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ABSTRACT —Microbial fuel cell (MFC) is a promising energy
harvester for supplying sensors on seafloor whereokar, thermal
and vibration sources are inadequate. Extensive rearches
focused improvement of MFC biological and electrochmical
capabilities while the electrical perspectives arpoorly addressed
in literature. In order to promote MFC as energy savenger, this
paper explains the methods used to electrically chacterize MFCs
and the way to model its steady state and dynami@eration modes
close to the maximum power point (MPP). The methodsiapplied
to a benthic MCF delivering 22uW at 0.29V optimal wltage. This
work is a crucial step to efficiently apprehend theelaboration of
an electrical harvesting interface.

Keywords—energy harvesting ; microbial fuel cell

1. INTRODUCTION

Harvesting energy in the surrounding environmentiris
advantageous alternative to conventional battéoiegowering
autonomously remote sensors in addition to proogsisi an
eco-friendly way. Besides, solar, thermal gradiesmtd
mechanical vibrations are widely used as energyesagers.
Less analyzed in literature, the microbial fuel (dIFC) studied
in this paper is an emerging technology that exploatalysis
properties of bacteria into a couple of redox rieast to convert
chemical energy into electrical energy. The fielcdypplication
is large regarding the wide range of organic sabs$rthat can
be used (organic rich sediment, compost, wasterivdfe It is
worth noting that they can be deployed in regiotens any
other energy harvesters would be inappropriate fl¢gea,
sewage works).

The MFC is relatively mature but the generated pasview
(typically 10uW/cm?) and its voltage is not dirgctisable
(typically less than 0.6V) to power continuouslywvipower
sensor node. These main limitations come from #wox
potential value involved in the MFC process and $few
bacteria activity. So far, the related researclenge focused
their work on optimizing the MFC electrochemicabperties
(electrode material and design, bacteria selectiorgrder to
maximize the power density [1]. However, only fefvtibem
study the MFC from an electrical point of view [&. how to
characterize, model and efficiently extract the ilabée
electrical power from the MFC? An assumption wolbkdthat
the field is widely covered by environment scienesearchers
rather than researchers in power electrical fi¥let, actively
capturing the energy with a power management umian
essential step and can enhance tremendously theshed
power, particularly working at MPP where the MFQida's the
highest possible power.

In order to elaborate an efficient harvesting dttcit is
crucial to electrically model the MFC. That is flogeus of this

paper. In literature, several characterization dshwere
already adopted that focused the MFC electrochémica
properties [3]. First, polarization curve (PC), alhis the most
extensively used technique for estimating statiectekcal
performances. Second, electrochemical impedancérepeopy
(EIS), which is used to find the small signal citenodel in the
desired frequency range at a certain polarizat@ntp

In this paper, both methods were performed orinasitu
benthicMFC and two equivalent circuits were deduced: a DC
one analyzing the static response of the MFC dio$¢PP and
an AC one analyzing its dynamic response when jzeldiclose
to MPP.

2. MFC ELABORATION
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Fig. 1. Schematic diagram of the-situ microbial fuel cell.

A schematic diagram of the MFC is shown in Fig. 1.
Bacteria catalyze the oxidation of the organic salbs at the
Anode A while oxygen is reduced at the Cathoden@uéing a
transfer of electrons from A to C and thus energgegation
[1]. Sediment collected at Gaou beach near Toulas ehosen
as the anaerobic bacterial medium in which a 28-gmaphite
felt anode was buried. A 20-cm? graphite felt cdthavas
placed in water in which minerals were added to latauthe
sea water characteristics. A pumping system was tasmodel
the sea waves and favor the oxygen reduction. Jétisp has
been settled in collaboration with B. Erable [4].

3. STATIC MODELISATION

3.1. Satic measurements

First, the MFC static behavior was evaluated bygitig its
PC using a potentiostat (Biologic VMP3). In Fig.tBe blue



curve shows the MFC voltagecMvs. the flowing currentch.
Each point was determined after 3h of stabilizatsmrthat it can
be considered as the real static characterizatiotheo MFC
(unlike most of the PCs obtained in literature gsiyclic
Voltammetry [3]). The open-circuit voltageo¥ is 0.5 V,
confirming the need for a voltage-boost harvestitigrface to
power sensors. The red curve shows the calculatedem
Ucaxlca Vs. ka. MPP is achieved atldp= 0.29 V. At this point,
the harvested energy is 22uW corresponding to &pdensity
of 1.1 pW/cm.
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Fig.2. Blue line: polarization curve of the MFC asered by varying
progressively the MFC output voltage (0.1 V evenyoBice the induced
output current is stable). Green dashed line: paition curve close to MPP
modelled by a thevenin electrical model. Red lmgput power.

3.2. Satic electrical model

The solar, thermal or bio fuel-cell harvester ienfmodeled
by a Thevenin equivalent circuit when operatingselto MPP
(Fig. 3) [5]. The polarization curve around MPPwhan Fig. 2
can be roughly represented by a straight line @ashe in Fig.
2) defined with Uh= 0.6 V and R= 3.8 K.

— S Ve .
R I A hef A l' i
CA " h :

 Unm " |Yeati Uy Rn | Uca = Un - Rulea
: AL |
! MFC Harversting interface

Fig.3. Thevenin electrical circuit equivalent te tMFC close to MPP.

Identifying these two parameters is a crucial step

determine the value ofsRand maximize the power extraction

from the MFC. In fact, the power received by a later
interface is expressed in (1).

Ry

Po=Unl = R TR

U‘m2 = kUm2 1)

Where k is the coupling coefficient between thevester
and harvesting interface. The harvested power tenmed

when k is maximized, i.e.iRs equal to R. Then, the electrical

interface (e.g. boost converter) has to presentirgout
impedance equal to the MFC output impedange R

4. DYNAMIC MODELISATION

4.1. Dynamic measurements

The MFC dynamic behavior was determined analyzisg i

current response to a small sinusoidal signal geation around

the polarization voltage, wr. The impedances of both

electrodes have been measured to decouple thectdréstics of
each (interesting to see for instance which onlémiing the

MFC performances). For convenience, Fig. 4 gattiersesults
in a Bode diagram of the total MFC impedance.

4.2.  Dynamic electrical model
A dynamic analysis can be very valuable to antteighe

MFC behavior when facing a switching power conwverlde
model is more detailed than the one seen previcasty is
determined using the previous EIS results. It @adibided into
two symmetrical models, one representing the antha@epther
one the cathode (Fig. 5). The capacitive comporegresents
the double layer charging along the electrode sarfahe
resistive ones the charge transfer resistancesatiteslectrode
surface and the charge flow resistance in thereldes and the
electrolyte. The constant phase element (CPElribated to the
diffusion effect, and eventually the inductive campnt is
characterized in the high frequency range and eadue to
connection artifacts. The model parameters areuledéd to fit
with impedance measurements (Fig. 4). It is interggo note
that the sum of all the resistances matches with dtatic
equivalent resistance.R
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Fig.4. Bode diagrams (a) Impedance modulus vsuémeagy : Measurement
(black line) and Equivalent model (red line). (lmpedance phase vs.
frequency : Measurement (black line) and Equivateatlel (red line)
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Fig.5. Dynamic electrical circuit equivalent to thé&C close to MPP

5. CONCLUSION

Benthic MFC static and dynamic models could be dedu
from appropriate characterizations. This work acial step
to design a suitable electric interface dedicabebleinthic MFC
characteristics, in order to harvest its energwrinoptimized
way. The dynamic model is particularly interesttngevaluate
the association of the MFC to an electrical switghtonverter.

6. REFERENCES

[1] S. Venkata Mohan, et al., “Microbial fuel cell: Geal factors regulating
bio-catalyzed electrochemical process and recentarements,”
Renewable and Sustainable Energy Reviews, Dec..2014

[2] H.Wang and al., “Practical Energy Harvesting facidbial Fuel Cells:
A Review,” Environ. Sci. Technol., 2015.

[3] B. E. Logan, and al., “Microbial Fuel CellsMethodology and
Technologyt,” Environ. Sci. Technol., Sep. 2006.

[4] B. Erable, and al, “Marine floating microbial fuell involving aerobic
biofilm on stainless steel cathodes,” Bioresouchfml., Aug. 2013.

[5] S.Bandyopadhyay and al, “Platform ArchitectureSotar, Thermal, and
Vibration Energy Combining With MPPT and Single uietbr,” IEEE
Journal of Solid-State Circuits, Sep. 20



