Description of energy management device for provisional patent consideration
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Invention title: Energy management system for microbial fuel cells
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Purpose (what the invention is intended for)


This system has been designed to collate and manage energy from microbial fuel cells, or other low power generating devices.  In particular, it allows the user to better utilize power production from microbial fuel cells for powering instrument suites, recharging batteries, and mitigating electrochemical reactions, e.g. corrosion.

Description and drawings of invention (in sufficient detail for Stanford OTL to understand the invention and assess its value, patentablility and marketability.)
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Fig. 1.  A block diagram of the basic components of the energy delivery system coupled to a microbial fuel cell (sediment or plankton battery).  


Microbial fuel cells (or MFC) are devices that generate power from microbial metabolism.  In principle, they foster the growth of particular microbial “species” on two electrodes, typically graphite, that act as anode and cathode.  These microbes have the physiological capacity to transfer their electrons to the electrodes.  Electrons flow from anode to cathode due to the difference in electrical potential, and this system harnesses this potential energy to do work. 

MFCs offer a great many advantages.  They produce energy without combustion, so there is no release of greenhouse gasses into the atmosphere.  They can utilize a nearly infinite fuel source, namely the carbon cycle.  They can also be used with specific fuels such as livestock waste, food scraps, chitin, and a variety of other sources.  Unlike solar or wind power, MFCs produce energy continuously regardless of atmospheric conditions.  Finally, relative to other alterative energy systems they are extremely inexpensive, costing as little as $2 USD to fabricate.

Despite these many benefits, MFCs have one primary limitation: they are incapable of providing the bursts of power required by most devices upon startup (e.g. starting a motor or computer), and are often incapable of providing sufficient power to operate many devices continuously (e.g. a digital camera or handheld computer).  Ongoing research into MFCs is aimed primarily at boosting energy production to enable MFCs to meet these energy requirements.  Our own efforts (independent of the project outlined here) have yielded microbial fuel cells capable of providing 10x the energy of previous cells.  

In particular, we were motivated by two observations.  First, while MFCs generate energy continuously, many devices do not require energy continuously.  Second, many of these devices require higher peak power than can be provided directly by the microbial fuel cell.  As such, we designed a system that would allow energy to be stored and managed --independent of fuel cell energy production—so that many such devices could be powered by microbial fuel cells.  In principle, this system consists of a charge storage bank, a switching DC-DC voltage converter, and a means of direct voltage conversion to boost the voltage into the DC-DC converter.  
This system manages the energy delivered by the MFC(s) and provides the peak power required by the load(s).  By storing the energy in a temporary repository, it can be converted and delivered as necessary.  The energy obtained from the MFCs is inherently of a extremely low voltage and relatively high current nature.  On the other hand, most loads required a relatively high voltage low current power source.  This energy management system converts the energy delivered by the MFC to a format more useable by a typical load.  
The energy management system also isolates the MFC(s) from the target load(s).  Since the MFCs can’t provide the peak power required by many loads, it was desirable to connect a more static load directly to the MFC.  The bulk capacitance in the energy management system is the only load that the MFC will deliver it’s energy to.  
It is unlikely that a MFC could be used to directly power a cellular phone, for example.  However, a MFC coupled to our energy management system would allow the user to recharge the cell phone batteries that in turn are capable of providing the necessary voltage and current. Cell phones typically use a 700mAH rechargeable battery operating at 3.6V.  Our power management system could be used to charge these batteries by producing an output voltage of at least 4V, which could be used to charge the 3.6V battery, and has been demonstrated to deliver 9V.  
Features believed to be new

Advances and improvements over existing methods

Possible variations and modifications

Close or related patents

Dates of conception and reduction to practice

Sponsorship 


The majority of this project was funded by the Defense Advanced Research Projects Agency.  However, the Monterey Bay Aquarium Research Institute also provided support for this project via salary for Lance McBride, shiptime, machine shop and electronic shop time, and other miscellaneous support.
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