


WAVE ENERGY:

MAKING BEST USE OF A
VARIABLE RESOURCE

Denis Mollison

http://www.ma.hw.ac.uk /~denis


http://www.ma.hw.ac.uk/~denis

Contents

A A e

The wave energy resource
Deep water surface waves
Directional spectra
Devices

Estimating the resource

. Deploying and integrating renewables



1 The wave energy resource
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World resource ~ 2 TW

UK resource ~ 1 TWh/day
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1 TWh ~ Indian ocean tsunami






2 Deep water surface waves




Single frequency wave
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Group velocity is  U/2  in deep water

— dispersive waves

but ~ U in shallow water

— soliton (tsunami)



Waves are additive









Sum of many frequencies
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SCALING:
wind power = (mU?/2) x U~ U?

wave power = (cH?) x U
= (dUY x U ~ U?

o wind power X fetch

(fetch like H scales as wavelength, oc U?)



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 = kH? T,

rms



3 Directional spectra
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Phase control — designer waves

Bullseye wave moved to the glass end
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4 Devices




WellsTurbine

Adr Column Generator

Front W&l
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Oscillating water column




3. The Wells Turbine rotates in the same direction
regardiess of the direction of the air flow. Thus
generating irrespective of upward or downward
movement of the water column.

Turbine
Blades

Réinfoﬂ:!d iy
oncrete,
~

2. Air is compressed and decompressed
by the Oscillating Water Column (OWC).
This causes air to be forced through the
Wells Turbine and then drawn back

through the Wells Turbine.

1. Deean waves raise and lower
water level in the reinforced concrete
Capture Chamber set into an
excavated rock face.

LIMPET

Land Installed Marine Powered Energy Transformer












In essence, the Oyster wave power device is simply a large pump which
provides the power source for a conventional onshore hydro-electric power
plant.

Once commercialised, multiple Oyster wave power devices will be deployed
in farms typically of 100MW or more.

Oyster 2 wave power device - How it works

by aguamarinepowertd




Pelamis

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

"Artist’s impression E? Each Pelamis has three power conversion
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http://www.oceanpd.com/

Waves move across the sea and cause the Pelamis
to rise and fall in a snake-like motion.

Sections move
against each other
on hinges resisted
by hydraulic rams,
driving generators
to produce electricity.

A ‘wavefarm’
would have
40 machines
over a square
km, generating
power for
20,000 homes.




Small devices benefit from the point-absorber
effect:

“capture width” = A\ /7
(Evans, ca. 1980)



(large scale)
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% Efficiency'é (large scale)
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5 Estimating the resource
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Resource in shallow water

Chief Scientist, D/En
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6 Deploying and integrating renewables

Onshore wind resource
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Differences between wave and wind




Tidal resource
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Figure 5.4  Coincident-hours histograms.
(a) Imaginary situation where generation and demand are always matched:
(b) Scenario with 6 GW broad-mix of technologies.
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Transmaission constraints?

Figure 14 UK areas of high wave energy and grid capacity constraints
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a) Areas of high wave energy b) Key system capacity constraints

Sources: Carbon Trust & DTI (2004), Renewables Network Impacts Study; DTl (2004), Atlas of UK Marine Renewable Energy Resources
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