Proposed Work
As a supplement to ONR Award # N000140610212, Oregon State University researchers will construct a chambered benthic microbial fuel cell and power converter that can serve as an external power supply for a Sonotronics Submersible Ultrasonic Receiver (SUR-1) http://www.sonotronics.com/products.html.  OSU researchers will also work with Dr. Bart Chadwick from the Navy’s Space and Systems Warfare Center (SPAWAR), San Diego, to demonstrate powering the SUR-1 during a true field application in San Diego Bay, CA.
The first component of the power source will be the benthic microbial fuel cell (BMFC), itself.  We will construct a chambered design that is compartmentalized with three anode-cathode pairs that can be discharged sequentially by the power converter.  The footprint of the chamber will be less than 0.5 m2, and the targeted average sustained power output before conversion will be 100 mW.   The chambered BMFC will be constructed at OSU using machine shop facilities within the College of Oceanic and Atmospheric Sciences.  A deployment framework that can be used to lower the BMFC to the seafloor and to support the power converter and SUR-1 will also be constructed.  All parts of the design will be documented with engineering drawings.
The second component of the power source will be the power converter.  This system will be modeled after a prototype previously constructed (McBride et al, 2006). A supercapacitor bank will be used to store energy supplied directly from the BMFC, and a circuit card will be incorporated to charge the bank by switching between the three anode/cathode pairs of the BMFC. Power conversion will be accomplished with a charge pump circuit that will draw from the supercapacitor bank.  The output of the charge pump will be regulated to supply 3 V and currents of 5-20 mA as required by the SUR-1.  The design will also be optimized to maximize the efficiency of power conversion.
Fabrication and testing of the power converter circuitry will take place at the Monterey Bay Aquarium Research Institute under a Personal Services Contract to OSU.  A housing suitable for protecting the power converter when submerged to 50 meters water depth and for interfacing with both the BMFC and the SUR-1 will be constructed at OSU.
After full assembly of the power source it will be connected to a SUR-1 unit set up uniquely to run on either an internal battery or external power supply.  Initial tests will be run in a sea water tank at OSU Hatfield Marine Science Center to verify proper short term operation. Once this milestone is met, the system will be delivered to Dr. Chadwick who will determine the logistics of a test deployment lasting approximately 6 months.  OSU researchers will take part in the test deployment to insure proper field installation.
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Statement of Work-MBARI

Under this subcontract, MBARI engineers will implement the power management circuitry that will allow the benthic microbial fuel cell to power a sonic receiver. These microbial fuel cell systems are inherently low-voltage in nature and require power conversion to step up the voltage to a level required by existing sensor electronics.

Previous work of MBARI engineer Lance McBride produced two prototype power converters that met the major requirements of this task.

Under this subcontract, MBARI engineers will work to provide the most efficient power transfer from the fuel cell to a Sonotronics SUR-1 ultrasonic receiver, which will be provided by OSU. To that effect, MBARI engineers will develop a second generation DC:DC converter that can deliver an average current of 5 mA at 3V, and peak currents of 20 mA at 3V.  This work will also produce a first-order electrical simulator that will simulate the energy provided by a microbial fuel cell system. One possibility to provide the most efficient conversion is to run the cell’s energy into a temporary energy storage bank, such as a supercapacitor bank. A capacitor bank developed previously will be used to determine the optimal load cycle for such a bank. The existing capacitor bank will require additional development, and will require an additional circuit card to switch between three anode/cathode pairs. A solid state switching mechanism, rather than the existing electro-mechanical actuators, will be developed to conserve energy.  Some work on the solid-state mechanism has been done, but will need further development to integrate power availability sensing circuitry and switching.  It may also be necessary to develop circuitry to charge a rechargeable 3V battery that will provide the immediate power needs of the SUR-1 receiver.  
The design will utilize an underwater pressure housing being developed at OSU, and MBARI engineers will be required to utilize a form factor that is compatible with that housing.  The responsible engineer(s) will be required to travel to OSU and may be required to travel to San Diego to integrate the unit with the rest of the system.  

This work will also produce a first-order electrical simulator that will simulate the energy provided by a battery system of this nature.  The simulator may be as simple as a small network of basic electronic components, like inductors, resistors and capacitors, or it may involve the use of a few transistors, op-amps and a microcontroller.  The device will simulate the unique current source characteristic of an anode/cathode pair and allow the engineers to adequately test the conversion electronics before connecting them directly to a functioning microbial fuel cell.  
Budget Items:

$1500 PCB fabrications – 2nd generation DC/DC converter

$1500 PCB fabrication – 2nd generation capacitor bank

$1000 – additional parts for circuit cards (supercapacitors, etc.)

$300 – shipping for various parts and assemblies

$7000 – travel to/from OSU & maybe San Diego
$2500 – electrical simulator

Tasks/Duration:

5wks – DC/DC converter design, manufacture, test, integration

4wks – capacitor bank optimization

2 wks – travel/coordination with OSU effort

2wks – electrical battery simulator

