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Abstract 
Microbial Fuel Cells (MFCs) represent an innovative 
and sustainable approach to generating clean energy 
from organic waste. This bio-electrochemical system 
leverages the metabolic activities of microorganisms 
to convert organic matter into electricity. Given the 
vast amounts of agricultural organic waste, MFCs 
hold significant potential in the field. This article 
explores MFC technology, its various types, specific 
applications in agriculture, and the prospects it offers 
for sustainable farming. By using agricultural waste to 
generate electricity, MFCs could enhance resource 
efficiency, reduce greenhouse gas emissions, and 
contribute to energy self-sufficiency in farming. 

Introduction 

The global agricultural sector faces mounting 
challenges to increase food production for a growing 
population and adopt sustainable practices that 
reduce its environmental impact. Agriculture is a 
significant contributor to greenhouse gas emissions, 
producing methane, nitrous oxide, and carbon dioxide 
through practices such as livestock farming, fertilizer 
application, and waste decomposition. Additionally, 
the sector generates large volumes of organic waste, 
including crop residues, manure, and unused 
biomass, which often require energy-intensive 
processing and disposal methods. As the need for 
greener alternatives grows, there is increasing interest 
in renewable energy sources and waste management 
solutions that align with sustainable agriculture. This 
is where Microbial Fuel Cells (MFCs) present an 
innovative and promising technology (Rojas et al., 
2020). 

Microbial Fuel Cells are bio-electrochemical 
systems that harness the metabolic activities of specific 
microorganisms to convert organic matter into 
electrical energy. MFCs work by using bacteria as 
biocatalysts to break down organic waste, such as 
manure or crop residues, in an anaerobic 
environment, generating electrons as a byproduct. 
These electrons are then harvested to produce 
electricity (Fig 1). Unlike traditional combustion-

based energy generation, MFCs operate at low 
temperatures, do not release harmful pollutants, and 
have the advantage of utilizing waste material as a 
fuel source. This makes them uniquely suited for 
application in agricultural settings where organic 
waste is abundant (Rajesh and Kumawat, 2023). 

Beyond energy production, MFCs offer several 
additional benefits for agriculture. They can improve 
soil health by recycling nutrients back into the soil 
during the microbial breakdown process, reducing the 
need for chemical fertilizers. Moreover, MFCs have 
the potential to power sensors and small devices in 
remote farming areas, where access to the electrical 
grid is limited. For example, soil-based MFCs can 
generate enough energy to operate low-power sensors 
that monitor soil moisture and nutrient levels, 
enabling farmers to implement precision agriculture 
techniques for enhanced productivity (Pandit et al., 
2021).  

While MFC technology is still emerging, its 
potential to transform agriculture is clear. With 
continued research and development, MFCs could 
address key issues in sustainable farming by offering 
a self-sustaining source of energy, reducing waste, 
and cutting greenhouse gas emissions. As the 
agriculture sector seeks ways to become more 
sustainable, MFCs stand out as a multifaceted solution 
that could contribute to a more resilient, resource-
efficient future for farming. 

Fig. 1. A typical structure of MFCs (Source: adapted 
from Prathiba et al., 2022) 
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Types of Microbial Fuel Cells 

1. Mediator-based MFCs: In mediator-based 
MFCs, an artificial mediator is added to facilitate 
the transfer of electrons from the bacteria to the 
anode. This setup allows for a more efficient 
electron transfer but can be costly due to the 
chemicals involved. 

2. Mediator-free MFCs: Mediator-free MFCs rely 
on bacteria that can transfer electrons directly to 
the anode without an artificial mediator. These 
are considered more sustainable and 
economical, as they avoid the need for synthetic 
mediators. However, they typically require 
specialized types of bacteria, such as Shewanella 
and Geobacter, which are efficient at direct 
electron transfer. 

3. Single-chamber MFCs: Single-chamber MFCs 
use only one compartment, where both the 
anode and cathode are housed. This design 
simplifies the structure, reducing costs and 
making it suitable for low-power applications in 
agriculture, such as soil-based systems or 
irrigation monitoring. 

4. Double-chamber MFCs: Double-chamber 
MFCs consist of two separate chambers: one for 
the anode and one for the cathode, separated by 
a membrane. This design enhances efficiency by 
maintaining optimal conditions for microbial 
activity but can be more complex and expensive 
to maintain. 

5. Soil-based MFCs: These MFCs are directly 
integrated into the soil, where soil microbes act 
as biocatalysts to generate electricity. This type 
is particularly relevant for agriculture, as it can 
use the natural microbial activity in soil to 
produce energy for monitoring and small-scale 
irrigation systems (Prathiba et al., 2022). 

Applications in agriculture 

1. Waste management: Agriculture produces vast 
amounts of organic waste, from crop residues to 
animal manure. MFCs provide a practical 
solution by converting this waste into electricity, 
helping farms manage waste sustainably while 
generating power for on-site needs. 

2. Soil health monitoring and improvement: Soil-
based MFCs can be placed in fields to monitor 
soil health, providing data on moisture, nutrient 

content, and pH levels. The byproducts of the 

microbial process can also enrich soil by 

releasing essential nutrients, promoting better 
crop health and reducing dependence on 
chemical fertilizers. 

3. Irrigation systems: MFCs can power sensors 
and small automated irrigation systems, 
particularly in remote areas where electricity 

access may be limited. This self-sustaining 
energy source ensures efficient water use and 
reduces reliance on external energy, making it a 
valuable tool for precision agriculture. 

4. Reduction of greenhouse gas emissions: By 

converting waste into energy, MFCs help reduce 
methane and carbon dioxide emissions from 
decomposing organic matter. This contributes to 

climate-friendly agricultural practices and 
aligns with global efforts to reduce greenhouse 
gases. 

5. Powering agricultural sensors and devices: 
MFCs can provide sustainable energy for 

various farm sensors that monitor crop growth, 
soil conditions, or environmental factors. This 
technology could potentially power low-energy 

devices across large farms, enabling real-time 

data collection to optimize farming practices. 

Conclusion  

Microbial Fuel Cells (MFCs) present a 
transformative approach to harnessing biological 

processes for sustainable energy production. By 
utilizing the metabolic activity of microorganisms, 
MFCs not only generate electricity but also offer a 
promising solution for environmental challenges like 

wastewater treatment and organic waste 
management. Their potential to serve as renewable 
energy sources, combined with their ability to treat 

agricultural and industrial waste, positions MFCs as a 

key technology in the move towards sustainable 
agriculture. Although challenges remain, such as 
improving efficiency, scaling up for industrial 

applications, and reducing costs, ongoing research 
continues to unlock their full potential. As innovations 
in materials, microbial communities, and system 

designs progress, MFCs could play a pivotal role in 
creating a greener, more sustainable future, 
integrating energy production with environmental 
conservation. The future of MFCs in agriculture and 
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other sectors holds exciting possibilities for clean 

energy solutions and ecological improvements. 
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