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1. Introduction 
This is the third and final part of the Hydro series. The first two parts are described and 
linked below. 

Hydro – Beginnings, The Birth of the Grid: This is the first part of a 3-part series on 
hydropower. This part will focus on the U.S. history of hydroelectric generation. Although 
using flowing water to perform work dates to ancient times, using this renewable energy 
source to generate electric power was born gradually from many inventions by many 
early engineers and scientists. Then, around 1900, one major project with several 
parents demonstrated to the world what the modern grid would look like. 

https://energycentral.com/c/gn/hydro-%E2%80%93-beginnings-birth-grid 

Hydro – Management: Although hydropower is used nation-wide, it is somewhat 
proportional to the average amount of precipitation across a state, and a given state’s 
land area to collect that precipitation. 

Most hydroelectric projects have reservoirs to buffer the river-flows that feed them, but 
there is still a strong incentive to make optimal use of the water that flows through each 
project’s generators, but this is complicated by differing definitions of “optimal,” differing 
non-generation requirements and other constraints. This paper will review the 
applications that help each project’s management deal with these requirements. 

https://energycentral.com/c/gn/hydro-%E2%80%93-management  

As I frequently do in my posts, below I will focus on California, specifically what 
California defines as small hydro: plants that are 30 MW or smaller. Also, in California, 
facilities smaller than 30 MW capacity are generally considered an eligible renewable 
energy resource...1 

Large hydroelectric facilities are generally not considered a renewable energy resource. 
We will cover both of these briefly in section 2 below, and then focus on small hydro. 

2. Hydro in California 
In 2020, hydro-produced electricity used by California totaled nearly 21,414 gigawatt-
hours (GWh), or 11.2% of California's in-state generation portfolio. There are a total of 
274 hydroelectric facilities with an installed capacity of 14,042 megawatts (MW). The 
amount of hydroelectricity produced varies each year and is largely dependent on 
snowmelt runoff and rainfall. The annual average hydroelectric generation from 1983 
through 2020 is 34,132 GWh. 

Hydro facilities in California fall into one of two categories. Facilities smaller than 30 MW 
capacity are generally considered an eligible renewable energy resource and are 
referred to as small hydro. These small hydro facilities must be certified for the net MWh 

                                                 
1 California Energy Commission, “California Hydroelectric Statistics and Data”, 

https://ww2.energy.ca.gov/almanac/renewables_data/hydro/index_cms.php  

https://energycentral.com/c/gn/hydro-%E2%80%93-beginnings-birth-grid
https://energycentral.com/c/gn/hydro-%E2%80%93-management
https://ww2.energy.ca.gov/almanac/renewables_data/hydro/index_cms.php
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to count according to renewable energy portfolio standards. There are a few cases 
where some hydro facilities larger than 30 MW may also be eligible under specific 
eligibility criteria. All other hydro facilities are referred to as large hydro… 

From the Reference 1 database, I counted approximately 200 small hydro plants that 
had a combined capacity of 1,760 MW. This is compared to about 70 large hydroelectric 
plants with a combined capacity of about 12,280 MW. 

Note that the above does not include California’s allocation from Hoover Dam. This plant 
has a capacity of 2,080 MW, and the utilities/states receiving this as well as their shares 
(percentages of firm energy) are listed below.2 

Arizona - 18.9527 percent 

Nevada - 23.3706 percent 

Metropolitan Water District of Southern California - 28.5393 percent 

Burbank, CA - 0.5876 percent 

Glendale, CA - 1.5874 percent 

Pasadena, CA - 1.3629 percent 

Los Angeles, CA - 15.4229 percent 

Southern California Edison Co. - 5.5377 percent 

Azusa, CA - 0.1104 percent 

Anaheim, CA - 1.1487 percent 

Banning, CA - 0.0442 percent 

Colton, CA - 0.0884 percent 

Riverside, CA - 0.8615 percent 

Vernon, CA - 0.6185 percent 

Boulder City, NV - 1.7672 percent 

Lake Mead, the reservoir created by Hoover Dam, recently fell to its lowest level since it 
was initially filled in 1936.3 

3. Small Hydro 
There are basically two types of small hydro: 

Dams (or pondage) facilities raise the water level of a stream or river to an elevation 
necessary to create a sufficient elevation difference (head). Dams can be constructed of 
earth, concrete, steel, or a combination of such materials. Dams may create secondary 
benefits such as flood control, recreation opportunities, and water storage.4 

Run-of-river (or water diversion) facilities divert water from a natural channel to a course 
with a turbine and usually return the water to the channel downstream of the turbine. 

                                                 
2 U.S. Bureau of Reclamation, Hoover Dam, Frequently Asked Questions and Answers, 

https://www.usbr.gov/lc/hooverdam/faqs/powerfaq.html  
3 Erik Stokstad, Science, “A voice for the river,” July 2, 2021, Note that this article is not open to the 

general public, https://science.sciencemag.org/content/373/6550/17.full  
4 California Energy Commission, “Hydroelectric Power,” https://www.energy.ca.gov/data-

reports/california-power-generation-and-power-sources/hydroelectric-power  

https://www.usbr.gov/lc/hooverdam/faqs/powerfaq.html
https://science.sciencemag.org/content/373/6550/17.full
https://www.energy.ca.gov/data-reports/california-power-generation-and-power-sources/hydroelectric-power
https://www.energy.ca.gov/data-reports/california-power-generation-and-power-sources/hydroelectric-power
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Below is a simple diagram of the latter configuration.5 If there is an option between small 
dam and a run of the river for a particular project, the lay of the land (including the 
stream/river) and stream flow characteristics usually get the final votes. If the land (and 
stream) only has a very gradual slope, a small dam may be required to build enough 
head (pressure) to make the project viable. If the stream flow is low or variable (including 
seasonal variations), a dam may be required to store water to generate power when it’s 
needed. The power produced by a given plant is proportional to the flowrate times the 
pressure. 

 

On the other hand a run-of-the-river design is generally easier to get permitted, 
especially if the project will only divert a small percentage of the minimum stream-flow 
(this may mean that the project can only operate seasonally). 

3.1. Microhydropower Plant 
A Canadian site defined the following classifications of small hydro plants: 

Classification Capacity 

Micro < 100 kW  

Mini 100 kW - 1 MW 

Small 1 - 50 MW 

Note that in California, “Small” essentially only goes up to 30 MW, and I have not seen 
any “Mini” plants from U.S. sources. NREL generally agrees with California’s 30 MW 
maximum definition for small hydro.6 The Department of Energy agrees with the 100 kW 
maximum for Microhydropower systems.5 The text below is from Reference 5. 

Microhydropower can be one of the most simple and consistent forms or renewable 
energy... 

If water is flowing through property, a small hydropower system may generate electricity. 
Microhydropower systems usually generate up to 100 kilowatts of electricity. Most of the 
hydropower systems used by homeowners and small business owners, including 

                                                 
5 U.S. Department of Energy, “Microhydropower Systems,” https://www.energy.gov/energysaver/buying-

and-making-electricity/microhydropower-systems  
6 National Renewable Energy Laboratory, Energy Efficiency and Renewable Energy Clearinghouse, “Small 

Hydropower Systems,” https://www.nrel.gov/docs/fy01osti/29065.pdf  

https://energyeducation.ca/encyclopedia/Watt
https://www.energy.gov/energysaver/buying-and-making-electricity/microhydropower-systems
https://www.energy.gov/energysaver/buying-and-making-electricity/microhydropower-systems
https://www.nrel.gov/docs/fy01osti/29065.pdf
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farmers and ranchers, would qualify as microhydropower systems. But a 10-kilowatt 
microhydropower system generally can provide enough power for a large home, a small 
resort, or a hobby farm. 

A microhydropower system needs a turbine, pump, or waterwheel to transform the 
energy of flowing water into rotational energy, which is converted into electricity. 

Run-of-the-river microhydropower systems consist of these basic components: 

 Water conveyance -- channel, pipeline, or pressurized pipeline (penstock) that 
delivers the water 

 Turbine, pump, or waterwheel -- transforms the energy of flowing water into 
rotational energy 

 Alternator or generator -- transforms the rotational energy into electricity 

 Regulator -- controls the generator 

 Wiring -- delivers the electricity. 

Commercially available turbines and generators are usually sold as a package. Do-it-
yourself systems require careful matching of a generator with the turbine horsepower 
and speed. 

Many systems also use an inverter to convert the low-voltage direct current (DC) 
electricity produced by a system into 120 or 240 volts of alternating current (AC) 
electricity… 

Whether a microhydropower system will be grid-connected or stand-alone will determine 
many of its balance of system components… 

3.2. Small Hydroelectric Plants 
Small hydroelectric plants as defined in the Introduction are considered renewable due 
to the relatively small amount of water required for their operation, relatively small or no 
reservoir and consequent minimal environmental impacts when compared to large 
hydroelectric projects. Although most small hydro plants are owned by small and large 
electric and water utilities, a few are owned by private individuals and other 
organizations. 

The following subsections review characteristics of these plants. 

3.3. Head 
Most small hydropower sites are categorized as low or high head. The higher the head 
the better because the plant will need less water to produce a given amount of power, 
and it can use smaller, less expensive equipment. Low head refers to a change in 
elevation of less than 10 feet. A vertical drop of less than 2 feet will probably make a 
small-scale hydroelectric system unfeasible…6 

When determining head, you need to consider both gross head and net head. Gross 
head is the vertical distance between the top of the penstock that conveys the water 
under pressure and the point where the water discharges from the turbine. Net head 
equals gross head minus losses due to friction and turbulence in the piping when 
operating.  
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3.4. Flow 
The quantity of water falling is called flow. It’s measured in gallons per minute, cubic feet 
per second, or liters per second. The easiest way to determine a stream’s flow is to 
obtain data from local offices of the U.S. Geological Survey, the U.S. Army Corps of 
Engineers, the U.S. Department of Agriculture, the county’s engineer, or local water 
supply or flood control authorities.  

3.5. Estimating Power Output  
There is a simple equation that can be used to estimate the power output for a system 
with 53 percent efficiency, which is representative of most small hydropower systems. 
Simply multiply net head (the vertical distance available after subtracting losses from 
pipe friction) by flow (use U.S. gallons per minute) divided by 10. That will give you the 
system’s output in watts (W). The equation looks this:  

[net head (feet) x flow (gpm)]/10 = W 

3.6. Permits and Water Rights 
If a hydropower system will have minimal impact on the environment, and the power will 
not be sold to a utility, there’s a good chance that the process required to obtain a permit 
won’t be too complex. Locally, the first point of contact should be the county engineer. 
The state energy office may be able to provide advice and assistance as well (see 
NASEO below).  

National Association of State Energy Officials (NASEO) 

1414 Prince St., Suite 200  

Alexandria, VA 22314 

Phone: (703) 299-8800 

Fax: (703) 299-6208 

E-mail: info@naseo.org 

Web site: https://www.naseo.org/members-states  

Provides current contact information for state energy offices, including links to their 
Web sites. 

In addition, the project manager will need to contact the Federal Energy Regulatory 
Commission and the U.S. Army Corps of Engineers (see below). The amount of water 
that can diverted from the stream channel will need to be determined. Each state 
controls water rights and a project may need a separate water right to produce power, 
even if the developer already has a water right for another use. 

Federal Energy Regulatory Commission (FERC) 

Public Reference Room 

888 1st St., N.E. 

Washington, DC 20426 

Phone: (202) 208-1371 

Fax: (202) 208-2320  

Web site: https://www.ferc.gov/industries-data/hydropower  

Licenses and inspects private, municipal, and state hydro projects. 

U.S. Army Corps of Engineers 

https://www.naseo.org/members-states
https://www.ferc.gov/industries-data/hydropower
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441 G. St., N.W. 

Washington, DC 20426 

Phone: (202) 761-0008 

Web site: https://www.usace.army.mil/locations.aspx  

Can provide contact information for a local district office. 

https://www.usace.army.mil/locations.aspx

