Introduction and Project Overview
The purpose of this section is to provide a broad overview of the project by showing what engineering problems have been addressed and to highlight which components may be useful to others and therefore available for technology transfer.  A collection of photos and images is included to give an idea of the scope and scale of the resulting device, deployment procedure, and ship requirements. 
Slide 3:  The main point is that we believe wave energy extraction has the potential to provide significantly more power than is available on solar/wind power systems.  The left image is an MBARI designed and fielded system that we have lots of experience with and know exactly how much power it generates from years of data.  The right hand picture is rendering of system designed for this program.  The current incarnation has been demonstrated to produce 300W averages in long period seas, and is expected to generate 600W in steeper summer conditions.  The control scheme that has been implemented is rudimentary and the literature indicates that the power numbers could be doubled or more with a more sophisticated power take-off control scheme.  The hardware features are in place to do this, but our deployments to date have utilized the simplest scheme.

Slide 4:  The point of this slide is to outline the three main areas that the project has tackled, and to highlight what the engineering challenges that must be overcome.  In presenting this slide I intend to explain which of those engineering areas have been worked on in this project (System Dynamics, Power Take-off system, AUV docking), and to explain why we believe that the remaining two (Station keeping/survivability) are surmountable.
TODO:  Kim may provide an improved graphic on Monday, labels are an option but I like it clean actually at this point, there are more slides ahead that identify each component.
Slide 5-10:  Images that show the resulting systems.  It’s always nice to indicate early that the systems being described have been built and tested.  In particular:
· Image of system being placed in the water, two of three elements are visible (Buoy and PTO)
· Submerged plate prepared for deployment.  Illustrates size of boat required for deployment

· This image points out that deployment is a wet-tow.  Could be done from the deck of a larger ship of course.

· Deployed system in calm weather.  This image is included to point out wave-height sensor on left, critical for analysis of results.

· Rough weather.  Illustrates that we have some rough condition experience with this system.  We actually recovered it in this sea state, but it was the upper edge of the operating window.

· Slide showing solidmodel of dock system.  This is nearly complete and will be shown on hardware tour.


Slide 11:  Highlight the four possibilities for technology transfer and introduce the idea that short vignettes of each of these topics will be presented before the hardware tour, and that we can return to any of them in more detail afterwards.
MBARI Technology Transfer
This presentation from Doug Au provides an overview of MBARI  history, mission, and capabilities.  The second part of this presentation touchs on how technology export from MBARI is handled, with some examples.

Numerical Modeling Tool and Parametric Design Study
This section is intended to provide an overview of the numerical modeling tool developed specifically for wave-energy devices and show its application.  The main message is that by developing this capability a range of wave-energy concepts can be investigated, requirements for structural and power take-off systems can be established, and the power  producing potential of a specific design can be determined as a function of device size and wave climatology at specific deployment locations.
Slide 14:  Basic flow chart showing the inputs and outputs of the numerical model tool.  Diagram on right is schematic in nature for this discussion, the depictions of the system become more realistic (mostly) as the slides progress towards a built system.  TODO:  Diagram on right may need some improvement, but is the right diagram for this because it is schematic in nature 
Slide 15:  This is an animation which provides a good indication of what the model is capable of.  The text on the left describes some of the inputs and need to be spoken to.  The animation is of a flapping foil case, which is more complicated in some ways than the flat-plate case, but it makes the animation more interesting because the buoy marches into the wind and off the edge of the page as time goes by.

Slide 16:  Describes what type of analysis the numerical tool enables and introduces the next 3 slides which show a few examples of using the model to perform a parametric study.  Suggestions welcome on appropriate graphics here…

Slide 17:  Defines terms and parameters for parametric study.  Point is to show that a wide variety of options can be considered before hardware is designed.

Slide 18:  Example results from parametric study.  Again shows range of inputs on left.  The plots show two quantities of interest.  (1)  What is the mean power generated by a particular configuration.  And (2) what is the resulting Power take-off stroke requirements.  There is a lot to discuss here, e.g.  Larger plate increases the amount of power generated but has implications cost, structural loading, and PTO stroke requirements (lower graph). 

Slide 19:  Plots of expected system performance summary from numerical results.

- The upper plot shows expected power generation for three different buoy sizes, in different sea states.  The percentages shown are the percent of energy captured relative to the theoretical maximum (similar to the Betz limit for wind-turbines (which everyone seems to be aware of), point absorbers have a similar limit, and it depends on buoy volume, wave height, and wave period).  The percentages that the different buoy sizes achieve are not shown to keep the graph simpler, I have some back up slides that present the dependence on buoy size more clearly.

- The lower plot shows expected power versus buoy size as a function of system mass.  Comparisons are made on the right versus the MOOS buoy from the first slide, and against a mythical system that is just a buoy full of batteries.  For the battery buoy, it is necessary to pick a time over which the power is delivered to convert the capacity of the battery when fully charged into an average power.  The lesson is that if you just need power for a few days, there’s no reward in generating any from the environment.  If you need power for longer though…

Incidentally, these two plots illustrate why you shouldn’t bet your retirement (or career) on utility scale wave-energy.  To get significant power you need to go to big systems, but your return for the added cost is going down as the system gets bigger. This is not news, it’s well known among a group of people that does not seem to include wave-energy investors. The only possible way around this is to have LOTS of small devices, but the power connection costs then go through the roof. 
Energy Producing Buoy System
This section shows the wave-energy buoy highlights some design details and measured performance of the system developed in this program.
Slide 21:  This slide is here to illustrate the various pieces of equipment that have been developed and built, this is necessary to explain a few parts that will be seen in the video on the next slide.

Slide 22:  Diver video of system at sea.  2:32 minutes.  Scenes from the original video (25 minutes) have been selected to illustrate various parts and these will be explained as the video runs.  Two and a half minutes is potentially long for a video, but people seem to enjoy watching this which is why I haven’t shortened it up further.
Slide 23:  This slide is shows the power generation demonstrated in various sea conditions, and compares to the model predictions in those same sea conditions.  The table across the top shows four quantities for each sea state. (1)  The maximum absorbable power for a device of this size.  (2) The numerical predications of energy absorbed by the system, (3)  The numerical predictions of the average electrical power generated by the system after considering the conversion efficiency at each moment.  (4)  The measured average power.  The percentages are the powers relative to column 1.  The graphs below show the actual sea state of the first two rows of the column, relative to the design Pierson-Moskowitz spectrum.  

Slide 24:  This slide highlights that the average power generated is consistent with analytic estimates of this type of system from the literature.  The “energy-balance” diagram on the left is there to describe the reasons that the graph shows that wave-by-wave control schemes can dramatically increase power capture.  It will be highlighted that the current hardware implements the simple resistive scheme, but is capable of wave-by-wave techniques.
Electro-Hydraulic Power Take-Off Device

The heart of the wave-energy buoy is the power take-off device, and in fact this device could find its way into other applications than wave energy, or at least different types of wave-energy devices (below a standard moored buoy, for instance).  This section provides some design and performance data highlighting it’s capabilities.

Slide 26:  This slide identifies the technology as an electro-hydraulic system and highlights some rough estimates of the design requirements.  The various components of the system are identified (hydraulic/generator, power electronics/battery).  The role of the power electronics and the need to keep a specific load on the system will be highlighted in preparation for the hardware demonstration.

Slide 27:  This slide is intended to emphasize the importance of being able to test this sort equipment in the lab, and that significant equipment is needed to do that.  This is the system they will see next door so this slide will also be used to introduce the demonstration.

Slide 28:  Presentation of the measured efficiency of the system at various loadings.  Emphasis will be placed on the fact that the loading point (16 ohms) that provides the peak efficiency curve matches the numerical model predictions for peak energy extraction.  Additionally, decent efficiency is demonstrated across a wide range of loadings (i.e.  one third the load at a given speed reduces efficiency from 70% to58%, and the same is true in the other direction (more loading).  This wide range is important for sea-state dependent adjustments (on average, or on a wave-by-wave basis).
Slide 29:  Power Electronics: This slide gives a broad overview of the role of the power electronics.  This is a crucial component and the demonstration includes live plots of the currents and voltages in the system described here.

 Slide 30:  This slide shows the operating points of the device.  The purpose of this slide is to give an idea of the forces and powers involved in such a system, and to re-iterate that being able to control the load versus speed relationship is important for tuning the PTO system to the buoy system, and to the sea state.  
AUV Docking

These slides outline the history of AUV docking at MBARI, and the ongoing efforts to design and build a system to take energy from the wave-energy buoy to re-charge an AUV at sea.  The AUV docking activities started at a different time than the wave-energy effort, and have run on parallel tracks so far.  Plans to integrate the two systems exist, but their form is up in the air at the moment due to setbacks with the AUV.  Therefore, the presentation and hardware demo for the Docking system are a bit separate and will be covered by Brett Hobson.
Slide 32:  Presents evidence of an established desire for AUV docking capabilities (collage of past efforts), but points out that a power source of  >100Watts (average) has traditionally been seen to be the point at which docking becomes useful.

Slide 33:  Introduces docking to the waev-energy buoy, and cites some engineering challenges.  The first two are being addressed by this project, the last is an outstanding issue and will be similar to these issues on oceanographic moorings.

Slide 34:  Provides some implementation details on the system under development to help with the hardware demonstration.  TODO:  Improve graphic of buoy and dock.
Slide 35:  Describes homing and capture behavior that is under development and test.  For now against the “mock-dock” which is a moored sonar source and camera that is being used for testing.  Video on next slide is from this system.

Slide 36:  Undersea video of the AUV hitting the Mock Dock autonomously.
