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Environmental Health
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ABSTRACT

The research on microbial fuel cells (MFCs) needs various knowledge of different fields such as electrochemistry,
microbiology, environmental engineering, and material engineering. Although electrochemically active bacteria are
very diverse, the performance of MFCs is affected primarily by the structure of the reactor system. Thus, the
development in the system architecture is critical to lower internal resistance and increase power generation for
commercialization. This paper summarizes the principles of MFCs and demonstrates the infinite potential of
MFCs in various applications including wastewater treatment, biosensors, biohydrogen production, remote

power sources, implantable medical devices, etc.

Keywords: applications, electrochemically active bacteria, microbial fuel cells (MFCs), principles, system

architecture
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Fig. 1. Concept of microbial fuel cell (MFC). (a) double-
chamber MFC, (b) single-chamber MFC.
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Table 1. Anodic materials used for microbial fuel cell***'?>

Anodic material Characteristics

stiffness and slight brittleness

low durability

reduction in the distance between two electrodes
easy connection of wires

high porosity and conductivity (110~220 S/m)
reduction in the distance between two electrodes
higher flexibility compared to carbon plate

high cost

Carbon paper

Carbon cloth

lower cost compared to carbon cloth

Carbon mesh enhanced power density compared to carbon cloth

high specific surface area
large aperture
large resistance

high conductivity (113~142 S/m)
a little higher thickness compared to carbon cloth
high porosity and specific surface area

high plasticity and conductivity (208~455 S/m)
Reticulated vitreous - high porosity and specific surface area

carbon (RVC) large resistance
high brittleness

highest specific surface area (1,300 m?/g)

- high mechanical strength and ductility

- excellent stability and conductivity (5.8 x 10'° S/m)

- high cost ($80100/g)

clogging

. - synergistic effect due to CNTs in conductive polymer

Conductive polymer/ . . . . .
CNTs composites various composites such as CNT/polyanlhne composite, carbon paper with

polypyrrole/CNTs, carbon cloth with CNTs, etc.

- stiffness and slight brittleness

- easy connection of wires

soft felt: low strength and high conductivity (0.87~2.78 S/m)

rigid felt: improved strength and conductivity, compared to soft felt, but slight
brittleness

high stability and conductivity (7 x 10* S/m)

relatively defined surface area (low internal porosity)

lightly sanded to increase specific surface area for microbial attachment

Carbon felt

CARBON

Carbon foam

Carbon nano tube
(CNT)

Graphite plate

Graphite felt

Graphite rod

no porosity
Graphite sheet - soft sheets with various thickness
less power production per projected surface area

GRAPHITE

- small chunk of graphite particle with mean diameter of 1.5~5.5 mm
- high specific surface area (20~2,700 m*%m>)

higher specific surface area

low electrode resistance

Graphite fiber brush - graphite fiber is wound around conductive corrosion-resistant metal wires (titanium
wires)

clogging

Graphite granule

J Environ Health Sci 2012: 38(2): 83-94 http://www.kseh.org/
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Table 2. Non-Pt catalysts used for cathode of microbial fuel
120

cel
Catalyst Cathodic Maximum power
type material density (mW/m?)
FePc carbon paper 634
PbO, Ti sheeting 485
CoTMPP carbon paper 483
Pt graphite felt 150
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Table 3. Parameters used for evaluating the performance of microbial fuel cell'”

Parameter Unit

Description

Power density

W/m? A power output is normalized to an anode area or cathode area.

W/m® A power output is normalized to an anode volume or a sum of anode and cathode

volumes.

Current density A/m?> A current generated is normalized to an anode area.

Open circuit voltage (OCV) V

Internal resistance (R;,) Q

This is a voltage between the anode and cathode measured in the absence of current.

This is obtained from the slope of the polarization curve and is useful to evaluate the

total internal loss in an MFC.

Coulombic efficiency (CE) %

This is defined as the ratio of Coulombs measured as the current to the total

Coulombs contained in substrates (COD).
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Table 4. Internal resistance types and factors affecting internal resistance performance of microbial fuel cell*

Components of

. . Anode
internal resistance

Membrane Cathode

- Amount and activity of electrochemically

active microorganisms
- Specific surface area of electrode
Activation
losses determining enzyme/redox system
- Temperature
- Fuel and nutrient supply

- Buffer strength

- Intrinsic electron transfer rate of the rate

- Amount and activity of catalysts
- Specific surface area of electrode
- Temperature

- Oxidant supply

- Buffer strength (proton supply)

- Electrode conductivity

Ohmic losses Anolyte conductivity

- Electrode spacing

- Resistance of electrical contacts and wire - Membrane

- Electrode conductivity
- Resistance of electrical contacts and wire

conductivity Catholyte conductivity

- Fuel and other nutrients supply

- Effective diffusivity of reactants and
products

- Biofilm structure

- Anodic electrode design

- Anode compartment design

- Hydrodynamic condition

Mass transport
losses

- Oxidant supply

- Buffer strength

- Effective diffusivity of reactants and
products

- Cathodic electrode design

- Cathodic compartment design

- Hydrodynamic condition

Other losses - Unwanted side reactions

- Fuel crossover
- Oxygen
crossovrer

- Unwanted side reactions
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Fig. 3. Schematic diagrams of microbial fuel cell (MFC)
combined with wastewater treatment process. (a)
MEFC combined with a solids contact tank, (b)
MFC combined with an MBR, (¢) MFC
submerged into an anaerobic tank, (d) MFC
submerged into an aerobic tank.”*?

SR gTs HIAT 7P A8l F
Fig. 3(d)°l ﬂ%éﬂ*ﬂ gt s 7 AL A9

3, FAHEE ARSI AT 2] o83
el %1 d5E HeISITh 5, 167 Wim'e]
% 17Qe] Ha HAZS 4 5 3
oWU& 71&2] A71% iﬁ} g3t 744}
_r]sH/\ = 1889 AH3
o o} Azge] st WEARe] 4, a7
3400 Wm’ o] el =& AHFES A 5 8l

ofof g}

J Environ Health Sci 2012: 38(2): 83-94



oF7ke] A SHIMFOZRE] F4av}
2F=]=Hl, ©]A-& MEC(microbial electrolysis cell)

A%

2hal gt S48 pHollA &9 A7|EHE fIsl
A 121 V7L Rl FFEofof alA| e, nAdE
AEHAE MECE THE7] fElA= o|828o=
0.11 VE 283 AAFSE °F 025V & FHEH
Hop 7 71 dEgFoM e 1589 FFIL2d
A 489 47T AGEAY, MECAAE 189 &
FHAO2OA oF 8-9&72] FAavt AAHETE” MEC
oM AT et AkAaFFol gi7] Wi, 4+
SIS0 At FE2HA] @oF £&8 =4 /A

@+ 9o

5. HiO| 28T S-S 0|88 2= A

Hpo] @ AN FE olgska, 2ka Al st
3]

Mo o
18 Koto o2 o2
[~ o
3
iy

>4

gﬁ
[ X
o
rN“fg
o Mo
£
Y
2}
Q’O
- X
FUQLHU
B o
¥ oo
o

S

o
ofo
o
&
>,
oo
e
i)
A
)
z
o
to
o
o
Ry
4
o

£ AAgoA = ol gt A

)
=

=

1o, o
oo
r>,
2 o
[
=™
N
2
Of
i—‘ﬂ
fru
o
oo
=
5&
ot
2
js°
tilo

sto] AAE o Slrh. AP, TCE 53 22
Fr719 432 of Atstd AEfolr] Wi ut
ol Se] AAFEAR ARE F U0
Aulents 592 TCE(Trichloroethene)S AA}=8-A)
2 o]g3ste] TCE/F gd4aste S I2lsial

6. 2|28 MF0]4 S

BA 5
slof e, ma & PAT AAATAL T1A
oF L Aol BEN0RA M ol o] §

)
(o,
o
rO
b
a2
o,
)
N
lo

o of
o]
o
N
o

¢

J Environ Health Sci 2012: 38(2): 83-94

Power
supply
e e
T
|
| Catalyst
Bacteria ~ | : T coating
™ Organics | H,
I \
|
|
|
|
|
H* —I—’I H*
Co, |
Anode : Cathode
|

PEM
(CEM)

Fig. 4. Concept of microbial electrolysis cell (MEC).
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