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Effects of type of inoculum and architectural changes on inter-
nal resistance of a microbial fuel cell
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Solorza-Feria 2,∗, H.M. Poggi-Varaldo 1

1 CINVESTAV-IPN, Mexico
2 CINVESTAV-IPN, Mexico
Keywords: Inoculum; Internal resistance; Microbial fuel cell;
Sandwich-electrodes

Introduction: Internal resistance (Rint) of microbial fuel cells
(MFC) has been identified as a significant variable associated to cell
power output and low values are desirable (Du et al., 2007). There-
fore, the aim of this research was to evaluate the effect of inoculum
type and architectural features of MFC (separation of electrodes
and increase of � specific surface or surface area of electrode to cell
volume) on Rint of MFC.

Methods: A new design of a single chamber MFC-A was based on
extended electrode surface (larger �) and the assemblage or ‘sand-
wich’ arrangement of the anode-PEM-cathode (Liang et al., 2007;
Vazquez-Larios, 2009). The standard cell MFC-B was built with
separated electrodes. Both cells were tested with several inocula
(sulphate-reducing, SR-In; methanogenic, M-In, and aerobic, Ab-
In) in order to determine their effects on the internal resistance
Rint and other electrical characteristics of the cells.

Results: Typical polarization curves of the cells using sulfate-
reducing inoculum are shown in Fig. 1a. In general, Rint of the new
design cell MFC-A was consistently lower than that of the stan-
dard MFC-B (p < 0.037) (Fig. 1b). Regarding the effect of inoculum,
resistances followed the order Rint,SR-In < Rint,M-In « Rint,Ab-In with a
statistical significance p < 0.0001 (Fig. 1b).

Volumetric power PV output of MFC-A was higher than that of
MFC-B (Table 1); this was congruent with doubling the � in the
MFC-A compared to MFC-B. Yet, power density PAn delivered was

Fig. 1. Characteristics of cells (a) typical polarization curves of MFC type A (new
design, �) and type B (standard, ©) loaded with sulfate-reducing inoculum and a
model acidogenic extract; (b) effect of type of inoculum on internal resistance of
new-design cell (white columns) and standard (gray columns). Keys: EMFC, volt-
age of the cell; IMFC, current intensity; SR-In, sulphate-reducing inoculum; M-In,
methanogenic; Ab-In, aerobic inoculum.

Table 1
Selected electrochemical characteristics of cells.

Sulphate-reducing
inoculum

Methanogenic
inoculum

Aerobic inoculum

MFC-A MFC-B MFC-A MFC-B MFC-A MFC-B
Parameter

Rint (�) 1200 3900 5300 7500 100000 130000
PAn-max(mWm−2) 20.90 3.25 5.7 6.2 0.06 0.048
PV-max (mWm−3) 501 39 137.6 74.9 1.44 0.59

Notes: PAn: surface area power density; PV: volumetric power density; Rint: internal
resistance.

higher for MFC-A only when operated with SR-In and Ab-In, but
not with M-In. The MFC-A loaded with SR-In showed a substantial
improvement in PV (ca. 13-fold).

Discussion: The log-transformed values of Rint were subjected to
an ANOVA to assess statistical significance. Both the factors type
of cell (combined influence of � and ‘sandwich’ electrode arrange-
ment) and type of inoculum were significant with p-values of
ca. 0.037 and 0.0001, respectively. Interaction of factors did not
result significant. Also, our results were consistent with findings
of Poggi-Varaldo et al. (2009) who observed that a standard cell
with SR-In had higher power delivery than that of a standard cell
with M-In.
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Microbial fuel cells (MFCs) harvest energy from a wide variety
of natural carbon sources to produce electricity at neutral pH and
ambient temperatures. To date, standard H2/O2 PEMFC technol-
ogy has yet to generate significant power under those conditions.
Because most environments on earth are exposed to significant
levels of oxygen, we believe the transition from sediment based
MFCs to oxygen-tolerant MFCs is necessary. This transition would
require both a way to simultaneously sequester the metal-reducing
microbes and reduce the overall concentration of oxygen in the
anode chamber. Recent work suggests that power can be gen-
erated with significant oxygen in the anolyte when using three
dimensional (3D) electrodes in a miniature MFC design; potentially
expanding the role of MFCs to function in more diverse regions
(i.e., water column, air/water interface). Exposing the anode to air
will also create unique growing conditions for the microbes them-
selves compared to the standard anaerobic anode conditions used
in MFCs.

The efficiency of MFCs are based primarily on the interaction
between a microbe and electrode surface. In situ monitoring of both
cellular and culture conditions is important for improving the long-
term survivability of MFCs, but there are currently few published
results for monitoring an active electrode surface in real-time. By
utilizing the miniature modular design of a voltage based screen-
ing assay (VBSA), time dependent biofilm formation was correlated
directly with current output in an operating MFC for the first time.
The data collected from a single VBSA experimental run was used
to show a relationship between real-time current output from an
operating MFC, planktonic cell concentration, and biofilm coverage
on a carbon electrode at defined time points. The combination of
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these data resulted in the first physiological description of how She-
wanella respond to glucose and lactate in the presence of oxygen
in an operating MFC.
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Low cost microbial fuel cells for energy recovery from wastew-
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In this study, domestic wastewater was given a second life
as dilution or pretreatment medium for the concentrated waste
streams. Currently, domestic wastewater is treated in conventional
sewage wastewater treatment plants by means of aerobic activated
sludge systems. Energy needs to be supplied at about 15 kWh per
inhabitant per year. A direct anaerobic treatment with the recovery
of energy is not feasible since the wastewater is too low in energy
containing compounds and has a low temperature. Therefore, in
this research, this low strength wastewater was first up concen-
trated by mixing it with kitchen waste. In the primary treatment,
bioreactors optimized to produce volatile fatty acids (VFAs) were
used to treat sewage enriched by the organic fraction of household
wastes (kitchen waste). The biogas produced from these matrices,
both at mesophilic and thermophilic conditions was continuously
monitored, besides hydrolysis of the solids and formation of all fer-
mentation products. In the second step, microbial fuel cells (MFCs)
were operated using the effluent from the continuous reactor pro-
ducing VFAs and biohydrogen. The effluent rich in VFAs specifically
acetic acid was used at different loading rates by diluting it with
phosphate buffer solution (PBS). Thus, it was a two-step continu-
ous process with VFA/hydrogen being produced in first step and
electricity in the second step in MFC. The combined system was
able to reduce the COD load by 90%. The concentration of VFAs
was also monitored regularly and showed a decreasing trend over
time. Further, the open circuit potential of anode changed from
−500 mV vs Ag/AgCl to 0 mV vs Ag/AgCl when the VFAs (especially
acetate) was depleted in the system. However, on feeding the sys-
tem again with the effluent, the OCV recovered back to −500 mV vs
Ag/AgCl. Thus, the overall aim of converting chemical energy into
electrical energy was achieved. Also, the MFCs involved in these
experiments used VITO’s in-house developed non platinised Teflon
coated carbon electrode as air cathode and novel permeable mem-
branes, replacing the expensive platinum containing electrodes and
proton exchange membrane (PEM) such as Nafion. A cost compari-
son revealed that the cost of the MFC with these novel materials is
one third of the conventional MFCs used by researchers.
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Study of microbial community dynamics in an anaerobic diges-
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molten carbonate fuel cell (MCFC) system
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The coupling of anaerobic digestion of biomass (AD) with Molten
Carbonate Fuel Cell (MCFC) would enable to improve efficiency in
energy use and increase distributed energy generation. The feasibil-
ity of this coupling requires the reassessment of both technologies,
in the perspective of their compatibility. This study deals with
the AD microbiology. AD process development has traditionally
been focused mainly on the plant engineering, disregarding the
knowledge about nature and function of the microbial community
involved. As a consequence, bioreactor design has been based on
empirical criteria, leading to often perform unstable and inefficient
treatments. The molecular approach is currently bridging the lack of
reliable and quantitative information on AD microbiology, reveal-
ing a much higher microbial biodiversity than what was known
before, using culture-dependent methods only. In this study, a set
of lab scale anaerobic co-digestion batch tests of swine manure
(SM) and anaerobic sludge (AS) were carried out to identify the
conditions yielding the biogas required by MCFC system (methane
content >70% v/v and low H2S impurity concentration 0,1-5 ppm).

For this purpose microbial communities dynamics have been
compared at different conditions (T: 37 ◦C, 55 ◦C, 65 ◦C and pH: 6
and 7). The best condition proved to be 55 ◦C at pH 7: the con-
version efficiency of COD into methane was >75% and the H2S
content was < 50 ppm, higher than the threshold value required
by MCFC but lower than values referred by literature (up to 1%).
Elaboration of PCR-DGGE molecular fingerprinting highlighted a
corresponding community structure characterised by a high Simp-
son’s diversity (1D) and evenness (Ed) index, both for eubacteria
and archaea, while, for archaea only, a good Range-weighted rich-
ness (Rr) and a high functional organisation curve Pareto-Lorenz
(Fo). It seems thereof feasible to further guide the microbiologi-
cal process towards the production of a biogas suitable for feeding
MCFC system.
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