A Brief Overview of Wave Power Technologies/Statistics

How much wave power’s out there? 

http://www.oceanpd.com/Resource/Worldresourcemap.html
This map of available wave power gives you an idea of what could be out there… though they don’t site a source or explain how they got these numbers.  I think its most useful in comparing wave power potential in different parts of the world—notice that wave power seems to be the greatest around Britain (where the bulk of the research is being conducted) but also notice that the highest value is 102… near Alaska/Western Canada/Washington State.  East Coast numbers are mid-range.  They also mention on this page that wave power is concentrated in the top 50 meters of the sea (which intuitively makes sense), indicating that devices need-not be deployed very far below the surface (or below the surface at all)—of course this becomes less than ideal during storms when stuff on the surface is most prone to damage.  

Check this out:
http://www.r-p-a.org.uk/content/images/articles/Tidal/tidal_article.pdf
Alternative Energy Sources Newsletter… For a list of the main UK tidal/wave energy companies (as of 2002)… and pictures of their technologies!  Also, I checked out most of their websites—see info below.

Companies Working on Wave Power:

Wavegen, Inverness, Scotland [Fixed OWC Device]

http://www.wavegen.co.uk/
Summary: Developed device called Limpet (Land Installed Marine Powered Energy Transformer), which has been installed in Islay since 2000 and is generating power for the gird.  This device is attached to rocks along the shore and uses an oscillating water column (OWC) produced from wave action to drive a pair of counter-rotating turbines, each of which drives a 250kW generator.  They are now working on a new device for Faroes.  They will actually drill a tunnel into the steep, seaside cliffs to create the chamber necessary for the OWC.  This may be a viable option on an oil platform since the platform doesn’t heave… the OWC chamber could be attached to the underside of the platform (‘fixed’) and the waves could move in and out freely.  Initial cost predictions are 4p/kWh (about 7c/kWh), but they expect them to go down to 2.7p/kWh over ten years (as of 2002).

Ocean Power Delivery Ltd, Edinburgh UK [Relative Motion Device]

http://www.oceanpd.com/default.html
Summary: Inventors of the Pelamis (or sea-snake).  The Pelamis consists of a 150m long chain of cylindrical sections (usually 4), each 3.5m in diameter.  Each joint contains a hydraulic pump and as waves move the sections oil is pumped from the joints through motors, which drive generators. They are currently working on a ‘tuneable, cross-coupled resonant response’ for deployment in areas of lower seas.  The device is rated at 740kW (achievable with 5.5+m significant wave heights).  It looks like they average (due to Seasonal Variability) about 250-300kW at their deployment site in Scotland (in an area of relatively high sea states).  Pelamis has been providing grid electricity to the island of Orkney since 2001.  The company got its first contract this year and is currently building systems for deployment in Portugal.  For optimal use, devices are placed 5-10km from shore in 50-60m deep water. Predicted costs are 2.4-4.3p/kWh (as of 2002).  This technology is loosely based on the earlier technology of the Cockerell Raft (developed by Sir Christopher Cockerell in 1972 (an also developed independently by Glenn Hagen in the USA); his company was called Wave Energy Ltd., Southampton, UK—now defunct; you can find many patents/publications in his name… let me know if you want to take a look at them)

ORECon, Plymouth, UK [Free OWC Device]

http://www.orecon.com/
Summary: Their website doesn’t tell you very much.  They’ve been around since 2001/2.  They say they are using a ‘multi-resonant converter with a generation capacity of 1MW’ and the Alternative Energy Sources newsletter (link above) says they are using an OWC… apparently it’s tuneable to resonance.  Their device floats making it different than the Wavegen device… they deploy in water depths greater than 50m.  They were interviewed on a TV show and the transcript provides more info (though not very much) than their webpage: http://www.research-tv.com/stories/technology/wavepower/transcript/.  They are guessing 5p/kWh.

Ocean Power Technologies, Princeton, NJ [Linear Generator]

www.oceanpowertechnologies.com
Summary: Their website is somewhat out-of-date.  Their technology is based on the linear generator.   A coil moves up and down around a magnet (much like the system we did for our Ocean Engineering project in 13.017/13.018 only for ours the magnet moved and the coil was stationary).  They predict 3-10 c/kWh for a 1-10MW power plant.  They’ve deployed off the NJ shore and in Hawaii.

Ocean WaveMaster Limited (OWL), Manchester, UK [Wave Pressure Differential/Turbines]

http://www.oceanwavemaster.com/index.htm
Summary: This company is building a device called WaveMaster.  Its completely different than anything I’ve seen to date. 

“A WaveMaster device consists of two pressure chambers connected via a number of turbines and is located under water surface so that, at all times, the device is covered. The upper surface of each chamber is an "active surface" covered with many one-way valves which control the flow of water through the device.
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The valves on the high-pressure chamber allow the flow of water into the chamber provided the outside pressure is higher than the internal chamber pressure. This typcially occurs under wave crests. If the outside pressure is less than the internal pressure then the valves remain closed and there is no flow.  Similarly, the valves on the low-pressure chamber will only allow water to flow out of the chamber if the internal pressure is higher than that outside. This typcially occurs under wave troughs. If the internal pressure is less than the outside pressure then the valves remain closed and there is no flow.” …And the turbines spin!  Cool stuff! In 2004 they had a 20m prototype and now I guess they are working on the real thing.  Unfortunately, they don’t have any power/price estimates up on their website yet.

Archimedes Wave Swing, Netherlands [Inverted Linear Generator]

http://www.waveswing.com/
Summary: This company’s linear generator is completely below the sea surface.  An internal section, which is fixed to the seafloor, contains a coil.  The external section containing the magnets is free to move up and down with the waves.  An air cushion between the two sections provides the necessary reaction force…it can also be tuned to resonate. (Erik, this is what we were talking about at WHOI when we were trying to think of how to actively tune the natural frequency of the mass/spring system.)

Daedalus, Athens, Greece [Fixed OWC Device]

http://www.daedalus.gr/
Summary: They’ve got a fixed OWC called WECA and they are talking about Wind/Wave Hybrid Energy Systems. http://www.daedalus.gr/DAEI/PRODUCTS/RET/indexRet1.htm
Other Wave Power Technologies (Being/That Have Been) Developed:

The Salter Duck at the University of Edinburgh [Relative Motion Device]

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

Summary: First developed in the 1970s the Salter Duck is an electronic ‘duck’ that uses the motion of the waves to bob up and down.  It is connected to a fixed structure via a hydraulic generator… see http://www.artemisip.com/ to read about the hydraulic power device.

This link describes how it works: http://www.technologystudent.com/energy1/tidal7.htm
This link describes how it died: http://www.greenleft.org.au/back/1992/64/64cenb.htm
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Seems as though it’s not really economically viable yet.

TapChan (Tappered Channel), Norway/Java [Wave Storage]

http://europa.eu.int/comm/energy_transport/atlas/htmlu/wavpost4.html
Summary: Similar to using enclosed bay to store water when the tide is high you can also use an inlet to store the potential energy in waves.  Large waves break over a manmade or natural shoreline barrier, causing the water behind the barrier to be at a higher potential than the seawater.  You can increase the height of the waves by focusing them towards the barrier with a tapered channel. The water can then de drained through a low-head turbine. 

Of course, there are lots more examples of these technologies and people working on this stuff but the above example cover most of the spectrum of what’s out there.

Other stuff I found (Tidal/Current Power—maybe you’ve already seen these?):

Stingray Tidal Stream Generator – The Engineering Business Ltd, Northumberland, UK

US Patent 6731018

http://www.engb.com/services.html# (click on ‘Renewable Offshore Power Generation’ and then ‘Stingray’ – look at the cool picture!)

http://www.r-p-a.org.uk/content/images/articles/Tidal/Stingray%20Program.pdf
Summary: “It consists of a hydroplane which has its attack angle relative to the approaching water stream varied by a simple mechanism. This causes the supporting arm to oscillate, which in turn forces hydraulic cylinders to extend and retract. This produces high pressure oil which is used to drive a generator.”  This device was design, built, deployed, and tested over the course of several years (1998-2002), but decommissioned due to economic viability in 2003 or 2004.  A new business called Tidal Energy Business (TEB) Ltd. was formed by some people who worked on the Stingray to try and make it economically viable… but they seem pretty defunct now.  Their website is unavailable and they’ve had no press since early 2004.
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Marine Energy- Tidal Delay (R) – Woodshed Technologies, Melbourne, Australia

Patented in UK, USA, and Australia

http://www.woodshedtechnologies.com.au/index.html
Summary: This site has zero information on it!  I think they just store tides in a bay and run the water through generators at the head of the bay.  All I can find as far as the technical details go is that they are “using proven hydro-electric technology in a novel configuration.”  …whatever that means.  I think their technology must not be patented yet.  In any case, I do not think this technology would be so useful for us since they use water head (created by natural features such as bays) to propel the turbines.

Tidal Hydraulic Generators Ltd, London, UK

http://www.thglimited.com/
Summary: Turbine arrays used in sounds. Plan in the works for a 3.5MW system in Ramsey Sound, Wales. The company is also working on using its turbines for desalinization and hydrogen production.  As of 2002 anticipated power costs were 4p/kWh (compared to 3p/kWh for the ‘Marine Current Turbine’ company).  These people might be worth looking in to.

SMD Hydrovision, Newcastle, UK

http://www.smdhydrovision.com/products/?id=27
Summary: They’ve developed the TidEL tidal stream generator.  This thing is pretty cool!  It’s a floating turbine/propeller system that dynamically aligns itself with the flow.  It’s moored to the seafloor and stays below the surface.  Its still in the prototype phase (scale-models), but apparently they’ve started work on the full-scale model.  1MW systems sit 30m below the surface and are rated for a 2.5m/s maximum tidal velocity.  I’m impressed by this thing!  Check out the pics.

Conferences/Meetings—Can we go????

2005 MIT Energy Challenges Workshop

December 6-7, Wong Auditorium

http://ilp-www.mit.edu/display_event.a4d?key=P4b&eventId=1797

Energy Ocean 2006 Conference

June 21-23, San Diego, CA

http://www.energyocean.com/

