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Abstract

Microbial fuel cells (MFCs) are novel power
generation alternatives. The significance
lies in its ability to house anaerobic bac-
teria that effectively consume organic mat-
ter in a fuel cell to generate electricity.
The process is rather versatile in a biore-
medial sense because the bacteria can be
used to treat wastewater and to detect con-
taminants in liquids, amongst other appli-
cation. Additionally, utilizing the eager mi-
croorganisms as a biocatalyst has a signif-
icantly lower carbon footprint in compar-
ison to burning fossil fuels and coals. Al-
though full scale implementation worldwide
is unlikely at the current moment, selected
research publications demonstrate the vast
potential of MFCs, particularly in develop-
ing nations. Moreover, given the nature of
the urgent need to adapt or mitigate the
effects climate change, I argue it would be
illogical to consider the practical implica-
tions of this compelling innovation.

Introduction

Advancements in environmental engineer-
ing and sustainable science, both increas-
ingly growing fields in recent decades, are
the sole measure to promote ecological con-
servation and preservation. Skilled individ-
uals in these equally important fields pos-
sess critical knowledge, which when collab-
orating with other experts, can stimulate a
critical reevaluation of several environmen-
tal processes that either directly or indi-
rectly affect the protected resources within.

A notable development that is gaining at-
tention due to the vast number of uses and
implications that are associated with it is
the topic of microbial fuel cells (MFCs).

One of the primary influential and early
pioneers in the topic of MFCs is Dr. Bruce
E. Logan of Pennsylvania State Univer-
sity. Dr. Logan began publishing work
on MFCs in the early 2000s and has more
recently obtained a patent for what is de-
scribed as substrate-enhanced MFCs, the
central topic of interest for this release
(Google.com/Patents, 2007). Other no-
table researchers whose work and statistics
will be discussed is that of a team from Ore-
gon State University led by Dr. Hong Liu.

How does a MFC work

and what is needed to op-

erate one?

An elemental description of how the timely
innovation generates electricity from an
electrophysical standpoint is no different
than how conventional fuel cells operate (i.e
an electrical current flowing from a nega-
tively charged anode to a positively charged
cathode). However, it is the source of the
electrons that supply this current that dif-
fers in a MFC. Instead of a controlled reac-
tion involving a fuel (e.g propane, octane,
ethanol, etc.) and an oxidative species (e.g
oxygen gas), a MFC utilizes a mixture of
bacterial colonies grown under anaerobic
conditions that are housed on the anode
(Logan, 2006). It is here in which the bac-
teria ultimately oxidizes (i.e “strips” or re-
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moves electrons from) organic matter to
generate the electric current. Essentially,
the bacteria act as a biocatalyst in which
the energy output is effectively made possi-
ble by virtue of the bacterial colonies gain-
ing nutrition. MFCs have gained notoriety
mostly due to the numerous applications
they can be coupled with to ultimately pro-
vide an array of insight to future problems
worldwide. All that is required for contin-
ual electricity generation is an MFC itself,
a substrate such as acetone or glucose to
house the bacteria on the anode, and con-
sistent source of organic matter.

Anaerobic conditions in the anode
chamber are critical to the overall electric
current generation. This is because with-
out oxygen, which would normally act as
the final electron acceptor in aerobic strains
of bacteria, the electrons oxidized need to
find elsewhere to be contained. In the in-
stance of a MFC, they travel nearby to
the cathodic wiring, via electron carriers
and medicators, which is most often con-
structed from platinum. The significance of
the metal wire is since platinum is a tran-
sition metal, it is able to hold more elec-
trons in its outer shell as opposed to other
common elements such as carbon, nitrogen,
and noble gases for example. The underly-
ing reason for this is because transition el-
ements operate under the 18-electron rule
as opposed to the octet rule as attributed
to the transition element having an extra d
orbital shell (Zener, 1951).

MFCs and wastewater

treatement

The prime potential a MFC holds can be
demonstrated as a solution to definitive en-
ergy woes. This is because, inevitably, the
human society is destined to be plagued
with pressing energy issues that require dire
innovation in the near future. Examples
that will obligate attention include peak oil
extraction in addition to the depletion of

fossil fuels and water, which are now be-
coming very pragmatic due to exponential
population growth and a variety of other
factors (Hirsch, 2013). Research findings
from the aforementioned MFC focused re-
search groups show a shared interest in uti-
lizing the MFCs for a dual wield of highly
sought after necessities: maintaining re-
newable energy generation while simulta-
neously treating wastewater to ultimately
be recycled for future use. The treatment
of water is made possible through the use of
a proton exchange membrane (PEM) that
separates the anode and cathode chambers.
This electrochemical conversion proceeds
because the PEM allows protons to pass
from the anode chamber to the cathode
chamber, where natural oxygen gas is being
circulated through, to combine and form
the treated water (Logan, 2004). Consider-
ing the example of a MFC treating wastew-
ater as the source of organic matter, such
a utilization allows for a much more cost
efficient process as opposed to the conven-
tional “sludge” method due to the fact that
it eliminates the need to consistently aerate
wastewater, a feat that frees up almost 4/5
of the biochemical oxygen demand (Logan,
2005).

MFC design and electric-

ity measurements

Analogous to how different circuit set ups
(i.e parallel vs. series) and anode/cathode
materials affect overall Columbic efficiency,
different MFC design and construction
materials generate different energy data.
Knowledge of this paves the way for future
research to be centralized on design modifi-
cations to current prototypes in an effort to
maximize energy output. In a noteworthy
2005 study from Dr. Logan and his team,
they tested a variety of energy parame-
ters based upon different designs: a sin-
gle chambered MFC, a double chambered
MFC, and a flat plate MFC. Each has their
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own benefits and disadvantages. For exam-
ple, the single chamber MFC eliminates the
need for aeration but has a slightly worse
overall power density than a double cham-
bered MFC (26 mW/m2 vs. 28 mW/m2).
However, the double chambered MFC has
its own singular advantage in the sense that
it has better separation of the anode and
cathode, thus decreasing the possibility of
oxygen adversely affecting any of the chem-
ical reactions in the anode necessary for
electricity production (Logan, 2005).

Comprehending the statistics available,
the prototype of interest for this report that
has the most potential for use in wastewa-
ter treatment is the flat plate MFC. The
reason for this is because the flat plate
MFC has all the benefits of the double
chambered MFC, plus the minimal spac-
ing between the anode and cathode acts
to minimize the resistance generated dur-
ing the reactions. The flat plate design ad-
ditionally generates more than two times
the power density either the single chamber
or double chamber would produce (Logan,
2005).

Suggested modifications

to maximize MFC effi-

ciency

The implications behind the use of cur-
rent MFC prototypes in wastewater treat-
ment are earth-shattering alone. How-
ever, after reviewing research transcripts
from the Pennsylvania State University and
Oregon State University teams, it is spec-
ulated that certain constructional alter-
ations can be made to further maximize
energy output and worldwide accessibility:
Firstly, in an effort to combat the costli-
ness of such a wide scale implementation,
an alternative cathode wiring material is
needed. This is because the current most
widely used wiring material in similar oper-
ations has been the metal platinum which

is an expensive and rare precious metal.
Recent projects investigating possible ca-
thodic wiring alternatives determined that
the best choices in regards to improved
power density and overall recovered en-
ergy would be nickel foam and molybde-
num disulfide (Ribot-Llobet, 2013). An-
other alternative they had tested was stain-
less steel wool which, although inexpensive
and easily manufactured, did not perform
up to par in comparison to the three previ-
ously mentioned materials.

Secondly, a problem the Penn State
team encountered during MFC assisted
wastewater treatment was that the source
of organic matter (wastewater in this ex-
ample) was too dilute. If an additional
measure to further concentrate the organic
matter was used, more power density and
Coulombic efficiency would be generated
(Logan, 2005). A technique that would
be applicable is the Niro Freeze Concentra-
tion method. This process consists of crys-
tallization and subsequent recrystallization
that is first achieved by solid and liquid sep-
aration in a wash column. Wastewater is
then pumped into a heat exchanger where
it forms needle shaped ice crystals in the
column. Once the crystals are formed, it is
then mixed with larger ice crystals. This
mixture’s ultimate fate is to enter a last
column wash that leads to the separation
of purified water and concentrated organic
matter (Lemmer, 2001).

The final improvement to be made in-
volves understanding the bacteria and their
individualistic mannerisms on a deeper ge-
netic and hereditary level. Since the pro-
cess of converting the high energy electrons
in organic matter to an electrical current is
essentially just a single step on the redox
ladder for anaerobic microorganisms; dis-
covering which taxa and/or mutants have
the most efficient oxidation rates would be
of great aid in getting the most from a
MFC, electrically speaking. Strains from
the following taxa Shewanella putrefaciens,
Geobacter sulfurreducens, Geobacter met-
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allireducens, and Rhodoferax ferrireducens
have the most potential in regards to this
matter as discussed by Dr. Logan in a 2004
interview (Logan, 2004). In addition to se-
lecting for the most energy efficient species,
using various sterile techniques such as au-
toclaving the wastewater and/or spraying
N2 gas in the anode chamber of a MFC
prior to treatment would be beneficial as
it would ensure that the competitors (i.e
methanogens and denitrifiers, respectively)
would be eliminated along with further pre-
venting aerobic oxidation from occurring.
The former is important for competitive
reasons but the latter is critical also such
that the substrate the bacteria grow on (e.g
glucose or acetone) does not become de-
pleted.

MFCs and their potential

role in developing coun-

tries’ economies

Due to the ease of explanation, the afore-
mentioned designs are only select experi-
ments that were performed during the mid
2000s. Dr. Logan and the Pennsylvania
State University team continued to attempt
to improve their prototypes with various al-
terations and distinct bacterial taxa up un-
til about the end of the decade. Hereafter,
their research began to fixate towards the
production of hydrogen gas instead of elec-
tricity, which by definition would make the
prototype identified as a Microbial Electrol-
ysis Cell (MEC) rather than a MFC. Both
methods hold extreme value, energetically
speaking. However, it is my belief that it is
more logical to find an alternative to a con-
vention that already has the infrastructure
to support its growth, such as electricity
does, in comparison to other debated al-
ternatives such as hydrogen, solar/wind, or
nuclear energy, for example.

The most sought after goal would be to
implement MFC coupled wastewater treat-

ment plants in developing countries, for
such nations would surely gain the most.
It is speculated that it would allow viable
economic growth which could ultimately
lead to infrastructure stabilization, more
accessible health care/diagnosis, and bet-
ter overall wellbeing, amongst other advan-
tages. Surely, it is envisioned that the cost
associated with such a wide scale incorpo-
ration would be expensive at first. To fur-
ther elaborate on potential expenses, the
research team at Oregon State University
estimated that the cost of engineering a sin-
gle operation and continued maintenance
would be nearly equivalent to the conven-
tional “sludge” operation cost, nearly $25
million (Stauth, 2012).

When contemplating the funding of
such an operation, one must keep in mind
that this is a long term investment. Albeit
quite costly, thus decreasing the probability
that many developing nations’ officials may
opt for the innovation, the long-term bene-
fits would surely outweigh the initial costs.
Verification of such a claim is made possible
by realizing that the aforementioned Ore-
gon State estimate fails to take in consid-
eration the possible profit gained from the
subsequent retail of the net gain in energy a
MFC produces during operation. Accord-
ing to Dr. Logan in an editorial about his
work with MFCs, current municipal and in-
dustrial wastewater plants’ infrastructures
comprise about 5% of the total electrical
power used in the United States. each
year [Logan, 2004- From the 2004 Paul
L. Busch Award Ceremony at the WERF
Subscriber Luncheon (2004)]. Therefore,
the clear logic behind the possible energy
transition is why would we, as a society
whose successes are based heavily on inno-
vation, continue to support an energy in-
tensive operation to treat wastewater in-
stead of MFC-coupled wastewater treat-
ment that holds the potential to generate
electricity and subsequent profits instead of
consuming them both substantially.
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Additional MFC coupled

projects

Looking ahead towards the future with
MFCs being coupled to other operations
besides wastewater treatment, a number of
other feats can be accomplished. For exam-
ple, breaking the dependence the general
population worldwide has on batteries, gen-
erators, natural gas, etc. would be highly
sought after from an environmental stand-
point. Moreover, utilizing MFCs for more
than powering means can be observed if
utilizing a MFC as a contamination detec-
tor. For example, if monitored consistently,
an anomaly in the bacterial consumption of
the organic matter would insinuate there is
a potential toxin or major contamination in
a environmentally protected area such as a
stream or a patch of soil in a national park

(Raebay et. al, 2010).

The global implications and potential
crises MFC coupled processes can provide
insight on in the present are copious. With
further research on other MFC prototypes
and additional design modifications, more
knowledge will become readily available
within the next couple of decades in order
to maximize the efficiency of energy gen-
eration, granted the proper measures are
taken. Timely reexaminations such as this
in all societal actions are pivotal not just
because a fraction of the population may
feel change is necessary; it becomes impor-
tant because when dealing with essentials
such as energy and water, conservation and
sustainability need to be considered in ev-
ery aspect to ensure the essentials we care
so much about can persist for future gener-
ations.
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