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Micro-Hydro Power:  
Is It Right for My Farm?

Introduction
Micro-hydro power is one of the most reliable 
and consistent sources of renewable energy avail-
able. A good water resource with a year-round 
�ow and several feet of elevation drop can pro-
vide years of continuous power. 

�is introductory publication discusses the steps 
necessary to develop the potential power in a 
water resource. It does not, however, provide 
answers to the technical questions you may have 
about developing a micro-hydro power project. 
You will want to refer to a more technical do-
it-yourself ATTRA publication, Micro-Hydro 
Power: A Beginners Guide to Design and Instal-
lation, if you are planning to install your own 
micro-hydro system. 

Step 1 – Will Your Resource 
Meet Your Needs? 
If there is not enough energy available in your 
stream to come close to meeting your energy 
needs, there is not much sense in going any fur-
ther. On the other hand, the stream may contain 
enough developable power that you will want to 
use only a portion of it. In order to determine 
your stream’s potential power, you will have to 
quantify the head and the �ow rate. 

Head is usually de­ned as the vertical distance 
between the point where you will collect water 
(the intake) and the point where you will install 
a turbine. �ere are usually only a few possible 
locations near the water resource for the turbine 
and generator, while there may be several pos-
sible locations upstream for the intake. 

Flow is the volume of water that can be tempo-
rarily diverted to the hydro turbine. It is usually 

Micro-hydro power projects can sustainably harvest energy from on-farm water resources and produce 

mechanical and electrical power. Low-impact, nonconsumptive, and “run-of-river,” micro-hydro systems 

can produce renewable power for 20 or more years. This introduction to micro-hydro power will help 

guide you through the basic considerations for developing a micro-hydro project.

measured in gallons per minute (gpm) or cubic 
feet per minute (cfm). Keep in mind that it  
is best to take as little water as possible from  
the source. 

If you are already familiar with how to calculate 
head and �ow, you are ready to move forward. 
If not, review the ATTRA publication Micro-
Hydro Power: A Beginners Guide to Design and 
Installation. 

Power output is directly related to the �ow rate, 
head, and force of gravity. You will need to cal-
culate the potential power output of your system 
in order to determine whether it can meet your 
power needs. You can roughly calculate poten-
tial output with this formula: 

Watts = Head (in feet) x Flow (in gpm)/12* 

*�is �gure, a measure of e�ciency, may range 
from 9 for larger AC systems to 13 for smaller bat-
tery-based systems. 

An intake can be integrated into the stream bed to 

capture only a small part of the 	ow and minimize 

environmental impacts. Photo: Leif Kindberg, NCAT
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• A �ow rate of 100 gallons per minute 
at 10 feet of head also will deliver about 
83 watts of useful power. 

A good water resource needs either a larger 
�ow or higher head than the previously sug-
gested minimums. Combinations of head and 
�ow above the minimums can provide plenty of 
usable power, and there are a number of turbines 
that are speci­cally developed to be used at sites 
with very limited resources. 

Step 2 – Can You Use the 
Water Resource?
Do you have a right to use the water, or does 
that right reside elsewhere? Remember that in 
many states, particularly in the West, water 
rights do not necessarily transfer with land 
titles, and downstream users may also have a 
legal right to the water. �e water-use permit-
ting process can be long and drawn out, so for 
now just investigate the feasibility of using the 
water resource at your site. 

Another important consideration is the environ-
mental impact caused by using water for hydro-
power. Micro-hydro projects are usually “non-
consumptive,” that is, they temporarily divert 
water from the stream and then return it after 
it passes through the hydro turbine. �ere will 
be a limit on the volume of water that can be 
temporarily diverted from many on-farm water 
resources. Taking too much water or damming 
up a stream can cause long-lasting environmen-
tal damage, including reduced in-stream �ow, 
increased water temperature, altered ­sh habitat 
and stream ecology, and barriers to ­sh passage. 
In many areas, these environmental impacts will 
prevent a water resource from being developed. 

It is also necessary to understand thoroughly 
the type of energy you need. If you are consid-
ering mechanical shaft power as your end use 
(e.g., sawing or grinding), you need to know the 
power requirements of your machinery, probably 
measured in horsepower. If you want to use the 
energy available in the water to generate electri-
cal power for lights, your shop, or motors, you 
have to determine your electrical-power needs. 
�e best way to do this is to look at your cur-
rent electricity bills to get an idea of the num-
ber of kilowatt hours you are using each month. 
Remember, you will have peak power needs that 
must be considered when you are sizing and 
designing your system. 

Once you have determined your power-gener-
ation potential and your power requirements, 
compare the two to ­nd out whether your water 
resource can meet your energy needs. If your 
monthly power requirements are greater than 
the hydropower system would generate in a 
month, consider whether you are able to reduce 
consumption to try to match the available power 
through increased e�ciency or by using di�er-
ent equipment. It may be more cost e�ective to 
spend some money on equipment that is more 
e�cient rather than on greater energy-generation 
capacity. On the other hand, if your system’s 
output would be greater than your demand, you 
may have surplus power for such other end uses 
as space heating, water heating, or selling power 
to your area’s electricity provider. 

It is important to note that there are heads and 
�ow rates below which it most likely is not eco-
nomical to develop a water resource. �ese mini-
mum heads and �ow rates are di�cult to spec-
ify because combinations of a lot of one and not 
very much of the other can provide plenty of use-
ful power. For practical purposes, however, any 
head less than 10 feet is probably going to be 
uneconomical to develop in micro-scale hydro-
electric systems. Similarly, 10 gallons per minute 
can be considered the lower limit of the �ow rate. 
However, 10 gallons per minute at 10 feet of 
head is not going to generate enough usable elec-
trical power. �e following examples will help 
you consider some minimum-energy situations: 

• A �ow rate of 10 gallons per minute at 
100 feet of head will produce about 83 
watts of useful power before e�ciency 
losses—enough to light an 80-watt 
light bulb pretty much continuously.

A micro-hydro intake and penstock temporarily divert 

a portion of the water 	ow and carry it to the location 

of the turbine. Photo: Leif Kindberg, NCAT



Page  3ATTRAwww.attra.ncat.org

Step 4 – Compare the Costs 
of Alternatives
Is your property currently connected to util-
ity power lines? How much are you paying for 
your electricity, and would it be advantageous, 
economically, for you to disconnect from those 
lines and supply all of your own power? You can 
determine the economic advantage, if any, by 
comparing the cost of installing, operating, and 
maintaining a micro-hydro power system to the 
cost of all the various alternatives. Your micro-
hydro system might be most economical option 
under the following conditions:

• If your site is isolated and the nearest 
utility lines are a mile or more away, 
you might ­nd that the cost of install-
ing a small hydropower system is very 
competitive with the cost you would 
pay to have the utility lines extended.

• If your site has a high head and/or con-
tinuous �ow.

• If you can sell power back to the utility 
at a reasonable rate. 

• If the powerhouse is located next to 
or very near the point where power is 
needed. 

On the other hand, here are some situations that 
might make it not worth your while to develop 
a site: 

• If you must use some power from the 
utility company, continuously or sea-
sonally, the “meter charge” may elimi-
nate any signi­cant cost savings from 
your hydropower system.

• If you either cannot sell electricity back 
to the utility or will not continuously 
use the power generated by your micro-
hydro system.

Step 3 – Calculate the Costs 
of the System
If you have a water resource that is worth devel-
oping, determine who the equipment suppliers 
are for that type of water resource and evaluate 
your equipment costs. (A list of equipment deal-
ers is available from the ATTRA Directory of 
Energy Alternatives at www.attra.ncat.org/dea.) 
Most equipment suppliers will be able to give 
you a rough estimate of costs if you can supply 
them with the following information:

• �e usable �ow rate (e.g., in gallons per 
minute or cubic feet per minute)  

• The head (e.g., in feet, meters, or 
pounds per square inch)

• The length of the pipe (penstock) 
required to run from the intake to the 
turbine location

• �e power demand required in kilowatt 
hours and what it is used for

• �e kind of power you want to use—
AC or DC—and what you want to do 
with any surplus power

• �e transmission-wire length from the 
generator to the point of use 

In your cost calculation, include dam repair  
or construction (if needed), the piping, laying 
the penstock, the electrical setup, and the con-
struction of a small powerhouse for the turbine, 
generator, and electronics. In most cases, these 
components will be the most expensive parts of 
the project. 

While considering the project’s costs, also take 
into account any peripheral advantages from a 
hydropower system. �ese may include using 
the penstock as a source for domestic water,  irri-
gation water, or water for ­re suppression. Can 
any of these bene­ts o�set other costs you have 
or expect to have? How does this a�ect the cost 
­gure associated with the hydropower system? 

�e next question that arises is this: Are the 
costs of the system reasonable?

�is question can be answered only by knowing 
your own reasons for developing a micro-hydro 
system. Your noneconomic reasons (e.g., envi-
ronmental e�ects and energy independence) may 
outweigh any other considerations, but if you are 
like most of us, economics plays a deciding role. 

The penstock is sized 

and selected for each 

site. Often, a pressure- 

rated steel or plastic 

pipe is used. Photo: Leif 

Kindberg, NCAT

http://www.attra.ncat.org/attra-pub/farm_energy/search.php
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Step 6 – Start the Permit-
ting Process
If you have successfully arrived at this point, you 
are ready to obtain the necessary permits. Again, 
there are numerous water-rights and environ-
mental-impact considerations that may apply 
to your project. Although many people have 
simply bypassed the permitting process when 
they developed a micro-hydro project, there are 
risks in doing so. �e traditional place to start 
is the Federal Energy Regulatory Commission 
(FERC)—the agency responsible for permitting 
micro-hydro projects. FERC will be able to pro-
vide you with the names of many, if not all, of 
the local agencies you will also need to contact 
in order to properly permit your system. Finally, 
if you plan to interconnect your micro-hydro 
system with the utility company’s system—and 
such an arrangement is available in your area—
you will need to obtain an interconnection 
agreement with the utility. 

Step 7 – Build or Buy  
the Equipment
If you have made it this far in your planning 
process and feel con­dent that you are ready to 
buy equipment, here are some tips to consider.  

It is important to be sure of the quality of the 
materials and equipment you buy. If you are 
looking to construct your system, you may be 
attracted to the equipment with the lowest cost. 
�is may or may not be the approach to take  
in your particular case. Micro-hydro systems 
often require equipment that can withstand 

• If your project would require a lot of 
excavation, dam building, or consulting.

• If the siting and permitting require-
ments are time-consuming and complex.

Step 5 – Financing  
Considerations 
�e capital costs associated with micro-hydro 
power systems are usually not as high as they are 
for such other alternatives as wind power or solar 
power. Typically, micro-hydro costs run from 
$1,500 to $4,000 per kilowatt of installed capac-
ity. �e costs will vary substantially depending 
on your site. Your method of ­nancing the proj-
ect will determine what you will actually pay per 
kilowatt-hour of power you use. 

You can keep the costs down by doing a lot of 
the work yourself. You can build and install 
some of the needed components, or all of them 
if you want to and have the time. However, be 
forewarned—you might close o� some ­nancing 
options if you do construct your own equipment 
and use your own labor. For example, loans are 
made on the basis of guaranteed collateral, and 
this collateral often relates to the equipment. So 
if the item does not have proven value—that 
is, if it cannot be repossessed and have a guar-
anteed resale value comparable to the prorated 
value of the loan—it may not be ­nanceable. 
Furthermore, certain grant programs, such as 
the Rural Energy for America Program (REAP), 
require that technology be proven and commer-
cially available or go through a technical-veri­-
cation process. 

Energy alternatives like solar are not constant—

unlike many micro-hydro projects that can operate 

24/7—but may be a better choice depending on the 

project site and power needs. Photo: Leif Kindberg, 

NCAT

A “run-of-river” system returns 	ow to the same 

stream, reduces environmental impact, and generally 

eases the permitting process. Photo: Leif Kindberg, 

NCAT
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A list of equipment manufacturers and suppli-
ers is available from the ATTRA Directory of 
Energy Alternatives at www.attra.ncat.org/dea.

Step 8 – Install and Check 
the Equipment
During the installation of equipment, it is 
important that you follow all the manufactur-
er’s instructions. Do not take any shortcuts. 
Remember that reputable manufacturers have 
been in the business for a while, and they know 
their equipment. If you encounter any problems, 
contact the manufacturer, and they will help 
you. It is in the best interests of the manufac-
turer that a system be installed successfully and 
function correctly. 

If you are installing a DC system, install the 
turbine-generator set as close to the point of 
use as possible. �is will keep transmission-line 
power losses to a minimum. If your electrical 
knowledge is basic, consider involving an expe-
rienced electrician.

If you have read through these simple steps, you 
are well on your way to developing a micro-
hydro project. Once again, we recommend that 
you read the ATTRA publication Micro-Hydro 
Power: A Beginners Guide to Design and Installa-
tion and ask lots of questions of your equipment 
suppliers. You may also contact ATTRA to dis-
cuss your particular micro-hydro project.

Acknowledgement

�is fact sheet was developed from the 1979 
NCAT publication Micro-Hydro Power: Review-
ing an Old Concept. �e publication, written by 
Ron Alward, Sherry Eisenbart, and John Vok-
man, is no longer in print.

high pressures and high �ow volumes. Home-
power Magazine is a good source for research-
ing o�-the-shelf turbines and equipment, as is 
ATTRA’s telephone help line. Another good 
way to ensure that you’re getting a quality prod-
uct is to ask the supplier for a list of previous 
customers in your area. Go to one of the sites 
and talk to the people using the equipment to 
get their opinions about it.

Get good-quality pipe for your penstock. Do 
not use seconds that may not be pressure rated 
for your needs. Use gate valves in your system; 
do not use ball valves. Unlike ball valves, a good 
gate valve takes long enough to shut o� that it 
creates very little “water-hammer” e�ect. A pres-
sure wave—the water hammer—caused by clos-
ing o� a high-pressure line too quickly can cause 
severe damage to the penstock and equipment. 
Also, a good intake setup is vital for many years 
of hassle-free operation. �ere are a number of 
very good o�-the-shelf intakes available from 
equipment dealers.  

Equipment is almost always designed for the charac-

teristics of each speci�c hydro site.  

Photo: Leif Kindberg, NCAT

http://www.attra.ncat.org/attra-pub/farm_energy/search.php
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Further Resources Online
Micro-Hydro Power: A Beginners Guide to Design and 
Installation
�is more technical ATTRA publication also is available 
from the National Center for Appropriate Technology.  
www.attra.ncat.org/attra-pub/microhydrodesign.html

Home Power Magazine
�is do-it-yourself subscription-based magazine features 
articles discussing many aspects of designing a micro-hydro 
system. www.homepower.com 

Micro-Hydro Power
Practical Action o�ers several good videos, fact sheets, case 
studies, and publications on small-scale and micro-hydro 
systems in rural areas throughout the world.  
http://practicalaction.org/energy/micro_hydro_expertise 

Micro-Hydropower Systems - A Buyer’s Guide
Similar to ATTRA’s Micro-Hydro Power: A Beginners Guide 
to Design and Installation, this publication from Natural 
Resources Canada provides step-by-step considerations for 
developing micro-hydro sites in Canada, and many of the 
considerations are also relevant for sites and systems located 
in the U.S. www.energyalternatives.ca/PDF/Micro-Hydro
power%20Systems%20-%20A%20Buyer%27s%20Guide.pdf 

ATTRA - National Sustainable Agriculture Information Service

Looking for energy alternatives? ATTRA can help. We o�er free technical assis-

tance (in Spanish or English) and customized research by our team of agriculture 

and energy specialists. Call our free help line: 800-346-9140 (English) or 800-411-

3222 (Español). 

http://www.homepower.com/
http://www.attra.ncat.org/attra-pub/microhydrodesign.html
http://practicalaction.org/energy/micro_hydro_expertise
http://www.energyalternatives.ca/PDF/Micro-Hydropower%20Systems%20-%20A%20Buyer%27s%20Guide.pdf
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