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A B S T R A C T

Textile wastewater, particularly azo dyes, poses significant environmental challenges due to its poor biode
gradability and toxicity. This study explores a dual-chamber microbial fuel cell (MFC) for simultaneous waste
water treatment and electricity generation. The MFC consists of an anaerobic anode chamber and an aerobic 
cathode chamber, separated by a proton exchange membrane (PEM). Electroactive microorganisms in the anode 
chamber metabolize organic substrates, including azo dye contaminants, breaking them down into simpler by- 
products. Electrons released during this process flow through an external circuit to generate current, while 
protons migrate across the PEM to the cathode chamber for oxygen reduction. Electrochemically active microbes 
were isolated from azo-dye-contaminated soil, and their degradation abilities validated through assays. Opti
mized carbon-based electrodes and a Nafion 117 PEM were used to enhance conductivity and microbial activity. 
UV–Vis spectroscopy tracked dye degradation, with the absorbance peak of reactive yellow dye at 410 nm 
decreasing from 2.9 to 0.4, indicating effective azo-bond cleavage. The MFC achieved peak voltage and current 
outputs of 0.20 mV and 0.16 mA, respectively, demonstrating its dual functionality. Adding NaCl as a supporting 
electrolyte further improved ionic conductivity and performance. This study demonstrates MFC technology as a 
sustainable solution for industrial wastewater challenges, integrating microbial degradation with bioelectricity 
generation. Future work should address scalability, operational stability, and advanced electrode designs to 
enhance its practical applications.

Introduction

The scarcity of clean water resources and sustainable energy have 
become two significant challenges modern worldwide society faces (Kim 
et al., 2024; Wang and Azam, 2024). With population growth and 
ongoing industrialisation, the conflict between wastewater treatment 
demands and the energy consumption required for the corresponding 
processes has become increasingly pronounced (Duan et al., 2024). This 
issue harms ecosystems and significantly hinders the achievement of 
global sustainable development goals (Mehmood et al., 2023; Singh 
et al., 2023). Among the various sources of industrial effluent, dye 
wastewater, particularly that containing azo-dyes, is of particular 

concern. These pollutants are characterised by their complex chemical 
structures and poor biodegradability, resulting in high ecological 
toxicity (Gude, 2016; Yaqoob et al., 2021). If inadequately treated, the 
discharge of dye wastewater can lead to eutrophication, the accumula
tion of toxic compounds in aquatic ecosystems, and subsequent threats 
to human health and biodiversity (Gadore et al., 2024; Kifle et al., 2023).

On top of this context, microbial fuel cells (MFCs) have garnered 
substantial attention because of their dual potential for wastewater 
treatment and energy recovery. MFCs are bioelectrochemical systems in 
which bacteria oxidise organic matter and transfer electrons through 
electron transport chains to electrode surfaces, generating electricity (Ye 
et al., 2024). This process utilises microbial metabolic activity and 
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leverages bioelectrochemical mechanisms to create a renewable energy 
source while reducing organic waste. This technology harnesses mi
crobial metabolic activity to degrade organic pollutants into harmless 
molecules while simultaneously generating electricity (Bajracharya 
et al., 2015; Zhou et al., 2024). Electricity generation in MFCs relies on 
the natural cellular respiration processes of exoelectrogenic bacteria, 
such as Geobacter sulferreducens and Shewanella putrefaciens. These 
bacteria are electro-chemically active and can transfer electrons to 
anode surfaces, utilising conductive pili and soluble electron shuttles to 
facilitate electron transfer outside their cells. The setup typically in
volves an anaerobic anode chamber where microbial oxidation occurs 
and an aerobic cathode chamber for electron acceptance.

Compared to traditional wastewater treatment methods, MFCs have 
the advantage of significantly reducing energy consumption and can 
produce valuable by-products, for example, electrical energy or chemi
cal resources (Wang et al., 2022; Ahmed and Kim, 2024). MFCs have 
demonstrated the capacity to treat a wide range of pollutants, including 
heavy metals and organic compounds, through microbial reduction and 
oxidation processes. Adsorption processes, such as those involving 
manganese dioxide, have been shown to remove heavy metals from 
wastewater effectively (Kanungo et al., 2004). Specific microbes, known 
as electrons, directly accept or transfer electrons to electrodes, 
enhancing pollutant removal (Wu et al., 2020). For example, Geobacter 
species have been extensively studied for their ability to reduce heavy 
metals such as chromium and uranium via electrode-based electron 
transfer mechanisms. Therefore, MFCs are increasingly regarded as a 
promising solution to the interconnected problems of environmental 
pollution and energy shortages.

Traditional wastewater treatment methods have many challenges in 
addressing the increasing effluent, which often relies on energy- 
intensive physical, chemical, or biological processes, for example, acti
vated sludge systems and chemical oxidation, with energy requirements 
ranging from 950 to 2850kJ per cubic metre of water treated (Li et al., 
2023; Kim et al., 2024; Gadore et al., 2024). Moreover, the traditional 
methods are often inefficient in handling complex pollutants, including 
azo-dyes. They usually require additional chemical inputs or energy, 
raising operational costs and causing secondary pollution (Singh et al., 
2023; Bajracharya et al., 2015). Meanwhile, global energy production 
still relies heavily on fossil fuels, including oil, natural gas, and coal 
(Wang and Azam, 2024). These resources are finite, whereas their 
extraction, transportation, and usage lead to significant amounts of 
greenhouse gases, exacerbating climate change (Mehmood et al., 2023; 
Osman et al., 2023). According to portions by the International Energy 
Agency (IEA), global energy demand is expected to rise to 18 billion 
tonnes of oil equivalent by 2035, a 50 % increase from the current level 
of 12 billion tonnes (Ye et al., 2024; Wang and Azam, 2024). The non- 
renewable nature of fossil fuel reserves underscores the urgent need 
for alternative, clean, and renewable energy sources.

Thus, developing integrated technologies that can simultaneously 
utilise wastewater as a resource and recover energy is essential. 
Addressing these challenges requires tackling multiple technical bot
tlenecks, including enhancing energy efficiency during pollutant 
removal and increasing the recovery of chemical energy embedded in 
wastewater. MFCs, as an emerging bioelectrochemical system, have 
demonstrated outstanding potential in degrading organic pollutants 
while recovering electrical energy. The degradation of- organic and 
inorganic pollutants in wastewater using MFCs is achieved through the 
action of electroactive microbes, often referred to as exoelectrogens. 
These microbes facilitate the breakdown of pollutants in the anode 
chamber, releasing electrons that travel through an external circuit to 
the cathode chamber, where protons react with oxygen to form water. 
Advanced mechanisms such as long-range electron transfer via 
conductive pili have been identified as critical for improving the effi
ciency of electron transport and enhancing power generation. However, 
there are still significant challenges, including low energy output, dif
ficulties in scaling up, and long-term operational instability (Gude, 

2016; Rathinavel et al., 2024). The current focus of researchers and 
industry lies in exploring high-efficiency and sustainable wastewater 
treatment and energy recovery solutions, particularly for the practical 
application of MFCs in handling complex industrial wastewater.

Current research indicates that MFCs can degrade complex organic 
pollutants in wastewater through microbial metabolism while convert
ing the chemical energy stored in the pollutants into electricity. This 
dual functionality offers a promising solution for addressing environ
mental pollution and energy recovery challenges (Bajracharya et al., 
2015; Umar et al., 2020). Under controlled laboratory conditions, 
studies have demonstrated that optimising microbial communities and 
electrode materials significantly enhances the degradation efficiency of 
recalcitrant pollutants, including azo-dyes and promotes electro
chemical reactions (Yaqoob et al., 2021; Zhou et al., 2024). Moreover, 
improvements in the conductivity and biocompatibility of specific 
electrode materials have further validated the feasibility of MFCs at the 
laboratory scale (Umar et al., 2020; Rathinavel et al., 2024).

However, most of these related studies remain confined to small- 
scale laboratory settings and lack validation in real-world industrial 
wastewater scenarios (Gude, 2016; Singh et al., 2023). For instance, 
industrial effluents containing azo-dyes are known for their high 
chemical stability and poor biodegradability, presenting significant 
challenges in wastewater treatment. While existing chemical and 
physical treatment methods can partially degrade such pollutants, they 
are often associated with high energy consumption and potential sec
ondary pollution (Rathinavel et al., 2024; Zhou et al., 2024). By 
contrast, MFCs, with their unique bioelectrochemical mechanisms, can 
achieve efficient pollutant degradation and simultaneous energy re
covery, which can significantly reduce treatment costs and environ
mental impact. Nonetheless, challenges, including low energy output, 
long-term operational stability, and the ability to handle complex pol
lutants, remain critical obstacles to transitioning MFC technology from 
laboratory research to industrial-scale applications (Singh et al., 2023; 
Zhou et al., 2024).

Further research is required in several critical areas to enable the 
large-scale application of MFCs in industrial wastewater treatment. 
First, an in-depth exploration of the relationship between microbial 
electron transfer mechanisms and electrode optimisation is essential to 
improving energy output efficiency (Yaqoob et al., 2021; Zhou et al., 
2024). Second, enhancing the degradation efficiency and stability of 
MFC systems under conditions involving complex pollutants is crucial. 
Last, designing MFC systems that are better suited to the operational 
conditions of real-world industrial environments can lay the foundation 
for their broader industrial adoption. Integrated systems, such as mi
crobial fuel cells combined with constructed wetlands, highlight inno
vative approaches to enhance wastewater treatment efficiency (Saeed 
et al., 2022).

This study aims to investigate the degradation efficiency and elec
tricity generation performance of Microbial Fuel Cells (MFCs) in treating 
industrial wastewater containing azo-dyes. Microbial strains with high 
electrochemical activity were isolated from contaminated soil and 
characterised to optimise their catalytic efficiency. A dual-chamber MFC 
was constructed using carbon-based electrodes and a Nafion 117 proton 
exchange membrane to enhance system performance. The experimental 
process included monitoring dye degradation using UV–Vis spectros
copy and recording electrochemical outputs such as voltage and current. 
Additionally, the study evaluated the effects of operating conditions, 
including dye concentration and electrode materials, on system effi
ciency and stability. This research provides experimental evidence and 
insights for advancing sustainable wastewater treatment and energy 
recovery technologies.

The technical contributions of this study can be summarised as fol
lows: (i) A novel MFC-based method for the degradation of azo-dye 
wastewater and simultaneous energy recovery was proposed and vali
dated for its feasibility and effectiveness. (ii) The study systematically 
analysed the electrochemical mechanisms underlying microbial 
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degradation of azo-dyes, providing data and theoretical foundations for 
optimising MFC performance.

(iii) This study explored the practical application potential of MFCs 
in treating complex industrial wastewater, offering insights for scaling 
up this technology for industrial use.

The structure of the paper is as follows: Section 2 details the exper
imental method- ology, including microbial screening and MFCs system 
setup. Section 3 presents the experimental results and analysis, focusing 
on dye degradation efficiency and electricity generation. The main 
conclusions and directions for future research are discussed in Section 4.

Method

The methodology of this study is divided into three main parts: 
microorganism isolation and identification, MFC construction, and 
experimental measurements. Antimicrobial factors significantly deter
mine microbial activity during isolation and characterisation (Yang 
et al., 2023). Firstly, microorganisms with high electrochemical activity 
were isolated and cultivated from contaminated soil samples. To verify 
their pollutant degradation capabilities, these strains were screened and 
identified for suitability in degrading azo-dyes through rigorous 
biochemical tests, including staining and enzymatic activity analyses. 
Then, a dual-chamber MFC was constructed, incorporating carbon- 
based electrodes and a Nafion 117 proton exchange membrane to 
optimise system performance. Carbon-based electrodes, widely utilised 
for their high conductivity and microbial affinity, play a crucial role in 
wastewater treatment systems (Jatoi et al., 2024). The anode chamber 
contained dye wastewater and bacterial cultures, operating under 
anaerobic conditions, while the cathode chamber was filled with an 
electron acceptor solution and aerated to facilitate redox reactions. 
Finally, experimental measurements included using ultraviolet–visible 
(UV–Vis) spectroscopy to monitor the degradation efficiency of azo-dyes 
and digital multimeters to record voltage and current outputs from the 
MFC. The study also evaluated the impact of various operating param
eters, including dye concentration, electrode material, and operational 
duration, on the performance and stability of the system. Fig. 1 illus
trates the workflow of the study.

Microorganism isolation and identification

Synthetic dye wastewater preparation
Reactive yellow azo-dye was employed as a representative pollutant 

to simulate industrial wastewater contamination. In the beginning, 1 g 

(g) of the azo dye was dissolved in 1 L (L) of distilled water to prepare 
synthetic dye wastewater with a concentration of 1000 ppm (1 g/L). 
Then, 4.5 kg (kg) of loamy soil were collected from a farmland site at a 
depth of 30 cm (cm) below the surface to ensure uniformity and repre
sentativeness. The soil sample was thoroughly mixed with 1L of the 
synthetic dye wastewater to create contaminated soil, which served as 
the source for isolating and cultivating target microorganisms.

To separate microorganisms from the contaminated soil, 1 g of soil 
was dissolved in 99 ml (ml) of distilled water to produce an initial 
dilution. Serial dilutions were performed by transferring 1 ml of each 
diluted sample into 99 ml of distilled water, ultimately creating a dilu
tion series up to 10−9. Dilution samples at 10−5, 10−7, and 10−9 were 
inoculated onto three different culture media: Nutrient Agar, MAc
CONKEY Agar, and Sabouraud Dextrose Agar. The inoculated media 
were incubated at 25◦C for 24 h to promote the growth of bacteria and 
fungi.

The compositions of the three culture media were as follows: 

• Nutrient Agar: 28 g/L, comprising peptone, sodium chloride, beef 
extract, yeast extract, and agar, adjusted to a pH of 7.4 at 25 ◦C.

• MAcCONKEY Agar: 52 g/L, containing peptone, lactose, bile salts, 
sodium chloride, agar, and neutral red, adjusted to a pH of 7.4.

• Sabouraud Dextrose Agar: 65 g/L, consisting of dextrose, agar, and 
mycological peptone, adjusted to a pH of 5.6 at 25◦C.

Construction of microbial fuel cells (MFCs)

After incubation, target microbial strains were isolated from the 
colonies grown on the three culture media. The selected strains were 
transferred to a mineral salt medium using the streaking method to 
obtain pure cultures for subsequent experiments. The composition of the 
mineral salt medium included NH4NO3 (1 g/L), K2HPO4 (1 g/L), FeSO4 
(1 g/L), MnSO4 (1 g/L), CaCl2 (0.1 g/L), and yeast extract (1 g/L). The 
medium was dissolved in 1 L of sterile water and sterilised by auto
claving at 121◦C for 15 min. The isolated strains were then identified 
through Gram staining, catalase tests, and oxidase tests to determine 
their classification and electrochemical activity. Ultimately, high- 
efficiency bacterial strains capable of degrading azo-dyes were ob
tained, providing high-quality biocatalysts for the construction of mi
crobial fuel cells.

Fig. 1. Overview of the Proposed Microbial Fuel Cell (MFC) System Development and Evaluation Process.

J.N. Ndive et al.                                                                                                                                                                                                                                 



Waste Management Bulletin 3 (2025) 100195

4

Construction of microbial fuel cells (MFCs)

The microbial fuel cells (MFCs) system was constructed using a dual- 
chamber design consisting of an anode chamber and a cathode chamber. 
The anode chamber housed the microbial culture medium, while the 
cathode chamber contained the electron acceptor solution. The bacterial 
strains utilised in the anode chamber were those isolated and identified 
in Section 2.1 for their high electrochemical activity. These strains 
demonstrated strong azo-dye degradation capabilities and efficient 
electron transfer properties, serving as the core biocatalysts for pollutant 
treatment and energy recovery within the MFC system. The construction 
of the MFC focused on optimising electrode materials, assembling a 
robust cell structure, and enhancing both conductivity and proton 
transfer efficiency.

Electrode preparation
The experiment utilised three types of carbon-based electrode ma

terials: graphite plates, carbon felt, and carbon paper, each with a sur
face area of 16 cm2. To enhance the effective surface area, holes with a 
diameter of 0.1 cm were drilled into each electrode. To ensure optimal 
conductivity and biocompatibility, the electrode materials underwent a 
pre-treatment process comprising the following steps: 

• Immersion in a 0.5 M (molarity) sulphuric acid (H2SO4) solution for 
20 min to remove any metallic contaminants.

• Subsequent soaking in deionised water for 24 h further cleansed the 
electrodes and enhanced their conductive properties.

This pre-treatment was designed to improve the conductivity of the 
electrode materials and their compatibility with microbial electron 
transfer, thereby laying the groundwork for optimising the performance 
of the MFC system.

MFC Assembly
The MFC system utilised a dual-chamber design, with the anode and 

cathode chambers separated by a Nafion 117 proton exchange mem
brane. The membrane, measuring 25 cm2, underwent a pre-treatment 
process to enhance its porosity and proton conductivity. This involved 
sequential boiling in 30 % hydrogen peroxide (H2O2), deionised water, 
0.5 M sulphuric acid (H2SO2), and deionised water, each for one hour. 
The anode chamber contained 50 mL of bacterial culture and 25 mL of 
synthetic dye wastewater at a concentration of 50 mg/L, operating under 
sealed anaerobic conditions. The cathode chamber was filled with 75 mL 
of 0.1 M potassium permanganate solution as the electron acceptor and 
was aerated to maintain aerobic conditions. To improve solution con
ductivity, 5 mL of 0.1 M sodium chloride (NaCl) was added to both the 
anolyte and catholyte solutions. All openings were sealed with epoxy 
resin to prevent solution mixing and leakage, ensuring the stable oper
ation of the MFC system.

External circuit
The anode and cathode were connected using copper wires 

measuring 0.4 m in length and 1.5 mm in diameter, completing the 
external circuit setup. To enhance contact performance, the connection 
points between the electrodes and the copper wires were sealed with 
epoxy resin. After allowing the system to stabilise for 24 h, testing 
commenced, during which the open circuit voltage (OCV) was recorded. 
Voltage and current output were measured using a digital multimeter 
under three parallel resistance conditions: 330 Ω, 100 Ω, and 52 Ω. 
These measurements were repeated every 12 h, with the experiment 
running continuously for 25 days to evaluate the long-term stability of 
the system.

Experimental measurements

This study systematically evaluated the performance of MFCs, 

focusing on their efficiency in degrading azo-dye wastewater and 
generating electricity. The OCV was recorded using a digital multimeter, 
and voltage and current outputs were measured under three parallel 
resistance conditions: 330 Ω, 100 Ω, and 52 Ω. These measurements 
were taken every 12 h over a continuous 25-day period to assess the 
electrochemical performance and long-term operational stability of the 
system. Besides, the degradation efficiency of the azo-dye solution was 
monitored using UV–Vis spectroscopy by tracking changes in absor
bance. This allowed for the quantification of degradation rates and the 
development of dynamic concentration curves to analyse the kinetics of 
microbial pollutant degradation. The integration of bioelectrochemical 
systems demonstrates significant potential in energy recovery and 
pollutant transformation, as shown in related microbial electrosynthesis 
studies (Le et al., 2024).

The study also explored the effects of various operational parameters 
on system performance to identify optimisation strategies for improving 
degradation efficiency and power output. In terms of dye concentration, 
different initial concentrations were tested to determine their impact on 
pollutant degradation rates and electrochemical performance. The 
conductivity and microbial attachment properties of graphite plates, 
carbon felt, and carbon paper were compared for electrode material 
selection. Regarding operational duration, the stability of the MFC sys
tem was monitored across different time intervals to investigate its po
tential impact on degradation capacity and power generation. These 
investigations provided important insights into the limitations of MFC 
performance and potential optimisation strategies.

The analysis of experimental results revealed the synergistic mech
anisms between pollutant degradation and energy recovery in MFCs 
while also evaluating their stability and adaptability under varying 
conditions. Notably, a strong correlation was identified between 
degradation efficiency and electrochemical output, offering valuable 
theoretical and experimental support for enhancing the applicability of 
MFCs in industrial wastewater treatment. These findings provide robust 
data to assess the potential of MFCs and guide further design 
improvements.

Results and discussion

Isolation and identification of microbial species

Microbial Fuel Cells (MFCs) utilize electroactive microbes to 
generate electricity from organic substrates. Isolation involves culti
vating microbes from environments like wastewater and sludge under 
MFC-like conditions. Screening identifies electrogenic species via elec
trochemical tests and substrate utilization assays. Identification uses 
molecular techniques, such as 16S rRNA sequencing, to characterize 
microbes, advancing MFC efficiency for renewable energy and waste
water treatment applications.

The experiment aimed to isolate, identify, and characterise microbial 
strains capable of degrading reactive yellow dye and generating elec
tricity. This aligns with (Yaqoob et al., 2021) (Yaqoob et al., 2021). The 
microbial strains that seemed to thrive in azo-dye-contaminated soil 
were subjected to biochemical tests: oxidase, catalase, and gram stain
ing. Seventeen (17) microbial strains with different morphological and 
cultural characteristics were identified and assigned the numbers MO 1 
to MO 6 and CR 1 to CR 11. A total of 17 microbial strains with distinct 
morphological and cultural characteristics were isolated and charac
terised (Table 1). These included bacteria (for example, Bacillus Mega
trium and Lactobacillus delbrueckii) and fungi (for example, Aspergillus 
flavus and Aspergillus Miger). The % of similarities of the bacteria and 
fungi strains isolated from azo dye-contaminated soil were gotten using 
molecular sequencing methods (e.g., 16S rRNA for bacteria or ITS re
gions for fungi).
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Ultraviolet–Visible studies

In order to investigate the dye degradation and decolourisation as 
well as visualise the changes in the absorption spectra and the peaks and 
valleys corresponding to the chromophores contained in the reactive 
yellow dye compound, a full wavelength scan utilising an ultra
violet–visible spectrophotometer is crucial. Due to their capacity to 
absorb light, chromophore groups and conjugate bonds can be found 
using the ultraviolet–visible studies approach. The spectrophotometer 
used is called the Shimadzu uv-3600 manual.

Fig. 2 illustrates the UV–Vis absorption spectra of reactive yellow 
dye, with a significant reduction in the absorbance peak at 410 nm from 
2.9 to 0.4 after 7 days of microbial oxidation counting for the overall Azo 
dye removal efficiency of 86.20 %. A new peak at 325.5 nm with an 
absorbance of 1.1 indicates the fragmentation of the dye’s molecular 
structure, resulting in simpler, smaller molecules. The result obtained 
from the UV Vis absorption spectra graph shows that the absorbance 
peak of the reactive yellow dye at 410 nm decreased from 2.9 to 0.4 after 
7 days of microbial oxidation, indicating the degradation of azo bonds 
(−N=N-) and chromophore groups. This bathochromic shift, charac
terised by a new absorption peak at 325.5 nm with an intensity of 1.1, 
suggests the fragmentation of the dye into smaller, simpler molecules. 

This observation aligns with findings from Khandare et al. (2015) 
(Khandare and Govindwar, 2015).

The decrease in the intensity of the band from 2.9 to 0.4 at a 
wavelength of 410 and the new peak of 1.1 formed at a wavelength of 
325.5 nm are suggestive that the large dye structure consisting of the azo 
bonds (–N=N–) and the multiple aromatic ring compounds present in 
the reactive yellow dye had fragmented into smaller and simpler mol
ecules during the microbial oxidation in the anode chamber of the mi
crobial fuel cell. A similar result has been reported by Khandare et al. 
(2015) (Khandare and Govindwar, 2015).

While the observed degradation mechanisms and spectral shifts align 
with the enzymatic processes described by Khandare et al. (2015) 
(Khandare and Govindwar, 2015), this study extends its findings by 
demonstrating the application of these principles in a dual-chamber 
microbial fuel cell. This setup enables simultaneous dye degradation 
and energy recovery, highlighting its potential for practical bio
electrochemical applications. Advancements in biosystem- engineering, 
including plant microbial fuel cells, offer promising pathways for scal
able and sustainable applications of MFC technology (Nitisoravut and 
Regmi, 2017).

Electricity generation from microbial fuel cell

The microbial fuel cell (MFC) was designed to enhance ionic activity 
and conductivity using sodium chloride (NaCl) as the electrolyte 
(Fig. 3). NaCl facilitates the mass transfer of charged particles and boosts 
solution conductivity, thereby enhancing power output by increasing 
the ionic strength of both anolyte and catholyte solutions (Gil et al., 
2003). The voltage and current outputs were recorded under open cir
cuit conditions over an 8-day period to evaluate the bioelectrochemical 
performance of the MFC (Fig. 4). The voltage and current outputs were 
initially low, measured as 0.11 mV (Fig. 5) and 0.13 mA (Fig. 6), 
respectively. A significant increase in both parameters was observed on 
the sixth day, reaching peak values of 0.20 mV and 0.16 mA. This 
improvement coincided with the acclimatisation of the microbial com
munity to the carbon cloth anode.

The observed increase in voltage and current corresponds to the 
exponential growth phase of electrogens, where microorganisms effi
ciently oxidised the organic matter in the reactive yellow dye waste
water. This phenomenon is consistent with previous findings by Logan 
et al. (2007) (Logan et al., 2006); which emphasise that bacterial colo
nisation of electrodes and enzyme production for electron transfer re
quires time. However, as the 8-day experimental period concluded, a 
decline in voltage and current was noted. This was attributed to the 
depletion of organic substrates and the accumulation of toxic by- 
products, which hindered microbial activity and promoted inter- and 
intra-species competition (Peleg, 2006). These findings underscore the 
need for strategies to maintain consistent substrate availability and 
mitigate by-product accumulation to ensure sustained MFC 
performance.

Conclusion and future works

This study successfully investigated the potential of double-chamber 
microbial fuel cells (MFCs) to address two critical global challenges: 
wastewater pollution and energy shortages. By employing a carefully 
constructed MFC system, high-electrochemical-activity microbial strains 
were isolated and utilised to degrade azo dye pollutants while gener
ating electricity. Quantitative findings revealed that the system achieved 
significant dye degradation, with absorbance peaks reducing from 2.9 to 
0.4 and electricity generation peaking at 0.20 mV and 0.16 mA under 
optimised conditions. Qualitatively, the study highlighted the syner
gistic relationship between microbial growth, organic pollutant degra
dation, and electricity output.

This research makes several notable contributions. First, it demon
strated that microbial strains can simultaneously degrade bio-refractory 

Table 1 
Bacterial and fungal isolates identified from azo-dye-contaminated soil and their 
% similarities.

Isolate Code Isolate Name Type (%)Similarity

CR1 Bacillus Megatrium Bacteria 98 %
CR2 Lactobacillus delbrueckii Bacteria 96 %
CR3 Bacillus sphaericus Bacteria 97 %
CR4 Pseudomonas sp. Bacteria 95 %
CR5 Bacillus lentus Bacteria 99 %
CR6 Erwinia sp. Bacteria 96 %
CR7 Bacillus pumilus Bacteria 97 %
CR8 Aspergillus flavus Fungi 98 %
CR9 Aspergillus Miger Fungi 97 %
CR10 Rhizopus stonolifer Fungi 97 %
CR11 Fusarium sp. Fungi 95 %
MO1 Kurthia species Bacteria 96 %
MO2 Bacillus sp. Bacteria 98 %
MO3 Serratia spp. Bacteria 96 %
MO4 Bacillus pumilus Bacteria 97 %
MO5 Aspergillus Fumigatus Fungi 96 %
MO6 Fusarium sp. Fungi 95 %

Fig. 2. illustrates the UV–Vis absorption spectra of reactive yellow dye, with a 
significant reduction in the absorbance peak at 410 nm from 2.9 to 0.4 after 7 
days of microbial oxidation. A new peak at 325.5 nm with an absorbance of 1.1 
indicates the fragmentation of the dye’s molecular structure, resulting in 
simpler, smaller molecules. (For interpretation of the references to colour in this 
figure legend, the reader is referred to the web version of this article.)
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pollutants, such as azo dyes, and generate electricity. This finding pro
vides new insights into the capabilities of microbial communities and 
expands the potential applications of MFCs. The study further identified 
that specific operating conditions, including the presence of NaCl elec
trolytes, aeration in the cathode chamber, and initial dye concentration, 
significantly enhance both degradation and electricity generation. These 
optimisations pave the way for practical improvements in MFC perfor
mance. Lastly, by exploring the potential of connecting individual fuel 
cells in series, the study offers a pathway to scale the technology for 
higher power outputs.

MFC technology offers a promising solution for sustainable waste
water treatment and renewable energy generation. It can be applied in 

industrial settings, municipal wastewater treatment plants, and remote 
areas lacking conventional energy infrastructure. Furthermore, the 
ability of MFCs to handle bio-refractory pollutants positions this tech
nology as a complementary or alternative solution to existing biological 
treatment methods. However, this study has certain limitations. While it 
demonstrated the feasibility of MFCs in controlled laboratory condi
tions, real-world applications may face challenges such as long-term 
stability, scale-up difficulties, and cost-effectiveness. Future research 
should focus on exploring more efficient microbial strains, durable and 
cost-effective electrode materials, and improved system designs to 
enhance performance and sustainability. Additionally, understanding 
the effects of environmental variables, such as temperature and pH 

Fig. 3. Schematic set up showing MFC configuration used in the study.

Fig. 4. Combined current and voltage output from MFC over 8 days (mA and mV).
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fluctuations, on MFC efficiency could further optimise its application.
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