Energy Producing Systems: Hydropower
Humans have used the power of ﬂowing water for
thousands of years. Early civiliza)ons used wooden
paddle wheels to grind corn and wheat to ﬂour. The
word Hydro comes from the Greek word for water.
Hydropower tradi)onally represents the energy
generated by damming a river and using turbine
systems to generate electric power. However, there are
several other ways we can generate energy using the
power of water. Ocean waves, )dal currents and ocean
water temperature diﬀerences can all be harnessed to
generate energy. More than 70 percent of the Earth is
covered in water. In many ways the Earth is a water
planet and the water is in constant mo)on thanks to the The energy to drive the hydrologic cycle is gained from the Sun. Thus,
hydropower is a renewable energy source and one that is prevalent all
hydrologic cycle (see diagram).
over the Earth.

The United States is the fourth highest producer of
hydroelectric power in the world (see chart). About 7
percent of the electrical power generated in the U.S. is
currently derived from hydropower systems. Hydropower
is very regional in the United States. Washington, Oregon,
and Idaho generate more than half of their total electricity
using hydropower, while it accounts for less than 1
percent in some Midwestern states. Missouri produces
1.32% of its electricity using hydropower. More than half
of the renewable energy generated in the United States
comes from hydroelectric dams. Hydroelectric power is
currently less expensive than other renewable energy
sources like wind, solar, and biomass.
Worldwide more than 16 percent of all electricity is
generated using hydropower. Albania, Paraguay, Tajikistan,
Nepal, Zambia, and the Dem. Rep. Congo all generate
more than 99 percent of their electricity using
hydropower. Most of the rivers in the United States
already have one or more dams constructed along their
course. However, most of these dams are not used to
generate energy. Only 2.5 percent of the more than 85
thousand dams in the U.S. are classiﬁed as hydroelectric
dams. Most dams are designed to create recrea)onal
opportuni)es (lakes), control ﬂooding, or create irriga)on,
ﬁre protec)on, or drinking waster reservoirs.
DNREDU0048 (7/2017)

Data from EIA, 2012

US Army Corps of Engineers, Na)onal Inventory of Dams, 2015

Page 1

Types of Hydropower Systems
Impoundment
Impoundment hydropower systems take advantage of the conversion of poten)al energy of a dammed river to kine)c
energy. The water is released from the dam through a series of pipes and used to operate turbine systems that
generate electrical power. The lake volume can be regulated and represents a source of stored energy. These systems
can be very eﬃcient with as much as 95 percent of the energy being converted to electrical power.
In some cases impoundment systems are used speciﬁcally to store energy. Electrical power generated from other
sources is used to pump water uphill from a lower reservoir to an upper reservoir. Typically this occurs at night when
electrical consump)on is low. The stored water is then released during peak energy periods, such as on hot summer
days when air-condi)oning use is high, by ﬂowing downhill to the lower reservoir through a turbine. The eﬃciency of
this system can be as high as 80 percent. Ameren Missouri currently operates the Taum Sauk pumped storage plant
near Johnson’s Shut-Ins State Park in Reynolds County, Missouri.
Pump storage hydropower systems oﬀer a solu)on to the intermiDent nature of some renewable energy sources such
as solar or wind power. During sunny or windy days electrical power can be used to pump water to the upper reservoir.
During cloudy days or during periods of low wind the impoundment then serves as a back-up energy source. Such
approaches allow renewable energy sources such as solar or wind power to provide consistent and uninterrupted
electrical power, regardless of changes in solar availability or wind velocity.

Diversion Systems
Diversion hydropower systems essen)ally channel the ﬂow of a river or a por)on of the ﬂow to a turbine system used
to generate electrical power. A set of pipes or canals is used to redirect the ﬂow and such systems usually do not
require a dam. Such systems are only applicable to very fast ﬂowing bodies of water and the amount of power
produced is very dependent on the ﬂow. These systems cannot store power in the way a dam does and are best
applied for smaller scale local power applica)ons in remote loca)ons away from main u)lity power grids.

Wave Power
Any one who has gone swimming in the ocean can aDest to the power of even small waves. Wave hydropower
systems involve construc)ng ar)ﬁcial canyons or troughs designed to channel the power of each wave. This mo)on is
then used to drive turbines, compress air, or liF hydraulic pumps designed to generate electrical power. These systems
are oFen applied to generate speciﬁc local electrical power needs such as ligh)ng a marker buoy or providing power to
a remote lighthouse. However, en)re systems could be built along stretches of coast line and provide for much larger
power needs.

Tidal Energy
The Moon exerts a strong gravita)onal force on our planet. This force combined with the rota)onal movement of our
planet creates upliF in our ocean surface every 12 hours. The level of this )dal eﬀect is greatly inﬂuenced by the depth
of the water, local ocean currents, and geological constric)ons that amplify the eﬀect. Tides can be as small as a few
inches on some coastal regions (west Florida coast) to as much as 30 feet or more in other loca)ons (upper Baja
peninsula). Tidal Hydropower Systems typically involve erec)ng a dam across the opening of a bay. As the )de comes
in the ﬂow of water is directed towards a series of turbines to generate electrical power. As the )de recedes the ﬂow
reverses and can again be captured to generate power. Some systems use the incoming )de to ﬁll a large reservoir
system then the gates close and power is generated from the controlled ouIlow. This type of power system has been
successfully operated in France and currently provides power to 240,000 homes.
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Ocean thermal Energy
Ocean Thermal Hydropower Systems take advantage of the
temperature diﬀerence in ocean water with depth. The radiant
energy from the Sun causes surface waters to be signiﬁcantly
warmer than colder deep water. Such systems require at least
a 40 degrees Fahrenheit diﬀerence between surface and deeper waters. The warmer surface waters are used to vaporize a
working ﬂuid with a low boiling point (such as ammonia). The
expanding vapor is used to drive a turbine and generate electricity. The working ﬂuid is re-condensed using colder deep-sea
water and the process repeated. Some systems use ocean water itself as the working ﬂuid and have the advantage of producing fresh water in the process (via dis)lla)on). Such systems can be a signiﬁcant advantage in areas of the world
where fresh water is limited. Ocean thermal energy systems
have been successfully piloted in Japan and Hawaii. However,
the power generated from these systems is s)ll currently more
expensive than electricity generated by other means (fossil
fuels, hydropower, etc). In the future, as the technology for
ocean thermal energy systems is reﬁned, both energy and
fresh water may be rou)nely obtained from the sea. Sixty percent of the world’s popula)on is located near coastal regions
and could greatly beneﬁt from this emerging technology.

Characteristics of Hydropower
At one )me as much as 40 percent of the electricity generated
in the United States came from hydroelectric dams. Coal-ﬁred
power u)li)es currently provide the largest share of our electrical power and only 7 percent of electricity consumed is currently generated using hydropower. However, rivers and
coastal areas are cri)cal habitat for a substan)al amount of the
life found on Earth. Dams certainly change the characteris)cs
of rivers and can have dras)cally nega)ve impacts on ﬁsh popula)ons and other aqua)c organisms. A dam on a river can
mi)gate the natural ﬂood cycles required by some ﬁsh for
breeding, can limit migra)ons and can signiﬁcantly alter the
temperature of the water. Many dam installa)ons have been
shown to increase the processes of anaerobic degrada)on of
organic maDer resul)ng in increased levels of atmospheric carbon dioxide. Dams also compete with other water needs such
as crop irriga)on, drinking water and aqua)c habitat protec)on. Water itself is becoming a precious resource as evidenced
by the many lawsuits ﬁled over water rights between the western states. In many parts of the world en)re countries are in
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* The AK and HI poten)al are es)mated by a diﬀerent approach from that
used for the other 48 states.

A 2014 U.S. Dept. of Energy study iden)ﬁed the poten)al for
increasing hydropower in streams across the country. The
tables summarizes the poten)al in each state.
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dispute over water rights. The Colorado River, for example, is so heavily u)lized along its course that it no longer consistently ﬂows from the United States through Mexico to the sea. The last one hundred miles of riverbed is oFen dry as
a result of water diversion further upstream associated with agricultural irriga)on and drinking water needs.
However, many river systems in the United States already have one or more dams installed along their path and only
three percent of such dams are currently used to generate electrical power. Such dams could be retroﬁDed with turbine systems and electrical power obtained through modiﬁca)on of pre-exis)ng facili)es (see map above). Hydropower has the poten)al to be cri)cal facet in the applica)on of other renewable energy systems. Wind power and solar
power systems are intermiDent sources of energy. Pumped storage systems can be used to generate conven)onal hydropower during )me frames when the primary source of power (wind or solar) is unavailable. New developments in
)dal, wave and thermal ocean energy also promise to aid in establishing clean and renewable energy sources. As these
technologies mature their prac)cal applica)on will increase helping to provide power for coastal popula)ons.

The Future of Hydropower in Missouri
Missouri has ﬁve hydroelectric plants and two pumped storage facili)es. Addi)onally, the Missouri river fuels 36 smaller hydroelectric units. The Osage Energy Center operated by Ameren Missouri in Bagnell Dam produces 500 million
kWh of power and helps prevent the emissions of about 1 million tons of coal. The 2014 DOE report iden)ﬁes about 30
projects for a genera)on poten)al of around 9,534,087 MWh—more than double the net total produc)on by coal in
Missouri. This is primarily driven by the heavy streamﬂow of the Mississippi and lower Missouri River. Of course, harnessing this poten)al is not always feasible. DOE took environmental and other factors into considera)on in its iden)ﬁca)on of sites, but poli)cal will, construc)on funds, and other issues make hydroelectric less likely to be developed.
One important development is micro-turbine technology which makes smaller distributed energy genera on from hydroelectric systems for smaller geographic areas possible.
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Glossary of Terms
Distributed energy genera on: The use of small localized power produc)on systems to generate electrical power usually for a speciﬁc on-site applica)on and some)mes to the larger electric grid. Solar photovoltaic systems and wind
power systems are common distributed energy genera)on methods
Diversion Hydropower Systems: A hydropower system which uses a diversion channel to direct swiFly ﬂowing water
to a turbine to generate electrical energy and then return water to the main channel of the water source
Electrical power: Electrical energy used to conduct work; the measure of the rate of electrical energy used by a circuit.
This is usually measured using a unit called a WaD (W)
Hydropower: The u)liza)on of the mechanical and some)mes thermal energy of moving water. In the modern era this
is usually done to generate electrical power, but has historically been used for mechanical power
Impoundment Hydropower Systems: The most common type of hydropower system in which a completely or par)ally
blocked water source, oFen a reservoir blocked by a dam, is released through turbines which then generate electrical
power
Ocean Thermal Hydropower Systems: Hydropower Systems which use warm surface ocean water to vaporize a carrier
ﬂuid with a low boiling point to operate a turbine to generate electrical power and then condense the carrier ﬂuid using deeper, colder water so that the process can be repeated
Pump Storage Hydropower Systems: A rela)vely new form of hydropower and energy storage in which excess electrical power during )mes of lower demand (oFen at night) is used to pump water from a lower reservoir into an upper
reservoir. When demand is high and addi)onal electrical power is needed, the water is released back into the lower
reservoir opera)ng turbines and genera)ng electrical power
Renewable energy: Energy derived from renewable energy sources (See renewable energy source/fuel)
Renewable energy source/fuel: Primary energy source that can be replenished at an equal or greater rate to its consump)on; sustainable energy source
Tidal Hydropower Systems: Hydropower systems that either capture and slowly release )des through turbines or direct incoming )dal water through turbines to generate electrical power
Turbine: A device which harnesses the kine)c energy of an incoming force (oFen steam, water, or air) to spin rotors
and create mechanical power. In electrical power genera)on the spinning mo)on of turbine rotors is used to turn generators which use rota)ng magnets inside copper wire to create an electrical current
Wave Hydropower Systems: Hydropower systems that either funnel and capture waves in pools and release the water
through turbines or use wave power to directly operate turbines to generate electrical power

For more informa on:
DNR Youth Educa)on and Interpreta)on
P.O. Box 176
Jeﬀerson City, MO 65102-0176
1-800-361-4827 or (573) 522-2656 oﬃce
e-mail: naturalresources.ed@dnr.mo.gov
hDp://dnr.mo.gov/educa)on
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