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Abstract

The Microbial Fuel Cell is a bio-electrochemical process that produces energy or electricity from different chemical
compounds, such as waste material like food waste, agricultural residues, and various industrial and domestic
wastewater stream by the action of microorganisms. Mainly MFCs are designed as two-chambered, but here it is aimed
to demonstrate the utility of Single Chambered MFC (SCMFC) for producing energy. In this SCMFC, both the cathode and
anode chamber are reported to be constructed, to produce energy by reducing the complexity of the construction with
low-cost material. Even this SCMFC construction produces energy at low temperatures. In recent studies it is known
that reproducible cycles of power generation could be achieved at the two lowest temperatures of 4°C and 102C, and
production increases linearly with temperature. Using bamboo charcoal as an anode, it was noticed that production was
maximum with a current density of about 3.27 x 103 mW/m? with one MFC chamber. In the systems, electrochemical
microorganisms were oxidized with the chemical compound and released electrons in the anode chamber, and the
reduction of the oxygen through the circuit was also observed.

Keyword: Electrochemically active microorganisms; Single chambered Microbial Fuel Cell; Bioenergy; Current; Green-
energy

1. Introduction

In recent news, the minerals are gradually reduced in our society. So, in the future, it will become challenging to produce
energy from minerals. Nowadays, the whole society cannot even imagine living without energy or electricity; in simple
words, our society has become energy-based society to cope with the technological advancements.l?l In our
environment, there are lots of different waste materials around us that are pollutants to nature. Recent studies that
work on waste materials and generate energy or electricity. These energies are totally eco-friendly, which helps us. The
energy is produced through the help of microorganisms that degrade the materials and generate energy. In the scientific
way, this process is known as Microbial Fuel Cell (MFC). 3] MFC is a bio-electrochemical system where organic matters
are converted from chemical energy into electric energy at the presence of microorganisms with the metabolic
reactions. It is a one of the closed systems, non-combusting device where energy is generated without burning4-¢l. In
our nature there are various types of microbes which are particularly and specifically responsible to degrade wastes.
Different types of MFC chambers are found to be single chambered MFC(SCMFC) and double chambered
MFC(DCMFCQC)"l. MFCs have separate anode and cathode chambers, and a physical barrier that consists two distinct
chambers. It is common to construct MFC, the anode part is responsible for break-down of waste material or organic
matter where microorganisms are present as biocatalysts. In the simple words, the wastes materials are used as the
feed of microorganisms. Single camber and double chamber MFC have a major difference, in DCMFC have two separate
chambers for anode and cathode. But in SCMFC there is no separated chamber like DCMFC.[°]
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Table 1 Difference between SCMFC & DCMFC [10-12]

World Journal of Biology Pharmacy and Health Sciences, 2026, 25(02), 207-215

Title SCMFC DCMFC

Configuration Anode and cathode are present in a same | Anode and cathode are present in
compartment. separate compartment.

Membrane It has no separating membrane. It has a proton exchange membrane.

Oxygen diffusion | Higher rate of oxygen diffused that can result in | Here, controlling the rate of oxygen level
lower efficiency due to competition between | is necessary because of separate
microbes and oxygen. chamber.

Operational Moreover, neutral pH is responsible for microbial | Expresses varying pH due to microbial

conditions growth. different metabolic activity in each

chamber.
Current Competitively lower output than DCMFC. Generally, gives higher output.
production

2. Materials and methods

In single chamber, anode and cathode parts are not separated, hence there is no proton exchange membrane. It a simple
design or construction of MFC. Detailed construction is described below -

2.1. Chamber Design

The chamber is mainly single cylindrical, where both anode and cathode are present. It is a simpler construction than
DCMEFC, and it is made up of this chamber and different types of materials, like PVC, Plexiglas, etc. [131 Through some
studies it is known that proton exchange membrane (PEM) can either be present or absent.

Table 2 Short description of anode & cathode and their mode of action

Anode Conductive materials are mainly used for attachment of microbes which is its suitable area and through
the activity of metabolic reaction it produces electrons. Carbon cloth, bamboo charcoal, graphite etc are
used as anodic electrodes. [10.12]

Cathode | Cathode mainly accepts the electron and transfers it in the air. It reduces the oxygen in water by the use
of catalyst like Platinum. [13.14]

In the surface of electrodes, microorganisms form biofilms that help to generate energy and convert organic to chemical

reaction. (Figl)
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Figure 1 A raw diagram of Single Chamber Microbial Fuel Cell

2.2. Inoculation

In this system, various types of microorganisms are present, like bacteria, algae, etc., which break down the organic
matter and produce electrons [15]. Some of microbes’ example and their function mentioned at the below:

Table 3 Categories some electrochemilly active bacteria strains with theirs functions

Microorganism Function

Geobacter sp. Some studies show that a species of Geobacter is a common good exoelectrogenes which
oxidize easily organic substrate and produced electric current in SCMFC.

Example - Geobacter sulfurreducens [16-18]

Bacillus sp. A paper demonstrated that Bacillus substilis which utilize carbon source like glucose and
electron acceptor such as nitrate in SCMFC.[10]

Shewanlla sp. It is similar to Geobacter sp., have a particular species that is Shewanlla puterfaciens. Can
reduce different electron acceptor such as metal ion.[1°]

Other anaerobic | Some research described that anaerobic bacteria also help in degradation of organic matter
bacteria in SCMFC through fermentation processes.

Example - Clostridium botulinum, Bacteroides fragilies, Lactobacillus sp. etcl20]

2.3. Mode of action of SCMFC

It is a simple construction and has a common mode of action[21-24] like -

2.3.1. Microbial metabolisms

Through the microbial metabolism, microbes break down the organic matter and released electron.
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2.3.2. Anodic reaction

Here microbes oxidize the organic matter and electron transfer to the anode. The reaction like -

Organic matter *co2 1+ H20 + ¢

2.3.3. Electron transfer

Through the external circuit electron transfer to the cathode and produce electron.

2.3.4. Cathodic reaction

Cathode capture the electron and generate the reduction reaction, involved oxygen form the air. The reaction like-

02+ 4e+2H —— 2H2O

Microbial Anodic Electron Cathodic

metabolisms reaction transfer reaction

Organic matter Electrons are Electron flow Reduction reaction
break down and transterred to to the cathode ocour in cathode
electrons release the anode

Figure 2 Step of mode of action of SCMFC

3. Results and discussion

Various factors are responsible for performances of Single chamber MFC which determined how much degrade organic
matter and produced current. The major factor which are responsible that are-

3.1. Substrate type

Production of output depend on the concentration of substrate. Glucose, acetate and wastewater used as substrate- [25]

Table 4 Using substrates and their mode of action

Substrate Mode of action

Glucose Itis simple carbon source of nutrient of microbes that typically produce high rate of energy. A research
show that, in SCMFC generate 693mV open circuit voltage.[25:26]

Wastewater | Wastewater is most valuable substrate which used in SCMFC where have present most of organic
matter and polluted agent. These degraded by microbial community and generated current. [27.28]

A report demonstrated that when glucose used as substrate, power densities about 52 mW/m2 but when acetate and
butyrate used as substrate that have shown high output then glucose.[2¢]

3.2. Electrodes material

For transformation of electron, electrodes material played vital role in SCMFC.
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Table 5 Some conditions and their functions

Conditions

Function

Surface area

Flat and large surface is good for system, where microbes are easily attaching to the surface that’s
why more microbes more energy produced.2°]

Conductivity

Good and high-quality conductivity used in SCMFC for high much electron production. Used as Carbon
cloth, Carbon nanotubes, Graphene etc.[27]

3.3. Operational parameter

Temperature, pH, external resistant play important role in SCMFC.

Table 6 Dependent variables and their roles

Depending Function

factor

Temperature Studies indicate that temperature can influence total output of the system like voltage, current
generation. Mesophilic temperature is best for SCMFC. [30]

Ph level In SCMFC, for microbial activity and energy generation, neutral pH is favourable condition. [27]

External It is very important to maintain the current density and effect the output of the system.[2531]

resistant

Table 7 Types of organic matter degraded

organic matter

Organic Analysis
matter
Domestic Studies indicate that domestic organic matters are degraded through the SCMFC and produced

electric energy. Some bacteria like Pseudomonas aeruginosa, Actinobacter schindleri that help to
degradation of the household waste materials.[32]

organic matter

Agricultural Studies indicate that raw corn is valuable effective degradation product which produced good

matter energy with the help of microbes. But output energy depends on the operational factor and
microbial community.[33]

Wastewater Research shows that to the help of microbial community and anodic reaction make a better
wastewater treatment plan. In wastewater, there have lots of organic matter present that can’t be
easily degraded. But degraded by the SCMFC such as Ammonia, Bisphenol. Although, in wastewater,
SCMFC continuously monitor Biological Oxygen Demand (BOD) and generate electric energy.[27]

Volatile Some paper describes current generate by the degradation of volatile organic matter.[3334

3.4. Current production

Depending on the various factor Single chamber Microbial Fuel Cell generated different value of current or current
density[353¢]. Though some paper reported that DCMFC produce more energy than SCMFC, but SCMFC generate
electricity or energy at very low temperature like 4° centigrade and production also increased gradually with
temperature.37]
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Table 8 Analysis output energy

Current output | An SCMFC, under the open circuit condition produced maximum current output about 960+50mA
examples and other operation condition or different configuration generate 672 +35mA.

Through another experiment report get to know, power density of 494 +21 mW/m2 generate
about 0.86mA.[%:38]

Power density | One report shows that using bamboo charcoal as anode and produced maximum current density
and current | about 3.27x103 mW/m? with one MFC chamber but when three MFC are joined then decrease
density about 1.14x103 mW/m?2. Through this result, demonstrated thatif increase the internal resistance
then decrease the power density.[%39:40]

Substrate Under optimal conditions use substrate such as food waste increased current density and report
utilizing indicate the value about 4.388 A/cm2[941-43],

4. Applications & Advantages

SCMFC degraded organic matter and produced electric energy. So, it has some advantages and applications. [4-471Some
applications and advantages of SCMFC : Water treatment, electricity generation, biosensor and byproduct recovery,
heavy metal recovery, sanitation.

Some advantages of SCMFC:

e Overall design is simpler than dual chamber MFC.

e Lower internal resistance gave higher power output.

e This system can freely uptake oxygen from the air that's why it facilitated to enhanced oxygen reduction and
have some environmental benefits such as pollution free energy.

5. Conclusion

The SCMFC experiments are going on only in small scale process but would not grow up in large scale process. So, it is
a big research gap, if it is going on large scale process then generated high energy which is green energy and helpful for
our environment because SCMFC degraded organic matter and produced electric energy.
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