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TOM TAT

Céc nhién liéu hoa thach khai thac tir vo Trai dat khi chay trong dong co dbt trong, dong co phan lyc dé tao
ra niang luong phat thai khi carbonic cting cac khi thai doc hai khac nén tic dong x4u t6i méi trudng va bau khi
quyén can han ché va thay thé bang ning luong tai tao. Viét Nam dat muc tiéu phét thai carbon rong bang khong
vao nam 2050 va dang thuc hién chuyén ddi sang cac nang lugng mat troi, gid, sinh khéi, song bién. Pin nhién liéu
vi sinh 12 mot hé dién hoa tao ra dong electron bang cach sir dung cc hop chit hiru co 1am chét khir va oxy trong
khong khi 1am chat oxy hoa. Trong hai thap ky qua, pin nhién li¢u vi sinh (Microbial Fuel Cell - MFC) da thu hat
c4c nha khoa hoc va cong nghé vi kha nang chuyén di truc tiép nang luong hoa hoc tir cac hop chit hitu co khac
nhau thanh ning lugng dién. Vi vy, MFC 1a mot cach hira hen khai thac nang luong tir sinh khéi. Trong bai téng
quan nay, mot s6 két qua ciia cac phuong phap tién xir 1y sinh khéi theo hudng thu hoach ning lugng bang MFC
va cac vi sinh vat dugc st dung trong MFC nhién li¢u sinh khéi da dugc trinh bay. Ngoai ra, cach tiép can va thiét
ké dé cai thién hiéu suat cia MFC st dung sinh khdi trong twong lai ciing dugc néu. Bai tong quan danh gia hiéu
suét va kha nang ing dung ciia cac dong chay trong MFC dang t6 ong, dong thoi ciing danh gia hiéu ning hoat
ddng, ru diém va nhuoc diém twong tmg, va cac ing dung tiém ning trong twong lai cia MFC vé6i dong tudn hoan.

T khéa: Sinh khoi, vin toc dong chay, pin nhién liéu vi sinh, thiét ké té ong.
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ABSTRACT

Fossil fuels, the hydrocarbons within Earth’s crust impact on the environment and atmosphere during
burning in internal combustion engine, jet engine to produce energy have to be limited and all the countries have
turned their attention to renewable energy. Vietnam will reach its net-zero carbon emission target by 2050 and call
for fairness and justice in climate change issues. In order to realise this purpose, the country has to exploit more
and more energy from renewable resources such as solar power, wind power and biomass. Microbial fuel cell is an
electrochemical system that produces the electron current by using the organic compounds as reductant and oxygen
in the air as oxidant. Over the past two decades, microbial fuel cells (MFC) have gained attention because they can
directly convert chemical energy from various organic compounds into electrical energy. In MFC, biomass energy
is directly harvested as electricity, the most exploitable and versatile form of energy. Therefore, MFC is a promising
way to get the energy from biomass, adding a new dimension to the biomass energy industry. In this review, some
results of the biomass pretreatment methods towards power harvesting by MFC and the microorganisms used
in the biomass fuel MFC were summarized. In addition, strategies to improve the performance of MFC using
biomass and future scenarios were highlighted. This review aims to evaluate the performance and applicability
of flows in honeycomb MFC. It also assesses the respective performances, advantages and disadvantages, and
potential future applications of MFCs with recirculation flow.

Keywords: Biomass, flow velocity, microbial fuel cell, honeycomb design.

1. INTRODUCTION are looking for more reliable, sustainable and

Water shortage is one of the severe global cleaner substitutes such as biomass to reduce

issues; according to climate change forecasts, the need for fossil fuels. To date, biomass can

this problem will be even more pressing in the be converted into different energy products such

future.! The increase in water demand has led
to a rise in the amount of wastewater generated.
At the same time, the need for renewable energy
becomes immediate because of fossil fuels’
rapid depletion and the growing concern about
climate change. Many countries worldwide

*Corresponding author.
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as fuel, heat, gas, and electricity. Microbial fuel
cell (MFC) is a power generation device that
uses bacteria as biological catalysts in organic
matter oxidation from wastewater through
respiration, thereby generating electricity.? It
has considerable potential for applications in
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wastewater treatment,® electrical equipment,*
and biosensors.’ Recently, reactor designs with
a scale of several hundred liters have been
developed.® Shifting this technology from the
laboratory scale to the actual pilot scale will bring
the technology closer to practical application.

found that fluid
motion impacts the energy efficiency of MFCs

Several researchers

significantly. Increasing flow parameters such as
flow rate and recirculation flow rate have been
shown to enhance the power produced by the
MFC.” Mass transport is also an essential factor
in improving MFC power production due to the
effects of flow regime,® mass-liquid transfer,
biofilm formation, and the substrates.” Suppose
the mass transfer between the substrate and the
biofilm is low, some bacteria may detach from
the biofilm as environmental conditions become
unfavorable,'® thereby increasing the biofilm
damage, activation loss and mass transfer loss
of the MFC." Furthermore, most of the MFCs
introduced into wastewater treatment plants
have continuous flow and cyclic flow regimes,'?
which complicates the investigation of the mass
transfer due to the regime caused by convection.

This paper reviews the MFC honeycomb
design and analyzes the aspects of the design that

Anodic reaction: CH,COO +4H,0 = 2HCO, +9H" + 8¢

Cathodic reaction: 20, + 8H' + 8¢ = 4H,0

Overall reaction: CH,COO" +20, = 2HCO, + H"

affect MFC performance to focus the research
direction for MFC design improvement.

2. MICROBIAL FUEL CELL

MEFC is an energy-producing device with bacteria
as biocatalysts, converting the energy in organic
compounds into electricity. A simple MFC setup
is shown in Figure 1, consisting of an anode in
the anode chamber and a cathode in the cathode
chamber, separated by a proton exchange
membrane (PEM). MFC works on the principle
that a biocatalyst oxidizes organic matter in the
anode chamber, releasing protons and electrons
in the process, also generating CO,. The anode
electrode captures electrons and transfers them
to the cathode via the outer circuit along with
the movement of protons from the anode to
the cathode through the PEM. At the cathode,
electrons combine with protons and oxygen to
form water.!* In MFC, the Gibbs free energy of
the reaction is negative. Therefore, the MFC’s
electromotive force (EMF) will be positive,
which indicates possible spontaneous generation
from the reactions. For example, in case acetate
is used as the substrate at the anode, oxygen is
the electron donor at the cathode ([CH,COO] =
[HCO,]= 10 mM; pH = 7; 298.15 K; Po, = 0.2
bar),'* then the reaction in the battery will be:

°=-0.289 V vs. SHE
E°=0.805V vs. SHE
AG = -847.6 kJ/mol; EMF = 1.094 V

Microbial Fuel Cells
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Figure 1. Structure diagram of microbial fuel cell.!®
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MFC technology has roused interest
for more than 20 years not only because of the
electric generation from wastes but because of its
environmentally friendly wastewater treatment
technology.'® Many types of wastewater today
contain many toxic wastes, which require
expensive treatment before being discharged
into the environment. Previous studies have
demonstrated the ability of MFCs to treat wastes
such as metal-derived wastewater, food, and
urine and even produce drinking water after the
treatment process.!”'® MFC has coexisted with
biological filter tanks in wastewater treatment to
enhance pollution control and increase treatment
capacity.!” Most of the treatment methods aim to
remove organic compounds that reduce chemical
oxygen demand (COD), azo dyes,” and heavy
metal waste.?! The aeration system in wastewater
treatment is reported to consume more than
54% of the electricity required in the treatment
process. Since MFCs use anaerobic bacteria for
the wastewater treatment process, this indicates
potential energy saving in MFCs.? In addition,
MFC-derived technologies such as MFC-based
biosensors are expected to be one of its most
promising applications. Having the capability
to measure various parameters including bio-
oxygen demand (BOD), chemical oxygen demad
(COD), dissolved oxygen (DO), volatile fatty
acids, toxic substances and microbial activity,?
this device promises a reduction in time and cost
in measuring the toxicity in water.

Recent advancement in the application
of power generation capabilities includes
the use of MFC to power a small computer
(158 mW) directly and continuously without
any management equipment and power source.”

The performance enhancement of the
MFC was accomplished by using alternative
electrode materials, different electrode surfaces,
electroactive bacteria (EAB), substrate, and
load resistance. The electrode material has a
significant influence on the performance of the
MFC.?* Carbon materials are used as electrodes
in MFC because they are non-corrosive, highly
biocompatible, and exhibit some distinctive

https://doi.org/10.52111/qn;js.2022.16302

surface characteristics of electrode materials.
Modification of the electrode material has been
shown to be an effective way to improve the
performance of the MFC.?* This change in the
physical and chemical properties of the electrode
helps the microorganism bind and transfer
electrons better. The efficiency of MFC can be
increased by improving bacterial adhesion and
electron transfer along with the modification of
the electrode surface.?

The biofilm attached to the electrode is a
crucial element of electrochemical bioreaction.?’
The growth and development of biofilms on
the MFC electrodes, especially on the anode
electrode, will help carry out the oxidation of
organic matter and transfer electrons to the
cathode.” The anode electrode of the MFC must
contain a stable and homogeneous bioreactor for
enhanced energy generation.” Biofilm cultures
are often contaminated by wastewater or the
entry of other competing microbial species,
which can reduce performance. Next, the
performance of MFC is highly dependent on
the nature of the substrate. Substances can be
classified into simple molecular structures such
as the commonly sed glucose and acetates and
more complex structures such as molasses and
cellulose."” From a chemical characterization
perspective, the nature of the substrate used by the
bacteria during aerobic or anaerobic respiration
will affect the electron donation rate in the MFC.
This influence is based on the complexity of the
different bacterial species used in the MFCs.*

In summary, the electrode properties and
the correlation between electrode, substrate,
and bacteria are the main factors affecting the
performance of MFC. It can be seen that the
development of MFC technology is a diverse
combination of specialties such as biochemistry,
electrochemistry, mechanical engineering, and
materials science. Alot of work are doing in order
to improve the preformance of MFC such as (i)
the Nafion membrane’' (ii) pre- treatment of
biomass as bamboo,*>* (iii) hydrogen revolution
directly form fermentation of biomass* and (iv)
power generation with higher eficiency.**-*
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3. HONEYCOMB DESIGN
3.1. Structure of honeycomb MFC

The honeycomb straight-line press is a device
widely used in dynamic research works and has
many practical applications. They have a metal
or ceramic tubular structure aligned parallel
to the flow direction and have the shape of a
honeycomb.?” These structures are used to achieve
different goals, such as generating shear forces
with uniform geometry. They are used in wind
tunnels to reduce velocities caused by the eddy
motion of the air stream during entry. They are

MFC Anode Chamber

MFC anode chamber

Surge tank

Figure 2. Perspective of two-chamber honeycomb MFC.3¢

also applied in flat plate solar collectors to reduce
and prevent heat loss and enhance the natural
thermal convection process.*® The application
of honeycomb structure in MFCs is relatively
new. To the authors’ knowledge, this design was
developed only by Wang et al. The honeycomb
MFC design is shown in Figure 2, consisting of an
anode and a cathode chamber separated from each
other by a proton exchange membrane. The anode
chamber has a symmetrical structure, including
two booster tanks and two honeycomb structures.
It is connected to a pump system to facilitate
continuous flow of the liquid in the chamber.

Honevcomb

Surge Tank

Unit: mm

sampling ports
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MFC technology can be applied in
wastewater treatment plants with a recirculating
flow mode. The cyclical flow whill promote a
mass transfer that depends not only on diffusion
but also on the motion of the anode liquid.

In fluid mechanics, the Reynolds number
(R) is a dimensionless quantity representing the
relative magnitude of the influence caused by
inertia and viscosity on flow resistance.*
_PVD;

Y7,

Where: p is the density of the liquid (kg/m?),
V is the flow rate (m/s), D, is the hydraulic
diameter (m), and p is the viscosity of the
liquid (kg/ms). Reynolds number includes basic
properties of liquids and physical quantities such
as flow velocity, fluid density, and viscosity.*

R

e

hydrodynamic effect on the power production of
the MFC.

3.2. Impact of hydrodynamic boundary layer

The effect of the hydrodynamic boundary layer
is a determinant of performance in a cyclic
MFC reactor. The flux parameters are essential
because the main component of wastewater is
H,O. Its motion has an outstanding feature in
MFC performance and biological properties.*!
There are several methods used to maintain thin
hydrodynamic boundary layer thickness, such
as by placing the electrode near the flow inlet,*
using thin porous electrode,* using flow controls
to prevent the development of hydrodynamic

44

boundary layers.* The working mechanism
model of the hydrodynamic boundary layer

effect is illustrated in Figure 3.
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Figure 3. Diagram of boundary layers in a microbial fuel cell chamber.*

Figure 3 shows that the thickness of the
hydrodynamic boundary layer will increase
as the distance from the leading edges of the
chamber wall increases. The flow velocity
gradient will cause strong shear stress in the
hydrodynamic boundary layer.* Therefore, the
influence of the hydrodynamic boundary layer
will affect not only the biofilm structure but also
the mass transfer of the substrate.*

https://doi.org/10.52111/qn;js.2022.16302

Chen et al.® tested honeycomb MFCs
with various electrode distances from the
chamber wall (at 1, 6, and 9 cm) to see the
effect on the hydrodynamic boundary layer.
It is reported that reducing the hydrodynamic
boundary layer thickness on the electrode can
significantly enhance biofilm formation and

substrate mass transfer.
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Biofilms tend to increase their cohesion
to adapt to the flow environment.’ Li ef al.®®
showed that the gravity effect applied to the
MFC facilitated the bacterial attachment to the
electrode and thickened the biofilm.

3.3. Effect of flow rate

Teropoulos et al® reported that the MFC
performance improved when the flow rate was
increased. The velocity and direction of flow
can significantly affect the mass transfer of
particles in the anodic solution. As mentioned,
MFC current generation was directly related
to the biofilm on the electrodes. The growth
of thicker biofilms facilitated electron transfer
to the cathode, thereby improving reactor
efficiency.”® The optimal rate in the MFC
will enhance microbial activity and increase
the electron transfer rate in biological media,
which will reduce the activation of polarization.
Meanwhile, turbulence will have the opposite
effects. Wang et al’' reported that the energy
density in the honeycomb MFC increased as
the flow rate increased from 0 to 40 mL/min.
However, as the rate increased to 240 mL/min,
the power density decreased. This decrease was
explained as a result of biofilm leaching at the
anode. In addition, increasing the flow rate can
cause oxygen permeation through the PEM from
the cathode to the anode chamber. This will
increase the presence of oxygen in the anode
chamber which will inhibit EAB growth.

Ketep et al.>® reported that the favorable
environment for the growth and development of
EAB was pH neutral. Under alkaline or acidic
conditions, the activity of EAB in the MFC
will be disrupted. It was found that the anode
pH value between 7.0 and 7.55 is suitable for
the operation of EAB.>* The slow transfer of
protons to the cathode compared with proton
generation due to EAB activity can lead to
decreased EAB activity due to their unfavorable
acidic environment.> Maintaining the flow rate
resulted in the MFC*s ability for stability in
pH.>! Conventional methods use buffer solutions
to slow acidification and maintain pH close to

neutral.®® Although using buffer solutions in
an MFC system has many advantages, there is
still a long way to go to scale the application
because it is quite expensive. Another approach
is to enhance proton transfer to stabilize pH
at the anode. Cyclic mode honeycomb MFC
is a promising strategy for improving proton
transfer capacity, thereby improving power
generation efficiency and solving the problem of
using buffer solutions to stabilize the pH at low
temperatures at the anode chamber.

Therefore, it can be asserted that the
average velocity can be beneficial to the reactor
performance due to the homogeneity of the ions
in the reactor. This can lead to a large mass
transfer of ions and particles to microorganisms
on the biofilm and eventually to the growth and
attachment of thick biofilms on the anode.

3.4. Effect of channel diameter and pipe
diameter

Channel and pipe diameters are important
factors in hydrodynamics. Kaji and Azzopardi®’
reported that as the pipe diameter increased,
the velocity gradient decreased. The flow
geometry also affects the flow velocity of the
liquid in the anode. This is also demonstrated
in some publications,”** who affirmed that the
flow velocity increases as the pipe diameter
decreases. Small diameter pipes have greater
resistance near the inlet. They have a circular
waveform near the outlet, which is the leading
cause of their chaotic pattern.

Sangeetha er al*' reported that the
honeycomb channel diameter affects the
removal of organic matter in the anode chamber
of the honeycomb MFC. They also demonstrated
that the honeycomb channel diameter affects
the anode bio-thickness. Honeycomb structures
with optimized channel diameters can support
efficient energy and mass transfer inside the
reactor.

3.5. Effect of distance between two electrodes

With respect to the influence of the anode
electrode position in honeycomb MFC, Wang

https://doi.org/10.52111/qnjs.2022.16302
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et al.® reported that the anode-to-film distance
with a value of x = 0.0 cm gives the best
performance in honeycomb MFC. This could
be because proton movement is restricted to
the cases where the anode electrode is located

Table 1. Studies using recirculating honeycomb reactors.

Flow channel

far from the PEM. In addition, Xu et al.°' also
pointed out that the conductivity is affected by
the biological fouling phenomenon that occurs
on the surface of PEM when the PEM is in direct
contact with the liquid in the anode.

Maximum
OCP** (V) = power density = References

Flowrate =~ Reynolds Electrode :
(mL/min) number  spacing (cm) diameter
(cm)
0 0 NA 1.0
4 0.37 NA 1.0
40 3.7 NA 1.0
240 44.8 NA Lo
0 0.0 5.0 NA
0.06 0.016 5.0 NA
0.58 0.16 5.0 NA
5.83 1,6 5.0 NA
58.3 16 5.0 NA
58.0 16 0.0 0.7
58.0 16 3.0 07
58.0 16 6.0 07
58.0 16 0.0 0.4
58.0 16 0.0 0,7
58.0 16 0.0 L0

(mW/m?)

0.45 2.19 [46]
0.67 2.93 [46]
0.77 4.5 [46]
0.27 2.77 [46]
=07 1512.4 [57]
=07 1705.7 [57]
=07 1922.3 [57]
=07 2383.5 [57]
=07 2422.8 [57]
0.62 361.8 [55]
0.65 130.8 [55]
0.68 308.6 [55]
0.51 333.0

0.69 430.0 [36]
0.19 137.0 [36]

**OCP — Open Ciruit Potential

4. CONCLUSIONS

The MFC system has a bright future not only
because of using the cheaper material but also
of combining techniques for generating electric
power and treating wastewater. An overview
of the new honeycomb MFC design has been
presented and elucidated. The influence of
flow and related design factors are presented
in Table 1. In order to systematize optimal
design conditions, the optimal reactor speed
was determined at 40 mL/min. The reactors
achieved maximum voltage output, power, and
current density with reduced internal resistance.
When the flow rate is too large, biofilm washout
will occur, resulting in reduced efficiency. The

https://doi.org/10.52111/qn;js.2022.16302

effect of hydrodynamic boundary layer in
recirculation MFC is a vital factor influencing
mass transfer and biofilm formation. Electrode
placement selection and flow control are two
effective and economical methods of maintaining
the hydrodynamic boundary layer thickness.
The honeycomb tube diameter of 0.7 cm is
optimal for enhanced COD removal and power
generation efficiency. The electrode distance
affects the transport of protons from the anode
to the cathode.

Currently, the problems of material cost
and unclear surface modification mechanisms
hinder the practical application of MFC. The
honeycomb design has great significance in
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reducing operating costs, improving efficiency,
and contributing to the operation of an MFC
system with recirculating flow.

REFERENCES

1.

N. Mancosu, R. L. Snyder, G. Kyriakakis, D.
Spano. Water scarcity and future challenges for
food production, Water, 2015, 7(3), 975-992.

K. Obileke, H. Onyeaka, E. L. Meyer, N.
Nwokolo. Microbial fuel cells, a renewable
energy  technology  for  bio-electricity
generation: a mini-review, Electrochemistry

Communications, 2021, 107003.

W.-f. Liu, S.-a. Cheng. Microbial fuel cells for
energy production from wastewaters: The way

toward practical application, Journal of Zhejiang
University Science 4, 2014, 15(11), 841-861.

D. G. A. Avilés, O. F. N. Barrionuevo, O. F. S.
Olmedo, B. D. C. Pifian, D. A. A. Briones, R. A.
B. Soria. Application of a direct current circuit
to pick up and to store bioelectricity produced
by microbial fuel cells, Revista Colombiana de
Quimica, 2019, 48(3), 26-35.

J. Z. Sun, G. Peter Kingori, R. - W. Si, D. - D.
Zhai, Z. - H. Liao, D.-Z. Sun, T. Zheng, Y. - C.
Yong. Microbial fuel cell-based biosensors for
environmental monitoring: A review, Water
Science and Technology, 2015, 71(6), 801-809.

H. Hiegemann, T. Littfinski, S. Krimmler,
M. Liibken, D. Klein, K. - G. Schmelz, K. Ooms,
D. Pant, M. Wichern. Performance and inorganic
fouling of a submergible 255 L prototype
microbial fuel cell module during continuous
long-term operation with real municipal
wastewater under  practical  conditions,
Bioresource Technology, 2019, 294, 122227.

C. Munoz-Cupa, Y. Hu, C. C. Xu, A. Bassi.
An overview of microbial fuel cell usage
in wastewater treatment, resource recovery
and energy production, Science of the Total
Environment, 2020, 142429.

S.Pinck, L. M. Ostormujof, S. Teychené, B. Erable.
Microfluidic

systems: an integrated investigation platform

microbial  bioelectrochemical

10.

11.

12.

13.

14.

15.

16.

17.

18.

for a more fundamental understanding of
electroactive bacterial biofilms, Microorganisms,
2020, 8(11), 1841.

D. Taherzadeh, C. Picioreanu, H. Horn. Mass
transfer enhancement in moving biofilm
structures, Biophysical Journal, 2012, 102(7),
1483-1492.

J. B. Kaplan. Biofilm dispersal: mechanisms,
clinical implications, and potential therapeutic
uses, Journal of Dental Research, 2010, 89(3),
205-218.

M. Rahimnejad, G. Najafpour, A. A. Ghoreyshi.
Effect of mass transfer on performance of
microbial fuel cell, Intech, 2011, 5, 233-250.

Y. Wang, Y. Zhao, L. Xu, W. Wang, L. Doherty,
C. Tang, B. Ren, J. Zhao. Constructed wetland
integrated microbial fuel cell system: Looking
back, moving forward, Water Science and
Technology, 2017, 76(2), 471-477.

Z. Du, H. Li, T. Gu. A state of the art review
on microbial fuel cells: A promising technology
for wastewater treatment and bioenergy,
Biotechnology Advances, 2007, 25(5), 464-482.

R. A. Rozendal, H. V. Hamelers, K. Rabaey,
J. Keller, C. J. Buisman. Towards practical
implementation of bioelectrochemical wastewater
treatment, Trends in Biotechnology, 2008, 26(8),
450-459.

V. G. Gude. Wastewater treatment in microbial
fuel cells—an overview, Journal of Cleaner
Production, 2016, 122, 287-307.

M. Schechter, A. Schechter, S. Rozenfeld, E.
Efrat, R. Cahan. Anode biofilm, Technology and
Application of Microbial Fuel Cells, 2014, 57.

D. Pant, G. V. Bogaert, L. Diels, K. Vanbroekhoven.
A review of the substrates used in microbial fuel
cells (MFCs) for sustainable energy production,
Bioresource Technology, 2010, 101(6), 1533-
1543.

T. Catal, A. Kul, V. E. Atalay, H. Bermek,
S. Ozilhan, N. Tarhan. Efficacy of microbial fuel
cells for sensing of cocaine metabolites in urine-

based wastewater, Journal of Power Sources,
2019, 414, 1-7.

https://doi.org/10.52111/qnjs.2022.16302

Quy Nhon University Journal of Science, 2022, 16(3), 39-50 | 47



QUY NHON UNIVERSITY

JOURNAL OF

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

SCIENCE

A. J. Mohammed, Z. Z. Ismail. Slaughterhouse

wastewater  biotreatment  associated  with
bioelectricity generation and nitrogen recovery
in hybrid system of microbial fuel cell with
aerobic and anoxic bioreactors, Ecological

Engineering, 2018, 125, 119-130.

A. G. Capodaglio, G. Olsson. Energy issues in
sustainable urban wastewater management: use,
demand reduction and recovery in the urban
water cycle, Sustainability, 2020, 12(1), 266.

A. S. Mathuriya, J. Yakhmi. Microbial fuel
cells to recover heavy metals, Environmental
Chemistry Letters, 2014, 12(4), 483-494.

Y. Cui, B. Lai, X. Tang. Microbial fuel cell-
based biosensors, Biosensors, 2019, 9(3), 92.

X. A. Walter, J. Greenman, I. A. Ieropoulos.
Microbial fuel
microcomputer, Journal of Power Sources,
2020, 446, 227328.

cells directly powering a

S. Kalathil, S. Patil, D. Pant. Microbial fuel
cells: electrode materials, Elsevier, Amsterdam,
The Netherlands, 2017, 1-10.

M. Zhou, M. Chi, J. Luo, H. He, T. Jin. An
overview of electrode materials in microbial fuel
cells, Journal of Power Sources, 2011, 196(10),
4427-4435,

P. Choudhury, U. S. Prasad Uday, T. K.
R. N. Ray, B. Bhunia.
Performance  improvement of microbial
(MFC) using
and Bioengineered organisms: a
Bioengineered, 2017, 8(5), 471-487.

Bandyopadhyay,
fuel cell suitable electrode

review,

M. N. Gatti, R.H. Milocco. A biofilm model

of microbial fuel «cells for engineering
applications, International Journal of Energy
and Environmental Engineering, 2017, 8(4),

303-315.

T. - H. Lan, C. - T. Wang, T. Sangeetha, Y. - C.
Yang, A. Garg. Constructed mathematical model
for nanowire electron transfer in microbial fuel
cells, Journal of Power Sources, 2018, 402, 483-
488.

L. Wang, C. Yang, T. Sangeetha, Z. He, Z. Guo,
G. Lei, A. Wang, W. Liu. Methane production

https://doi.org/10.52111/qn;js.2022.16302
48 | Quy Nhon University Journal of Science, 2022, 16(3), 39-50

30.

31.

32.

33.

34.

35.

36.

37.

in a bioelectrochemistry integrated anaerobic
reactor with layered nickel foam electrodes,
Bioresource Technology, 2020, 123657.

C. Santoro, C. Arbizzani, B. Erable, I. Ieropoulos.
Microbial fuel cells: from fundamentals to
applications. A review, Journal of Power

Sources, 2017, 356, 225-244.

H.H.Lam, D.T. Tran, T. T. H. Dinh, E. Korneeva,
V. T. Nguyen, K. Yoshimura, S. Hasegawa, S.
Sawada, M. V. Tran, Q. H. Nguyen, A. T. Luu, V.
P. Dinh, Q. L. Le, Y. Mackawa. Morphological
characterization of grafted polymer electrolyte
membranes at a surface layer for fuel cell
application, Journal of Applied Polymer Science,
2021, 139(14), 51910.

H. N. Dai, T. K. N Le, T. K. T. Huynh, T. A.
D. Nguyen, M. V. Tran. Thermo-pretreatment
on bamboo biomass with ammonia, Journal of
Science and Technology, 2016, 54(4B), 24-29.

H. N. Dai, T. K. T. Huynh, T. A. D. Nguyen, T.
V. V. Do, M. V. Tran. Hydrothermal and steam
explosion pretreatment of bambusa stenostachya

bamboo, Waste and Biomass Valorization, 2021,
12(9), 1-10.

H. N. Dai, T. T. Vo, T. A. D. Nguyen, M. V.
Tran, L. P. M. Le. Hydrogen production from
acidic, alkaline and steam exploded bambusa
stenostachya hydrolysates in dark fermentation,
Biomass Conversion and Biorefinery, 2021.

H. N. Dai, T. A. D. Nguyen, L. P. M. Le, M. V.
Tran, T. - H. Lan, C. - T. Wang. Power generation
of Shewanella oneidensis MR-1 microbial
fuel cells in bamboo fermentation effluent,

International Journal of Hydrogen Energy,
2020, 46(31), 16612-16621.

K. L. Dinh, C. T. Wang, H. N. Dai, V. M. Tran,
M. L.P. Le, 1. A. Saladaga, Y. A. Lin. Lactate and
acetate applied in dual-chamber microbial fuel
cells with domestic wastewater, International
Journal of Energy Research, 2021, 45(7),
10655-10666.

T. Sangeetha, I. - T. Li, T. - H. Lan, C. - T. Wang,
W. - M. Yan. A fluid dynamics perspective on
the flow dependent performance of honey comb
microbial fuel cells, Energy, 2021, 214, 118928.



QUY NHON UNIVERSITY

JOURNAL OF

38.

39.
40.

41.

42.

43.

44.

45.

46.

47.

48.

SCIENCE

P. R. Satpathy, R. Sharma, S. Jena, A. shade
dispersion interconnection scheme for partially
shaded modules in a solar PV array network,
Energy, 2017, 139, 350-365.

M. V. Dyke. An album of fluid motion, USA, 1982.
J. Welty, G. L. Rorrer, D. G. Foster. Fundamentals

of momentum, heat, and mass transfer, John

Wiley & Sons, 2020.

T. Sangeetha, I. - T. Li, T. - H. Lan, C. - T. Wang,
W.-M. Yan. A fluid dynamics perspective on the
flow dependent performance of honey comb
microbial fuel cells, Energy, 2021, 214, 118928.

D. Ye, Y. Yang, J. Li, X. Zhu, Q. Liao, B. Deng,
R. Chen.
microbial fuel cell based on graphite electrodes,

Performance of a microfluidic

International Journal of Hydrogen Energy,
2013, 38(35), 15710-15715.

T. H. Sleutels, H. V. Hamelers, C. J. Buisman.
Effect of mass and charge transport speed
and direction in porous anodes on microbial
electrolysis cell performance, Bioresource

Technology, 2011, 102(1), 399-403.

Y. Yang, D. Ye, Q. Liao, P. Zhang, X. Zhu,
J. Li, Q. Fu. Enhanced biofilm distribution and
cell performance of microfluidic microbial fuel
cells with multiple anolyte inlets, Biosensors
and Bioelectronics, 2016, 79, 406-410.

Y. - M. Chen, C. - T. Wang, Y. - C. Yang. Effect
of wall boundary layer thickness on power
performance of a recirculation microbial fuel
cell, Energies, 2018, 11(4), 1003.

A. Ter Heijne, O. Schaetzle, S. Gimenez,
F. Fabregat-Santiago, J. Bisquert, D. P. Strik,
F. Barriere, C. J. Buisman, H. V. Hamelers.
Identifying charge and mass transfer resistances
of an oxygen reducing biocathode, Energy &
Environmental Science, 2011, 4(12), 5035-5043.

H. Beyenal, Z. Lewandowski. Internal and
external mass transfer in biofilms grown at
various flow velocities, Biotechnology Progress,
2002, 78(1), 55-61.

T. Li, L. Zhou, Y. Qian, L. Wan, Q. Du, N. Li,
X. Wang. Gravity settling of planktonic bacteria
to anodes enhances current production of microbial
fuel cells, Applied Energy, 2017, 198,261-266.

49.

50.

51.

52.

53.

54.

55.

56.

57.

I. Teropoulos, J. Winfield, J. Greenman. Effects
of flow-rate, inoculum and time on the internal
resistance of microbial fuel cells, Bioresource
Technology, 2010, 101(10), 3520-3525.

N. Eaktasang, C. S. Kang, S. J. Ryu, Y. Suma,
H. S. Kim. Enhanced current production by
electroactive biofilm of sulfate-reducing bacteria
in the microbial fuel cell, Environmental
Engineering Research, 2013, 18(4), 277-281.

C. - T. Wang, Y. - S. Huang, T. Sangeetha,
W. - M. Yan. Assessment of recirculation
batch mode operation in bufferless bio-cathode
microbial Fuel Cells (MFCs), Applied Energy,
2018, 209, 120-126.

L. Zhang, X. Zhu, H. Kashima, J. Li, D. - d. Ye,
Q. Liao, J. M. Regan. Anolyte recirculation
effects in buffered and unbuffered single-
chamber air-cathode microbial fuel

Bioresource Technology, 2015, 179, 26-34.

cells,

S. F. Ketep, A. Bergel, M. Bertrand, W. Achouak,
E. Fourest. Lowering the applied potential
during scratching/re-inoculation
improves the performance of microbial anodes

successive

for microbial fuel cells, Bioresource Technology,
2013, 127, 448-455.

V. R. Nimje, C. Y. Chen, C. C. Chen, J. Y. Tsai,
H. - R. Chen, Y. M. Huang, J. - S. Jean,
Y. - F. Chang, R. - C. Shih. Microbial fuel cell
of Enterobacter cloacae: Effect of anodic pH
microenvironment on current, power density,
internal resistance and electrochemical losses,
International Journal of Hydrogen Energy,
2011, 36(17), 11093-11101.

G. Jadhav, M. Ghangrekar. Performance of
microbial fuel cell subjected to variation in
pH, temperature, external load and substrate
concentration, Bioresource Technology, 2009,
100(2), 717-723.

G. C. Gil, I. S. Chang, B. H. Kim, M. Kim,
J. - K. Jang, H. S. Park, H. J. Kim. Operational
parameters affecting the performance of a
mediator-less microbial fuel cell, Biosensors
and Bioelectronics, 2003, 18(4), 327-334.

R.Kaji, B. Azzopardi. The effect of pipe diameter
on the structure of gas/liquid flow in vertical
pipes, International Journal of Multiphase
Flow, 2010, 36(4), 303-313.

https://doi.org/10.52111/qnjs.2022.16302

Quy Nhon University Journal of Science, 2022, 16(3), 39-50 | 49



QUY NHON UNIVERSITY
R\ SCIENCE

58. M. Vijayan, S. Jayanti, A. Balakrishnan, Effect
of tube diameter on flooding, International
Journal of Multiphase Flow, 2001, 27(5),
797-816.

59. X. Li, L. Hu, F. Shang. Flame downwash
transition and its maximum length with
increasing fuel supply of non-premixed jet in
cross flow, Energy, 2018, 164, 298-305.

60. C.T.Wang, . T. Li,J. H. Jang. Effect of electrode
spacing on the performance of microbial fuel

https://doi.org/10.52111/qn;js.2022.16302

61.

cells with a honeycomb flow straightener,
International Journal of Energy Research, 2020,
44(14), 12136-12144.

J. Xu, G. P. Sheng, H. - W. Luo, W. - W. Li, L. -
F. Wang, H. - Q. Yu. Fouling of proton exchange
membrane (PEM) deteriorates the performance
of microbial fuel cell, Water Research, 2012,
46(06), 1817-1824.

50 | Quy Nhon University Journal of Science, 2022, 16(3), 39-50



