
Hydroelectric Power
The cycle of evaporation, rainfall, and runoff set in motion by the Sun’s heat and Earth’s gravity
is ceaseless. By harnessing the energy of water as it flows back to the sea, water wheels, and
turbines convert this natural, renewable resource into usable power. In fact, falling water is the
source of a quarter of the world’s electricity.

To construct a hydroelectric plant, it is necessary to dam a river. The result is a vast reservoir of
water extending many acres in a floodplain. Electricity is generated by converting the kinetic
energy of the water as it flows down pipes and through turbines. Dams are usually one of three
types: gravity, built of timber, earth, or rock fill, where the weight of the dam alone gives
stability; buttressed or hollow, made of reinforced concrete and inclined toward the upstream;
and arched, used in narrow gorges.

Two main types of hydroelectric plants can be seen around the world, although no two are
exactly alike. First, there are the high-head projects used in mountainous areas, which have
drops of 500 to 5,000 ft. (150–1,520 m)—the head is the distance through which the water falls
onto the turbines. Second are the low-head projects of up to 100 ft. (30 m).

The theoretical amount of energy available from a hydroelectric plant is given by the volume of
water in the dam multiplied by the head. The continuous power than can be supplied is
determined by the minimum flow. If the turbine can be shut down for periods of low energy
demand, the water can be conserved and then used later during periods of high demand. This is
called pondage.

It is common to take this idea further and use electricity from conventional and nuclear power
stations to pump water from the bottom to the top during the night, when power demand is at
its lowest. Some projects use the electricity generated by the plant itself to return water to a
higher level during off-peak hours. In this way, the reservoir acts as a kind of storage battery,
because the energy from the falling water can be used again during peak-demand periods. The
high efficiency of hydroelectric plants makes this economical, and it is the practice used in the
two massive hydroelectric "hollow mountain" plants in Britain—Dinorwic in Wales and Ben
Cruachan in Scotland—where the plants were constructed within mountains and artificial lakes
were hollowed out of the mountain tops to hold the water.

The turbine
Two main types of turbine have been developed: the impulse turbine, with buckets arranged at
the perimeter onto which a high-pressure jet of water is directed, and the reaction turbine,
which consists of a vaned wheel inside a curved outer casing.

Both types of turbine are used in hydroelectric plants. A development of the impulse turbine,
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called the Pelton wheel—after Lester Pelton, a Californian engineer—is used where there is a
high head and a low volume of water flow. Efficiencies of over 90 percent have been achieved,
and Pelton wheels delivering over 60,000 kW have been built.

Various designs of reaction turbine have been used, but they are generally more suited to
high-flow situations than the impulse type. With a high head, efficiencies can exceed 90 percent.
Despite the highest efficiencies being available from higher heads, the reaction turbine is much
better suited to low-head schemes than the Pelton wheel.

In a hydroelectric plant, the turbine or turbines are connected to conventional electricity
generators, as found in ordinary coal- and oil-fired power stations.

Planning hydropower
There are many planning considerations before a hydroelectric project can be built. There are
certain locations that, although they appear to offer a suitable fall in a river, may not make a
successful project. Water flow is crucial, not only to supply the reservoir but also to ensure there
is a sufficient amount of water left to supply areas downstream of the dam. Evaporation losses
may reduce the river flow farther down the river, and the opposite may also be true—the plant
may not be able to cope with seasonal flooding because the flow exceeds its capacity.

The power output from hydroelectric plants is progressively reduced as the reservoir silts up.
Although silting is inevitable, the site must be surveyed so that the expenditure involved in the
plant is not wasted because the dam has silted up within a few years.

The land that is going to be flooded must be considered. It may simply not be surplus or it may
be of high quality, in which case the economic advantage of hydropower must be balanced
against the loss of farming land. Countries with large areas of barren, mountainous terrain have
few troubles siting hydroelectric schemes, although social and environmental considerations are
of increasing importance. The November 2000 report of the World Commission on Dams
concluded that while hydroelectric dams came closest to fulfilling expectations, most dams fail
to bring all of their predicted benefits.

Hydroelectric power and the world
The hydroelectric power potential of the world is very large. Some rivers are particularly notable
for their potentials. The Yenisey-Angara in Russia is estimated at some 64,000 MW, and India’s
Bramaputra at some 20,000 MW.

If completed, the Three Gorges Dam on the Yangtze will be the largest hydroelectric dam in the
world. It will be 6,342 ft. (2,150 m) wide and 3,327 ft. (185 m) high, across the world’s third
longest river. Its reservoir will be over 335 miles (600 km) long. Construction began in 1994 and
is scheduled to take 20 years; the project is expected to cost over $24 billion.

Areas of the world that are poor in coal and oil, such as South America, Africa, and Southeast
Asia, are notable for their great hydropower resources. At present, only about 20 percent of
their resources have been exploited. This situation is in stark contrast to the 80 percent
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exploitation of hydropower resources in Europe and 60 percent exploitation in the United States.

The overall figure for world exploitation of hydropower is about 16 percent—some 372,000
MW—and output is growing by about 3 percent a year. This power output would take around 600
million tons (540 million tonnes) of coal to achieve if conventional power plants were used, so
hydropower is making a major contribution to conserving the world’s fossil energy resources.

Full utilization of the world’s hydropower resources is extremely unlikely for several reasons,
including loss of land. For example, the Cabora Bossa scheme in Mozambique, giving an output

of some 2,000 MW, required an area of 1,042 sq. miles (2,700 km2) to be flooded. Such an area
of land would not be available in many highly urbanized European countries.

The enormous cost of hydroelectric plants is just one factor. More crucial is the health of a
country’s economy. Hydroelectric plants are suitable for an economy that has a high demand for
electricity. Therefore, there must be enough people who can purchase electrical appliances to
pay for the scheme. A poor country may simply have insufficient demand for electricity to
enable hydropower to be an economical alternative to oil.

Hydroelectric power can never provide the world with all its energy needs, but exploitation of
the world’s reusable energy looks certain to expand. As conventional energy sources, such as oil
and coal, dwindle and become more expensive, hydroelectric power will become more attractive.

See also: DAM; ELECTRICITY; ENERGY RESOURCES; ENERGY STORAGE; TIDAL POWER;
TURBINE; WATER SUPPLY; WAVE POWER.
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