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Energy and Resources: UK context

Motivation é

Sustainability and combating climate change

Electrical capacity is falling and demand is rising.

In addition, UK has

Vbest wind resource in Europe 

Vbest tidal stream resource in Europe.

Vbest wave climate in Europe

Vsome of the best examples of building integrated 

PV in buildings.

Solutions é?

ÁWet renewables

ÁWind power

ÁEnergy efficiency

ÁMicrogeneration

ÁCarbon Capture

Carbon Sequestration

ÁNew Nuclear

ÁBiomass

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Ocean Energy ï

Important things to think about !

Device Specific Issues

ÁEnergy capture

ÁPower take off

ÁControl systems

ÁElectrical conversion

ÁElectrical transmission

ÁFixing/Moorings,
including cabling

ÁTechnical & Economics
analysis

Project Specific issues

ÁResource assessment

ÁEconomic modelling &
Financing

ÁConsent & Permitting

ÁEnvironmental Impact &
Stakeholder consultation

ÁInfrastructure & cabling

ÁDeployment

ÁMaintenance

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Drivers for renewables ïUK context

ÁCommitment to achieve 10% electricity from renewables by 2010. 

ÁEU Target : 20% of energy from renewable resources by 2020.

ÁClimate Change: CO2 emissions to be reduced by ~80% by 2050

ÁSecurity of energy supply

ÁThe promotion of competitive markets in the UK and export

Options for multi-MW scale renewables, UK context
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Drivers for renewables ïUK context

Wave power

Tidal power

ÁCommitment to achieve 10% electricity from renewables by 2010. 

ÁEU Target : 20% of energy from renewable resources by 2020.

ÁClimate Change: CO2 emissions to be reduced by 60% by 2050

ÁSecurity of energy supply

ÁThe promotion of competitive markets in the UK and export

Options for multi-MW scale renewables, UK context

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Why Wave Energy?

Wave power > 50 kW/m

Global wave power distribution in kW/m of crest length
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www.dti.gov.uk

Wave Resource Assessment?

Power  unit length (W/m) 

PpractŬ{Hs
2.T}

Hs is the wave height and T is the period

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Wave resource data

In-situ (usually buoys)

ÅAccurate measurement of 

full directional spectrum

ÅLimited deployment

Remotes sensing - altimeter + SAR 

Accurate measurement of Hs and Tz

ÅGlobal coverage

ÅLimited sampling

Numerical wind-wave models

ÅEstimate of full directional spectra

ÅVariable accuracy

ÅGlobal coverage
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Large scale mapping & power using 

altimeter data

P

ÅOffshore gridded climatology

ÅData from 6 altimeters over 16 

years

ÅMonthly, seasonal and annual 

mean WEC power in 2ºĬ2º 

squares

P

ÅAlong-track climatology

ÅGood accuracy despite limited 

sampling

ÅCombining altimeter missions 

gives useful resolution compared 

to global scale model data

PpractŬ{Hs
2.T} (W/m) 

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/


6

Energy from the Oceans Sustainable Energy Research Group - www.energy.soton.ac.uk

www.carbontrust.co.uk

Consider the Pelamis in the South West based 

on 1988-2004 wave data

Resources Assessment & Wave Power?

Power produced in phase with high electricity 

demand in the winter months
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Wave Energy ïHistory

1975 ïUK Government target 2000 MW at economic cost

Lacked offshore experience, high costs.

NEL Oscillating water column 

(OWC) ïwaves compress or 

expand air within a chamber 

driving a Wells turbine

1970 1980 1990 2000 2007

Bristol Cylinder - energy 

conversion through 

hydraulics in anchoring 

chains

Salter Duck- nodding device 

due to wave action, power 

conversion within the duct

www.mech.ed.ac.uk/research/wavepower

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Wave Power ïHistory

Norwegian Tapchan (1985-89) 

2 Device ïOWC (350kW) and an over 

topping (500kW) in one site

Japanese Sakata OWC integrated into a 

breakwater  (1988)

1980ôs ïFunding in the UK dried up. 

A few projects, mainly overseas, continued. 

1970 1980 1990 2000 2007
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Wave Power ïHistory

1990ôs - Renewed interest in wave energy

OWC - Mighty Whale (98-2000), Japan OWC - Limpet (2000), UK www.wavegen.co.uk

1970 1980 1990 2000 2007

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Wave Power ïHistorical Steps

EnergetechPowerbuoy www.energetech.com.au

www.oceanpowertechnologies.com

1980 1990 2000 20071970

2000 - Race to commercialisation
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Wave Power ïHistory

2000 - Race to commercialisation

Pelamis ïconverts wave action through 

hydraulic rams positioned in between 

the various cylinders of the device 

www.pelamiswave.com

Wavedragonïan over topping device 

ïwater from the waves is collected in 

a reservoir  and drives a Kaplin turbine

www.wavedragon.net

1970 1980 1990 2000 2007

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Pelamis wave energy converter
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Oscillating 

water column
(air turbine)

Fixed Isolated: Pico, LIMPET

In breakwater: Sakata, Douro river

Floating Mighty Whale, Energetech

Oscillating 

bodies
(hydraulic motor, 

hydraulic turbine, 

linear electrical gen.)

Floating
Essentially translation (č) :

AquaBuoy, FO3, WaveBob, PowerBuoy

Submerged

Essentially rotation:

Pelamis, PS Frog, SEAREV

Essentially translation (č) : AWS

Rotation:

WaveRoller, Oyster

Run up
(low-head 

hydraulic turbine)

Fixed Shoreline (with concentration):

TAPCHAN

In breakwater (without concentration:

SSG

Floating Concentrator: Wave Dragon

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Wave Power is Not (currently)

a Mature Technology
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ÁPredictable - gravitational forces

Á Not weather related unlike wave & wind

Á Better power contract terms than other Renewables

Á40 TWh/y UK & Europe extractable resource  (Black & Veatch 2004)

Á UK total demand ~ 400TWh 

ÁUK government financial incentives ïspecific focus marine renewables

Á Sub sea location may removes environmental and social impact

Why Tidal Stream Energy?

Wave power

Tidal power

Options for multi-MW scale renewables, UK context

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/


11

Energy from the Oceans Sustainable Energy Research Group - www.energy.soton.ac.uk

Tidal stream UK resources

Major urban centres

www.dti.gov.uk

Seabed electricity cable

Need to bring this energy to these centres
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Tidal Stream is predictable

Tidal Stream resources 

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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PT= [İ ɟ A V
3]. Cp

Cp is the power coefficient. Represents the 

fraction of power extracted by the turbine.

Power in a Tidal Stream

1MW dual rotor tidal 

stream turbine 16m 

diameter

1MW Wind turbine 

55m diameter
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Power  PT= [İ ɟ A V
3]. Cp

Cp is the power coefficient. Represents the 

fraction of power extracted by the turbine.

Diameter Speed Power Force

(m) (knots) (m/s) (kW) (kN)

10 4 2.1 140 170

20 4 2.1 561 682

30 4 2.1 1263 1534

10 5 2.6 274 266

20 5 2.6 1096 1065

30 5 2.6 2466 2397

Power from a Device

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Fixings & Moorings 

Shallow water options Deeper water options
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Fixings & Moorings 

Deployment depends not 

only on a weather window 

but also on the availability of 

barges or boats etc

www.tidalgeneration.co.uk www.smd.co.uk

www.lunarenergy.co.uk

www.marineturbines.com www.seacore.com

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Early pioneers ïriver based vertical axis

Canadian projectIrrigation pumping
www.itpower.co.uk

Tidal Stream - History

1970 1980 1990 2000 2007
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Further development

Loch Linnhe 15kW ENERMAR vertical axis
www.pontediarchimede.com

Tidal Stream - History

1970 1980 1990 2000 2007

www.itpower.co.uk

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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2000 onwards - Commercial scale

MCT Ltd - Seaflow
www.marineturbines.com

Hammerfest Strom
www.e-tidevannsenergi.com

Stingray
Energy Business

Tidal Stream - History

1970 1980 1990 20072000
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2000 onwards - Commercial scale

Tidal Stream - History

1970 1980 1990 2007

Lunar Energy
www.lunarenergy.co.uk

TidEL
www.smdhydrovision.com

2000

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Model Tests Single Device

Hub & dynamotor

- torque / thrust

Upright leading to 

power train above

tank floor 

Turbine rotor

- 800mm diameter

- CNC machined

Upright support

- internal belt drive

Main body  

- slip rings

- bearings

De-risking Technology Development
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Current Research Areas
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De-risking Technology Development

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Black and 

Veatch 2004
Joule 2, 1996 ETSU, 1993

Tidal Race Area
Max. 

Speed

Rated 

Power

Load 

factor

Rated 

Power

Load 

factor

Rated 

Power

Load 

factor

km2 m/s MW % MW % MW %

Race of 

Alderney
102 4.4 394 49 1973 44 2407 23

Casquets 190 2.6 538 35 370 50 2943 13

NW 

Guernsey
222 2.1 170 33 422 54 2186 22

Big Russel 59 2.6 101 43 219 47 1001 22

NE Jersey 58 3.1 57 33 196 45 1179 13

ÁFive sites around Channel Islands 

have been identified.

ÁExpected 1st generation tidal sites to 

have tidal speed from 2-3. m/s

ÁNotice unreliability of the data

Resource Assessment

Example: Channel Islands
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Resource Assessment
English Channel scale assessment  

Southampton Approach: use available data and computer simulation

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/


18

Energy from the Oceans Sustainable Energy Research Group - www.energy.soton.ac.uk

N Overfalls

Weymouth harbour
Portland harbour

Resource Assessment ïPortland Bill

Energy from the Oceans Sustainable Energy Research Group - www.energy.soton.ac.uk

Portland Bill with no energy extraction

http://www.energy.soton.ac.uk/
http://www.energy.soton.ac.uk/
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Flow speed difference from natural state, when energy is extracted

Effect of Flow Regime
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Resource Assessment & Forecasting: 

Portland Bill

Prediction for 2006

Prediction for 2016

Annual average for 18 years

Long range analysis and predictability 

not currently available with any other 

renewable energy resource 

http://www.energy.soton.ac.uk/

