly as compared to the 
pumps which are powered by ICE (Internal 
Combustion Engine). Such pumps are functional in 
the areas where there is non-availability of grid 
electricity. These pumps are also safer to use. Since, 
it has low voltage, it is less harmful. With the help of 
these pumps, environment is also benefitted. It also 
plays an important role in the management of water 
quality and controlling soil erosion. Solar water pump 
is compiled by mainly three components.  
 

1. Solar panels 
2. Inverter 
3. Pump Set 
 
Solar panels are connected in series-parallel 
connection to achieve desirable voltage and current. 
Desired voltage is calculated from type of pump, on 
basis of that number of panels and connection of 
panels take place. Solar panels convert radiation of 
sun energy into D.C. voltage. In most of the case 
pump sets are run on single phase A.C. or three phase 
A.C. power output. It is necessary to convert D.C. 
voltage into A.C. voltage to run pump for irrigation. 
Controller (inverter) is an electronic device which 
converts DC voltage of PV modules into AC voltage 
and matches the frequency of pump and regulate the 
operation.  
 
Advanced inverters are available for solar water 
pump. It converts DC voltage from the solar array 
into AC voltage to drive submersible pump (any kind 
of pump) directly without any need of storage 
(battery).By Maximum Power Point Tracking[3] 
(MPPT) utilization, inverters regulate output 
frequency to govern the speed of pump in order to 
save damage of pump. MPPT is abbreviated as 
Maximum Power Point Tracking. Actually it is not a 
mechanical tracking, it is an electrical system that 
operates the PV modules in manner that allows to 
produce all the power with maximum capability. The 
MPPT depends on solar radiation, temperature of 
panels, and connected load. Block diagram of MPPT 
system is shown in figure 3.  
 

 
Figure 3 MPPT Block Diagram 

 
Inverters have multiple ports for the input connection 
(DC voltage) and output connection (depends upon 
single phase or three phases). In this research articles 
MPPT type of inverter is used, it eliminates the need 
battery. It reduces cost of solar water pump up to half. 
 
In this research work submersible pump is used to 
compute discharge. Pump is able to be placed 
underwater (submerged) with motor. It is available in 
different stage (based on number of impellers). 
Submersible pumps protect the motors from the 
liquid being pumped when they are working.   
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III. WORKING MODEL 
 

Development of solar water pump followed by simple 
methodology which is describe in earlier chapter. For 
research work, irrigation system with 3HP 
submersible pump [4] is designed. According to that 
required voltage and ampere of motor is computed. 
Number of solar panels is arranged to achieve 
desirable voltage and ampere by series and parallel 
connection. Designed inverter connected with panel 
output to meet maximum efficiency and AC voltage 
as well. Output of inverter become input for the 3 HP 
submersible pump. Inverter is designed for 3 phase 
AC connection. It is concluded from observation that 
in most of the farm 3 phase connection are available, 
so that all pump are working on 3 phase AC power 
supply. 
 
As radiant energy increased solar PV modules 
generate DC voltage and maximum output obtained 
with the help of MPPT technique. Different 
parameters like VDC, IDC, Vcell, Icell, VAC, IAC measured 
at different time of a day (In a step of 30 
minutes).There is elimination of storage system so it 
will not work when there is low radiation or after 
evening time (say after 6.00 P.M.). Discharge of this 
system is measured and compare with electrical pump 
discharge with same head. Output of solar water 
pump varies throughout the day due to frequent 
changes in radiation.   

 

Maximum Power 250 Wp 

Open circuit voltage 37.23 V 

Short circuit current 8.95 A 

Voltage at maximum power 29.7 V 

Current at maximum power 8.42 A 

Maximum system voltage 1000 V 

Series fuse rating 15 A 

Maximum design load 2800 Pa 
Table 1 Panel Specification 

To meet the requirement of 3 KW power 8 panels 
(250*8) are arranged in series connection to 
accumulation of voltage of each panel with 
appropriate angle. 
 
Designed inverter basically works on MPPT 
technology to get maximum power from solar array. 
Maximum operational temperature is 550. It is 
pumped even in morning, evening and in cloudy 
weather. It can easily match frequency of any kind of 
submersible pump with dual mode (Either solar array 
or grid power). It is transformer less with intelligent 

v/f control method to manage AC pump with constant 
water flow output as per solar radiation. Influence 
parameter of this inverter is automatic trip on fault. 
Inverter status, Motor frequency, Motor ampere, any 
type of faults (like low radiation, under voltage, over 
voltage) and Input DC voltage are shown LCD 
display with three LED light.  

 

Model 3 HP 

Motor Power 3 HP 

Maximum Open Circuit Voltage 800 

MPPT Voltage 570-610 

O/P Frequency 0-50 

Max O/P Voltage 415 

PV Modules Watt 3000 
 Table 2 Inverter Specification 

IV. RESULTS 
 
Discharge has been measured with different time span 
from 10:00 AM to 5:00 PM (In span of one hour). 
Total head of the system is 60 feet. Submersible 
pump has been installed in well. Pump is connected 
with solar PV modules with inverter. Discharge has 
been recorded in step of 1 hour. One standard 
electrical pumping system has been taken for 
reference. Discharge of electrical pump is constant as 
it does not depends on radiation. Pump with electric 
connection gives 380 LPM. Discharge of solar pump 
and electric pump has been compared in figure 4. 
 

 
Figure 4 Time vs. Discharge 

 
VDC, ICell, Vcell, VAC,IAC these all parameters measured 
and calculated with time. These all results are shown 
in table 3.  

 

Time VDC 
MPPT IDC Vcell Icell VAC IAC 

10:00 465 3.2 2.69 0.1 368 4.3 
10:30 469 3.4 2.69 0.11 370 4.4 
11:00 475 3.6 2.7 0.1 373 4.5 
11:30 478 3.8 2.7 0.11 384 4.7 
12:00 478 3.3 2.74 0.09 380 4.7 
12:30 490 3.6 2.72 0.1 391 4.9 
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1:00 482 3.6 2.81 0.1 383 4.7 
1:30 479 2.7 2.78 0.06 374 4.7 
2:00 483 3.4 2.66 0.01 390 4.7 
2:30 471 2.6 2.81 0.09 355 4 
3:00 470 2.6 2.78 0.07 355 4 
3:30 470 2.3 2.7 0.07 344 3.6 
4:00 470 1.8 2.74 0.06 308 2.8 
4:30 469 1.6 2.77 0.04 310 2.9 
5:00 468 1 2.72 0.03 283 2.2 
5:30 465 0.09 2.68 0.02 272 1.78 

Table 3 Results 
 
CONCLUSION 
 
Irrigation is one of the most influencing parameter for 
the Indian economy. Supplement of water is prime 

requirement for the farms. It is concluded that solar 
water pump is more reliable as well as efficient than 
conventional pump. In most of the day span average 
discharge of solar water pump is higher than electric 
pump.   
 
REFERENCES 

 
[1] An Overview of Solar Cell Technology, Mike McGehee 
[2]  “Groundwater Irrigation in IndiGrowth, Challenges, and 

Risks” Vasant P. Gandhi and Vaibhav Bhamoriya 
[3] “Maximum Power Point Tracking Algorithms for 

Photovoltaic Applications”, David Sanz Morales 
[4] ”Energy Conservation in Submersible Pump Sets through 

Efficiency Improvements using Modified Slot Design and 
DCR Technology”, S. Manoharan, N. Devarajan M. 
Deivasahayam, G. Ranganathan, J. Electrical Systems 6-2 
(2010): x-xx 

 
 
 
 
 
 
 
 
 
 

 

http://iraj.in

