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Abstract— Agricultural technology is changing rapidly. Farm 

machinery, farm building and production facilities are 

constantly being improved. Agricultural applications suitable 

for photovoltaic (PV) solutions are numerous. These 

applications are a mix of individual installations and systems 

installed by utility companies when they have found that a 

PV solution is the best solution for remote agricultural need 

such as water pumping for crops or livestock. A solar 

powered water pumping system is made up of two basic 

components. These are PV panels and pumps. The smallest 

element of a PV panel is the solar cell. Each solar cell has 

two or more specially prepared layers of semiconductor 

material that produce direct current (DC) electricity when 

exposed to light. This DC current is collected by the wiring 

in the panel. It is then supplied either to a DC pump, which 

in turn pumps water whenever the sunshine’s or stored in 

batteries for later use by the pump. Solar Photovoltaic water 

pumping system (SPVWPS) has been a promising area of 

research form more than 50 years. SPVWPS consists of 

different components and parts associated with different 

fields of engineering like mechanical, electrical, electronics, 

computer, control and civil engineering. The interdisciplinary 

nature of the system attracted there searchers, in the past, 

from all these fields of engineering and has been contributed 

by them to make the system more efficient and cost-effective 

to meet water-pumping needs of human, livestock and 

irrigation. 
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I. INTRODUCTION 

Agriculture in Maharashtra is carried out mostly under rain 

fed conditions. Almost 80 to 85% of farming in Maharashtra 

is dependent on the whims of the seasonal rains. In fact 30% 

of the state's geographical area is subject to frequent drought 

conditions. Therefore, in such regions farmers choose their 

crops in such a way that even under adverse climatic 

conditions, they get something to subsist on. Their main 

concern is to minimize the loss rather than to maximize the 

economic gain. Low growth of agricultural production 

accompanied with high magnitude of variability therein is 

the major problems of agriculture. Therefore, irrigation 

facilities are required to be developed. The main sources of 

water in Maharashtra include canals, lakes, reservoirs, 

seepage lakes – wells, pump irrigation, sprinkler irrigation, 

drip irrigation and tube-wells. There are various attempts 

being made to make water available in seasons other than 

rainy reasons. It is particularly hard in the Deccan plateau 

districts because of the terrain and unavailability of 

groundwater resources in these plateau areas. One way to 

overcome this problem is to build water interventions across 

rivers and use the water stored in the remaining seasons. Not 

only irrigation, drinking water is tough to find too in these 

regions in summers.  

Photovoltaic is being employed around the whole 

world in most recent years. It is widely used in many 

applications in islands and remote areas. Using photovoltaic 

as the power source for water pumping is considered as one 

of the most promising areas of PV application. PV water 

pumping systems generally consist of PV array, controller, 

and inverter, motor, pump and water storage tank. 

Photovoltaic water pumping systems are particularly 

suitable for water supply in remote areas where the 

electricity is not available. Water can be pumped during the 

day and stored in tanks, making water available also at night 

or when it is cloudy. The pumped water can be used in many 

applications such as domestic use, water for irrigation and 

village water supplies. The advantages of using water pumps 

powered by photovoltaic systems include low maintenance, 

ease of installation, reliability and the matching between the 

powers generated and the water usage needs. In addition, 

water tanks can be used instead of batteries in photovoltaic 

pumping systems. 

This paper investigates the design, modelling and 

simulation of a photovoltaic powered motor drive for pump 

irrigation application. A number of experimental 

Photovoltaic [PV] powered DC motor drives for pump and 

irrigation purposes are already in use  however such 

schemes find limited applications due to high cost and 

maintenance problems commonly associated with DC 

commutator type machines. Here an attempt is made to use a 

single phase induction motor which apparently is more 

robust, less expensive and requires little or no maintenance 

compared to the DC commutator motor. The induction 

motor is driven by a full bridge single phase sinusoidal pulse 

with modulation (SPWM) inverter whose firing strategy has 

been designed so as to eliminate lower order harmonics. 

This helps in reducing torque pulsations and unnecessary 

heating caused by harmonic currents and also improves 

system efficiency. The inverter used in the above manner 

has no control on the fundamental voltage content, hence dc 

input voltage of the inverter has to be controlled. This is 

achieved by a DC,to DC chopper. The chopper not only 

helps to vary the fundamental component at the inverter 

output but can be controlled to track and extract maximum 

insolation power from the solar cells. The LC filter is used 

to limit the rate of rise of the inverter output voltage and 

reduce common mode noise to the motor. By using a LC-

filter pure sine wave is obtained which can be directly used 

to drive a single-phase induction motor. PID feedback 

controller is used to control the voltage. The pump is to 

convert the mechanical energy into hydraulic energy. Here, 

the AC pumping system powered by PV cell is simulated 

using MATLAB and the performance of a single-phase 

induction motor drive is obtained. The model was 

implemented using MATLAB/Simulink with SPWM 

controlled inverter model. 
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II. LITERATURE REVIEW 

This project will consist of a water pumping system to 

supply potable water to an orphanage located in the 

Chuluchosema community of Malawi, Africa. The water 

will be pumped from a nearby well up to a water tower 

located in the orphanage center. The pump will be powered 

by a solar panel that will capture the solar energy from the 

sun. This project is in association with Mercer’s 

University’s Master’s Program for Environmental 

Engineering and Mercer on a Mission. The water pump 

system will be built on Mercer’s campus and will then be 

sent to the orphanage in Malawi to be assembled 

permanently. The water pumping system will be built by 

materials that are sustainable enough to allow the system to 

function properly long after the student has installed the 

system and has left. The intent of this project is to provide a 

hands-on experience for the graduate student by working 

with various professors and manufacturers as well as 

different contacts from the developing country. The goal of 

this project is to supply potable water to an orphanage 

without the residents retrieving it from a well. 

Bio resource Engineering Solar water pump studies 

for small-scale rigation Irrigation is a well-established 

procedure on many farms in western Canada and is 

practiced on various levels around the world. It allows 

diversification of crops, while increasing crop yields. 

However, typical irrigation systems consume a great amount 

of conventional energy through the use of electric motors 

and generators powered by fuel. The overall objective of 

this research was to determine the feasibility of using 

photovoltaic (PV) modules to power a water pump for a 

small-scale drip irrigation system in Montréal (Québec, 

Canada). The study involved field observations, as well as 

computer simulations of global solar radiation and PV 

electrical output. Field observations involved a summer and 

winter installation of two amorphous silicon 42 W PV 

modules, directly connected to a 12 V surface water pump. 

The parameters monitored were voltage, current, back-of-

panel temperature, pressure, and flow. These observed 

parameters were used to determine PV electrical output and 

volume of water pumped. Site latitude, elevation, and panel 

tilt were applied to the solar radiation and PV electrical 

output models, along with the following meteorological 

data: daily average, maximum, and minimum temperatures, 

and global solar radiation. Daily solar radiation prediction 

showed a linear correlation of 0.69 with the observed daily 

values, over the years 2000 to 2005. The correlation 

coefficient was improved to 0.91, when 7 day moving 

averages of both the observed and predicted solar radiation 

data were used. PV electrical output and volume of water 

pumped were monitored between August 2005 and May 

2006. Both the power and water output observations were 

less than expected. However, the predicted daily PV 

electrical output ranged from 1.0 MJ d-1 in the summer to 

approximately 0.6 MJ d-1 in the winter. As expected, an 

increase in power caused an increase in the volume of water 

pumped. 

After economic analyzing, it is shown that 

Photovoltaic pumping system for irrigation in Bangladesh is 

more feasible than Diesel engine – pumping system. In 

economic view point, PV – pumping system for only one 

season irrigation is a little bit higher than the diesel engine 

pumping system due to high cost of PV module and its 

components. For two or three seasons irrigation PV- 

pumping system is lower than diesel pumping system. If the 

price of PV –module and its components will be reduced or 

these will be produced locally, then PV- pumping system 

will be more feasible. Some pilot projects of PV-pumping 

system for irrigation should be done by the Government of 

Bangladesh or NGOS for decimination. 

The method used here to build solar powered water 

pumping system is cost effective comparatively to an 

electrically operated hydraulic pump. Since here non-

conventional energy is used to achieve the required head. 

Discharge obtained from the observations is 2.5liters per 

minute. The reciprocating pump built by us is built with the 

help of simple and easily available materials still we have 

successful to demonstrate the worth of a reciprocating 

pump. This device serves its purpose to some extent, but 

with proper course of actions, it can perform still better. 

This paper presents the modeling and simulation of 

a solar powered induction motor drive for pump irrigation. 

The model can be used to relate input quantities like solar 

array voltage, current to outputs like speed, torque. The 

simulation of the unified system is presented and the results 

can be used to select the ratings of the various components. 

Using harmonic elimination technique, the inverter firing 

signals have been so designed that lower order harmonics 

are eliminated. This helps in reducing unnecessary heating 

created by lower order harmonic currents and enables better 

utilization of the induction motor. The work simulated in 

this paper examines the possibility of utilizing a PV cell to 

supply a single-phase induction motor through a single-

phase bridge inverter. We can conclude that this work will 

be a contribution to the analysis of the photovoltaic pumping 

system with regards to the results of simulation of the 

model. A number of experimental PV powered DC motor 

drives for water pumping are already in use, however such 

schemes find limited applications due to high cost and 

maintenance problems commonly associated with DC 

machines. Solar pump systems need low maintenance. With 

automatic shut off from a float valve, they require only 

occasional inspection. 

India is country of 638,000 villages and more than 

seventy percent of India’s population is involved in 

agriculture and allied businesses. Small & subsistence 

farmers are entirely dependent on variable rainfall and 

groundwater to fulfill irrigation need of their crops. In India, 

it is estimated, government subsidizes electricity for 

irrigation between Rs 30000 and 40000 corers each year. 

There are an estimated 21 million irrigation pumps in India 

out of which over 9 million run on diesel and 12 million are 

on the electricity grid. Electricity consumption by irrigation 

pump sets alone accounts between 10-15% of India’s total 

electricity consumption. India’s irrigation pumps are also 

believed to be far less efficient than those uses in other parts 

of the world. A source of energy to pump water is also a big 

problem in developing countries like India. Developing a 

grid system is often too expensive because rural villages are 

frequently located too far away from existing grid lines. 

Even if fuel is available within the country, transporting that 

fuel to remote, rural villages can be difficult. There are no 

roads or supporting infrastructure in many remote villages. 

The use of renewable energy is attractive for water pumping 
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applications in remote areas of India. Transportation of 

renewable energy systems, such as photovoltaic (PV) 

pumps, is much easier than the other types because they can 

be transported in pieces and reassembled on site. Therefore 

solar operated photovoltaic water pumping system provides 

better sustainable alternative option to fulfill irrigation 

requirement of agriculture. 

Solar photovoltaic (PV) water pumping has been 

recognized as suitable for grid isolated rural locations in 

poor countries where there are high levels of solar radiation. 

Solar photovoltaic water pumping systems can provide 

drinking water without the need for any kind of fuel or the 

extensive maintenance as required by diesel pumps. They 

allow people to devote more time to productive activities 

and thus improve life style, health and economic conditions. 

Additionally, they create new jobs in remote rural areas of 

the country. The drudgery of women and children who are 

otherwise engaged in bringing water from far of distances 

can be reduced significantly. Although the cost of solar 

photovoltaic water pumping systems is initially high, they 

demand virtually no maintenance, require no fuel and thus 

save on foreign. 

Since the increase in price per increase in unit 

power output of a photovoltaic system is greater than that 

for a diesel, gasoline, or electric system, photovoltaic power 

is more cost competitive when the irrigation system with 

which it operates has a low total dynamic head. For this 

reason, photovoltaic power is more cost-competitive when 

used to power a micro irrigation system as compared to an 

overhead sprinkler system. Photovoltaic power for irrigation 

is cost-competitive with traditional energy sources for small, 

remote applications, if the total system design and utilization 

timing is carefully considered and organized to use the solar 

energy as efficiently as possible. In the future, when the 

prices of fossil fuels rise and the economic advantages of 

mass production reduce the peak watt cost of the 

photovoltaic cell, photovoltaic power will become more 

cost-competitive and more common. 

III. WATER PUMPING 

Water pumping is one of the simplest and most appropriate 

uses for photovoltaic. From crop irrigation to stock watering 

to domestic uses, photovoltaic powered pumping systems 

meet a broad range of water needs. Most of these systems 

have the added advantage of storing water for use when the 

sun is not shining, eliminating the need for batteries, 

enhancing simplicity and reducing overall system costs. 

Many people-considering installing a solar water pumping 

system are put off by the expense. Viewing the expense over 

a period of 10 years, however, gives a better idea of the 

actual cost. By comparing installation costs (including 

labour), fuel costs, and maintenance costs over 10 years, you 

may find that solar is an economical choice. A solar-

powered pumping system is generally in the same price 

range as a new windmill but tends to be more reliable and 

require less maintenance. A solar-powered pumping system 

generally costs more initially than a gas, diesel, or propane-

powered generator but again requires far less maintenance 

and labour. The cost of solar pumped water per cow ranged 

from $0.03 to $0.15 per day. The cost per gallon of water 

pumped ranged from $0.002 to $0.007 per gallon. 

IV. COMPONENTS SOLAR PHOTOVOLTAIC WATER PUMPING 

SYSTEM 

A. Solar Panels  

Solar panels generates electricity, some kind of energy i.e 

either electricity, water heating (thermal) refers to a photo-

voltaic (PV) module. A PV module is a packaged, connected 

assembly (various combinations of series and parallel 

connections) of solar cells. Each module is rated by its DC 

output power under standard test conditions (STC), and 

typically ranges from 100 to 320 watts. The efficiency of a 

module determines how efficient that particular solar cells 

can extract energy from sun. There are a few solar panels 

available that are exceeding 19% efficiency.  

B. Controller/ Solar Inverter 

A charge controller may be used to power DC equipment 

with solar panels. The charge controller provides a regulated 

DC output and stores excess energy in a battery as well as 

monitoring the battery voltage to prevent under/ 

overcharging. More expensive units will also perform 

maximum power point tracking. An inverter can be 

connected to the output of a charge controller to drive AC 

loads.  

C. Pump  

A pump is a device that moves fluids (liquids or gases), or 

sometimes slurries, by mechanical action. Pumps can be 

classified into three major groups according to the method 

they use to move the fluid: direct lift, displacement, and 

gravity pumps.[1]Pumps operate by some mechanism 

(typically reciprocating or rotary), and consume energy to 

perform mechanical work by moving the fluid. Pumps 

operate via many energy sources, including manual 

operation, electricity, engines, or wind power, come in many 

sizes, from microscopic for use in medical applications to 

large industrial pumps.  

D. Battery  

An electric battery is a device consisting of one or more 

electrochemical cells that convert stored chemical energy 

into electrical energy. Each cell contains a positive terminal, 

or cathode, and a negative terminal, or anode. Electrolytes 

allow ions to move between the electrodes and terminals, 

which allows current to flow out of the battery to perform 

work. Secondary (rechargeable batteries) can be discharged 

and recharged multiple times; the original composition of 

the electrodes can be restored by reverse current.  

E. Pipes  

 
Fig. 1: Schematic representation of Solar PV water pumping 

system for meeting water requirements and electrical loads 
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A hollow cylinder or tube used to conduct a liquid, gas, or 

finely divided solid. 

V. SCOPE FOR FURTHER RESEARCH 

A. Research on Pump Improvement 

 Development of hybrid pump (auto setup ability) which 

has characteristics of  both centrifugal  and helical rotor 

pumps to utilize PV electricity efficiently. 

 Reduction of losses by manufacturing pump from zero 

friction resistance material. 

B. Research on power source improvement 

 Development of cheap and simple tracking mechanisms 

for PV panel. 

 Enhancement of SPVWPS performance by the 

application of booster mirror.  

 Enhancement of SPVWPS performance by the 

application of different coolants over the PV panel 

fronts. 

VI. CONCLUSIONS 

In this review paper, most of the published articles related to 

SPVWPS have been cited. The research articles covered 

research related to different components of the SPVWPS 

namely solar panel, pumps, tracking mechanism, pump 

controller. From the discussion, it can be concluded that 

SPVWPS can be a major pumping method in developing 

countries to supply water for drinking and irrigation 

purposes. The research opportunities in the field of 

SPVWPS have also been presented in this review work. 

This review   work provides a good platform to researchers 

for pursuing the research in the field of SPVWPS. SPVWPS 

has the great potential in India because of its geo- graphical 

location. In spite of this, SPVWPS in India could not gain 

popularity and applicability. The major reasons for this 

unacceptability are high cost and non-sustainability of the 

system. 
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