a guide to aquatic renewable energy technologies

Wave

Resource Location

Energy Source
Waves are formed by winds blowing over water, and
will occur only in water near the surface of the sea.
The size of the waves generated will depend upon the
wind speed, its duration, and the distance of water
over which it blows (the fetch). The resultant movement
of water carries kinetic energy which can be harnessed
by wave energy devices.

The best wave resources occur in areas where strong
winds have travelled over long distances. For this
reason, the best wave resources in Europe occur
along the western coasts which lie at the end of a
long fetch (the Atlantic Ocean). Nearer the coastline,
wave energy decreases due to friction with the
seabed, therefore waves in deeper, well exposed
waters offshore will have the greatest energy.

Key energy processes are shown
over the landscape below.
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As a wave moves into shallow water, friction slows
the water motion near the seabed. The water near
the surface continues to move at its original
speed, piling up until it can no longer
be supported, and the
wave breaks.

Water molecules within deep water waves move in
a circular motion; the circles extend below the water
surface to a depth of one half the wavelength,
decreasing in diameter with depth.

ga
n

Crest

low

d

pr

os
p
o

ed dev
ice
s

E x is t i n

Wavelength

medium

As successive wave fronts move
past an object floating on the surface
of deep water, they cause the object to oscillate, while
remaining in the same general area of the sea.
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Technology Scale and Deployment Arrangements
Wave energy devices can be located on the shoreline, nearshore or offshore. Shoreline
devices are generally single installations. Their size will depend upon the local
topography, resources and power demand. A few nearshore and offshore devices
are also designed to be large single installations, although most are modular designs
which may be installed as single devices or as an array of several devices. Projects
may have capacities in the range of a few hundred kilowatts for small single installations,
to several gigawatts in multiple-device wave farms.
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A cycle of pressure changes will occur beneath
the waves as the sea level rises and falls above
a point, increasing and decreasing the pressure.

Technology Types
There are many designs being
pursued by developers to harness
the power of waves. Wave
devices can be categorised by
several different methods, such
as: the location and depth in
which they are designed to
operate, i.e., shor eline,
nearshore or offshore; or by
the methods used to capture the
wave power. Here, the main
existing design concepts are used
to categorise the devices
as follows:

Attenuators Ð Long floating devices which are
aligned perpendicular to the wave front. The device
effectively rides the waves and captures the energy
as the wave moves past it by selectively constraining
the movements along its length.
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Point Absorbers Ð Floating structures that absorb
wave energy in all directions by virtue of their
movements at or near the water surface. Point
absorbers have small dimensions compared to the
typical wavelength, tending to have diameters of a
few meters. Buoy-type designs, for example, act as
point absorbers.

History and Development
Intensive research into wave energy
began in the 1970s, when the oil
crisis promoted an increased interest
in renewable energy. A wide variety
of wave energy devices was
proposed and developed at this time.
However, as the energy crisis came
to an end, interest in wave power
diminished and the early 1980s saw
many of the trials discontinued.

Oscillating Wave Surge Converters (OWSC) Ð Near-surface collectors, mounted
on an arm pivoted near the seabed. The arm oscillates as an inverted pendulum due
to the movement of the water particles in the waves.

Oscillating Water Columns (OWC) Ð Partially submerged, hollow structures,
which are open to the sea below the water surface so that they contain air trapped
above a column of water. Waves cause the column to rise and fall, acting like a piston,
compressing and decompressing the air. This air is channelled through an air turbine
to produce power.
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The research which did continue led
to the installation of shoreline
prototype devices from the mid
1980s. The evolution of the
technologies remained slow until
early in the 21st century following a
new drive for renewable energy.
Offshore devices capable of
exploiting the more powerful waves
out at sea are the focus of many new
devices being tested.

Overtopping Devices Ð These devices consist of a wall over which the waves wash,
collecting the water in a storage reservoir. The incoming waves create a head of water,
which is released back to the sea through conventional low-head turbines installed at
the bottom of the reservoir. An overtopping device may use collectors to concentrate
the wave energy.
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Submerged Pressure Differential Devices Ð These are submerged devices
typically located nearshore and attached to the seabed. The motion of the waves causes
the sea level to rise and fall above the device, inducing a pressure differential which
causes the device to rise and fall with the waves.
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Aquatic Renewable Energy Technologies (Aqua-RET)
is an aquatic renewable energy e-learning tool funded by the
EU Leonardo da Vinci Programme
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