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1 The wave energy resource
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sun – 1.3 kW/m2

→
wind – up to 0.2 kW/m2

→
wave – up to 50 kW/m (≈ 5 kW/m2)



World resource ∼ 2 TW

UK resource ∼ 1 TWh/day



World resource ∼ 2 TW

∼ World elec. usage

UK resource ∼ 1 TWh/day

∼ UK elec. usage



1 TWh ∼ Indian ocean tsunami





2 Deep water surface waves



Single frequency wave







Group velocity is U/2 in deep water

– dispersive waves

but ≈ U in shallow water

– soliton (tsunami)



Waves are additive







Sum of many frequencies









Scaling:

wind power = (mU 2/2)× U ∼ U 3

wave power = (cH2)× U
= (c′U 4)× U ∼ U 5

∝ wind power × fetch

(fetch like H scales as wavelength, ∝ U 2)



Variability over time:

On a scale of seconds or metres, wave

power at a point is much more variable

than wind

On a scale of hours or kilometres, the sea

state is significantly less variable than the

wind, with mean power P = kH2
rmsTe



3 Directional spectra

















Phase control → designer waves











4 Devices



Oscillating water column













Pelamis

(see http://www.oceanpd.com/)

http://www.oceanpd.com/




Small devices benefit from the point-absorber

effect:

“capture width” = λ/π

(Evans, ca. 1980)









5 Estimating the resource















Resource in shallow water









6 Deploying and integrating renewables

Onshore wind resource



Offshore wind resource



Wave resource



Differences between wave and wind



Tidal resource









Transmission constraints?
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