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Abstract:Microbial fuel cell(MFC) is a promising
technology in conversion of waste to energy and also
providing green environment.In this paper performance of
various carbon electrodes in MFC is categorised based on
electricity generated working on MFC in various condition.
As a new type of electrodes used in MFC which create
changes in conductivity and bacterial strains involved in
electron transfer, varying its area of contact and material
used.
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1. Introduction
Electricity production and clean environment plays vital
role in human life, MFC is a technology which perform
both function by employing microbes in a controlled
environment. Aconventional MFC consisting of anode
and cathode compartments, is separated by using
aproton exchange membrane from each other. Many
types of wastewaters such assynthetic, domestic and
industrial wastewaters have been recently tested (He et
al., 2005; Huang et al., 2008; Ahn et al., 2009).Electrode
is the key component in deciding the performance and
cost of MFC. Electrode design is the greatest challenge in
making MFCs a cost-effective and scalable technology
(Rabaey et al., 2009). MFC technology is a prospective
technology that purifies wastewater and converts its
chemical energy into electrical energy using bacteria as
catalysts(Logan et al 2006).To reduce the cost of air–
cathodes, several highly specific materials, such as
activated carbon, that do not require a catalyst have been
developed and reported (Deng et al., 2010; Zhang et al.,
2009). For monitoring environmental conditions of
remote places, sustainable power generators are
necessary to power sensors and telemetry systems
because replacing batteries there can be costly and timeconsuming in many situations. A sediment microbial fuel
cell (SMFC) can be a feasible solution for this purpose
(Sokhee P. Jung et al., 2013).
2. Electrodes
Electrode are the conducting material which perform in
transfer of electron from anode chamber to cathode
chamber causing useful flow of electron. According to
surface area and type of material performance of
electrodes varies.The chitin supplement increased
maximum power densities by 121% in the magnesium
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anodes and 164% in the graphite anodes on average
(Sokhee P. Jung et al., 2013)
2.1. Carbon Electrodes
Electrode selection plays important role in
commercialization of MFC, carbon is one of a trusted
material where it can be used as electrode effectively
which is available in numerous forms of structure and
surface area suitable in MFC. Carbon can be used in any
type of MFC because of its flexibility in its size and shape.
Cost of carbon electrode is significantly cheaper for
commercialisation.
According
to
analytical
electrochemistry Basic concepts in research gate[2]
Carbon electrodes allow scans to more negative
potentials than platinum or gold, as well as good anodic
potential windows. The most common form of carbon
electrode is glassy carbon, which is relatively expensive
and difficult to machine. Carbon paste electrodes are also
useful in many applications. These electrodes are made
from a paste of finely granulated carbon mixed with an
oil substrate like Nujol. The paste is then packed into a
cavity in an inert electrode body. Carbon paste
electrodes have the disadvantage of being prone to
mechanical damage during use.
Material
Carbon

Advantages
Many types and
configurations
quality varies
greatly.

Limitations
Good cathodic
potential
range hard to
shape.

Figure 1. carbon electrodes.

2.2.Electrodes as Anode
There are many material can be used as anode in MFC
depending upon surface area these electrode cause flow
of electron. Usually carbon material plays major role as
electrodes in most of MFC for its characteristics and cost
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of material. Carbon based electrodes are popular among
fabrication of MFC. Table 1 shows carbon Electrode used
, MFC type, size of electrode used in a system employing
Electrode
material
Carbon brush

bacterial source and power output for corresponding
combination.[1]

Table 1.Carbon anode electrode, MFC type, bacterial source and power output.
Size
Bacterial source
MFC Type
Power output References
4cm by 3cm
dia
155cm2

Pre accumulated bacteria
from active MFC
Shewanellaoneidenis(MR1)

Activated
carbon cloth

1.5cm2

D.desulfuricans strain

Carbon Mesh

7cm2

Pre accumulated bacteria
from active MFC

Graphite plate

2.3. Electrodes as cathode
The performance of MFCs is currently limited by the
cathode, and this problem is projected to remain for
some time (Logan,2009). Design structure of
cathode and selection of material plays major role in
commercialisation of MFC. In selection of cathode
material which has possible reductionof cost due to
Electrode
material
Carbon
clothnafion
binder
Carbon fiber felt

Carbon cloth
PTFE binder

2400mW/m2
1410mW/m2

Logan et
al.(2007)
Dewan et
al.(2008)

0.51mW/m2

Zhao et
al.(2008)

893mW/m2

Wang et
al.(2009)

its flexibility in using low cost material but when
including cost of catalyst(optional) may lead cathode
electrode cost more. Catalyst used on cathode
electrode which improves performance of MFC.
Table 2 shows carbon Electrode used, MFC type, size
of electrode used in a system with catalyst and
power output for corresponding combination [1].

Table 2. Carbon cathode electrode, MFC type, catalyst and power output.
Size
Catalyst
MFC Type
Power output References
7cm2

Pt

36cm2

-

7cm2

Pt

Graphite coating
54cm2
CoTMPP
on
ultrafiltration(UF)
membrane
3.Conclusion
From this paper usage of carbon electrode effectively in
various type of MFC is discussed also reduction of cost
on electrode by replacing with low cost material without
compromising MFC performance and type of MFC used
in power generation and effective design aspects in MFC
for maximum power output with less manufacturing
difficulties are discussed. Dewan et al. found that power
densities scale with the logarithm of the projected
© 2015, IRJET

Cube air
cathode
Two
chamber air
cathode
Single
chamber air
cathode
Single
chamber
cube air
cathode

single
chamber cube
Air-cathode
Cylindrical
two chamber
Aqueous aircathode
without
catalyst
single
chamber cube
Air-cathode
Tubular Single
chamber

480mW/m2

Cheng et
al.(2006)

315mW/m2

Deng et
al.(2010)

360mW/m2

Cheng et
al.(2006)

18W/m2

Zuo et
al.(2007)

surface area. (Logan et al.) showed that increasing the
overall surface area by employing a graphite electrode
brush increased current density by ~2.5 times compared
to a carbon cloth anode. At the same time however,
Dewan et al. found that current densities for electrodes
with a larger surface area cannot always be directly
extrapolated using the current densities generated by
smaller electrodes.

ISO 9001:2008 Certified Journal

Page 425

International Research Journal of Engineering and Technology (IRJET)

e-ISSN: 2395-0056

Volume: 02 Issue: 08 | Nov-2015

p-ISSN: 2395-0072

www.irjet.net

Acknowledgement
Author would like to thank Nivetha Raman for preparing
this paper.
References
1.

Jincheng
Wei,
Peng
Liang,
Xia
Huang,2011.Recent progress in electrodes for
microbial fuel cellsBioresource Technology 102
(2011) 9335–9344.

2.

Analytical electrochemistry Basic concepts in
research
gatehttp://www.researchgate.net/file.PostFileL
oader.html?id=54ec7c04d3df3e460a8b465b&as
setKey=AS%3A273715688869889%401442270
313260.

3.

Aelterman, P., Versichele, M., Marzorati, M.,
Boon, N., Verstraete, W., 2008. Loading rate and
external resistance control the electricity
generation of microbial fuel cells with different
three-dimensional anodes. Bioresour. Technol.
99, 8895-8902.

4.

Behera, M., Jana, P.S., Ghangrekar, M.M., 2010.
Performance evaluation of low costmicrobial
fuel cell fabricated using earthen pot with biotic
and abiotic cathode.Bioresour. Technol. 101,
1183–1189.
5. Arun Govind M. 2015. Electric power from scrap
aluminium by fuel cell, Research gate DOI:
10.13140/RG.2.1.2733.2325.
6. Shaoan Cheng, Bruce E. Logan. 2011.Increasing
power generation for scaling up single-chamber
air cathode microbial fuel cells, Bioresource
Technology 102 (2011) 4468–4473.
7. Cheng, S., Liu, H., Logan, B.E., 2006a. Increased
performance of single-chambermicrobial fuel
cells using an improved cathode structure.
Electrochem.Commun. 8, 489–494.
8. Cheng, S., Liu, H., Logan, B.E., 2006b. Increased
power generation in a continuousﬂow MFC with
advective ﬂow through the porous anode and
reduced electrodespacing. Environ. Sci. Technol.
40, 2426–2432.
9. Cheng, S., Logan, B.E., 2007. Ammonia treatment
of carbon cloth anodes to enhancepower
generation of microbial fuel cells. Electrochem.
Commun. 9, 492–496.
10. Clauwaert, P., Aelterman, P., Pham, T.H.,
Schamphelaire, L.D., Carballa, M., Rabaey,K.,
Verstraete, W., 2008. Minimizing losses in bioelectrochemical
systems:
theroad
to
applications. Appl. Microbiol. Biotechnol. 79,
901–913.
© 2015, IRJET

11. Rabaey, K., Clauwaert, P., Aelterman, P.,
Verstraete, W., 2005. Tubular microbial fuelcells
for efﬁcient electricity generation. Environ. Sci.
Technol. 39, 8077–8082.
12. Rabaey, K., Angenent, L., Schroder, U., Keller, J.,
2009.
Bioelectrochemical
Systems:From
Extracellular
Electron
Transfer
to
Biotechnological Application, 1st ed.IWA
Publishing, Lodon.
13. Logan, B.E., Cheng, S., Watson, V., Estadt, G.,
2007. Graphite ﬁber brush anodes forincreased
power production in air-cathode microbial fuel
cells. Environ. Sci.Technol. 41, 3341–3346.
14. Logan, B.E., Regan, J.M., 2006. Electricityproducing bacterial communities inmicrobial
fuel cells. Trends Microbiol. 14, 512–518.
15. Min, B., Logan, B.E., 2004. Continuous electricity
generation from domesticwastewater and
organic substrates in a ﬂat plate microbial fuel
cell. Environ. Sci. Technol. 38, 5809–5814.
16. Wang, X., Cheng, S.A., Feng, Y.J., Merrill, M.D.,
Saito, T., Logan, B.E., 2009. Use ofcarbon mesh
anodes and the effect of different pretreatment
methods on powerproduction in microbial fuel
cells. Environ. Sci. Technol. 43, 6870–6874.
17. Wang, K., Liu, Y., Chen, S., 2011. Improved
microbial electrocatalysis with neutralred
immobilized electrode. J. Power Sources 196,
164–168.
18. Zhang, F., Cheng, S.A., Pant, D., Van Bogaert, G.,
Logan, B.E., 2009a. Power generationusing an
activated carbon and metal mesh cathode in a
microbial fuel cell.Electrochem. Commun. 11,
2177–2179.
19. Zhang, X.Y., Cheng, S.A., Wang, X., Huang, X.,
Logan, B.E., 2009b. Separatorcharacteristics for
increasing performance of microbial fuel cells.
Environ. Sci.Technol. 43, 8456–8461.
20. Zhang, F., Saito, T., Cheng, S.A., Hickner, M.A.,
Logan, B.E., 2010. Microbial fuel cellcathodes
with poly(dimethylsiloxane) diffusion layers
constructed aroundstainless steel mesh current
collectors. Environ. Sci. Technol. 44, 1490–1495.
21. Zou, Y.J., Xiang, C., Yang, L., Sun, L.X., Xu, F., Cao,
Z., 2008. A mediatorless microbialfuel cell using
polypyrrole coated carbon nanotubes composite
as anodematerial. Int. J. Hydrogen Energy. 33,
4856–4862.
22. Zuo, Y., Cheng, S.A., Call, D., Logan, B.E., 2007.
Tubular membrane cathodes forscalable power
generation in microbial fuel cells. Environ. Sci.
Technol. 41,3347–3353.
23. Zuo, Y., Cheng, S.A., Logan, B.E., 2008. Ion
exchange
membrane
cathodes
for
scalablemicrobial fuel cells. Environ. Sci.
Technol. 42, 6967–6972.

ISO 9001:2008 Certified Journal

Page 426

International Research Journal of Engineering and Technology (IRJET)

e-ISSN: 2395-0056

Volume: 02 Issue: 08 | Nov-2015

p-ISSN: 2395-0072

www.irjet.net

24. Deng, Q., Li, X.Y., Zuo, J.E., Ling, A., Logan, B.E.,
2010. Power generation using anactivated
carbon ﬁber felt cathode in an upﬂow microbial
fuel cell. J. PowerSources 195, 1130–1135.
25. Dewan, A., Beyenal, H., Lewandowski, Z., 2008.
Scaling up microbial fuel cells.Environ. Sci.
Technol. 42, 7643–7648.
26. Zhao, F., Rahunen, N., Varcoe, J.R., Chandra, A.,
Avignone-Rossa, C., Thumser, A.E.,Slade, R.C.T.,
2008. Activated carbon cloth as anode for sulfate
removal in amicrobial fuel cell. Environ. Sci.
Technol. 42, 4971–4976.
27. Zhao, Y.K., Watanabe, K., Nakamura, R., Mori, S.,
Liu,
H.,
Ishii,
K.,
et
al.,
2010.
Threedimensionalconductive
nanowire
networks for maximizing anode performancein
microbial fuel cells. Chem. Eur. J. 16, 4982–4985.
28. Sokhee P. Jung, Mi-Hwa Yoon, Seung-Mok Lee,
Sang-Eun Oh, Hojeong Kang, Jae-Kyu Yang 2013
Power Generation and Anode Bacterial
community Compositions of Sediment Fuel Cells
Differing in AnodeMaterials and Carbon Sources
Int. J. Electrochem. Sci., 9 (2014) 315 – 326
29. Zhen,He., Shelley D. Minteer., Largus T.
Angenent. “Electricity generation from artiﬁcial
wastewater
using
an
upﬂow
microbialfuelcell”EnvironmentalScience&Techn
ology39(2005): 5262–5267.

© 2015, IRJET

BIOGRAPHIES
Arun
Govind
M
has
completed
his
undergraduate
program in the department of
mechanical engineering in SRM
University, Tamil Nadu, India.
Currently, He is pursuing his
postgraduate
education
with
specialization in Energy Engineering in MGR
Educational and Research Institute University, Tamil
Nadu, India. He has published various research papers
in the field of mechanical and energy engineering.

ISO 9001:2008 Certified Journal

Page 427

