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Abstract—This review paper focuses on the innovative 

development of a wind-powered water pump system, aiming to 

address the growing need for sustainable and off-grid water 

supply solutions in remote areas. The study integrates 

advanced wind turbine technology with water pumping 

mechanisms to harness renewable energy for efficient water 

delivery. Through rigorous experimentation and analysis, the 

research explores the optimal design and performance 

parameters of the wind-powered water pump, considering 

factors such as wind speed, pump efficiency, and overall 

system reliability. The findings contribute valuable insights to 

the field of renewable energy and sustainable water 

management, offering a promising avenue for environmentally 

friendly and self-sufficient water pumping solutions in areas 

lacking reliable access to conventional power sources. 

Keywords— Water pump, Sustainable , Off gride, wind 

turbine , renewable energy. 

Introduction 

Pumping water is an essential and basic energy necessity 

in rural communities across the globe, where rivers, wells, 
and dugouts frequently supply the water needed for 

agriculture. However, different energy sources are required 
for the conveyance of water from the source to the 

consumption areas due to limited power supplies. One 

essential renewable energy source is wind power, especially 
for isolated areas. A windpump is a kind of wind energy 

harvesting that is essentially a windmill modified for the 
purpose of pumping water.  

Grain milling, water pumping, or both have historically 
been accomplished by windmills, which transform wind 

energy into kinetic energy through sails or blades. These 
days, windmills come in the shape of electricity-producing 

wind turbines or wind pumps that help with groundwater 
extraction or land drainage.  

Expanding energy supply, overcoming constraints, and 
combating the erratic nature of fossil fuel availability are all 
made possible by renewable energy sources. The need to 

promote renewable energy sources is further highlighted by 
the increase in environmental strain brought on by the 
production of conventional energy. In this regard, windmills 

are an attractive and affordable alternative for producing 
mechanical and electrical energy.  

Conventional gear and bearing systems frequently 
experience significant heat losses from friction, which calls 
for regular lubrication. Airlift pumps are a creative 

substitute for conventional cylinder pumps. The airlift pump 
is dependent on an air compressor that is powered by the 

windmill, as opposed to pumps having moving parts. The 
well receives compressed air, which mixes with the water in 

the discharge line. Since the air-water mixture is less thick 
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than the well's surrounding water, it successfully raises 
water to the surface. This method increases the pumping 

system's efficiency while reducing the requirement for 
conventional lubricants.  

In conclusion, combining wind energy with alternative 

pumping technologies—like the airlift pump—offers an 

environmentally responsible and long-lasting way to pump 
water in isolated and off-grid locations.  

 

 

Background 

Wind turbines were used in Persia (present-day Iran) about 

500–900 A.D. The wind wheel of Hero of Alexandria marks 
one of the first known instances of wind powering a 

machine in history. However, the first known practical wind 
turbines were built in Sistan, an Eastern Province of Iran, 

from the 7th century. Wind turbines first appeared in Europe 
during the Middle Ages. The first historical records of their 

use in England date to the 11th or 12th centuries and there 
are reports of Germancrusaders taking their windmill- 

making skills to Syria around 1190.By the 14th century, 
Dutch wind turbines were in use to drain areas of the 
Rhinedelta. Advanced windmills were described by 

Croatian inventor Fausto Veranzio .In his book Machinae 
Novae(1595) he described vertical axis wind turbines with 

curved or V-shaped blades .The first electricity-generating 
wind turbine was a battery charging machine installed in 

July1887 by Scottish academic James Blyth to light his 
holiday home in Muirkirk, Scotland. Some months later 

American inventor Charles F. Brush Was able to build the 
first automatically operated wind turbine after consulting 
local University professors and colleagues Jacob S. Gibbs 

and Brinsley Coleberd And successfully getting the 
blueprints peer-reviewed for electricity production in 

Cleveland, Ohio. Although Blyth's turbine was considered 
uneconomical in the United Kingdom Electricity generation 

by wind turbines was more cost effective in countries with 
widely scattered populations .In Denmark by 1900, there 
were about 2500 windmills for mechanical loads such as 

pumps and mills, producing an estimated combined peak 
power of about 30 MW. The largest machines were on 24- 

meter (79ft) towers with four-bladed 23-meter (75ft) 
diameter rotors. By 1908 there were 72 wind-driven electric 

generators operating in the United States from5kW to 
25kW. Around the time of World War I, American windmill 

makers were producing 100,000 farm windmills each year, 
mostly for water-pumping. By the 1930s, wind generators 
for electricity were common on farms, mostly in the United 

States where distribution systems had not yet been installed. 
In this period, high-tensile steel was cheap, and the 

generators were placed atop prefabricated open steel lattice 
towers. A forerunner of modern horizontal-axis wind 

generators was in service at Yalta, USSR in1931. This was a 
100kW generator on a 30-meter (98ft) tower, connected to 

the local 6.3kVdistribution system. It was reported to have 
an annual capacity factor of 32 percent, not much different 
from current wind machines. In the autumn of 1941, the first 

megawatt-class wind turbine was synchronized to a utility 
grid in Vermont. The Smith-Putnam wind turbine only ran 

for 1,100 hours before suffering a critical failure. The unit 
was not repaired, because of shortage of materials during 

the war.  

The first utility grid-connected wind turbine to operate 
in the UK was built by John Brown & Company in 1951 in 

the Orkney Islands. Despite these diverse developments, 
developments  in  fossil  fuel  systems  almost  entirely 

eliminated any wind turbine systems larger than super micro 
size. Organizing owners into associations and co-operatives 

lead to the lobbying of the government and utilities and 
provided incentives for larger turbines throughout the1980s 
and later. Local activists in Germany, nascent turbine 

manufacturers in Spain, and large investors in the United 
States in the early 1990s then lobbied for policies that 

stimulate the industry in those countries. Later companies 
formed in India and China. As of 2012,Danish company 

Restasis is the world's biggest wind-turbine manufacturer. 
 

 
LITERATURE REVIEW 

Omar Badran, [1] wind energy pumping systems are more 

reliable than diesel ones because they do not 

require frequent maintenance, are safer due to the auto stop 

features in case of failure, do not consume fuel, and don't 

pollute the environment .Also from the present study, we 

can conclude that research and development projects in the 

field of wind energy are of utmost importance to Jordan, 

despite the scarce financial resources and the high cost 

of R&D, because Jordan does not have any source of 

conventional energy. Research and Development 

organizations in Jordan should be encouraged to sponsor the 

development of electrical wind energy conversion systems 

packages. Availability in the local market, details of 

fabrication processes, and available on-site technical 

assistance. The manufacturing of modern wind pumps 

locally will generally pump water at lower costs than 

imported classical multi-bladed windmills, which should be 

considered in assessing the potential of wind energy for 

water pumping .Also it can be concluded from the present 

study that the water supply in Jordan for a man, his cattle 

and his land could be safeguarded with the help of a wind 

mill installation.  

• Diameter of rotor = 7.5m 

• Number of blades = 24 

• Tower height = 12 m 

• Rotational speed = 50rpm 

• Solidity ratio is 54% 

• Pump cylinder diameter =104 mm 

• Pump stroke length =350 mm 

• Power transmission is through crankshaft 

• Average wind speed = 8 m/s. 

Misrak Girma,Abebayehu Assefa,[2]. In this paper, the 

feasibility of a wind-powered water pumping system is 

conducted for three selected sites in Ethiopia. The designed 

system has a capacity to supply a daily average drinking 

water of 10, 12 and 15 m3/day for 500, 600 and 1000 

peoples in Siyadberand Wayu, Adami Tulu and East 

Enderta sites, respectively ,with average per capita water 

consumption of 20 liters per day per person. The cost of 

pumping water is determined as 0.08, 0.05 and 0.036 $/m3 

for Siyadberand Wayu, Adami Tulu and Enderta sites, 

respectively. The results indicate that replacing the existing 

expensive Diesel-based systems by wind-powered systems 

will play a significant role in achieving the country’s MDG  

targets. 

If there is low and medium wind energy potential (greater 

than 2.8m/s) which can be applicable for water pumping. 

Size of a windmill always depends upon the diameter of the 

rotor. 

• Diameter of rotor is 5.7 m 

• No of blades =24 
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• It is a direct single acting piston pump. 

• Water consumption = 10m^3 / day 

• Total head = 75 meter 

• Density of air = .92 kg/m 

• Reference area =P(hyd)/P(wind)=Ra=24.87 

• Rotor Diameter = 5.63 m 

• Pipe diameter = 25mm 

• Pump diameter = 115mm 

• Hydraulic power = 337W 

• Tower head = 16 m 

• Transmission gear ratio is direct 

• Its rotor is horizontal 

• Transmission ratio is 1:1 direct driven 

• Annual discharge is 4850m 

3 at current location 

Arlos D`alexandria Bruni , Vânio Vicente Santos de Souza, 

[3] The use of renewable energies for several purposes, such 

as eolian energy, is one of the maintainable technological 

directions for the future. This work describes the 

comparative study between two alternative prototypes of 

Savonius windmill, made of two and three blades, both of 

small bodies and with a reception area of 1.8 m2, yet 

composed of two stages and blades made of polyethylene 

drums in order to optimize performance, assembly and 

maintenance easiness as well as the  opening of 

new directions for the use of technologies of 

low cost. It’s clear that the prototype made of three blades in 

comparison to the conventional one proposed by Savonius  

in 1930 is more efficient as evidenced through the potency 

curves rotations graphic versus natural wind speed. 

Keywords: Savonius windmill, eolian energy, alternative 

windmill.  

• The prototype built with three blades is, at least, 20% more 

efficient in terms of exit potency than the conventional  

• Savonius with the same material expense; 

• The rotation of the three blades profile is, at least, 12% 

larger than the prototype of two blades; 

• Starting from 4.0 m/s the torque of the three blades 

prototype is superior; 

• The substitution of the foils of 1.5 mm instead of foils of 

1.0 mm reduced the weight of the windmill, increasing its 

efficiency in the admission.  

• The polyethylene used in the blades resisted to the applied 

loads and slightly degraded in the presence of ultraviolet 

rays after one year of exposition, bringing no hazard to the 

blades; 

• The use of reduction 4:1 was adapted for medium regimes 

of winds of 6.0 m/s; 

• The amount of pumped water is satisfactory considering 

the mainly objective this work, that is the water pumping to 

consumption water box around 2.000 liters /day;  

• The proportional cost of construction and pumped water is 

about 5% smaller than the implementation of a multi blade 

American model; 

 

The savonius windmill proposed present superior assembly 

and maintenance easiness if compared to the conventional 

Savonius windmill made of metal; The use of polyethylene 

for the manufacture of the blades is advantageous due to 

corrosion absence and satisfactory resistance.  

Ronak D Gandhi, Pramod Kothmir ,[4] 

studying this paper, we observe that blade length is 

proportional to swept area, for larger blade greater swept 

area, it will catch more wind and produce more torque. Here 

bevel gears are used to transfer power made of plastic 

material. These gears convert rotary motion into linear 

motion. There are 14 teeth and bore diameter is 10 mm. The 

small-scaled wind have different aerodynamic behavior than 

large-scale windmills. Poor performance of small wind mills 

is due to laminar separation and in turns on the rotor blades 

because of low Reynolds number (Re) resulting from low 

wind speeds and small rotor capacity Low Reynolds number 

airfoils permits starting at lower wind velocity, increasing 

the starting torque and thus improving the overall 

performance of the turbine .Designing of rotor of windmill 

will includes optimizing the rotor and its components to 

achieve maximum power coefficient and efficiency. The 

pitch twist and allotment of chord lengths are optimized 

based on conservation of angular momentum and theory of 

aerodynamic forces on an airfoil. Blade Element 

Momentum (BEM) theory is first derived then used to 

conduct a parametric study that will determine if the 

optimized values of blade pitch and chord length create the 

most efficient blade geometry G. M. Bragg ,W.L. Schmidt, 

[5]procedure is presented which allows optimal selection of 

pumps and information on the wind ,pump characteristics 

and windmill characteristics is available, the best pump and 

windmill for the application may be selected, and the design 

and off-design performance of the complete system may be 

predicted. Rotodynamic pump is used. Generally, a pump 

flow specific speed has relatively low rpm .low flow rate 

and high head operate is best operating 

system.Juan.Enciso,[6].in.this.case.windmill.consists.of.a.ve 

ry.large.fan.with.15.to.40.steel.or.galvanized.blades.A gear 

box mechanism driven by the blades. This mechanism 

converts the rotary motion. The propeller must have many 

blades to develop a high starting torque, which is needed to 

start the piston pump. Generally, windmills begin working 

when the wind speeds exceed 7 mph. The Wind blows more 

during the spring, when the average monthly wind speed 

varies from 11.5 to 13.4 mph at a 33-footheight in West and 

Northwest Texas. In the summer, the average wind speed 

decreases, ranging from 9.8 to 11.5 mph. In autumn, it 

slightly increases from 11.5 to 12.5, especially in the 

northwest part of Texas. In winter, the wind speed varies 

from 11.5 to 12.5 mph. Although these average wind speeds 

seem about the same, small increase in wind will greatly 

increase the wind power. In fact, the wind power increases 

by a cube (power of 3) of the wind speed. For instance, a 

12.6 mph wind speed has twice the power of a 10 mph wind 

speed. A windmill’s pumping output is affected by three 

factors: wind speed, wheel or blade diameter, and the 

diameter of the cylinder. The power available from the wind 

is proportional to the cube of the wind speed. This means 

that when the wind speed doubles ,the power increases eight 

times. N-Agraw And R- Fooster,[7] concluded that the air 

density decreases with increases in temperature and altitude, 

and power in the wind machine is directly proportional to 

the wind speed and air density in the axial flow pumps. For 

example, at 3,000 meters (10,000 feet), the density of a ir 

decreases by 30%. Air density also varies 10%–%15 from 

season to season. Axial flow pumps are designed at 2.5– 

25.0 m3/min discharge and 1.5–3.0 meters head for 

vertically mounted applications. However, by adding 

additional impellers (stages) the pump can lift up to 10 

meters. Axial flow pumps are generally used in canal 

irrigation 13 Schemes where large volumes of water must  

be lifted to 2–3 meters. However, when high heads and low 
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flow rates are required, radial flow impellers are the most 

suitable .National Renewable Energy Laboratory,[8] adding 

the counterbalance weight on the sucker rod or springs and 

using variable-stroke technique are the main factors that 

have improved the mechanical wind pumps in use today 

.Now-a-days windmills have 6–8 blades of true airfoils, The 

Australian-made Southern Cross machine has an available 

rotor diameter as long as 8 meters .Modern wind pumps are 

thus twice as efficient as traditional wind pumps, but they 

are still bulky and are best suited for light wind regions. The 

so-called third generation windmills use a direct drive 

mechanism rather than a geared transmission. They are 

designed to produce high torque at low wind speeds and 

provide rotor speed control at high wind speeds. The main 

objective of this design is to reduce the starting torque. This 

is possible because of the counterbalance attached to the 

actuating pump beam, which is designed to reduce the 

starting rotor torque to start pumping. A report by the 

University of Calgary, Canada, shows that a direct drive- 

type wind pump (similar to an oil-field jack pump)can start 

pumping at 50% lower rotor torque (or 30% less wind 

speed)relative to a system without counterbalance. These 

types of wind pumps are promising because they do not 

require gearboxes for power transmission from the rotor to 

the shaft. The windmill uses a reciprocating or piston pump, 

or positive displacement pump. For these pumps to start 

pumping, the wind pump crank force needs enough force on 

the pump rod to lift the weight of the pump rods, the piston 

and the water in the piston, and the friction. The Amount Of 

water delivered by the pump for a given pumping head 

depends on the diameter of the pump and on the wind speed. 

The size of the pump determines the starting wind speed 

fora given wind pump and pumping head because bigger 

pumps require larger starting torque. Pump fitted to a 

windmill should generally be sized to run at about three- 

quarters of the local mean wind speed. This allows the wind 

pump to run frequently enough and to achieve better water 

output at stronger winds. One of the main disadvantages of 

a mechanical wind pump is that it must be located directly 

over the borehole so the pump rod is directly connected with 

the rising main and the pump. The Best water resource 

location is at lower ground, which is generally a poor 

location for winds, mechanical wind pumps are typically 

limited to flat and arid regions. Efforts have been made to 

locate the windmills further from the borehole by using 

remote electrical ,pneumatic, hydraulic, and mechanical 

transmissions.  

Pneumatic transmission wind pumps operate on the 

principle of compressed air by using a small industrial air 

compressor to drive an airlift pump or pneumatic 

displacement pumps.(No mechanical transmission from the 

windmill to the pump)Power transmission using hydraulic 

means is another option for water pumping002 

Commercialized mechanical wind pumps are good for low 

wind speeds because of their high solidity rotors, which 

limit the piston pump speed to 40 

–50 strokes per minute. The Overall conversion efficiency 

of mechanical pumps using an average wind speed is 7% 

–27%.Muhammad Mehtar Hussain And Mushtaq 

Ahmad,[9] the windmill operated a bore-well pumping unit 

consisting of a tall tower structure made of two parallel 

bamboo posts supported by two inclined bamboo posts  

each. An iron shaft made from iron pipe is mounted on 

bearings near the top of the tower, ends of which rest on the 

parallel bamboo posts on either side. At the Centre of the 

shaft, a wind turbine with four blades is mounted. The shaft 

is connected to the hand pump handle on the ground through 

mechanical linkages (crank lever mechanism). As the 

turbine rotates, due to motion of the wind, the shaft also 

rotates. Through the mechanical linkages, rotary motion of 

shaft is converted to reciprocating motion of the lever of the 

hand pump, which in turn pumps water from the tube well 

continuously.  

• Hub diameter of the turbine=58 cm 

• Tip diameter of the turbine=382 cm 

• No. of blades=4 (Four) 

• Blade Dimensions=Trapezium (160-143-160-36) cm 

• Blade Material=Aluminum 

• Thickness of the Blade =0.5 mm 

• Blade Angle=7.23 degree 

• Construction Material=Wood, Bamboo, Aluminum, Mild 

Steel 

• Wind Direction=East-West 

• Crank Length=20 cm 

• Wind turbine height from ground=325 cm 

 

Need for sustainable water pumping methods 

It has been reported that an annual total water pumping 

capacity of 30,000 m*3 is possible from a depth of a total 

dynamic head of 50 m by using wind turbines 2.5 kW of 

capacity. Renewable energy sources are being used in a 

wide range of applications including water pumping for 

rural irrigation all over the world. A brief account of the 

usage of water pumping using wind energy. Wind has been 

in use by mankind for thousands of years. Its usage can be 

traced back from medieval times. Around 3000 years, wind 

was mostly used for pumping water and grinding grains. In 

earlier times, fossil fuels were a significant source of 

producing electricity. Fossil fuels posed serious damaging 

effects on the environment and people were exploring for 

alternative resources. Wind energy was cheapest, widely 

available, and renewable and posed minimal damaging 

effects on the environment. This raised the interest and 

attention towards wind energy. Government institutions 

funded the research in wind technology to be adopted as the 

mainstream source of power production in the world. 

Scientists and researchers successfully designed several 

wind turbine prototypes which worked really well with the 

site conditions. By the late nineteenth century, wind energy 

was in operation to produce electricity. Later, this 

technology was enlarged and utilized as onshore wind 

energy. Latest developments and some risks involved in the 

onshore wind energy has evolved the offshore wind 

technology. Offshore wind energy is more sophisticated and 

capable of producing more power than its predecessor. 

Now- a-days, wind energy has become a more reliable 

source of power. It is one of the fastest growing sources of 

electricity which is believed to have the potential to meet  

the electricity demands around the world.  

 

 

 

An overview of the use of wind energy for water 
pumping. 

Humanity has been using wind for thousands of years. 
The use of it dates back to the Middle Ages. Wind was 

largely used for grain processing and water pumping some 
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3000 years ago. Fossil fuels were a major source of 
electricity production in the past. Since fossil fuels had such 

negative consequences on the environment, people were 
looking for other sources of energy. Wind energy was the 
least expensive, most accessible, renewable, and had few 

negative environmental effects. This increased awareness of 
and interest in wind energy. Research into wind technology, 

which is expected to become the world's primary source of 
electricity production, was funded by government 

institutions. Many wind turbine prototypes that were 
successfully designed by scientists and researchers 

performed incredibly well given the site's parameters.  
 

 

 

CONCLUSION 

 

This review paper has explored the multifaceted aspects of 

utilizing wind power for water pumping applications. The 

integration of wind energy into water pumping systems 

holds great promise in addressing the growing demand for 

sustainable and off-grid water supply solutions. Through an 

in-depth analysis of various technologies, design 

considerations, and case studies, it is evident that wind- 

powered water pumps offer a viable and environmentally 

friendly alternative to traditional methods.  

The advancements in turbine technology, coupled with 

innovative control systems, have significantly improved the 

efficiency and reliability of wind-driven water pumping 

systems. Additionally, the economic feasibility and 

environmental benefits underscore the potential for 

widespread adoption in both rural and remote areas. 

However, challenges such as intermittency, variability, and 

initial investment costs remain, requiring continued research 

and development. 

 

As we move towards a more sustainable future, the 

integration of wind power into water pumping systems 

emerges as a crucial component of decentralized and 

renewable energy solutions. The findings presented in this 

review contribute to a comprehensive understanding of the 

current state of wind-powered water pumping technology, 

providing valuable insights for researchers, policymakers, 

and practitioners alike. The journey towards harnessing the 

power of the wind to meet water supply needs is both 

exciting and essential, marking a significant step towards a 

greener and more resilient water infrastructure.  
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