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Small & Micro 

Hydropower  

History does not tell us who linked the wheel, 

which was first used in Mesopotamia over 

5000 years ago, with water, but this 

combination began the use of water to power 

civilizations. Ancient waterwheels were used 

to turn millstones for the grinding of grain and 

to raise water, but the Chinese also used them 

to operate bellows for iron production and the 

Greeks used them for crushing grapes. 

Ancient Rome is remembered particularly for 

engineering advances, especially the transport 

and practical use of water. Systems of 

aqueducts moved water from its source to 

locales where it was needed. In some areas the 

aqueducts, constructed at precise angles, 

provided water to turn waterwheels which 

powered mills or pum ped water. Near Arles, 

France, an aqueduct fed sixteen watermills 

which produced enough flour for the 

surrounding neighborhood.  

Although the Romans had the tools to harness 

ÞÈÛÌÙɀÚɯ×ÖÞÌÙȮɯÐÛɯÞÈÚɯÕÖÛɯÜÕÛÐÓɯÛÏÌɯÔÐËËÓÌɯÈÎÌÚɯ

that water and the waterwheel became 

instrumental in the development of Europe. 

This spread of waterwheel technology was 

probably the result of a labor shortage, 

abundant available water, and monasticism. 

Medieval monasteries used waterwheels to 

grind grain, releasing the monks for more 

spiritual activities. As monasticism spread, so 

did watermill technology.  

With the introduction of cams and cranks, 

waterwheels could be used to convert rotary 

motion into reciprocal motion. This allowed 

waterpower to perform pounding tasks like 

fulling  (a step in the processing of woolen 

cloth), crushing of ore, paper production, 

sawing of wood, and powering bellows.  

In the eighteenth century, scientific methods 

were applied to water power. Engineers 

learned to build dams, reservoirs, and canals to 

regulate the water supply and improvements 

were made to the waterwheels themselves. In 

the mid -1700s, iron was substituted for various 

wooden parts, producing stronger, more 

durable waterwheels. Waterwheel use and 

efficiency peaked in the mid -1850s but shortly 

after that they wer e supplanted by water 

turbines. 

 
Burden Iron Works, Water Wheel, 

U.S. Route 4, 
Troy, Rensselaer County, NY 

 

Waterwheels are not limited to history. They 

are still used in rural and underdeveloped 

areas of the world to grind grain and lift w ater. 

They can also be found in historical settings. In 

addition, waterwheels can be used to generate 

electricity. They can be used very effectively in 

low head micro hydro applications .  Although 

the output is less than turbines, they may also 

cost less. 

To read more about the waterwheel visit the 

SmallHydro Store 's - Waterwheel department .    

  

Hydro History : 

History of Waterwheels  

DoradoVista, Inc.  

Waterwheel to Turbine ð 
 

The pinnacle of waterwheel use in 

the United States was found in 

Lowell, Massachusetts, the factory 

town built on the Merrimack 

River, where a series of canals 

supplied water to multiple factory 

buildings. At its height in the 

1850s, the factory town was 

powered by over 100 breast 

waterwheels and could produce 

6711 kW of power. The best 

waterwheels were only 65% 

efficient. While working for the 

Lowell factories, James B. Francis 

produced a turbine that reached 

88% efficiency. 

http://www.smallhydro.com/
http://astore.amazon.com/smallhydro-20?_encoding=UTF8&node=8
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Getting Practical:  

Mechanics of Waterwheels  

T h e  B a s i c  T y p e s  

There are two basic varieties of waterwheels: 

vertical and horizontal.  

Horizontal waterwheels  are laid on the same 

plane as the water that turns them. They have 

paddles or vanes fixed around the 

circumference which, when pushed by flowing 

water, cause the wheel to turn. The turning 

wheel rotates an axle which turns a millstone.  

Vertical waterwheels  are placed perpendicular 

to the flowing water. There are three main 

varieties of vertical waterwheels: undershot, 

overshot, and breast wheels. 

Undershot wheels are the most straightforward. 

Flat paddles attached to the circumference of 

the wheel are turned by water flowing through 

the bottom of the wheel. The turning wheel 

rotates the axel which is attached to whatever 

is being powered by the wheel. A drawback of 

this variety of wheel is that, periodically, the 

water level of the river or stream could be too 

low to turn the wheel. The speed of the wheel 

ÐÚɯÓÐÔÐÛÌËɯÉàɯÛÏÌɯÙÈÛÌɯÖÍɯÛÏÌɯÚÛÙÌÈÔɀÚɯÍÓÖÞȭɯ 

 
Original artwork by Daniel M. Short 

from en.wikipedia 

Overshot wheels require the use of a millrace, or 

chute, which d rops water onto the top of the 

wheel where it fills buckets or containers 

mounted on the circumference of the wheel. As 

the containers fill with water, the weight of the 

water turns the wheel. The containers empty at 

the bottom of the wheel to be filled ag ain when 

they reach the top.  

 
Original artwork by Daniel M. Short 

from en.wikipedia 

Breast wheels are similar to overshot wheels 

except that the water is brought in near the 

axle.  

 

 
Breast Wheel 

Overshot and breast wheels need to be placed 

below the level of the water source or water 

needs to be brought up to the millrace. 

Although they are slower moving and more 

expensive to construct, overshot and breast 

wheels are more efficient than the simpler 

undershot wheels. This was demonstrated 

scientifically in the 1750s. 

 

H y d r o p o w e r  &  W a te r w h e e l s  

Although waterwheels provided the 

horsepower to begin the Industrial Revolution, 

the pace of technology soon outstripped their 

usefulness. The application of scientific 

methods did produce stronger and more 

durable w aterwheels with dramatically 

improved outputs. While earliest waterwheels 

Hor izontal Waterwheels ð 
 

In some respects they are the pre-

cursor to the turbine.  The water 

was often channeled under a floor 

through a tunnel or pipe before 

hitting the blades. This resulted in 

ɁÚ×ÙÈàÐÕÎɂɯÛÏÌɯÞÈÛÌÙɯÈÛɯÛÏÌɯÞÏÌÌÓȭ 

Waterwheel Basics ð 
 

A waterwheel uses mechanical 

energy as it converts the weight of 

the water into torque on a shaft 

 

Illustration of a Horizontal 
Waterwheel 

Scottish Industrial Heritage Society 
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probably produced about 5hp, some 

waterwheels of the Industrial Revolution 

neared 302 hp. 

In spite of these amazing improvements, 

waterwheels still have serious drawbacks in 

power pr oduction. They are relatively slow 

and inefficient. Even with sophisticated 

systems of canals, millponds, and gates, 

waterwheels are dependent on the flow of the 

stream or river and on the gradient available. 

Water levels that are too high or too low 

impact the usefulness of the waterwheel.  

To use waterwheel hor sepower for electricity 

generation, the shaft must be connected to a 

generator of some type.  Based on the 

Ask Jess:  

Can a water wheel be used to get efficient energy recovery with 

a low head variable flow site?  

above we can determine that an 85% efficient 

steel waterwheel would produce 

approximately 1.146Kw at the shaft. 

( H     *      Q)     /      11.8Kw   =  PIdeal 

(15  *  (500*0.002228)) / 11.8Kw =  1.146Kw 

PIdeal  * eff = PTypical  

1.146Kw * 0.85 = 1.203 Kw 

Assuming a 30% efficiency drop for power 

conversion this would yield approximately 835 

watts. 

+ÌÛɀÚɯÍÜÙÛÏÌÙɯÈÚÚÜÔÌɯÛÏÈÛɯ×ÖÞÌÙɯÐÚɯ×Ùoduced 

and used 12hrs/day and that power costs an 

average of $0.25/Kwh.  This means we could 

save $2.50 per day on electricity charges. 

At this rate, assuming a 95% uptime we would 

save approximately $867 per year.  If we 

would like to achieve an 8 year payback 

period, the complete site would need to cost 

less that $6936. 

However, before committing to th e plan we 

should also consider the Time of Use cost for 

the power being replaced. We may want to 

build a more sophisticated model to account 

for the variabl e cost of electricity at the 

afternoon peak flow.  

 

The Math ð 

 
Remember that the power derived 

from water dropping over a height 

is: 

 

PIdeal = (H * Q) / 11.8Kw 

PTypical = PIdeal * eff 

 

 Q is ft 3/s (flow rate of the 

water) (GPM * 0.002228 = ft3/s) 

 H = height of water drop   in ft 

(diameter of wheel)  

 eff  = efficiency at shaft (60% - 

90% depending on type) 

generator type chosen, it may be necessary to 

gear up the relatively slow speeds on the shaft 

to produce 50-60Hz power .  The ɁÚ×ÌÌË-Ü×ɂɯ

process causes the system to suffer a 30% to 

50% efficiency loss based on the physical 

mechanism used to gear up (belts, gears, gear 

ratios, etc.). 

Additionally there are few control s to help 

keep water flow rat e consistent so the overall 

system must be speed adaptive.  For this 

reason variable speed DC motors can be used 

as the generator and that output can be run 

through an inverter to convert it to AC power.  

For relatively small power need sites, it can 

still be very cost effective. 

A recent SmallHydro web site user submitted a 

question well suited for this newsletter which 

is focusing on waterwheels. 

They provided the following specifics to clarify 

the question 

 18.2 feet head from outfall to exit flume  

 All 18  feet of drop happens down a 70 

degree slope, 18 feet drop within 10-12 

feet of horizontal distance.  

 Flow rate varies from 0 GPM at night to 

peaks of 400 GPM in the early am and 600 

GPM in the afternoon with a daytime 

average flow of 500 GPM. 

The site was intended to offset some of the 

power used during the day to drive pumps .  

An example installation for this site might 

involve:  

 step-up gearing for  greater shaft speed 

 variable speed DC motor used as a 

generator  

 an inverter to produce AC power  

To run an example, letɀÚɯÈÚÚÜÔÌɯÈɯƕƙɀɯÞÏÌÌÓɯfor 

ÛÏÌɯƕƜɀɯÏÌÈËɯwith a nominal flow of 500 GPM.  

!àɯÜÚÐÕÎɯÛÏÌɯÌØÜÈÛÐÖÕɯÐÕɯɁThe MathɂɯÚÌÊÛÐÖÕɯ

Keep In Mind ð 
 

Using waterwheels for power 

generation involves some unique 

considerations: 

 

 A typical steel waterwheel is 

approximately 85% efficient 

 Shaft speed may need to be 

increased 

 You will lose 30% to 50% of 

power at the shaft in converting 

it to electrical energy 

 Chain or shaft drives systems are 

more efficient than belt drives 

Something New ð 
 

In April of 2009 DoradoVista 

began operating a web site called  

www.SmallHydro.com, which is 

dedicated to fostering 

communication and learning 

about how to develop Small & 

Micro Hydropower projects.  As a 

new addition to the newsletter, we 

will periodically take user 

submitted questions from the site 

and address them here. 

 

http://www.smallhydro.com/
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About DoradoVista  

 

DoradoVista is a hub for several 

entrepreneurial efforts. One of our key efforts 

is helping people with their Small & Micro 

Hydropower needs and questions.  Our goal is 

help you better understand what is required to 

analyze and then develop a small or micro 

hydropower site.  

This newsletter and our support web site our 

primary tools to help you understand what is 

required to develop your site.  

In addition, I am glad to discuss your specific 

issues through email where I can 

Sincerely,  

 Jess 

DoradoVista, Inc.  

Let Us Hear From You  

 

Email concerning this newsletter can be sent to: 

 smallhydronewsletter@DoradoVista.com 

To contact Jess directly by snail mail: 
DoradoVista, Inc. 
Small & Micro Hydropower 
PO Box 147 
Newbury Park, CA  91319 

Or for email use: 

jess@doradovista.com 

To send email concerning the Small & Micro 

Hydropower BLOG use:  

smallhydroblog@SmallHydro.com  

 

More Power : 

I ncrease  Your Knowledge  

Sometimes, BIGGER 

simply is bigger ! 

 
 

DoradoVista 
Mission
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Micro 
Hydro
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Web 
Marketing

Photograph by Tanaka Juuyoh 
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From WaterwheelFactory.com  

Horizontal W aterwheel  Fourneyron Turbine ð 
 

%ÖÜÙÕÌàÙÖÕɀÚɯÍÐÙÚÛɯÛÜÙÉÐÕÌ 

produced 4.5Kw but within 10 

years his turbines were 

producing 45Kw from a small 

40lb wheel. 

In 1895 Fourneyron turbines 

were installed on the United 

States side of Niagara Falls for 

power production.  The lowly 

Horizontal Waterwheel had 

come a long way! 

To read more about the 

waterwheel and power 

generation visit the  
SmallHydro Store's - 

Waterwheel department.  
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