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1. INTRODUCTION 

A microbial fuel cell (MFC) is a promising technology for gen-

erating electricity directly from biodegradable compounds using 

bacteria under anaerobic conditions [1,2]. In the anodic chamber 

the microorganisms anoxically oxidize the organic matter and 

release electrons and protons. Electrons are transported to the an-

ode that acts as an intermediate, external electron acceptor. The 

electrons flow through an external circuit where there is a resistor 

or a device to be powered, producing electricity and finally react at 

the cathode with the protons and oxygen producing water [1]. The 

corresponding protons released during the oxidation of organic 

compounds migrate to the cathode through the electrolyte (liquor) 

contained in the cell and a proton exchange membrane; in this way 

charge neutrality is kept [3,5]. 

The actual voltage output of an MFC is less than the predicted 

thermodynamic ideal voltage due to irreversible losses. The three 

major irreversibilities that affect MFC performance are: activation 

losses, ohmic losses, and mass transport losses. These losses are 

defined as the voltage required to compensate for the current lost 

due to electrochemical reactions, charge transport, and mass trans-

fer processes that take place in both the anode and cathode com-*To whom correspondence should be addressed: Email: hectorpoggi2001gmail.com 
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partments [5,6]. The extent of these losses varies from one system 

to another [7]. The electrochemical limitations on the performance 

of MFC are due to the internal resistance (Rint). The primary com-

ponent of Rint is ohmic resistance, which can be further divided into 

the electrolytic resistance and ohmic resistance of electrodes, and 

the transfer resistance electrodes. 

The Rohmic is typically dominated by the Rion associated to the 

electrolyte(s) resistance [6,7]. The Rion due to electrolyte is given 

by the following expression [8]. 

 
where ρ: specific resistance or resistivity of the electrolyte, L: 

distance between electrodes; A: electrode surface area; κ: specific 

conductance or conductivity of the electrolyte. Inspection of Eq. 1 

draws our attention to the ways to lower ohmic losses, i.e., by re-

ducing the distance that separates the electrodes (decreasing L), 

increasing the electrode surface area (increasing A), and increasing 

the conductivity of the electrolyte and materials of the proton-

exchange membrane (increasing κ). A plausible physical picture of 

the effect of inter-electrode separation would be that the protons 

have less distance to travel, and consequently the ohmic resistance 

is lowered. 

The influence of electrode spacing on performance of MFCs has 

been shown in several works [5,9-13]. Another variable that may 

lead to lower Rohmic is the electrode area. The latter can be ex-

pressed in terms of a variable ξ, the ratio of surface area of elec-

trode to the cell volume, as follows: 

 
where VMFC: volume of the MFC.  Several works have investigated 

the use of electrode materials with high ξ, such as granular and 

reticulated graphite and granular activated carbon [4,14]. Regarding 

the use of flat electrodes, the ξ of the cell can still be increased if 

more walls of the cell are fitted with electrodes. 

The aims of this work were to design and characterize a novel, 

multiface parallelepiped MFC-P in the perspective of decreasing 

the Rint and increasing the volumetric power (Pv) output, and ana-

lyse the microbial diversity in the biocatalyst used in new design 

MFC-P. The cell was fitted with a ‘sandwich’ cathode-membrane-

anode assemblage, and possessed a high ratio electrode surface 

area-to-volume ξ (csi). 

Rion = ρ*L/A = (1/ κ)*L/A (1) 

ξ =A/VMFC (2) 
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Figure 1. Schematic diagrams of microbial fuel cells: (A) type P 

(new design), and (B) type S (standard design). 

 

 

ABBREVIATIONS 

A   surface area of electrode (usually the  

   anode) 

CMA  ‘sandwich’ arrangement cathode-membrane 

   -anode 

COD chemical oxygen demand 

EMFC  MFC voltage 

IMFC  current intensity 

L   length of separation between anode and  

   cathode 

MFC  microbial fuel cell 

MFC-P new design of microbial fuel cell in this work 

MFC-S  standard microbial fuel cell in this work 

PAn-max  maximum power density 

PMFC  MFC power 

PV-max maximum volumetric power 

PCR Polymerase chain reaction 

PEM  proton exchange membrane 

Rext   external resistance  

Rint   internal resistance 

Rohmic  ohmic resistance 

Rion  Ionic resistance 

VMFC  MFC operation volume 

VSS volatile suspended solids 

 

Greek characters 

ξ   ratio surface-of-electrode to cell volume 

κ   specific conductance or conductivity 

ρ   specific resistance or resistivity 
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2. EXPERIMENTAL 

2.1. Microbial fuel cell architecture 

The new design MFC-P consisted of a parallelepiped built in 

plexiglass with a liquid volume of 0.977 L (Fig. 1A). Five faces of 

this cell were fitted with ‘sandwich’ cathode-membrane-anode 

assemblages (CMA). Each CMA (from inside to outside) consisted 

of an anode made of Toray carbon cloth, the proton exchange 

membrane (Nafion 117), and the cathode made of flexible carbon-

cloth containing 0.5mg/cm2 Pt catalyst (Pt 10 wt%/C-ETEK, and a 

perforated plate of stainless steel 1 mm thickness. 

On the other hand, a standard cell (Fig. 1B) of 150 mL MFC-S 

was fitted with a circular anode made of stainless steel plate 1 mm 

thickness with a Toray flexible carbon-cloth sheet placed in one 

circular face and a cathode in the opposing face made of (from 

inside to outside): proton exchange membrane (Nafion 117), a To-

ray flexible carbon-cloth painted with Pt catalyst, and a perforated 

plate of stainless steel 1 mm thickness. Separation between elec-

trodes was 7.8 cm. 

The MFC-P had a ratio ξ = 19.1 (1/m) whereas the corresponding 

value of the  standard MFC-S was 12.9 (1/m). 

2.2. Synthetic feed and Biocatalyst 

The MFC-S and MFC-P, were loaded with 7 and 46 mL, respec-

tively, of a synthetic feed [15-17]. The synthetic feed was consisted 

of a mixture of the following substances (in g/L): acetic, propionic 

and butyric acids (4 each) as well as acetone and ethanol (4 each) 

and mineral salts such as NaHCO3 and Na2CO3 (3 each) and 

K2HPO4 and NH4Cl (0.6 each). Organic matter concentration of 

synthetic feed was ca. 25 g COD/L. The cells, MFC-S and MFC-P, 

were loaded with 143 and 954 mL, respectively, of mixed liquor 

from a sulphate-reducing, mesophilic, complete mixed, continuous 

bioreactor. The bioreactor had an operation volume of 3 L and was 

operated at 21 day hydraulic retention time and 35°C in a constant 

temperature room. The bioreactor was fed at a flow rate of 150 

mL/d with an influent whose composition was (in g/L): sucrose 

(5.0), Acetic acid (1.5), NaHCO3 (3.0), K2HPO4 (0.6), Na2CO3 

(3.0), NH4Cl (0.6), plus sodium sulphate (7.0), the pH in the biore-

actor liquor was 7.2. The initial COD and biomass concentration in 

cells liquor were ca. 1 450 mg O2/L and 1100 mg VSS/L. The ini-

tial and final pH and sulfide concentration in cells liquor were 7.66 

and 7.8, and 9.7 and 16.7 mmol/L respectively.  Electrical conduc-

tivity of cell liquor was 2020 mS/m. 

2.3. Determination of internal resistance of the cells 

The internal resistance of cells was determined using the polari-

zation curve method and EIS. 

2.3.1. Polarization curve method 

The polarization curve was carried out by varying the external 

resistance (Rext) and monitoring both the voltage and the current 

intensity, according to procedures suggested by Clauwaert et al. 

(2007) [18] and Logan et al. (2006) [1]. For the MFC-P, characteri-

zation was first carried out with the five faces connected in series 

and second with faces connected in parallel. In brief, each MFC 

was loaded with substrate and inocula as described in section 2.2. 

Each MFC was batch-operated for 8 h at room temperature. The 

circuit of the MFC was fitted with an external variable resistance. 

In this regard, we carried out the polarization curve of the MFC, 

relating mathematically the cell voltage (EMFC) and current inten-

sity (IMFC) against the external resistance value, forwards and back-

wards regarding the Rext values. Ab initio, the MFC was operated at 

open circuit for 1 h. Afterwards, the Rext was varied from 100 Ω to 

1 MΩ and viceversa. After this, the cell was set to open circuit 

conditions for 1 h in order to check the adequacy of the procedure 

(values of initial and final open circuit voltages should be close). 

The voltage was measured and recorded with a multimeter. The 

current was calculated by the Ohm’s Law as indicated below in 

Section 2.4. 

2.3.2. Electrochemical Impedance Spectroscopy 

(EIS) 

A Gamry PCI4/300 potentiostat was used for all electrochemical 

measurements. Gamry EIS300 software was used for recording of 

impedance spectra, while DC105 software was used for recording 

of potential sweeps, monitoring of the potential difference between 

the two reference electrodes and for measuring the I–t curve at an 

applied cell voltage.  

 For the MFC-P, characterization was first carried out 

with the five faces connected in series and second with faces con-

nected in parallel. EIS measurements were carried out for the MFC 

in a frequency range of 1 MHz to 10 mHz with an ac signal of 10 

mV amplitude, these measurements were performed for the MFC at 

several applied cell voltages, the anode was used as the working 

electrode and the cathode was used as the reference as well as the 

counter electrode. The results of impedance measurement were 

represented in a Nyquist plot. It expresses the impedance with a 

real part and an imaginary part as a semicircle. Each point on the 

complex plane plot represents the impedance at a certain frequency. 

Accurate results are obteined by fitting the impedance data to an 

appropiate equivalent circuit. The equivalent circuit used in this 

work is shown in Fig. 2, which has elements: R1- solution resis-

tance (ohmic resistance), R2- anodic polarization resistance, R3- 

cathodic polarization resistance and QPE- constant phase element. 

The sum of R1, R2 y R3 will be Rint. 

2.4. Analytical methods and calculations 

The COD, VSS, pH, sulfide, electrical conductivity in liquors of 

sulphate-reducing seed bioreactor and cells were determined ac-

 

Figure 2. The schematic of a MFC and its equivalent circuit: R1 – 

solution resistance (ohmic resistance), R2 – anodic polarization 

resistance, R3 – cathodic polarization resistance and QPE – con-

stant phase element. 
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cording to the Standard Methods [19]. The current intensity IMFC, 

the power PMFC and the power density PAn were determined as re-

ported elsewhere [16]. 

The power per unit volume or volumetric power PV was calcu-

lated as follows:  

 
where Rext is the external resistance, EMFC is the voltage, and VMFC 

is the cell volume. 

2.5 Analysis of bacterial community 

The biofilm formed on the carbon cloth electrodes from the an-

odes was used for DNA extraction using a PowerSoil DNA Isola-

tion Kit (Mo Bio Laboratories, Inc. Carlsbad, CA) according to the 

manufacturer’s instruction. Total genomic DNA was used as tem-

plate for PCR amplification of approximately 1500 pb of 16S 

r D N A  w i t h  a  f o r w a r d  p r i m e r  ( 2 7 f ,  5 ´ -

AGAGTTTGATCCTGGCTCAG-3´) and a reverse primer (1492r, 

5´-GGTTACCTTGTTAACGACTT-3´) [20].  The PCR products 

were purified and cloned into TOPO TA cloning vector pCR2.1 

according to the manufacturer´s instructions (Invitrogen, Carlsbad, 

CA). Then they were transformed into competent cells of E. coli 

XL1-Blue by electroporation. White transformants were transferred 

to plates containing LB broth (25µg/mL kanamycin and 200µg/mL 

ampicillin), grown overnight at 37°C. Plasmids were isolated using 

High Pure Plasmid kit (ROCHE, Indianapolis, IN) subsequently 

clones were digested (2 h, 37°C) with EcoR1 (BioLabs, New Eng-

land) for the presence of inserts. 

2.5.1. Sequencing and phylogenetic analysis 

Inserts were sequenced on the sense and antisense stands at the 

Instituto de Biotecnologia de la Universidad Nacional Autonoma 

de Mexico using a Taq FS Dye Terminator cycle fluorescence-

based sequencing with an automated capillary sequencer (Perkin 

Elmer, model 3130xl, Applied Biosystems). The sequencing reac-

t i o n  w a s  p e r f o r m e d  u s i n g  M 1 3 F - p U C  ( 5 ´ -

GTTTTCCCAGTCACGTTGTA-3´) and M13R-pUC (5´-

TTGTGAGCGGATAACAATTTC-3´). 16s RNA gene sequences 

of aproximately 1500 nucleotides retrieved from each clone were 

assembled and edited using Bioedit. All sequences were further 

analyzed with Bellerephon chimera check program and with 

BLAST program (National Center for Biotechnology Information) 

[21] to determine the closest available database sequences. Multi-

ple sequence aligments were performed using ClustalW and 

MEGA 5.0 software. Phylogenetic analyses were performed 

aligned sequences by the Neighbor-Joining algorithm with Kimura 

2 parameter distance and bootstrapping of 1000 replicates in the 

Phylip program. 

3. RESULTS AND DISCUSSION 

3.1. Determination of internal resistance 

The polarization curves and the power variation with current 

intensity of the MFC-P conected in series and parallel, and MFC-S 

are shown in Fig. 3A, Fig. 3B and Fig 3C, respectively. The inter-

nal resistences were calculated as the slopes of the sets of aligned 

points of the corresponding polarization curves; the values were 

600 and 67 Ω for the MFC-P connected in  series and parallel, re-

spectively, and 4 600 Ω for MFC-S (Table 1). The values of the 

resistances for each face of the MFC-P were 330, 308, 306, 305, 

and 348 Ω. 

The EIS data were represented in the form of Nyquist plots of the 

MFC-P connected in series and parallel, these data are shown in 

Fig. 4A and Fig. 4B. The internal resistances were calculated as the 

sum of  R1, R2 y R3 of the equivalent circuits, the values were 602 

and 57 Ω for the MFC-P connected in series and parallel, respec-

tively. 

The new design connected in series and parallel, lead to signifi-

cant reductions of cell internal resistance, compared to the standard 
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Figure 3. Polarization curves of new design microbial fuel: (A) 

connection in series and (B) connection in Parallel. (C) standard 

microbial fuel cell 

 



 191 Parallel Connection and Sandwich Electrodes Lower the Internal Resistance in a Microbial Fuel Cell 

/ J. New Mat. Electrochem. Systems 

cell (by 82 and 98%). This reduction in resistances values may be 

ascribed to the ‘sandwich’ assembly of the CMA. The significant 

decrease of Rint with decrease of inter-electrode distance is consis-

tent with previous experiments on the effect of electrode spacing on 

internal resistance of MFC [8-9,12-13]. In particular, the proportion 

of Rint decrease in our work was similar to that reported elsewhere 

[5]; it was found a 70% reduction in Rint value in a single chamber 

MFC fitted with a ‘sandwich’ CMA, compared to a second cell 

where the electrodes were separated 7.8 cm. Furtheremore in our 

work, parallel connection of multiple electrodes of MFC signfi-

cantly increased PV-max compared to PV of both the MFC-P con-

nected in series and MFC-S (Table 1). 

Table 1 shows the maximum and average main response vari-

ables of the MFC-P and MFC-S in this work. All response vari-

ables were higher in the new design MFC-P than in the MFC-S, 

confirm the better performance of MFC-P. Maximum volumetric 

powers PV in MFC-P connected in series and parallel were 62 and 

569 mW/m3, respectively, and anode density powers PAn of the 

MFC-P connected in series and parallel were 3.2 and 29.6 mW/m2, 

respectively; these values were superior to those of the MFC-S 

(4.34 mW/m2 and 52.07 mW/m3). The improvement in PV was 

probably due to the combined effects of increased ξ and decrease of 

Rint.  

When the faces of the cell were connected in series, the voltage 

was 0.52 V (Rext= 68 kΩ); this voltage was similar to that obtained 

when the faces if the MFC were connected in parallel (0.5 V). One 

approach to increase MFC voltages is to connected multiple MFC 

in series, forming a stacked system. However, when this is done the 

stack usually undergoes voltage reversal, resulting a low or nearly 

zero stack voltage. Voltage reversal has been shown to occur when 

anode potentials become unbalanced, for example when substrate 

concentration are low in one cell relative to an adjacent cell. The 

bacteria are less active at the lower substrate concentration; as a 

result, the anode potential of that cell becomes positive and similar 

to the cathode potential of the adjacent cell. Voltage reversal can 

also be driven under high curret even without substrate depletion. 

Voltage reversal occurring in only one of multiple MFCs connected 

in series results in a failure of the whole system [22-25]. 

The parallel connection substantially lowered internal resistance, 

this decrease could be attributed to the increased cross section area 

of the ion flow path due to parallel connection. Also, calculations 

using the Ohm´s law for parallel resistance connection closely 

agrees with the total experimental value of 67 ± 3 Ω. In effect, 

 
When substituting the Rint,j of each face, Eq. 4 gives Rint total = 63 

± 4 Ω, this calculated value is very close to the experimental one 

obtained with the polarization curve method (67 ± 3 Ω). 

Parallel connection decreased not only the internal resistance by 

increasing the cross sectional area for ion flow, but also possibly by 

decreasing the electrode overpotential due to increase of the total 

electrode surface area, thereby leading to the production of maxi-

mun power at relatively high current output without significant 

energy losses [26]. Parallel connection of multiple electrodes of 

MFC signficantly increased PV-max compared to PV of both the 

MFC-P connected in series and MFC-S (Table 1). 

On the other hand, series connection showed an inverse trend to 

that in the parallel connection. Energy loss in the series connection 

is known to be caused by lateral ion cross-conduction between 

electrodes. This phenomenon is common when fuel cell arrays 

sharing the same electrolyte are connected in series to increase 

voltage output [26]. 

The relatively low values of PAn obtained in this work could be 

due to absence of acclimation of the inoculum to the new substrate. 

Indeed, the inoculum used in our experiments was acclimated to a 

synthetic wastewater that contained sucrose and acetic acid, as well 

as sodium sulfate as electron acceptor. When the inoculum was 

transferred from the seed bioreactor to the cell, the substrate fed 

was a model extract that did not contain sucrose and sulphate. 

Moreover, the substrate was concocted with acetic, propionic and 

1/Rint total = Σ  (1/Rint,j), j = 1, ...., 5 (4) 
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tion in series and (B) connection in Parallel 

 

 

Table 1. Average values of several variables in cell characteriza-

tion in this work. 

Notes: aMicrobial fuel cell standard; bMicrobial fuel cell parallelepiped (new design); 
cMaximum power density; dMaximum volumetric power. 

Parameter MFC-Sa MFC-Pb  

Series 

MFC-Pb  

Parallel 

Rint (Ω) 4600 ± 250 600 ± 32 67 ± 3 

PAn-max
c (mW/m2)  4.3  3.2 29.6 

PV-max
d (mW/m3) 52.1 62.1         569 

EMFC-max (V)    0.52    0.52  0.5 

IMFC.max (mA)  0.1  1.1  7.5 

PMFC.max (mW)      0.008    0.06      0.585 
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butyric acids as well as acetone and ethanol and mineral salts. So, 

the lack of acclimation to the new substrate probably had a nega-

tive effect on cell performance. Indeed, the inoculum was not pre-

viously subjected to selective pressures that could lead to its enrich-

ment in electrochemically-active bacteria (EAB, also known as 

anodophilic or exoelectrogenic bacteria) [4]. As it is widely recog-

nized, most of the  EAB also are dissimilatory metal reducing mi-

crobes; their presence and dominance in the microflora anchored in 

MFCs are usually linked to significant power outputs [4]. 

Another factor involved in low average power could be the sur-

face area of electrode materials. The positive effect of the larger 

anode surface area on power was demostrated when several materi-

als, such as plain graphite, carbon cloth, graphite foam were by 

adding graphite granules or using graphite fiber brushes in the 

MFC. Those materials are known to increase the electrode surface 

area [27,28]. In our MFC-P, although we increase the electrode 

surface with the multiface approach, the total area is still lower than 

the available area reported for graphite granules and brushes. More-

over, the relatively large net or void volume of the anodic chamber 

could play a negative role on the intensive values of P (for instance 

PV, etc.). Indeed, the geometric volume of the anodic chamber was 

1 L whereas the volume occupied by the electrodes was 0.023 L; 

this gives a large chamber void volume of 0.977 L. 

3.2. Phylogenetic analyses 

Out of 9 clones originating from the MFC inoculated with sul-

phate reducing bacteria, 7 clones were selected. Their nucleotide 

sequences were determined. Table 2 shows that Clostridia spp. 

dominated of the whole on the biofilm of the MFC-P. The phyloge-

netic tree (Fig. 5) derived from this sequences group in a separate 

branch clearly shows that three clones found in our consortia were 
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tances of the taxa analyzed. The sequences analized are marked with colored symbol. 

 

 

Table 2. The bacterial diversity on biofilm of MFC-P 

Clones Similar relatives (type) Identity (%) Phylum  (class) 

Strain 1 Desulfovibrio desulfuricans (1) 100 Proteobacteria (δ-Proteobacteria) 

Strain 2 Clostridiales bacterium (3)   99 Clostridia 

Strain 5 Alkaliphilus oremlandii (1)   96 Firmicutes 

Strain 6 Uncultured bacterium (2) 100 Uncultured bacterium 
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affiliated to the clostridiales. 

The major clones amplified from biofilm of the MFC-P were: 

Clostridia (42%), 98% identity with Clostridiales bacterium; δ-

Proteobacteria (16%), 99% identity with Desulfovibrio desulfuri-

cans; Firmicutes (16%), 96% identity with Alkaliphilus oremlandii, 

and an Uncultured bacterium (26%) 93% identity with uncultured 

bacterium. 

Our results are similar to those observed by Fung, et al. (2006) 

[29], who enriched electrochemically active bacteria in a MFC 

using glucose and glutamate (copiotrophic conditions); the en-

riched population consisted of γ-Proteobacteria (36.5 %), followed 

by Firmicutes (27%) and δ- Proteobacteria (15%). On the other 

hand, Phung et al. (2004) [30], showed that the bacterial composi-

tion in a MFC fed with river water included β-Proteobacteria, δ- 

Proteobacteria, Acidobacteria, Chloroflexi and Verrucomicrobia. 

Finally, Logan and Regan [31] demostrated that the bacterial com-

munities that develop in MFC show great diversity, ranging from 

primarily δ- Proteobacteria, the predominate in sediments MFCs to 

communities composed of α- , β-, γ- or δ-Proteobacteria, Fir-

micutes and uncharacterized clones in other types of MFCs. 

The bacterial population in the anodic biofilm of our cell was not 

as rich as found from other types of inocula. For instance, diversity 

given by Shanon-Weaver index was 1.3 [32] , and the species even-

ness given by Pielou´s evenness index [33] was 0.66, these values 

mean that diverstiy of inoculum was low and the evenness was 

between low-to-moderate, respectively. In the biofilm of the MFC-

P there were Deltaproteobacteria clones; they are believed to be 

responsible for the direct electron transfer to the anode [30]. In 

addition, natural redox compounds such as sulfur/sulfide, 

Fe(II)/Fe(III) and humic acid were mentioned as possible mediators 

faciliting electron transfer from the microbial fuel cell to the elec-

trode [34-39]. In our case, there was some free sulfide in the cell 

liquor (9.7 mmol/L). 

4. CONCLUSION 

A new design of MFC whose main features were the assem-

blages or ‘sandwich’ arrangement of the cathode-memebrane-

anode and the extended surface area of electrodes (higher ξ) exhib-

ited a performance significantly superior to that of a similar cell 

(standard cell) where the electrodes were separated. The characteri-

zation experiments showed that the new design lead to significant 

reduction of cell internal resistances compared to the standard cell. 

The improvement in PV was ascribed to the combined effects of 

increased ξ and decrease of Rint. 

When the 5 faces of the MFC-P were connected in series, the Rint 

was 600 Ω with a voltage of 0.52 V. Characterization of the cell 

with the 5 faces connected in parallel gave a Rint of 62 Ω with a 

voltage of 0.5 V. On the other hand, the standard MFC-S exhibited 

a Rint values of  4600 Ω with a voltage of 0.47 V. Thus, the Rint of 

the new design MFC-P was significantly lower than that of the 

standard cell; this result was ascribed to both the changes in cell 

architecture and decrease of the inter-electrode distance. The Pv of 

the new MFC-P achieved values of 62 and 569 mW/m3 for series 

and parallel connection, respectively, whereas the power delivered 

by the standard cell was much lower (52 mW/m3). 

Our results confirm the positive effect of ξ on Pv, show the ad-

vantages of the ‘sandwich’ assemblage of AMC over separated 

electrodes, and demonstrate the convenience of parallel connection 

of faces in multi-face MFC-P in order to further abate the internal 

resistance of the new design cell. 

On the other hand, we demostrated the successful application of 

molecular ecological techniques to analyze bacterial diversity, di-

rect 16S rDNA analysis showed low species richness and low-to-

moderate evenness. Microbial community anchored in the MFC-P 

consisted primarily of Clostrdiiales bacterium and Desulfovibrio 

desulfuricans, the last one is a member of δ-subdivision of Proteo-

bacteria. These bacteria are recognized to be capable of exocellular 

electron transfer, and are collectivelly defined as a community of 

“exoelectrogens”. 
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