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Abstract

Microbial fuel cells (MFC) are a promising technology for sustainable production of alternative
energy and waste treatment. A microbial fuel cell transformation chemical energy in the chemical
bonds in organic compounds to electrical energy through catalytic reactions of microorganisms under
anaerobic conditions.

It has been known for many years that it is possible to generate electricity directly by using bacteria to
break down organic substrates.
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1. INTRODUCTION

Microbial production of electricity may become an important form of bioenergy in future because
MFCs offer the possibility of extracting electric current from a wide range of soluble or dissolved
complex organic wastes and renewable biomass.

Microbial fuel cells (MFCs) have emerged in recent years as a promising yet challenging technology.
In a MFC, microorganisms interact with electrodes using electrons, which are either removed or
supplied through an electrical circuit (Rabaey et al., 2007). MFCs are the major type of
bioelectrochemical systems which convert biomass spontaneously into electricity through the
metabolic activity of the microorganisms. MFC is considered to be a promising sustainable technology
to meet increasing energy needs, especially using wastewaters as substrates, which can generate
electricity and accomplish wastewater treatment simultaneously, thus may offset the operational costs
of wastewater treatment plant (Lu et al., 2009).

MFCs can be classified into three subgroups: catalytic, enzymatic, and microbial. Since the turn of the
century, the research on microbial fuel cells (MFCs) has experienced rapid increases. MFCs are
unique in their ability to utilize microorganisms, rather than an enzyme or inorganic molecule, as
catalysts for converting the chemical energy of feedstock directly into electricity (Rismani-Yazdia
2008).

Over the past years, MFCs as a new source of bioenergy have been extensively reviewed. Substrate is
important for any biological process as it serves as carbon (nutrient) and energy source. The efficiency
and economic viability of converting organic wastes to bioenergy depend on the characteristics and
components of the waste material. (Angenent and Wrenn, 2008). (Pant et al.,2010) in their review
article on all substrates that have been used in MFCs so far. The substrate influences not only the
integral composition of the bacterial community in the anode biofilm, but also the MFC performance
including the power density and Coulombic efficiency (CE) (Chae et al., 2009).

MFCs often consist of two compartments, the anode and cathode, which are often separated by a
proton-exchange membrane (PEM) (Fig. 1). The anode chamber contains microorganisms that oxidize
the available substrate (i.e., the electron donor). The anaerobic oxidation is coupled with liberation of
electrons which are transported through the cellular respiratory chain ultimately to the anode.
Substrates used in MFC research vary from sugars and organic acids such as glucose or acetate to
complex polymers such as starch and cellulose. Domestic, industrial, and animal waste streams have
been used as feedstock for generating electricity in MFCs (Rismani-Yazdia 2008).
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The other main type of bioelectrochemical systems is the microbial electrolysis cell (MEC) which is
a modified MFC for generating hydrogen from acetate and other fermentation end products by
electrohydrogenesis.
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Fig.1. A schematic of a microbial fuel cell containing a model bacterial cell (BC). Electron transport
involves oxidized and reduced electron carriers (ECred and ECox), and mediators (Medox and
Medred).

Soluble artificial mediators are often applied to enhance the electron transfer from living cells to an
anode in microbial fuel cells. Recently, was reported that the Candida melibiosica 2491 yeast strain
possesses electrogenic properties and can be used as a biocatalyst in yeast-based fuel cells even in the
absence of artificial mediators. To enhance the generated electrical power, the potential application of
several organic compounds as mediators in a C. melibiosica-based fuel cell was examined. The choice
of compounds was based upon observed cyclic voltammetry reversible electrochemical behavior at
potentials appropriate for mediated electron transfer. Among the studied mediators, methylene blue,
methyl orange, methyl red and neutral red significantly increased the current and power outputs in
comparison with those obtained with a mediatorless yeast-based fuel cell (Babanova S. et al., 2011).

The improvement of the electron transfer from the microorganisms to the anode is considered to be
one of the most important factors for increasing the biofuel cell efficiency. In study of Hubenova et
al. (2011), significant improvement of the yeast-biofuel cell output was achieved by application of Ni-
modified carbon felt anodes. In this study, the electrocatalytic properties of new nanomodified carbon
materials were investigated. Nickel-iron and nickel-iron—-phosphorous nanostructures was
electrodeposited on carbon felt by means of pulse plating technique. The produced materials was
analyzed for cytotoxicity and applied as anodes in a double-chamber mediatorless yeast-biofuel cell.
The use of all modified electrodes resulted in increase of the biofuel cell outputs in comparison with
those obtained with non-modified carbon felt; however, higher maximum power density values,
exceeding up to 5-folds that of the control, was achieved with NiFeP-carbon felt anodes. The observed
electrocatalytic effects were connected with the particular elemental content, size distribution, and
morphology of modified materials as well as with a hypothesis for switching on adaptive mechanisms
as a response to Ni and Fe presence, resulting in facilitated electron transfer across the cell membrane
(Hubenova et al. 2011).

The other main type of bioelectrochemical systems is the microbial electrolysis cell (MEC) which is
a modified MFC for generating hydrogen from acetate and other fermentation end products by
electrohydrogenesis.

In their article Mitov et al. mention that microbial electrolysis cells (MECs) provide an innovative
bioelectrochemical approach for hydrogen production using microorganisms as biocatalysts. The
development of cost-effective cathodes for near-neutral pH and ambient temperature conditions is the

Page 341


http://www.scientific-publications.net/
http://www.sciencedirect.com/science/article/pii/S1389172311002490

Ecology & Safety Journal of International Scientific Publications
ISSN 1314-7234, Volume 9, 2015 www.scientific-publications.net

most critical challenge for the practical application of MEC technology .In this study their, the
electrocatalytic properties of electrodeposited onto carbon felt NiFe-, NiFeP- and NiFeCoP-
nanostructures towards HER in neutral and weak acidic solutions they studied. The voltage needed to
initiate hydrogen production and the current production rates have been estimated from obtained linear
voltammograms. The developed composite materials possess much higher catalytic activity than bare
carbon felt. The highest current production rate corresponding to 1.7 + 0.1 m*H,/day/m? was achieved
with NiFeCoP/carbon felt electrodes. In addition, the applied modifications result in improvement of
the corrosion resistance. Obtained by the authors results indicate that Ni-based nanomodified materials
are promising electrocatalysts for HER in near-neutral electrolytes and could be applied as cathodes in
MECs ( Mitov, M. et al.,2012).

2. MICROBES USED IN MFCS

Many microorganisms possess the ability to transfer the electrons derived from the metabolism of
organic matters to the anode. A list of them is shown in Table 1 together with their substrates. Marine
sediment, soil, wastewater, fresh water sediment and activated sludge are all rich sources for these
microorganisms (Niessen et al., 2006 and Zhang et al., 2006). These publications are discussed the
screening and identification of microbes and the construction of a chromosome library for
microorganisms that are able to generate electricity from degrading organic matters (Logan et al.,
2005, Holmes et al., 2004 and Back et al., 2004) (Zhuwei Du et al., 2007)

Table 1. Microbes used in MFCs (Zhuwei Du et al., 2007)

Microbes Substrate Applications
Actinobacillus Glucose Neutral red or thionin as electron mediator (Park and
succinogenes Zeikus, 2000, Park and Zeikus, 1999 and Park et al., 1999)
Aeromonas hydrophila | Acetate Mediator-less MFC Pham et al. (2003)
Alcaligenes faecalis, Glucose Self-mediate consortia isolated from MFC with a maximal
Enterococcus level of 4.31 W m 2. Rabaey (2004)
gallinarum,
Pseudomonas
aeruginosa
Clostridium beijerinckii | Starch, Fermentative bacterium Niessen et al. (2004)
glucose,
lactate,
molasses
Clostridium butyricum | Starch, Fermentative bacterium (Niessen et al., 2004b and Park et
glucose, al., 2001)
lactate,
molasses
Desulfovibrio Sucrose Sulphate/sulphide as mediator (leropoulos et al.,
desulfuricans 2005a and Park et al., 1997)
Erwinia dissolven Glucose Ferric chelate complex as mediators VVega and Fernandez,
(1987)
Escherichia coli Glucose, Mediators such as methylene blue needed. (Schroder et al.,
sucrose 2003, leropoulos et al., 2005a and Grzebyk and Pozniak,
2005)
Geobacter Acetate Mediator-less MFC Min et al. (2005)
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metallireducens
Geobacter Acetate Mediator-less MFC (Bond and Lovley, 2003 and Bond et
sulfurreducens al., 2002)
Gluconobacter oxydans | Glucose Mediator (HNQ, resazurin or thionine) needed Lee et al.
(2002)
Klebsiella pneumoniae | Glucose HNQ as mediator biomineralized manganese as electron
acceptor (Rhoads et al., 2005 and Menicucci et al., 2006)
Lactobacillus Glucose Ferric chelate complex as mediators (Vega and Fernandez,
plantarum 1987)
Proteus mirabilis Glucose Thionin as mediator (Choi et al., 2003 and Thurston et al.,
1985)
Pseudomonas Glucose Pyocyanin and phenazine-1-carboxamide as mediator
aeruginosa (Rabaey et al., 2004 and Rabaey et al., 2005a)
Rhodoferax Glucose, Mediator-less MFC (Chaudhuri and Lovley, 2003 and Liu
ferrireducens xylose et al., 2006)
sucrose,
maltose
Shewanella oneidensis | Lactate Anthraquinone-2,6-disulfonate (AQDS) as mediator
(Ringeisen et al., 2006)
Shewanella Lactate, Mediator-less MFC (Kim et al., 1999a and Kim et al.,
putrefaciens pyruvate, 1999b); but incorporating an electron mediator like
acetate, Mn(IV) or NR into the anode enhanced the electricity
glucose production (Park and Zeikus, 2002)
Streptococcus lactis Glucose Ferric chelate complex as mediators (Vega and Fernandez,
1987)

3. WASTEWATER TREATMENT

The MFCs were considered to be used for treating waste water early in 1991 (Habermann and
Pommer, 1991). Municipal wastewater contains a multitude of organic compounds that can fuel
MFCs. The amount of power generated by MFCs in the wastewater treatment process can potentially
halve the electricity needed in a conventional treatment process that consumes a lot of electric power
aerating activated sludges. MFCs yield 50-90% less solids to be disposed of (Holzman, 2005).
Furthermore, organic molecules such as acetate, propionate, butyrate can be thoroughly broken down
to CO, and H,O (Zhuwei, Du et al., (2007).

Wastewater from breweries has been a favorite among researchers as a substrate in MFCs, primarily
because of its low strength. Besides, it is suitable for electricity generation in MFCs due to the food-
derived nature of the organic matter and the lack of high concentrations of inhibitory substances (for
example, ammonia in animal wastewaters) (Feng et al., 2008). Although the concentration of brewery
wastewater varies, it is typically in the range of 3000-5000 mg of COD/L which is approximately 10
times more concentrated than domestic wastewater (Vijayaraghavan et al., 2006). It could also be an
ideal substrate for MFCs due to its nature of high carbohydrate content and low ammonium nitrogen
concentration (Pant, D. Et al.,2010).

Starch processing wastewater (SPW) contains a relatively high content of carbohydrates (2300-3500
mg/L), sugars (0.65-1.18%), protein (0.12-0.15%) and starch (1500-2600 mg/L), representing an
important energy-rich resource, which can be potentially converted to a wide variety of useful
products (Jin et al., 1998). SPW was used as a fuel to enrich a microbial consortium generating
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electricity and current generation (0.044 mA/cm2) was coupled to a fall in COD from over 1700 mg/L
to 50 mg/L in 6 weeks (Kim et al., 2004). Lu et al. (2009) operated a MFC with SPW containing 4900
mg/L of COD over four cycles and obtained a maximum voltage output and power density of 490.8
mV and 239.4 mW/m2 in the third cycle. However, the CE was only 7%. They attributed this low CE
to oxygen diffusion to the anode compartment resulting in oxidization of other electron acceptors,
biomass production and fermentation (Pant, D. et al.,2010) .

4. CONCLUSIONS

Microbial fuel cells are evolving to become a simple, robust technology. Certainly in the field of
wastewater treatment, middle term application can be foreseen at market value prices. Provided the
biological understanding increases, the electrochemical technology advances and the overall electrode
prices decrease, this technology might qualify as a new core technology for conversion of complex
substrates present in wastewaters to electricity in years to come.
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