a guide to aquatic renewable energy technologies

Offshore wind
Resource Location

Energy Source
Wind is simply the movement of air; this carries kinetic energy
which can be harnessed by wind turbines. The atmospheric
winds that circle the earth are created because the earthÕs
surface is unevenly heated by the sun (with the poles receiving
less solar energy than the equator), and by the rotation of
the planet. Warm air is less dense and lighter than cold air,
therefore air in the warmer regions rises, and cooler more
dense air flows in to take its place, creating winds.

The greater the wind speed, the greater the energy
it contains. Offshore wind speeds are generally
higher than on land. As wind blows over the water
surface (generating waves) it loses some energy
due to friction. The energy in wind is therefore
usually higher further away from the coastline, and
increases in strength with increasing height above
the water surface.
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In the same way, because land and water absorb the sunÕs
heat at different rates, the air over land heats up and cools
down more quickly than the air over water. During the day,
the air over land expands and rises and is replaced by the
cooler sea air, creating sea-breezes on coastlines. At night,
these winds are reversed.
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Key energy processes are shown over the landscape below.
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The energy in offshore wind increases with
increasing height above the water surface,
avoiding energy loss due to friction with
the water
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Offshore wind speeds
are generally higher
than on land as there
are no obstacles, such
as trees, cliffs, and
mountains, to disrupt
the flow
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Technology Scale and
Deployment Arrangements
Modern wind turbines range in size from small machines that produce
a few hundred watts to very large turbines producing 5 megawatts of
power. In order for offshore wind projects to be financially feasible they
generally need to use large turbines with capacities of several megawatts.
Wind turbines can be installed as single devices or in arrays of multiple
devices. They can be located nearshore, or in deeper waters offshore.
Projects may have capacities ranging from a few megawatts to several
gigawatts in larger offshore wind farms.
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Technology Types
Wind turbines are designed to extract the kinetic energy in wind and convert
this into useful electric power. This is achieved by allowing wind to blow
past rotor blades, causing them to rotate and power an electric generator.

History and Development
For thousands of years the energy in wind has been used to
power sailing ships, for milling grain in traditional windmills, and
for pumping water. The development of modern wind turbines,
used for generating electricity, began at the end of the nineteenth
century. However, it is only since the 1980s that the technology
reached sufficient maturity to enable a large-scale onshore wind
power industry to evolve.

Wind turbines come in two basic types: horizontal axis wind turbines
and vertical axis wind turbines.
Horizontal axis wind turbines are by far the most common form of
wind turbine in use around the world today. The majority of modern onshore
wind turbines are three-bladed, horizontal axis designs, and these are the
type that have so far been employed offshore. Modern horizontal axis wind
turbines also include single-, twin-, and multi-bladed designs.
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In comparison to onshore wind power projects, the use of wind
turbines offshore requires significant extra engineering for
installation, substructure, electrical connection, and the use of
materials which resist the corrosive marine environment. Although
offshore wind speeds are generally higher and steadier than on
land, these factors meant that wind turbines were only being
deployed offshore from the early 1990s.

Vertical axis wind turbines can be further differentiated into dragtype devices, lift-type devices, and devices which employ a combination of
the two. Each of these device types come in various different configurations,
and unlike the horizontal axis wind turbines, can harness winds from any
direction without needing to reposition the rotor.

HORNS REV INSTALLATION - DENMARK
WWW.A2SEA.COM

The worldÕs first offshore wind farm - the Vindeby wind farm which consists of eleven 450 kilowatt wind turbines, was installed
off Denmark in 1991.

So far, installations of offshore wind turbines have been limited to relatively
shallow waters, however with increased experience and recent developments,
deeper water installations offer a new potential opportunity. These will be
able to utilise the stronger winds further out to sea and provide the opportunity
for more areas to be developed whilst minimising the visual impact onshore.
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