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Abstract— Solar water pumping systems are a modern but 

field proven means of pumping water in locations where 

access to grid power is not available, or where the grid is not 

reliable. A photovoltaic cell (PV cell) is a specialized 

semiconductor diode that converts visible light into direct 

current (DC). Some PV cells can also convert infrared (IR) 

or ultraviolet (UV) radiation into DC electricity. PV cell is a 

device that converts light into electric current using the 

photoelectric effect.  These systems use photovoltaic (PV) 

cells to convert sunlight into electricity to power centrigugal 

pumps which can be used to pump groundwater or surface 

water. This system provide the power at alltime even at 

cloudy days. This system increase the efficiency of 

irrigation in agriculture. Electricity for the motor is 

generated on-site through a solar panel which converts solar 

energy to DC. This system is used to achive dc supply to ac 

supply which can be used for pumping application. The 

main control system comprises of MPPT controller for PV 

system, a Power modulator system to regulate voltage and 

frequency. The Power modulator system consists of 

MOSFET and IGBT Inverter is used in this system to 

provide the constant dc voltage.  The MOSFET is used in 

this system to provide the constant dc voltage. The IGBT 

inverter is used convert dc to ac voltage. This system is used 

three phase squirrel cage induction motor for pumping 

application. The battery backup method is used in this 

system store the energy in day time and used for night times. 

A solar photovoltaic water pumping system (SPWPS) 

consists of PV array, motor-pump set, and associated 

electronics. 

Key words: MPPT, Photovoltaic, SPWPS, Induction Motor 

I. INTRODUCTION 

Energy is required for a wide range of applications. 

Electrical energy is the most convenient form of energy 

which can be converted to all other forms of energy. It is 

one of the most versatile forms of energy, form the point of 

view of transmission, distribution and control.The current 

trends in energy consumption are neither secure nor 

sustainable. There is a significant growth in the consumption 

of renewable energy sources. Solar energy represents a 

promising alternative that will likely initially supplement 

fossil fuel based energy supply, and eventually replace the 

fossil fuel source as the availability of the latter declines. 

Photovoltaic power control is one of the burning research 

fields these days. 

A solar photovoltaic (SPV) water pumping system 

consists of a PV array, a DC/AC surface mounted/ 

submersible/ floating motor pump set, electronics, if any, 

interconnect cables and an “On-Off” switch. PV Array is 

mounted on a suitable structure with a provision of tracking. 

Electronics could include Maximum Power Point Tracker 

(MPPT), Inverter and Controls/Protections. Storage batteries 

will not constitute a part of the SPV Water Pumping System. 

Photo-voltaic power control is one of the burning research 

fields these days. When compared to fossil fuels, solar 

energy is relatively untapped source of energy. Solar energy 

represents a promising alternative that will likely 

supplement fossil fuel based energy supply, and eventually 

replace the fossil fuel  source  as  the  availability  of  latter 

declines. A solar powered pump is a normal pump with an 

electric DC motor. Solar powered pumps will naturally work 

best during sunny days. Electricity for the motor is 

generated on-site through a solar panel which converts solar 

energy to DC. A solar photovoltaic water pumping system 

(SPWPS) consists of PV array, motor-pump set, associated 

electronics and an On/OFF switch. 

In this proposed system used three phase squirrel 

cage induction motor for pumping application. The 

induction motor is a self starting motor and high efficiency 

and reasonably good power factor. In this system we used 

MOSFET, IGBT Inverter and battery backup system. The 

MOSFET is used in this system to provide the constant dc 

voltage. The IGBT inverter is used to convert dc to ac 

voltage.Maximum power point tracking (MPPT) is a 

technique used commonly with wind turbines 

and photovoltaic (PV) solar systems to maximize power 

extraction under all conditions. The fuzzy logic method used 

in this paper. Fuzzy logic used in this system to control the 

MOSFET and IGBT Inverter output pulse and voltage. 

Battery backup method is to provide power at all time even 

at cloudy days. The performance of the system with fuzzy 

control and induction motor based solar water pumping 

system is studied in Matlab/Simulink. 

II. DESIGN CALCULATIONS OF SOLAR PUMP 

A simple model is chosen for the MATLAB modeling and 

simulation. A simple PV cell is represented by a light 

dependent current source (Isc) in antiparallel with a diode 

driven by current Id and a series resistance in the current 

path through semiconductor material, the metal grid, 

contacts and current collecting bus.A simple power 

calculation is given below for designing a solar DC Pump 

for a required capacity. 

Step 1: Amount of water required per day is 25,000 

liters/day. 

Step 2: Total Dynamic Head (TDH). It depends on two 

factors. 

 Total Vertical Lift. 

 Total frictional losses. 

TDH= Vertical lift + Frictional losses. 

Vertical lift = Elevation+ standing water 
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level+ Draw down. 

Frictional losses = 0.5% of Total vertical lift for the given 

specifications, 

Vertical lift= 16 m. 

Frictional losses= 16*0.05/100= 0.008m 

Then TDH=16 m+0.008 m =16.008m. 

Step 3: Hydraulic energy required to raise the water level 

per day is. 

= Mass* g*TDH. 

= (Density*volume)*g*TDH. 

=(1000kg/m3*25m3/day)*9.8m/s2*16.008m. 

= 1089.43 watt-hour/day. 

Step 4: Solar radiation data = 6hours/day. 

(Peak=1000watt/m2). 

Step 5: Size and number of solar PV modules required are… 

Total wattage of PV panel = Total hydraulic energy/no. of 

hours. 

= 1089.43/6 =181.57 watt. 

System losses = Total PV panel wattage/ (pump efficiency 

*mismatch factor). 

=181.57 watt/ (0.3*0.85) = 712.03 

Considering operating factor = Total PV panel wattage after 

losses/operating factor. 

PV panel capacity = 712.03/0.75 =949.38watt. 

Number of PV panels required = 949.38/240 ~ 4. 

1 HP AC motor can be run with a solar capacity of 960Wp 

with the available 240Wp model solar panel. 

III. BLOCK DIAGRAM DESCRIPTION 

 
Fig. 1: block diagram of solar power water pumping system 

In this proposed system used Power modulator and battery 

backup system. The Power modulator system consists of 

MOSFET and IGBT Inverter is used in this system to 

provide the constant dc voltage. The IGBT inverter is used 

to convert dc to ac voltage. This system is used three phase 

squirrel cage induction motor for pumping application. The 

battery backup method is used in this system store the 

energy in day time and used for night times. 

A photovoltaic cell (PV cell) is a specialized 

semiconductor diode that converts visible light into direct 

current (DC). Some PV cells can also convert infrared (IR) 

or ultraviolet (UV) radiation into DC electricity.PV cell is a 

device that converts light into electric current using the 

photoelectric effect. The solar power water pumping system 

used centrifugal pump. 

Maximum power point tracking (MPPT) is a 

technique used commonly with wind turbines 

and photovoltaic (PV) solar systems to maximize power 

extraction under all conditions. The fuzzy logic method used 

in this paper. Fuzzy logic is a form of many valued logic in 

which the truth values of variable may beany real number 

between 0&1 considered to be “fuzzy”.By constrast, in 

Boolean logic, the truth values of variables may only be 0 or 

1,often called “crisp”values. Fuzzy logic has been employed 

to handle the concept of partial truth, where the truth value 

may range between completely false. Furthermore, when 

linguistic variables are used, these degrees may be managed 

by specific (membership)functions. Fuzzy logic used in this 

system to control the MOSFET and IGBT Inverter output 

pulse and voltage. 

Battery backup method is to provide power at all 

time even at cloudy days. The main aim of the system is to 

achieve dc supply to ac supply which can be used for 

pumping application. In this three phase ac supply is used 

for pumping application. 

IV. SIMULATION DIAGRAM 

A. Induction Motor Based Solar Power Water Pumping 

System 

The figure 2 shows that the simulation diagram of induction 

motor based solar water pumping system. In this system 

used three phase squirrel cage induction motor for pumping 

application. The battery backup method is provide the power 

at all times even at cloudy days. This system input voltage is 

12V in PV panel. The output voltage of the three phase 

squirrel cage induction motor is 440V.The output current 30 

amps in three phase squirrel cage induction motor. 

The fuzzy logic method used in induction motor 

based solar water pumping system. Fuzzy logic used in this 

system to control the power modulator system. The power 

modulator system consists of MOSFET and IGBT Inverter.  

Fuzzy logic method in this system to control the MOSFET 

and IGBT Inverter output pulse and voltage.  

The MOSFET used in this system to provide the 

constant dc voltage. Fuzzy logic method is control the 

induction motor. In this system fuzzy logic method to 

minimize the error in power modulator system .The output 

of the power modulator system is given to the induction 

motor. Fuzzy logic method is to control the induction motor. 

 
Fig. 2: Induction motor based solar power water pumping 

system 
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B. Output Voltage of Induction Motor 

The figure 3 shows that the waveform of output voltage in 

induction motor. This system input voltage is 12V in PV 

panel .The output voltage of the three phase squirrel cage 

induction motor is 440V.The output current 30 amps in 

three phase squirrel cage induction motor. 

 
Fig. 3: output voltage in induction motor 

C. Simulation Diagram of PV Arrangement 

The figure 4 shows that the circuit diagram of PV 

arrangement. It includes the PV array, voltage sensor and 

current sensor. The PV system is connected to the voltage 

sensor and current sensor to sense the value of the PV 

voltage and current. Inside the PV system, we have solar PV 

array (i.e many solar cells are arranged). So we have the PV 

voltage as 12 volts .The PV system voltage to sense the 

voltage sensor. 

 
Fig. 4: PV arrangement 

D. Simulation Diagram of MPPT 

The simulation diagram of the MPPT with PV comparison. 

They are MPPT with PV comparison with fuel cell stack or 

with battery. The figure 5 shows that the simulation circuit 

diagram of MPPT with PV. So the general PV input voltage 

is 12 volts. MPPT for PV system is used for maximum 

power extraction. This MPPT system to maximize the input 

voltage upto 50v. 

 
Fig. 5: maximum power point tracking 

V. CONCLUSION 

Solar powered water pumping system have become 

commercially popular due to proper financing schemes by 

the government. MPPT techniques are being used to 

improve the performance of Solar powered water pumping 

systems during fluctuations in solar intensity. The following 

major limitations of Solar powered water pumping systems 

are identified. The main aim of the system is to achieve dc 

supply to ac supply which can be used for pumping 

application. In this system used three phase squirrel cage 

induction motor. The three phase ac supply is used for 

pumping application. The MOSFET used in this system to 

provide the constant dc voltage for inverter circuit. Fuzzy 

logic used in this system to control the MOSFET and IGBT 

Inverter output pulse and voltage. The output of a solar 

pumping system is very dependent on good irrigation 

system design derived from accurate site and demand data. 

The three phase squirrel cage induction motor output is 

440V.PV cell input voltage is 12V. Stator and rotor current 

is 30amps. The stator and rotor current is constantly 

increase. 
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