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Project Overview 
What fundamental problem does this project address? What makes this work relevant to MBARI? Is this effort linked to other internal or externally funded projects, or collaborative efforts?

The WireWalker platform, developed at Scripps and marketed by Del Mar Oceanographic, has proven to be a successful vertical profiling platform for oceanographic measurements down to several thousand meters.  To date, hundreds of deployments have been made around the world. MBARI operates one of these units routinely used for science activities in the BOG group.  The vertical motion of this profiler is wave-powered by a ratcheting mechanism, but the instrumentation relies on batteries on the profiler, which naturally limits the instrumentation and cast frequency for extended deployments.  Wire-walker developer and Del Mar Oceanographic founder Rob Pinkle recently commented to us that “we mostly carry batteries up and down the wire”, and expressed that the instrumentation payload has been limited by energy needs.  The ability to further convert wave-energy to electrical energy on each cast would increase the amount and types of instrumentation that can be hosted on this profiler, and also increase the cast frequency possible during any given deployment.  The amount of electrical energy required per cast for the instrumentation is modest, and therefore it appears possible to generate enough energy on the down-cast to power the instruments on the up-stroke, enabling continuous cycling.
In 2009, MBARI had a scoping study project to develop an on-board electricity generation module for the Brooke Ocean “Seahorse” profiler, which operated on a similar principle to the Wire-walker, without the reliability the Del Mar team has achieved.  The concept explored then was to have the wave-powered profiler bring down a small evacuated volume on the down-cast, and then convert the resulting potential energy to electrical energy once at depth.  This of course requires the profiler to bring extra buoyancy down to depth, and tests in 2008 indicated this was not an impediment to the profiler’s operation.  The technique of integrating the energy capture during the entire down-cast and then converting quickly leads to some favorable power conversion efficiencies.  In 2009 this project was tabled due to reliability issues with the Brooke Ocean Technology profiler, and a funding opportunity to pursue larger-scale wave-energy conversion.  
In the intervening time, SIO and Del Mar Oceanographic have perfected the wire-walker reliability, and MBARI has gained considerable experience with the implementation of the required power-electronics for this project.  The planned proposal now is to re-start this effort, and engage Del Mar Oceanographic and SIO as a partner for technology transfer should we be successful.  MBARI has an opportunity to develop and test the proposed device on-board the Wire-Walker we have as part of on-going science operations.  In this way we hope to increase our own science-data collection capabilities by demonstrating energy capture on-board this device, and contribute technology to the oceanographic community through a license agreement with Del Mar Oceanographic.  We have had an initial discussion with the Del Mar Oceanographic principles and they are interested.  They have had a long-term interest in this type of capability for their platform, and have done some prototyping of a different approach that involves a “wheel on the wire” design.  We expect that approach may be limited by efficiencies issues with the slow rotational rates that results, but we haven’t reviewed their design.  They view our suggestion as a development that is orthogonal to their approach and worth pursuing.  They have an expressed an interest in laying out the basics of a technology license agreement as early in this project as possible, so that everyone knows what to expect.  This is in contrast to an approach in which we develop the technology on speculation and pursued a license agreement later.  Should we proceed, we would aim to get such a negotiation to the level a of term-sheet draft by the proposal due date so that a rational decision can be made about the value of this technology transfer path. 
In our discussions with Del Mar Oceanographic, it also became clear that they struggle with communications from the wire-walker, and are limited by the speeds of the inductive links they employ.  The Niobicon AUV docking technology also may have a direct application to this platform, for data transfer during at least part of the cast, or power transfer from a solar source on the buoy.  It is not clear at the moment how such a technology transfer to this platform would work with the Northrop agreement, but such an approach could preclude the need for this project and that path will be examined as we prepare this proposal.

Is this project one of multiple projects your team plans to submit? 
Many MBARI investigators submit multiple proposals that relate to an overall effort. If you plan to submit more than one Phase 1 proposal (internal or externally funded), please provide a list of those projects by Project or DQ# and provide a brief description of how this new project is related to the other efforts. In addition, since resources are limited and cuts during Phase 1 are likely, please indicate where this new project fits in the hierarchy of your priorities. Does this new proposal take precedent over other ongoing or planned activities?

Yes, this project would be part of a family of technology development projects that have the goal of enabling and extending a persistent presence of autonomous oceanographic measurements through energy capture and transfer technology development. In particular, related projects are:
· 901405:  Wave-Energy for Oceanographic Instrumentation
· 708167: WEC-Dynamics and Control (Sandia National Labs)
· 705102: Open Wave-Energy Control System Research Platform (DOE)
· 902106: Niobicon AUV dock dev

Although this project shares the theme of energy harvesting with many of these projects, the strongest overlap is with the 901405 which would provide the power-electronics basis for this project. As a new effort, this project would necessarily need to be ranked as the last priority in this collection of efforts, unfortunately.

Nature and Scope of the Proposed Project 
Please provide a sense of the scale and scope of the proposed work for 2023. Is this a large de novo R&D effort, modest platform/sensor integration, targeted science investigation with minimal or no engineering needs, extension of current program, small-scale scoping exercise expected to lead to a larger effort, etc.? If the project is intended to be multiple years, how will the anticipated level of effort likely change over time?

This project should be characterized as a hybrid small scale development and integration  project most likely lasting two to three years

	Year 1:  Investigate several ideas for converting potential energy at depth.  These include (but are not limited to) turbines/pinwheels (continuation of previous project) and piston/leadscrew arrangements (unexplored but worth consideration).  Once a likely candidate is identified through bench studies a prototype will be manufactured and deployed on the Wire Walker. We anticipate much of this design can be implemented with printed parts, at least to the modest depths the system currently operates at MBARI.  The deployment will not impact the Wire Walker’s other project science requirements as we anticipate developing a self-contained unit that fits in existing Wire Walker payload space.  Deployment should take place at sea during a routine Wire Walker maintenance Paragon mission.  
	Year 2 and 3:  Further refine design based on year 1 knowledge gained.  Goals most likely center around energy generation efficiency and system reliability in the field.


Anticipated Shared Resource Needs
What staffing is required to advance the work in 2023 (e.g., is this a multi-faceted engineering development or a targeted science investigation that does not require significant use of shared personnel)? Is in-house or contract manufacturing needed? What level of ship/ROV/AUV (DMO) support is likely? If this is intended to be a multi-year effort, please provide a rough indication of anticipated shared resource needs for project years beyond 2023 (e.g., will stay flat, will significantly increase, will significantly decrease).

This effort will require approximately 2 months of support from Jones, Jensen, Marin, and Hamilton.  Additionally, several Paragon days and a few weeks of machinist time will be requested.  Shared resource needs are expected to stay flat in year two and three.

Anticipated Expenses
What rough order of magnitude direct expense budget is anticipated? For 2023, do you anticipate the project requiring a direct expense budget of <$50K, $50–100K, >$100K? Is procurement of specialized capital equipment or outside contractor(s) required? If this is a multi-year effort, please provide an indication of anticipated direct expense budget needs for outyears (again, very rough order of magnitude; anticipating a budget of $50K in 2023 to >>$100K in 2024 and beyond is relevant to providing feedback for the 2023 Phase 1 proposal).

<$50k per year and no specialized capital equipment or outside contractors are anticipated.

Intellectual Property (IP) Considerations 
Do you anticipate a need for a cooperative research and development agreement or licensing arrangement with an external entity? Will the work potentially result in a patentable product or service? Will novel IP and/or custom-made equipment be created, and how might it be disseminated (e.g., license agreement and/or collaborations)? 

For additional guidance please review MBARI’s intellectual property internal web page: https://mww.mbari.org/itd/ip/.

Yes, ideally a licensing agreement with Del Mar Oceanographic would be negotiated quite early in this project, making Del Mar a partner with us in this development, and more importantly providing a technology transfer path if we are successful.

Data 
What data will be generated? How will they be managed/stored? Are any special data visualization needs anticipated?

Data from this project will be limited to engineering test data of modest size.

Anticipated Impact 
Who are the consumers of the instruments, methods, technology, and data that will be generated within and beyond MBARI? Will the project create tangible connections with other organizations (e.g., academic, NGO, MBA, MBNMS, state or federal agency)?

Success with this project could enable a significant increase in capability for the wire-walker profiling platform, allowing an increase in both cast frequency and the instrumentation that can be hosted on board.  The planned license agreement with Del Mar Oceanographic would provide a technology transfer path to dozens if not hundreds of other oceanographic applications.

Anticipated Outreach Needs 
Thinking about the audiences/consumers you highlighted in the question above, do you anticipate needing to create outreach assets to help increase your impact? If so, please specify whether you anticipate needing to work with ITD and also specify what type of asset (story, graphic, animation, video, etc.) you might need.

None anticipated.
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