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Summary 
 
Wave energy resources and technologies for extraction of power from waves are 
reviewed. Economic and environmental impacts are discussed. 
 
1. Resources 
 
Waves arise as a result of wind sweeping over an ocean surface exhibiting friction. In 
open oceans, the wave motion is dominated by gravity waves that are governed by the 
interplay between the gravitational force and the surface of the water. Their wavelength 
L and phase velocity U are related by the expression (Sørensen 1979): 
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Where g is the gravitational acceleration at the surface of the ocean, s the surface 
tension of water against air, and d the density of water. The amplitude of the water 
surface of the oceans has a spectral distribution indicated in Figure 1, as function of the 
cycle time T = L/U. It is seen that the peak in the gravity wave spectrum is around 
T = 8 s. The amount of energy transferred from the wind system to the wave system 
globally is about 0.3 per cent (see Figure 1 in the tidal energy chapter). However, this 
does not mean that the options for extracting wave energy are exactly small. Wave 
energies of 50 kW m-1 found e.g. in the North Atlantic Ocean correspond to the 
integrated wind energy up to a height of around 200 m (Sørensen 1979). The total rate 
of energy transfer into waves (and subsequent dissipation), though, is about three times 
the current global electricity use and hence wave energy is strictly a limited source of 
energy. 
 
The global distribution of annual means of wave energy is fairly uniform over the 
oceans, but as one approaches shores, there are substantial differences. An indication of 
selected averages is given in Figure 2. The decrease in power near shores is given by 
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the fetch distance (in a model of waves being created by wind action over time), as 
illustrated in Figure 3. The seasonal variation for a mid-ocean location is given in 
Figure 4, showing time-duration curves similar to those found for wind at good 
locations. 
 

 
 

Figure 1. Indication of spectral decomposition of ocean wave amplitudes, averaged over 
time and position (Sørensen 1979). 

 

 
 

Figure 2. Annual average wave power (kW m-1) for selected sites (ETSU 1976). 
 
A more specific distribution of average wave power in a complex shore pattern such as 
that of Northern Europe is shown in Figure 5. Near the Irish coast, some high-power 
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locations may be found, but even on the West Coast of Scotland, and certainly in the 
inner seas, the power level drops dramatically, corresponding in many cases only to 
wind energy integrated from the sea surface and a few tenths of meters upwards. 
 

 
 

Figure 3. Fetch limited wave energy spectrum for the southern part of the North Sea 
(Hasselmann et al. 1973). 

 

 
 

Figure 4. Time duration curves for power in the waves at Station India (Mollison et al. 
1976). 
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Figure 5. Contours of estimated average wave power in the North Sea and adjacent 
areas (kW m-1) (ETSU 1976). 
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