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Abstract

Applications of MFCs (Microbial Fuel Cells) are genuinely fascinating! The reducing equivalents produced during the operation of MFCs
have a variety of uses, especially in energy generation and waste management. Generally, we can categorize MFC applications into three
main areas: power generation, wastewater treatment, and the recovery of valuable byproducts. When substrates are broken down, they
release reducing equivalents that interact with an electron acceptor at a specific location in the MFC, called the cathode, which ultimately
generates power. Furthermore, while the MFC is operating, certain oxidized metabolites may accept electrons, resulting in the creation of
reduced end products with economic value. Beyond these three main applications, there are numerous other fascinating uses for MFCs,
depending on their design and operational mode, which can fit into one or more of these categories.
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1. Introduction

Curiously, microbes can produce energy by oxidizing a source electron and reducing an acceptor electron [1] [3]. To generate phosphate
bonds, which are rich in energy, like ATP, this is critical for establishing a proton motive force [5]. The growth of microbes and their various
metabolic processes relies on these phosphate bonds. Each framework's thermodynamic hierarchy of electron acceptors determines TEA's
specific function. When oxygen (02) isn’t around, other electron-accepting molecules step in to help move electrons along the redox
cascade [2]. However, this process tends to slow down due to the thermodynamic favourability of the reactions [7]. Ohmic losses happen
due to the electrical resistances found in the electrodes, at the junction between the solution and the electrode, and across the electrolyte-
membrane interface [15]. To really ramp up power densities, it's crucial to manage these ohmic losses, especially since they pop up right
when we're generating the best voltage and current [9]. Increasing the electrolyte's electrical conductivity or using electrodes made of
highly conductive materials are two ways to deal with these losses. Microbial fuel cells (MFCs) can have their operating costs lowered by
including noble metals like titanium or platinum [11]. In addition to improving the electrolyte conductivity and increasing total cost effi-
ciency, employing waste as anodic fuel has other benefits. Expanding the usage of MFC-based systems, utilizing other electrode materials,
and simplifying their construction and operation are the primary objectives of this effort [4]. The project's main goal is to develop bioelectric
MFCs that do not require mediators. Clean-up and treatment of organic waste in an eco-friendly manner (WWW).
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Fig. 1: Electron Transfer Mechanism.

2. Materials and Methods

Using metals as electron acceptors has its drawbacks: once those metal ions run out, they need to be replaced, and releasing them into the
environment can be harmful. For this reason, aerated or open-air cathodes, which produce oxygen, are ideal for use as electron acceptors
in microbial fuel cells (MFC) [12]. While single-chamber systems typically exhibit less electrogenic activity compared to double-chamber
systems due to constraints in cathodic reduction reactions, they do resemble traditional wastewater treatment units.
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Fig. 2: Schematic Details of Dual-Chambered Aerated Microbial Fuel Cell.

Bacteria, in contrast to mitochondria, have an unusual method of producing energy. They use light to generate a proton gradient, a necessary
step in the ATP production process. Glycolysis and translocation across cell membranes use this ATP to produce energy [6]. The electron
transport pathways of prokaryotes, such as bacteria, operate directly within the plasma membrane since they lack mitochondria. The striking
similarity between mitochondrial transport chains and bacterial transport networks is quite intriguing. Amazingly, bacteria can employ a
vast array of electron sources. In the presence of organic energy sources, molecules like as succinate, NADH, or succinate dehydrogenase
are allowed to enter the electron transport chain. Complex II in mitochondria is analogous to its function [13]. Format, glyceraldehyde-3-
phosphate, lactate, and H2 dehydrogenases are among the dehydrogenases that play a crucial role in the conversion of various energy
sources. Some dehydrogenases transfer protons to the proton pump, whereas others carry electrons to the quinone pool. Strangely, dehy-
drogenases are typically only produced when absolutely required, showing that bacteria are quite good at selectively activating enzymes
from their DNA toolbox in reaction to their environment [8].

Although the literature review presents a broad overview of the issues with the field of MFC scale-up, there is no critical perspective on
the current challenges of scaling MFCs. Most recently, reports have indicated contradictory results with respect to the commercialization
of MFCs, particularly with notions of cost-effective electrode materials and optimizing microbial consortia [22]. These edifices to com-
plexities indicate that while MFCs may be promising in various capacities, it remains complex to culture them in an industrial setting [13]
[25].

The experimental systems, including the two-chambered microbial fuel cells (MFCs), were designed to aid in the procedural nature of
electron transfer. As seen in the Results, the dual-chamber system was prominent over the single-chamber system because it was able to
isolate the anodic and cathodic reactions, achieving high efficiency and stability.

3. Results and Discussion

Soil bacteria have a unique job-they eat tiny nutrients and sugars from the soil and produce electrons in return to put back into the ground.
Let me explain electrons. These are tiny little particles that carry a negative charge.
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There are a lot of factors that determine the output power. Where soil serves as the electrolyte and factors such as microbial fuel cell design,
electrode size and spacing, material selection, and electrolyte conductivity are considered. As the bacteria begin to draw energy from the
soil's nutrients, you'll see a gradual rise in power production that eventually plateaus. [14]

New reports have shown a significant increase in power output using new electrode materials. For example, electrodes made from graphene
showed an increase of 20% in power density over their carbon cloth electrodes. Also, it has been shown that increasing electrode conduc-
tivity can improve the performance of 15% in microbial fuel cells [23] [26].
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Fig. 4: Crystal Violet Assay of Electrodes at End of Each Cycle.

Biofuel cells (BFCs) are incredible because they convert the kinetic energy of organic molecules into electricity. The process relies on the
metabolic processes that bacteria use to decompose organic contaminants.
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Fig. 5: Surface Area of Extracellular Polymeric Substances on Electrode Cm-2 Across Various Cycles.

Nanotechnologies are really shaking things up in the world of biofuels and bioenergy. They’re showcasing some of the most thrilling
advancements in science and technology that we've come across recently. Thanks to their unique properties, nanoparticles are proving to
be incredibly useful across various industries, including food processing, electronics, medicine, and agriculture. It's no wonder that scien-
tists are increasingly drawn to this growing trend.
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Fig. 6: The MFC's CV Curve at the 1st and 6th Cycles.

After extensive investigation, scientists have shown that BFCs made with nanoscale materials have much improved performance.
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Coulombic efficiency and COD elimination change with different cycles, as seen in Fig. 7. The figure shows that the elimination of COD
and Coulombic Efficiency both rise with the number of cycles, suggesting that longer durations of operation promote higher electron
transfer and microbial activity. This is an intriguing finding.

The intense oxidative force produced by the anode is the cause of concentration losses. This causes the electron donor to undergo oxidation
prior to the electrons reaching the anode and, later, the cathode. At greater current densities, when the MFC can become unstable, this
becomes a more relevant issue.
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Fig. 8: SEM Images of the Microbes.

Even while it's normally not a big deal when MFCs are working, concentration polarization can become a barrier to electron transport to
the anode surface if a thick, non-conductive biofilm develops on the anode. Activation energy is the necessary initial energy for any bio-
logical response to begin.
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Fig. 9: Current-Voltage (i-V) Characteristics of the CC Electrode.

A variety of electrode materials were used to examine the current-voltage (i-V) characteristics of the microbial fuel cell (MFC), as shown
in Figure 9. The results show that the voltage is directly related to the current density, and the carbon cloth electrode has the highest voltage
and stability throughout the cycles.

For reactants to become products, they must first pass this activation energy barrier. In a similar vein, activation overpotential can cause
losses during processes like anode oxidation or bacterial surface reduction, which both demand activation energy.

Research into certain nanomaterials, such as graphene, could enhance electrode conductivity and MFC performance in future investiga-
tions. Also, exploration of special microbial strains (which have a higher electron transfer rate or stronger biofilm development) may further
enhance MFC performance and stability, particularly in an industrial-scale environment.

4. Conclusion

This study establishes the foundation for further research aimed at using bioenergetics to improve technology and the environment. In this
study, wastewater was effectively used to generate power through the application of microbial fuel cell technology. The carbon cloth, both
as an anode and cathode, exhibits good results with stability among all electrodes (CC, GrR, CP, and WC) employed in the study. Results
were good with the carbon cloth electrode because it is inexpensive, insensitive to biological product poisoning, highly stable against bio-
fouling, chemically and electrochemically stable, highly electrocatalytically active for oxidizing various metabolites, and it is biocompati-
ble (no microbial toxicity). According to the results, MFC technology is going to be popular among sustainable bioenergy processes and
will be useful for treating wastewater and generating power in the future.
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