Ocean Microbial Energy Generation Assessment- Year 2

Project Goal: To enhance long-term power generation in different types of marine biofuel cells through system optimization

Major Tasks and Driving Hypotheses

I. Improve seafloor biofuel cells to meet power density targets

H.1. Elimination of local electrochemical cells that form along an anode crossing redox zones will increase current available to do work.


H.1.a.  a segmented anode will deliver 3-4 times more power than an equal-sized non-segmented anode.

H.1.b.  A segmented anode enriched with organic matter blocks between segments will exhibit concentration enhancement and greater long-term power.

H.2. Overcoming mass transfer limitations imposed by diffusion of pore water reductants to anodes will increase the sustainable power densities of seafloor fuel cells.


H.2.a. Suspending anodes just above the sediment-water interface in pumped anoxic chambers is an effective means to enhance mass transport.


H.2.b. Osmotic or mechanical pumps can be added to these systems to gain sufficient energy to overcome energy utilized.


H.2.b. Fuel cells with chamber anodes will be especially effective as power sources in areas with venting associated with gas hydrates such as at the site of the NIUST Observatory within the northern Gulf of Mexico (Mississippi Canyon 118: 28° 52' 03'' N, 88° 29' 10'' W).
H.3. Enrichments of specific microbial groups will increase the efficiency of a seafloor biofuel cell. 

H.3.a. Statistical relationships between the cell densities of specific microbial groups and power records (from OMEGA 1 bioreactor experiments) will reveal which microorganisms can enhance energy generation in seafloor biofuel cells as a function of chemical substrate.

H.4. Experiments whereby fuel cell electrodes are independently polarized will determine short- and long-term rate limiting processes and how these processes are affected by system modifications.

II. Improve plankton biofuel cells

H.1. Enrichments of specific microbial groups will increase the efficiency of a plankton biofuel cell.

H.1.a. Statistical relationships between the cell densities of specific microbial groups and power records (from OMEGA 1 water column experiments) will reveal which microorganisms enhance energy generation in plankton fuel cells as a function of electrode material, time since plankton addition, and cell potential.

H.2. The conversion efficiency of energy stored in plankton biomass to electrical power can be increased to >12% in flow-through biofuel cells constructed with carbon fiber electrodes and an optimized cathode/anode surface area ratio by increasing the ratio of electrons captured by the fuel cell to those lost to other decay reactions.

III. Characterize physiology and dynamics of biofilms within biofuel cells

H.1. Electron transfer at fuel cell cathodes can be enhanced by the regulation of organic mediators within biofilms.

IV. Engineer an optimized biofuel cell 


H.1.  A detailed feasibility study through modeling will identify the utility of additional optimization approaches (“knobs” identified at 5-22-05 meeting) or experiments.

V. Manage and convert power for the operation of a sensor in the environment


H.1. Energy storage in super capacitors that are switched to run in series can provide a 70% efficiency of energy conversion for sensor powering at 2 – 5V.

