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Abstract— Benthic microbial fuel cells (BMFCs) have the 
potential to provide long-term, sustainable power for undersea 
devices. BMFCs operate by harnessing organic matter in the 
sediment as a fuel source. Field systems have demonstrated 
power densities in the range of 5 to 20 mW/m2 depending on 
size and operating conditions. Operation of anodes under 
anaerobic conditions is critical to the functionality of BMFCs 
because the presence of oxygen will negatively affect the 
microbiology and chemistry driving power production. In 
order to provide an anaerobic environment the BMFC anodes 
are usually buried at least 10 cm under the sediment which 
generally ensures a completely anaerobic environment in 
reducing coastal sediments. Furthermore, to increase a 
system’s power output, large surface areas for the anode and 
cathodes are needed. Installation of these large-scale anodes is 
difficult, time consuming, and in the case of very deep water 
environments, almost impossible.  

In order to solve the issue of complex burial 
techniques for large anodes, a unique design of BMFCs has 
been created which allows the anode to be placed on the 
sediment surface without being buried and still operate under 
anaerobic conditions. Carbon cloth anodes were covered on 
one side with metalized plastic film, specifically biaxially-
oriented polyethylene terephthalate (BoPET), and sealed at the 
edges. This type of metal film has very low oxygen 
permeability which prevents oxygen in overlying water from 
diffusing through the film and interfering with current 
production at the surface of the anode. Weights were added to 
the perimeter of the film in order to ensure a seal between the 
anode edge and the sediment to prevent aerobic seawater from 
contacting the anode thus ensuring an anaerobic environment 
for the anode. The concept was tested at various scales in the 
lab environment and a prototype deployment system was 
developed and tested for future scale-up and field applications. 
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I. INTRODUCTION  
There exists a strong need for easily deployable, long-term 

power for undersea electronics. BMFCs present a viable 
solution to this need by converting chemical energy into 
electrical energy through the catalysis of microorganisms in the 
sediment. This process creates a natural potential difference 
between the anode and cathode [1,2]. In order for this process 
to occur the anode must be present in an anaerobic 
environment. To create this, the anodes of BMFCs are typically 
buried under the sediment surface. Bacteria present in the 
sediment then generate electron flow during their metabolism 

by oxidizing organic matter. If these bacteria are in close 
proximity with the anode, the electrons generated through their 
metabolism process may be transferred to the anode that is, in 
turn, electrically connected to a cathode in the overlying 
aerobic  water where oxygen reduction occurs. The current 
generated from this process is able to sustain low-power 
electronics [3]. The fuel supply in the sediment is naturally 
replenished as organic matter settles on the sediment surface. 
This allows BMFCs to operate for extended periods of time as 
long as they are buried beneath the surface [4].  

Previous studies have shown that the rate of electron 
production in BMFCs is strongly dependent on the electrode 
surface area [5]. Additional studies have shown that a 
correlation between surface area and power output exists 
however an increase in power output cannot be achieved by 
solely by increasing the active area [6,7]. In order to increase 
the power output of the BMFCs it is important to be able to 
increase the electrode’s projected surface area. A great deal of 
effort has been put into increasing the surface area of the 
anodes in full-scale deployed systems for this reason. Initial 
efforts to deploy large scale buried anodes yielded successful 
results. Chadwick et al. successfully deployed large anodes 
based on carbon cloth but found that power output does not 
scale linearly with anode surface area [8]. Follow on studies 
from the same group produced deployments using a unique 
deployment sled which was capable of deploying two large 
anodes in the same deployment. This effectively doubled the 
anode surface area. Results showed that the BMFC was 
capable of sustaining 250mW over extended periods of time 
and was able to power remote undersea electronics [9].  

The deployments referenced above require complex and 
cumbersome deployment techniques, often including a diver, 
that require burying the anodes under the sediment. As the 
deployments get larger and the depths increase these kinds of 
deployments will become almost impossible. An et. al. 
investigated the correlation between the depth of the anode in 
the sediment and power output and found that voltage and 
current output are improved with increasing anode embedding 
depth and that overall anode embedding depth is a factor in 
sediment based MFCs[10].  

It is clear that a key limiting factor for the BMFCs used to 
power undersea electronics is not just the deployment 
mechanism but the concept of burial itself. A new concept of 
deployment based on the results of previous studies was 
created for this study, one which does not require burial. The 
objective of this study was to develop and test the feasibility of 
a surface based anode for microbial fuel cells that do not 
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require burial under the sediment, and to ev
designs for the deployment of such as system t
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