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a b s t r a c t

Electricity production from carbon monoxide (CO) is demonstrated in a single chamber microbial fuel

cell (MFC) with a CoTMPP-based air cathode. The MFC was inoculated with anaerobic sludge and continu-

ously sparged with CO as a sole carbon source. Volumetric power output was maximized at a CO flow rate

of 4.8 L L−1
R d

−1
reaching 6.4 mW L−1

R . Several soluble and gaseous degradation products including hydro-

gen, methane, and acetate were detected, resulting in a relatively low apparent Coulombic efficiency of

8.7%. Tests also demonstrated electricity production from hydrogen and acetate with the highest and

fastest increase in voltage exhibited after acetate injection. It is hypothesized that electricity generation

in a CO-fed MFC is accomplished by a consortium of carboxydotrophic and carbon monoxide – tolerant

anodophilic microorganisms.

Crown Copyright © 2010 Published by Elsevier Inc. All rights reserved.

1. Introduction

Fossil fuel depletion and the pollution that results from its

extraction and combustion have forced us to look at alternative

and cleaner forms of energy, from preferably non-edible biomass

such as agricultural wastes, grasses, and wood. Several bioconver-

sion routes exist to turn biomass into gas or liquid fuels. However,

microbial degradation of this biomass is slow and challenging due

to its heterogeneous and polymeric nature. An alternative would

be to gasify the organic matter, when relatively dry (e.g. moisture

content <40%), and produce synthesis gas (syngas).

Syngas is considered to be a cheap source of hydrogen gas

but many applications are inhibited by the high CO concentration.

There are many efforts underway to generate electricity using syn-

gas in conventional fuel cells. A prime example is the solid oxide fuel

cell (SOFC) [1], which operates at high temperatures and can use

syngas as fuel but the anode is easily poisoned by fuel impurities.

Another method of syngas utilization involves microbial trans-

formation. Carboxydotrophic bacteria can use CO as their only

carbon source [2–4], at low temperatures and pressures. Their

ability to oxidize and metabolize CO is connected to the exis-

tence of the enzyme CO-dehydrogenase [3], often found in

carboxydotrophic methanogens and acetogens [5], resulting pre-

∗ Corresponding author. Tel.: +1 514 496 2664; fax: +1 514 496 6265.
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boris.tartakovsky@cnrc-nrc.gc.ca (B. Tartakovsky).

dominantly in methane and acetate production, respectively.

Metabolic activity of carboxydotrophic mesophilic bacteria also

results in the formation of H2, ethanol, butyrate, butanol, and

acetate [3,6]. Notably, at least some of these metabolic products can

be utilized by anodophilic (exo-electrogenic) microorganisms for

electricity production in a mediator-less microbial fuel cell (MFC),

where the anodophilic microorganisms transfer electrons to the

anode via nanowires or self-produced mediators [7–10]. A MFC

may be designed where carboxydotrophic microorganisms in a

consortium with anodophilic microorganisms produce electricity

from carbon monoxide or syngas. This process can be conducted

at low temperatures and with high Coulombic efficiency. Kim and

Chang [11] connected a CO fermenter containing carboxydotrophic

microorganisms to a MFC to produce electricity from syngas in a

two-stage reactor system. In the study presented below we explore

the feasibility and demonstrate that a single chamber MFC with a

consortium of anaerobic microorganisms, instead of a two-stage

reactor system, can accomplish electricity production from CO or

syngas.

2. Materials and methods

2.1. MFC design, operation, and characterization

The air-cathode MFC was custom-made (Wolltech, Montreal, Canada) from

Makrolon (polycarbonate) plates. The 1.0 cm thick plates had 10 cm × 5 cm windows

forming a 100 mL anodic chamber equipped with a 5 mm thick graphite felt anode

measuring 10 cm × 5 cm (Speer Canada, Kitchener, ON, Canada). The outside wall

of the chamber was formed by an additional polycarbonate plate. A membraneless

MFC design was used in all tests [9] since preliminary experiments comparing mem-

0141-0229/$ – see front matter. Crown Copyright © 2010 Published by Elsevier Inc. All rights reserved.

doi:10.1016/j.enzmictec.2010.02.010

http://www.sciencedirect.com/science/journal/01410229
http://www.elsevier.com/locate/emt
mailto:Boris.Tartakovsky@nrc-cnrc.gc.ca
mailto:boris.tartakovsky@cnrc-nrc.gc.ca
dx.doi.org/10.1016/j.enzmictec.2010.02.010


P. Mehta et al. / Enzyme and Microbial Technology 46 (2010) 450–455 451

Fig. 1. Diagram of the experimental setup showing liquid and gas recirculation

streams. GS denotes U-tubes used as gas counters.

braneless and Nafion-based MFCs showed superiority of the membraneless design

(data not shown). A carbon paper cathode containing cobalt tetramethoxyphenyl-

porphyrin (CoTMPP) as a catalyst [12] was attached to a side of the anodic chamber

and separated from the anode by a piece of J-cloth [13], such that the estimated

distance between the electrodes was 0.7 mm. The MFC was equipped with lines for

influent, effluent, liquid recirculation, gas exit and entry (Fig. 1). A solution of nutri-

ents and trace metals was prepared and fed to the MFC at a rate of 75 mL d−1 , using

a peristaltic pump.

Two 5 L gas bags (Control Concepts Inc., Calgary, Alberta, Canada) were attached

to the line for gas entry and used for continuous supply of CO and N2 to the anodic

chamber through a sparger. Also an external gas recirculation loop was used to

increase gas transfer efficiency, as shown in Fig. 1. Gas flow rates were controlled by a

programmable timer. In order to estimate the maximal CO consumption rate, several

CO flow rates were tested, as outlined in Table 1, where gas flow rates are expressed

in L of gas per L of anodic chamber volume per day (L L−1
R

d
−1

). Each flow rate was

maintained for at least 5 days, starting at a low CO flow rate and progressively

increasing the flow rate to its highest value.

Also, in one of the tests N2 was replaced with H2 in order to estimate MFC

performance on syngas. In addition, substrate tests were carried out where a H2/CO2

mixture (80:20 v/v) was sparged for a period of 24 h (hydrogen test) or acetate was

injected to obtain an initial acetate concentration of 2.4 g L−1 . Prior to these tests the

MFC was operated on N2 for at least 24 h to remove all metabolic products.

MFC temperature was maintained at 30–31 ◦C by means of a thermocouple

placed in the anodic chamber, a temperature controller (Model JCR-33A, Shinko

Technos Co., Ltd., Osaka, Japan) and a 5 cm × 10 cm heating plate attached on the

outside of the anodic chamber wall. The voltage was measured on-line at 20 min

intervals using a data acquisition system (Labjack U12, Labjack Corp., Lakewood,

CO, USA).

Except for during the startup and substrate tests, the external resistance con-

nected to the MFC was periodically adjusted such that it was about 50–60 � higher

than the total MFC internal resistance calculated by polarization tests. The substrate

tests were performed at an external resistance of 500 �. The polarization tests were

carried out as follows. First, open circuit voltage (OCV) was measured by disconnect-

ing the external resistance for 30 min. Then the external resistance was re-connected

and progressively decreased in 5–7 steps with an interval of 10 min between each

step to allow for voltage stabilization. Output voltage measurements were con-

ducted at the end of each interval. The measurements were started at 5000 � or

1000 � and terminated if a sharp drop in current was observed (typically between

100 � and 20 �). These measurements were used to plot polarization (voltage vs.

current) and power (output power vs. current) plots. The linear part of the polar-

Table 1

Phases of MFC operation.

Test # CO flow rate (L L−1
R

d
−1

) N2 flow rate (L L−1
R

d
−1

)

1 2 0

2 10.2 0

3 4.8 2

4 7.5 2

5 11.6 2

6 4.8 4.8a

a H2 was fed instead of N2 to simulate syngas.

ization curve, which corresponded to ohmic losses, was used to estimate the total

internal resistance as a slope of linear approximation of the selected data points

[14]. In addition, internal resistance was estimated using measurements of OCV and

a current observed at a given external resistance (Rint = OCV/IRext − Rext , [15]).

Apparent Coulombic efficiency (CEa) of the MFC was estimated as:

CEa =
I · �t · MCO

F · n · (MCO,in − MCO,out)
100% (1)

where I is the average measured current (A), �t is the time interval during which

current was measured (s), MCO is the CO molecular weight (g), F is the Faraday’s

constant (C/mol), n is the number of electrons (electron/mol), MCO,in is the amount

of CO supplied to MFC during �t (g), MCO,out is the amount of CO recovered in the

off-gas line during �t (g).

CEa can be corrected to account for CO consumption for the production of

acetate (not used for electricity production), methane, and hydrogen. CO utilized

by microorganisms to produce these metabolic products was subtracted from the

total amount of CO consumed in the anodic chamber. The corrected (true) Coulombic

efficiency (CEc) was estimated as follows:

CEc =
I · �t · MCO

F · n · (MCO,in − MCO,out − MCH4,out − MH2 ,out − MAc,out)
(2)

where MCH4,out, MH2,out, MAc,out are the CO equivalents required for the production

of methane, hydrogen, and acetate (measured in the effluent), respectively.

2.2. Media composition and inoculum

The stock solution of nutrients was composed of (g/L): 1.87 NH4Cl, 14.81 KCl,

6.40 K2HPO4 , 4.07 KH2PO4 , 0.415 yeast extract. For acetate injection test 34.59 g of

NaC2H3O2 (anhydrous) was added to the nutrients stock solution. The trace metal

stock solution was prepared according to Tartakovsky et al. [16]. The stock solution

was filter sterilized and maintained at 4 ◦C until used. The chemicals used were all

of analytical grade. MFC was fed with a solution prepared by adding 35 mL of the

nutrient solution and 1 mL of the trace metal solution to 1 L of de-ionized water.

This solution had a conductivity of 14 mS cm−1 and a pH of 7.0–7.2. The MFC was

inoculated with 10 mL of anaerobic sludge originating from a food processing plant

(Lassonde Inc., Rougemont, QC, Canada). The sludge was stored at 4 ◦C, pH 6.8–7.0,

under anaerobic conditions prior to use.

2.3. Cathode manufacturing

The cathode was manufactured by dissolving CoTMPP (Sigma–Aldrich, Canada,

Oakville, ON, Canada) in acetone by sonication using an ultrasonic probe. The solu-

tion was sonicated for 0.5 s/1 s, for 30 min. This was followed by stirring at 20 ◦C,

until completely dissolved. Carbon black Vulcan XC72R powder was dissolved in

the CoTMPP solution by sonication for 0.5 s/1 s, for 1 h followed by 15 h stirring at

20 ◦C (ratio of solvent to carbon black = 20 mL:1 g). The solution was subsequently

evaporated at 80 ◦C on a hot plate. The solute was washed and dried at 80 ◦C, and

ground at 25,000 rpm for 2 min. The resulting CoTMPP/C powder was heat treated

at 800 ◦C for 1 h in 100% N2 .

Ink fabrication and spraying was accomplished by dispersion of CoTMPP/C pow-

der in isopropyl alcohol:H2O = 1:1 by ultrasonic probe treatment for 0.5 s/1 s, at 20 ◦C,

during 30 min. The cathode was prepared by manual spraying of the catalyst ink on

a gas diffusion layer with microporous sub-layer (95% C + 5% Teflon) on a hot plate

at 80 ◦C followed by drying at 90 ◦C for 20 min.

2.4. Analytical measurements

Acetate, and volatile fatty acids (VFAs) were analyzed in an Agilent 6890

gas chromatograph (Wilmington, DE) equipped with a flame ionization detector.

Method details are provided in Tartakovsky et al. [17].

Gas inflow and outflow were measured by bubble counters connected to glass U-

tubes and interfaced with a data acquisition system [17]. The gas composition was

measured using a gas chromatograph (6890 Series, Agilent Technologies, Wilm-

ington, DE) equipped with a 11 m × 3.2 mm 60/80 mesh Chromosorb 102 column

(Supelco, Bellefonte, PA, USA) and a thermal conductivity detector. The carrier gas

was argon. The pH and conductivity of the effluent were measured daily using a pH

meter and a conductivity meter, respectively.

3. Results

The MFC operation was initially started with a flow rate of

2 L L−1
R d−1 of CO and an Rext = 500 �. Less than 1 mV was recorded

prior to MFC inoculation. After a 3-week delay the voltage increased

to 260 mV corresponding to a power output of 1.35 mW L−1
R (where

R is the anodic chamber volume). The effluent and the off-gas com-

position of the MFC were measured periodically, and as shown in

Table 2, there was acetate in the effluent and methane and hydro-

gen in the off-gas.
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Table 2

MFC performance at different flow rates of carbon monoxide.

Test # CO (L L−1
R

d
−1

) Power output (mW L−1) Effluent acetate (mg L−1) H2 (%) CH4 (%) CO (%) Rint(�) CEap (%) CEc (%) CO removal (%)

1a 2 1.35 172.0 7.6 5.2 71.4 596 9.1 14.0 20.7

2a 10.2 0.02 70.0 0.0 0.1 90.0 1018 0.5 0.5 2.7

3 4.8 6.4 17.6 0.1 4.48 35.8 93.2 8.7 33.0 53.0

4 7.5 5.75 66.1 0.6 5.45 35.1 145 6.0 16.4 46.8

5 11.6 5.13 219.6 1.4 4.2 48.8 158 4.7 11.2 60.7

6c 4.8 4.52 49.0 22.1 22.1 25.0 124 9.2 n/cb 52.6

a For tests #1 and #2 Rext was set to 500 �.
b Not calculated because of significant methane production from hydrogen.
c Syngas test.

Once the reactor had reached its initial steady state we tested

CO, acetate, and H2/CO2 as substrates to determine the pathway(s)

by which electricity was being produced. Prior to each test the

anodic compartment was fed with the solution of nutrients and

microelements and sparged with N2 for at least 24 h to flush the

MFC of the former metabolic gaseous products from the previous

test and allow for washout of the metabolic products in the liquid

phase. VFA analysis at the beginning of each test showed acetate

to be below the level of detection (0.5–1 mg L−1). A voltage of only

3–4 mV was measured at Rext = 500 �, demonstrating the absence

of significant power production by electrochemical reactions or

from nutrients present in the influent.

When the MFC was fed with a CO/N2 mixture at 4.8 L L−1
R d−1

of CO, the power output increased to 450 mV as compared to 4 mV

when only N2 was fed. At the end of the CO substrate test, anal-

ysis of the effluent composition showed an acetate concentration

of 35 mg L−1. The appearance of acetate, which accompanied the

increase in voltage during the test, is an indicator of carboxy-

dotrophic activity. When only H2/CO2 (80:20 v/v) was continuously

fed to the MFC an increase in MFC voltage was also observed,

although the voltage was not higher than 160 mV (Fig. 2B). As in

the previous test, acetate appearance in the anodic chamber was

observed (29.4 mg L−1). When acetate was injected into the anodic

chamber the voltage instantly increased to 420 mV (Fig. 2C).

After the substrate tests, the CO flow rate was restored

to 2 L L−1
R d−1 and then further increased to 10.2 L L−1

R d−1. This

resulted in a significant decrease in voltage, which dropped to

20–40 mV, and a disappearance of degradation products, such as

H2 and CH4, with acetate being the only measurable metabolite

(Table 2). Since no improvement was observed within 5 days of

MFC operation, it was re-inoculated with 10 mL of anaerobic sludge

and CO was sparged into the anodic chamber at a reduced flow rate

of 4.8 L L−1
R d−1. Furthermore, the CO concentration in the anodic

chamber headspace and therefore the concentration of dissolved

CO was also reduced by simultaneously feeding N2 at a flow rate of

2 L L−1
R d−1 (test #3 in Table 1). After an initial delay of 3 days the

voltage increased and reached 320 mV (at Rext = 160 �). The flow

rate of CO was subsequently increased to 7.5 L L−1
R d−1 (phase 4)

and then further increased to 11.6 L L−1
R d−1 (phase 5), whilst the

N2 flow rate remained at 2 L L−1
R d−1 as specified in Table 1. Fig. 3

and Table 2 show that under these conditions the off-gas analysis

detected CH4, CO2, and traces of H2 (Fig. 3), and effluent measure-

ments demonstrated that the concentration of acetate increases

with the increase in the CO flow rate (Table 2). Also, trace amounts

of propionate were detected in tests #4 and #5 (7 and 12 mg L−1,

respectively).

At each CO flow rate a polarization curve was produced to esti-

mate MFC internal resistance as shown in Fig. 4. The OCV values

varied between 550 and 560 mV (Fig. 4A) and the internal resis-

tances estimated using linear parts of the polarization curves were

similar at each flow rate (R2 between 0.88 and 0.97), including that

which resulted from the MFC fed with CO and H2 (Table 2). A sharp

drop in current and power was observed at Rext below 100 � in all

tests with the exception of phase 3, likely due to diffusion-limited

transport of substrates or ions under non-optimal conditions. The

MFC fed with CO, with a flow rate of 4.8 L L−1
R d−1, resulted in the

highest power output and Coulombic efficiency when operated

at a Rext of 160 � (Fig. 5). The polarization tests confirmed these

results and demonstrated that the MFC fed with CO flow rate of

4.8 L L−1
R d−1 (Fig. 4B) had the highest power output and the absence

of a sharp drop in current and power at an Rext below 100 �.

4. Discussion

Electricity production in the CO-fed MFC was accomplished

by a mixed anaerobic microbial consortium. The activity of car-

boxydotrophic microorganisms in the anodic compartment was

evidenced by the conversion of CO into hydrogen and methane

in the off-gas and acetate and propionate in the effluent. In our

experiments electricity production was always associated with the

presence of acetate in the anodic chamber. Substrate tests showed

a significant delay in electricity production after the onset of CO

feeding (Fig. 2A), which was accompanied by the appearance of

acetate in the anodic chamber. At the same time, the immedi-

ate increase of MFC voltage upon acetate injection was observed

(Fig. 2C). These observations strongly suggest that at least one

pathway of electricity production consists of CO transformation to

acetate by carboxydotrophic bacteria described by:

4CO + 2H2O → CH3COOH + 2CO2 (3)

Acetate formation from CO was conceivably followed by

acetate oxidation, resulting in power generation, by CO-tolerant

anodophilic microorganisms. Anaerobic carboxydotrophic bacteria

such as Clostridium carboxidivorans are known to produce acetate

[6]. Also, mesophilic Archaea, such as Methanosarcina barkeri can

produce CH4 from CO [3].

Another potential pathway would involve direct transfer of

electrons to the anode by Fe(III)-reducing carboxydotrophic bac-

teria, which were shown to reduce iron, therefore suggesting that

direct electron transfer from CO to the anode can be achieved, at

least under thermophilic conditions [18]. However in our tests the

indirect formation of electricity from acetate seems to be predom-

inant, either due to a lack of the necessary microbial consortia, the

insignificant contribution of this pathway to overall production of

electricity or lack of being able to measure the CO directly converted

into electricity.

Electricity production was also observed in the H2/CO2 addi-

tion test (Fig. 2B). In the CO-fed MFC hydrogen can be produced

according to the following stoichiometric equation [3]:

CO + H2O → H2 + CO2 (4)

Although less power was produced from hydrogen than from

acetate this pathway cannot be excluded from consideration. A

lower current density was also observed when hydrogen was fed

to a pure culture of Geobacter sulfurreducens [10]. Effluent analysis

during the hydrogen addition test showed the presence of acetate,
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Fig. 2. Substrate addition tests showing MFC voltage response to the addition of

(A) CO at a flow rate of 4.8 L L−1
R

d
−1

while maintaining N2 flow at 2 L L−1
R

d
−1

; (B)

H2/CO2 (80:20 v/v) at a flow rate of 4.8 L L−1
R

d
−1

; and (C) injection of 3 mL of a

40 g L−1 acetate stock solution. Rext was kept at 500 � for all tests. In CO and H2/CO2

tests gas was fed continuously. In the acetate test a stock solution was added to

obtain initial acetate concentration of 2.4 g L−1 . The arrows indicate startup of each

test.

which might be attributed to the activity of homoacetogenic bac-

teria [19]. This biotransformation can be described as:

4H2 + 2CO2 → CH3COOH + 2H2O (5)

Therefore the electricity generated during hydrogen addition test

is either the result of its direct conversion into electricity or the

result of a two-step process where hydrogen is converted into

acetate, which is then consumed by anodophilic microorganisms.

Fig. 3. A comparison of the MFC off-gas composition produced at different flow

rates of carbon monoxide. For all CO flow rates except test #6 (last column) N2 was

mixed with the CO stream as specified in Table 1.

Also, acetate can be produced by carboxydotrophic acetogenic bac-

teria, which utilize H2 and CO [3,4].

In addition to electricity production, methane can be directly

produced from carbon monoxide (Henstra et al. [3]), as follows:

4CO + 2H2O → CH4 + 3CO2 (6)

Methane can also be formed by hydrogenotrophic methanogens

from hydrogen and CO2 or acetoclastic methanogens from acetate,

which can be produced directly from CO. Indeed, when a CO/H2

mixture was fed to the MFC in order to test MFC operation on syn-

gas, methane production increased 5 times and the concentration of

CO2 fell by 40–50% (Table 2) indicating hydrogenotrophic activity.

There was very little difference in the power production that

resulted from the different flow rates of CO, when N2 was added to

the gas stream. However, at a flow rate of 10.2 L L−1
R d−1 in phase

2 where pure CO was sparged only 10% of the CO was removed. In

phase 5, a CO/N2 mixture was sparged and 60.7% of the CO was

removed. A comparison of MFC performance in phases 2 and 5

and assuming an equilibrium between the gas and liquid phase

CO concentrations, it can be hypothesized that high levels of dis-

solved CO in the anodic chamber liquid were inhibitory both to

carboxydotrophic and anodophilic microorganisms. Nevertheless,

microbial consortium adaptation cannot be ruled out, since phase

5 tests were carried out after a longer exposure of microorgan-

isms to CO. It can also be concluded that a flow rate of 4.8 L L−1
R d−1

was sufficient for a given MFC configuration. At this CO flow rate, a

volumetric rate of CO consumption of 2.1 L L−1
R d−1 was reached.

Our results confirmed those previously obtained by Sipma et al.

[5] using methanogenic sludge specimens from various anaerobic

wastewater treatment plants. While having never been exposed

to CO as in our case, in batch tests all the sludges converted CO

at an initial headspace concentration of 95% CO and 5% N2. The

conversion resulted in the production of acetate and CO2 in some

cases and in other cases CH4 and CO2. In all cases only trace amounts

of H2 were detected and other major CO conversion products were

absent. In their studies they also found that acetate seemed to be

the main intermediate of methane production since it was inhibited

when 2-bromoethanesulfonic acid, an inhibitor of methanogenesis,

was added.

When the MFC was operated at a CO flow rate of 4.8 L L−1
R d−1

(phase 3), the apparent Coulombic efficiency approached 8.7% and

the volumetric power output was at 6.4 mW L−1
R (Fig. 5). More

importantly, concomitant production of methane and other degra-

dation products resulted in relatively low apparent Coulombic



454 P. Mehta et al. / Enzyme and Microbial Technology 46 (2010) 450–455

Fig. 4. Polarization (A) and power (B) curves produced in phases 3–6. Anodic chamber volume was 100 mL and cathode area was 50 cm2 .

Fig. 5. The volumetric power output (A) and Coulombic efficiency (B) of a MFC operated at different flow rates of CO and with CO/H2 mixture.

efficiency. When the Coulombic efficiency calculations were mod-

ified to take into account the formation of methane and acetate

(Eq. (2)) the corrected (true) Coulombic efficiency approached 33%

(Table 2 and Fig. 5B). This Columbic efficiency and power output are

only marginally lower than those reported for acetate-fed MFCs,

which are in the range of 10–100 mW L−1 for MFCs with a com-

parable design [20,21]. Operation of a similar MFC with an anodic

chamber volume of 50 mL using acetate as a sole source of carbon

showed a power output of 34 mW L−1
R (results not shown). Notably,

because of sparger installation in the anodic chamber, the chamber

volume had to be increased to 100 mL, while the anode occupied

only 25 mL of the anodic chamber. By recalculating the volumet-

ric power output per anode volume a value of 25.6 mW L−1
anode

(per

litre of anode volume) was obtained. This implies that by optimizing

the anodic chamber and providing efficient methods of CO trans-

fer to liquid while avoiding CO-related inhibition of anodophilic

populations, volumetric efficiency can be further increased.

5. Conclusion

This study presents a demonstration of electricity production

from carbon monoxide in a single chamber air-cathode MFC. MFC

inoculation with a mixed microbial community of anaerobic sludge

resulted in a complex pathway of CO transformation. It can be

hypothesized that electricity formation was mostly accomplished

through CO conversion to acetate followed by acetate consumption

by anodophilic microorganisms. However electricity production,

directly from CO, or indirectly from H2 through homoacetogenesis,

cannot be excluded.

MFC operation for an extended period of time demonstrated

a stable power output of 6.4 mW L−1
R and a CO consumption rate

of 2.1 L L−1
R d−1. Moreover, CO related inhibition of anodic activ-

ity was only observed when feeding the MFC with pure CO at high

flow rates (i.e. 10.2 L L−1
R d−1). Inhibition was not observed when the

MFC was fed with a mixture of CO and N2 or H2 due to a decreased

CO partial pressure. Furthermore, no CO-related inhibition of the

CoTMPP cathode was observed throughout the tests suggesting that

this non-noble catalyst can be used to reduce MFC construction

costs. This study suggests the feasibility of syngas transformation

to electricity in a MFC. In comparison to electricity production by an

internal combustion engine, such a process might have an advan-

tage of high Coulombic efficiency if the production of hydrogen

and methane are kept to a minimum. Further studies might be

focused on improving gas transfer efficiency and on understanding

the complex transformation pathways.
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