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Abstract—As the increase in human population, conventional 

ways of energy production are not sufficing human wants. 

Wastewater from industrial, agricultural and urban activities has been 

considered a precious resource for the recovery of drinkable water, 

nutrients and energy. A study was conducted on four samples of 

synthetic wastewater with addition of compounds such as acetic acid, 

table salt and brown sugar to produce biogas of up to 189 ppm. FTIR 

tests revealed that table salt was not organic. The Biochemical 

Oxygen Demand (BOD) test was performed and the amount of 

oxygen used by microorganisms for organic decomposition was less 

than 0.300 mg/L. The chemical oxygen demand (COD) was below 5 

mg/L with the use of oxidizing agents. Despite these low levels, 

Total Coliforms and Heterotrophic Plates counts were able to 

produce electricity after 30 days of synthesizing wastewater. 
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I. INTRODUCTION 

Scientific Research is progressing into sustainable 

biological products, carbon capture, storage and reuse as a 

result of the increasing requirement for clean and renewable 

energy [1], [2], [3], [4]. The example of simultaneous 

wastewater treatment and energy recovery through 

electrochemical process can be described as a multi-

dimensional approach to reducing the reliance on fossil fuels 

and, at the same time, reducing the direct release of organic 

substances in the form of effluents into the natural 

environment. This type of integrative approach will be 

correlated with the modern sustainability goals, which make it 

more efficient in protecting the environment and preventing 

resource waste [2], [4], [5]. The combinations of techniques, 

including electrocoagulation with hydrogen recycling and the 

use of aluminum-air fuel cells, help to aptly realize that 

purification and energy recovery could be combined into a 

coherent set and, consequently, decrease the total carbon 

footprint [6], [7], [8], [9], [10]. Besides maximizing efficiency 

of operations, it also pioneers the shift towards a low-carbon 

infrastructure system. Renewable energy presents an 

opportunity to decrease climate change and ensure energy 
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security in low-income communities that have historically 

been less connected to the energy distribution infrastructure. 

Some authors have examined microbial fuel cells (MFCs) as a 

bi-electrochemical reactor capable of converting chemical 

energy present in organic matter to electricity through microbe 

metabolic activity. In contrast to the chemical fuel cells that 

are based on the traditional electrochemical reaction that often 

require costly catalysts and very controlled conditions, 

microbial growth and viability are used to convert energy in 

MFCs. The aspect provides energy recovery opportunities on 

varied organic waste materials besides aiding in water or 

industrial effluent treatment. Advantages of MFCs are low 

sludge volume, product recovery and high substrate to power 

conversion efficiency. But the economic problems still exist. 

Electrons generated by the degradation of the organic 

materials in the MFCs are captured and transferred to the 

cathode. This electron flow can be used to produce electrical 

energy because of the differences in the rates of chemical 

reaction of anodic and cathodic electrons [11], [12], [13], [14], 

[15]. Microorganisms decompose organic molecules and 

complexes of heavy metals, enhancing metabolism because 

the electrons move to electrodes. They form biofilms on the 

electrode surface and this facilitates their ability to take on 

electrons more effectively as compared to soluble acceptors. 

Low oxygen and isolated environments can support the 

growth and communication of bacteria via the use of 

conventional electron acceptors that are insoluble to cells, 

with the aid of systems of extracellular electron transfer. The 

variants of MFC devices are two- and single-chamber devices. 

The kind of substrate selected also affects power density to a 

significant degree and microbiological stability. MFCs are 

capable of harnessing energy and lowering the oxygen 

demand in chemical reactions, though their performance relies 

on the operating conditions, namely, proper pH, temperature, 

and concentration of starting substrates [11], [16], [17], [18], 

[19]. Studies show that organic matter with the same 

Biological Oxygen Demand (BOD) value can generate a 30% 

difference in coulombic efficiency. Microbial fuel cells 

(MFCs) with constant wastewater flow provide a more regular 

production profile, better correlated to hydraulic load, which 

is advantageous for smart electricity grids. MFCs can also 

provide decontamination and energy recovery, unlike solar or 

wind power. Anaerobic digestion units have higher energy 

efficiency if heat production is considered. This research 

compared physical-chemical parameters and produced biogas 
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from low BOD and COD wastewater with table sugar and salt 

[10], [20], [21]. 

II.  MATERIALS AND METHODS  

    The microbial fuel cell (MFC) construction process 

involved the production of the parts, which produce 

bioelectricity by the activity of bacteria. The electrode was in 

the form of steel mesh on electrical tapes with the electrodes 

wrapped in PVC tanks which held the anode and cathode. 

Water was added to the cathode chamber and dirt in a 

municipal septic leak was added to the anode chamber. To 

exchange the ions and produce energy, a salt bridge was used. 

Aldrich provided us with high grade potassium hydroxide 

pellets, zinc chloride and glacial acetic acid. The artificial 

wastewater was stored in 1-liter bottles in the span of about 

1.5 months having 700 cc of tape water per bottle. The bottles 

were also locked well with PVC electrical tapes to prevent 

leakages. The RSM CCD was used to get the number of total 

runs in the experiment and the analysis of variance was used 

to determine whether the model was significant and suitable. 

III. RESULTS 

      A. Fourier Transform Infrared Spectroscopy (FTIR) of 

materials 

In Figure 1, the FTIR spectra of sugar, salt as well as of the 

initial mud were examined to determine the polymeric nature 

of pollutants. Fingerprint areas of polysaccharides appeared in 

sugar spectra, and were at 850, 990, and 1020 cm-1, which is 

the alpha and beta linkages in the polymer structure. The salt 

spectra were found to contain absorption bands related to the 

synthetic polymers used widely, with large peaks at 1710–

1740 cm-1 (stretching of C=O) and 1210–1000 cm-1 

(stretching of C–O) stretch. Differences in concentrations of 

polymers and possibly the complexity of compositions were 

observed among brands. The absorption pattern within the 

range 1000-1500 cm-1 indicates the contamination of the 

product through packaging and processing products [10], [22], 

[23]. The spectra of muds indicated that there were three main 

regions with NH2 and OH bending vibrations of clay minerals 

and soil organic matter, Si–O–Si bending in clay minerals, and 

C–O bending in polysaccharides. The particular mineral–

related vibrations may be characteristic of some soils, e.g. the 

shoulder of OH stretching at approximately 3500 cm-1 [24], 

[25]. In Figure 2, there is no spectra of salt nor of sugar, 

because these two substances were dissolved in the 

wastewater. These changes have impacted the mud functional 

groups: from 3700 to 3200 cm-1, there was OH stretching that 

was detected in kaolinite and in water adsorbed on it. 
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Fig. 1. FTIR of the Original mud, Salt and Sugar 

 

The initial and post-experiment samples had a wide spectral 

band, which is an indicator of the presence of moisture and 

surface hydroxyl groups; the slight decrease in the band 

intensity likely indicates the loss of water or dihydroxylation 

of the clay matrix; from 2920 to 2850 cm-1, C–H stretching 

Aliphatic hydrocarbons and related organic matter were 

observed. The band intensity in the sample marked as After 

Experiment was less, which suggests that organic constituents 

may have been degraded or erased in the course of the 

process; from 1650 to 1630 cm-1, H–O–H  bending 

Cyclopentanol adsorbed, reducing the intensity of this band in 

the post-experiment mud shows that the content of water or 

the breakdown of organic matter in the sample has reduced; 

from 1450 to 1380 cm-1, C–O and OH deformation producing 

Carbonates or organic acid. The decrement or shift of this 

peak in the assay can be attributed to the vigorous mineral 

reactions or gradual emission of CO2 in the course of the 

experiment; from 1100 to 1000 cm-1, Si–O–Si vibration 

caused by Silicate minerals (clays, quartz and feldspar). The 

existence of a strong and persistent spectral band in the two 

samples indicated the integrity of the main silicate structure 

during the experimentation processes; from 800 to 500 cm-1, 

there were Si–O–Al bending ingredients of clay minerals. The 

slight variations in the band may indicate slight changes in the 

clay mineral structure, which might possibly be due to the 

changes in the cation exchange reaction or slight reconfigure 

of the silicate network [25], [26], [27], [28], [29].  
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Fig. 2. Change observed in the FTIR of the Mud 

 

      B. Data from MFC experiments based on different types of 

synthetic wastewaters. 

 
TABLE II. 

 DIFFERENT TYPES OF SYNTHETIC WASTEWATERS USED 

Parameters Wastewater 

only 

Salt Sugar Acetic 

acid 

pH 

 

3.49 3.46 3.53 3.68 

ORP (mV) 

 

113 144 86 147 

Cond. 

(µS/Cm) 

2530 49.4 2060 1900 

TDS (ppm) 1260 25.9 1030 959 

BOD 

(mg/L) 

< 0.3 < 0.3 < 0.3 < 0.3 

COD 

(mg/L) 

< 5 < 5 < 5 < 5 

Total 

Coliforms 

Presence Presence Presence Presence 

Biogas 

(ppm) 

175 189 130 59 

 

The results of MFC studies in Table III reports results of 

various synthetic wastewater compositions on parameters and 

biogas production. The first wastewater, which was composed 

of rotting fruit and meat, was treated with various additions 

(salt, sugar and acetic acid) and left for the period of 30 days, 

which is indicative of an anaerobic process. The pH values of 

all the samples were between 3.46 and 3.68 hence proving the 

environment was always acidic. However, methanogenic 

archaea are inhibited in a pH of less than ~4.0. Other species 

of methanogens need slightly basic to very neutral conditions. 

Some acid-tolerant microbial populations are able to adjust to 

anaerobic digestion although the methane production is 

reduced or the composition of the biogas changes. The 

addition of acetic acid as a substrate shifted the pH of the 

samples slightly higher than other samples because its role as 

an intermediary in methanogenesis could lead to a slight 

increase in pH [30], [31], [32]. The quality of ORP in these 

samples ranged from 86 mV to 147 mV i.e., more decreasing 

situation. High conductivity and TDS may be deemed 

dangerous to microbial activity, especially for methanogens, 

by way of osmotic stress and enzyme inhibition. High salinity 

decreases the biogas production potential and the structure of 

the microbial communities [33], [34], [35]. The study shows 

that a number of factors play a role in the biogas generation 

process in an anaerobic digestion plant, the presence of total 

coliforms and nutritional deficit or other "salt" effects. The 

"Salt" sample showed the highest potential to produce biogas 

and lowest level of conductivity/TDS, which is an indicator of 

nutritional shortage or "salt" effect [36], [37], [38], [39]. The 

"acetic acid" sample yielded the lowest amount of biogas, 

presumably because of its acidic pH or concentration of the 

inhibitory concentration. The "Wastewater only" and "Sugar" 

samples resulted in the production of intermediate biogas, 

suggesting that the original feedstock and sugar addition 

supported some sort of anaerobic digestion  [22], [40], [41]. 

 

     C. Different MFC wastewaters with their electrical values 

 
TABLE III 

ELECTRICAL READINGS ON THE DIFFERENT MFC WASTEWATER 

Data 

Collection 

Time 

Voltage (mV) Resistance 

(MΩ) 

Intensity (µA) 

Mud with Salt 

Day 1 0 0 0 

Day 2 -9 0.7 0 

Day 3 12 1.2 0.02 

Day 4 -5 0 0 

Mud with Acetic acid 

Day 1 8 0 0.30 

Day 2 40 0 0.02 

Day 3 14 0 0.52 

Day 4 164 0.8 0.49 

Mud with sugar 

Day 1 0 0 0 

Day 2 87 0.3 0.39 

Day 3 155 0.6 0.047 

Day 4 164 0.8 0.49 

Mud with wastewater only 

Day 1 0 0 0 

Day 2 125 0.6 0.38 

Day 3 127 0.6 0.40 

Day 4 130 0 0.37 

 

This study analyzed the performance of four mud-MFCs for 
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24 hours and observed no measurable voltage or current at 

Day 1. The most stable power was obtained with the 

wastewater-fed MFCs, with transient peaks occurring at 

approximately 80 nW on day 4. In practice, the salt-modified 

MFC generated little power, which is consistent with the 

previous behavior of MFCs. Near-zero performance of the 

salt-modified reactor is probably due to saline inhibition, and 

not to increased ionic conductivity [30], [42], [43], [44].  

 

      D. Curvatures of TDS, Conductivity, and ORP responses   

 

 
(a) 

 

 
(b) 

 
 

 
(c) 

 
 

Fig. 3. (a – c) 3D graphs of TDS response vs two variables 

 

Figure 3 shows 3D response surface plots that are used to 

identify the interactive effect of paired variables on the TDS 

by holding the third variable constant. Curvature in surfaces 

shows the amount of interaction between factors and 

nonlinearity in a system. Response surfaces have curved 

geometries, which means that there are strong interactions 

between pH, conductivity, and operating time on the levels of 

TDS. 

 
(a) 

 
(b) 

 

 
(c) 

 
 

Fig. 4. (a – c) 3D graphs of Conductivity response vs two variables 

 

Figure 4 represents 3D surface plots of the cumulative 

effect of variable combinations on conductivity. Curvature 

and Regions of maximal ionic conductivity are used to 

demonstrate interactions. These surfaces show the 

conductivity increasing synergistically with both TDS and the 
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time of operation up to the point of saturation at which the 

surface precipitates or clusters as conductance decreases. 

Figure 5 shows 3D surfaces of the combination effects of 

pH, conductivity and time of operation on ORP. The 3D ORP 

surfaces have a significant curvature, which shows that redox 

dynamics in the MFC system are governed by the pH and 

conductivity combination.  

 

 
(a) 

 

 
 

 
(b) 

 
 

 
(c) 

 
 

Fig.5. (a – c) 3D graphs of ORP response vs two variables 

 

By the use of RSM, the localization of these interaction 

redox regions offers simple implemented ideas to keep the 

efficacy of the microorganisms and the electrode potential 

balance. 

IV. CONCLUSION 

The effects of the synthetic wastewater compositions on 

MFC parameters and biogas production are studied. The first 

effluent was obtained from the fermentation of fruit and meat, 

and treated with salt, sugar, and acetic acid, suggesting an 

anaerobic process. The pH was observed to be in the range 

3.46-3.68, which means it was acidic conditions. Lower 

methane yields or altered biogas composition are not always 

detrimental to the adaptation of acid-tolerant bacteria 

populations to anaerobic digestion. Four mud-MFCs were 

tested for 24 h and no voltage and current could be detected 

on Day 1. However, the salt-modified MFC had a low power 

output, which most likely was a result of the saline inhibition 

rather than increased ionic conductivity. In addition, the study 

found significant correlations between pH, conductivity and 

operating time on TDS loadings. 

REFERENCES   

 

[1] M. T. Imran, S. M. Shams, A. N. Barshan, F. Sattar, A. K. M. Abdul 

Malek Azad, and M. A. Imteaz, “An innovative Solar-Power fed 

atmospheric water Generator: Quantity and quality Assessments,” 

Applied Thermal Engineering, vol. 259, p. 124887, Jan. 2025, doi: 

10.1016/j.applthermaleng.2024.124887. 

    https://doi.org/10.1016/j.applthermaleng.2024.124887 

[2] P. V. Nidheesh et al., “Bioelectrochemical cells as a green energy 

source for electrochemical treatment of water and wastewater,” 

Journal of Water Process Engineering, vol. 50, p. 103232, Dec. 2022, 

doi: 10.1016/j.jwpe.2022.103232. 

    https://doi.org/10.1016/j.jwpe.2022.103232 

[3] E. Giglio, M. Bianco, G. Zanardi, E. Catizzone, G. Giordano, and M. 

Migliori, “Direct biogas methanation via renewable-based Power-to-

Gas: Techno-economic assessment based on real industrial data,” 

Energy Conversion and Management, vol. 332, p. 119775, May 2025, 

doi: 10.1016/j.enconman.2025.119775. 

    https://doi.org/10.1016/j.enconman.2025.119775 

[4] C. J. Kirchhoff, L. Michaud, B. Gupta, Y. Liu, and A. Strazzabosco, 

“Exploring renewable energy transitions in energy intensive sectors: A 

comparative case study of solar adoption among wastewater systems 

in California and New York,” Journal of Cleaner Production, vol. 

520, p. 146095, Aug. 2025, doi: 10.1016/j.jclepro.2025.146095. 

[5] J. S. Sravan, L. Matsakas, and O. Sarkar, “Advances in Biological 

Wastewater Treatment Processes: Focus on Low-Carbon Energy and 

Resource Recovery in Biorefinery Context,” Bioengineering, vol. 11, 

no. 3, p. 281, Mar. 2024, doi: 10.3390/bioengineering11030281. 

    https://doi.org/10.3390/bioengineering11030281 

[6] F. Al-Ajmi, M. Al-Marri, and F. Almomani, “Electrocoagulation 

Process as an Efficient Method for the Treatment of Produced Water 

Treatment for Possible Recycling and Reuse,” Water, vol. 17, no. 1, p. 

23, Dec. 2024, doi: 10.3390/w17010023. 

    https://doi.org/10.3390/w17010023 

[7] W. Oktiawan, A. Sarminingsih, M. Hadiwidodo, and P. Purwono, 

“Electrocoagulation process for phosphate recovery of agricultural 

wastewater: effect of calcium adding, voltage, and time,” Environ 

Monit Assess, vol. 196, no. 9, p. 842, Sept. 2024, doi: 

10.1007/s10661-024-13034-x. 

[8] P. T. P. Aryanti, F. A. Nugroho, C. Phalakornkule, and A. Kadier, 

“Energy efficiency in electrocoagulation processes for sustainable 

water and wastewater treatment,” Journal of Environmental Chemical 

Engineering, vol. 12, no. 6, p. 114124, Dec. 2024, doi: 

10.1016/j.jece.2024.114124. 

[9] J.-L. Lin and F. Sidik, “Harvesting of cyanobacteria and phosphorus 

by electrocoagulation-flocculation-flotation: Role of phosphorus 

42nd JHB Int'l Conference on “Chemical, Biological and Environmental Engineering” (JCBEE-25)  Nov. 20-21, 2025 Johannesburg (South Africa)

https://doi.org/10.17758/IICBE7.C1125150 23

https://doi.org/10.1016/j.applthermaleng.2024.124887
https://doi.org/10.1016/j.applthermaleng.2024.124887
https://doi.org/10.1016/j.applthermaleng.2024.124887
https://doi.org/10.1016/j.applthermaleng.2024.124887
https://doi.org/10.1016/j.applthermaleng.2024.124887
https://doi.org/10.1016/j.jwpe.2022.103232
https://doi.org/10.1016/j.jwpe.2022.103232
https://doi.org/10.1016/j.jwpe.2022.103232
https://doi.org/10.1016/j.jwpe.2022.103232
https://doi.org/10.1016/j.enconman.2025.119775
https://doi.org/10.1016/j.enconman.2025.119775
https://doi.org/10.1016/j.enconman.2025.119775
https://doi.org/10.1016/j.enconman.2025.119775
https://doi.org/10.1016/j.enconman.2025.119775
https://doi.org/10.3390/bioengineering11030281
https://doi.org/10.3390/bioengineering11030281
https://doi.org/10.3390/bioengineering11030281
https://doi.org/10.3390/bioengineering11030281
https://doi.org/10.3390/w17010023
https://doi.org/10.3390/w17010023
https://doi.org/10.3390/w17010023
https://doi.org/10.3390/w17010023


precipitation in cell separations and organics destabilization,” Water 

Research, vol. 259, p. 121868, Aug. 2024, doi: 

10.1016/j.watres.2024.121868. 

[10] O. Sahu, D. G. Rao, R. Gopal, A. Tiwari, and D. Pal, “Treatment of 

wastewater from sugarcane process industry by electrochemical and 

chemical process: Aluminum (metal and salt),” Journal of Water 

Process Engineering, vol. 17, pp. 50–62, June 2017, doi: 

10.1016/j.jwpe.2017.03.005. 

[11] P. Jalili, A. Ala, P. Nazari, B. Jalili, and D. D. Ganji, “A 

comprehensive review of microbial fuel cells considering materials, 

methods, structures, and microorganisms,” Heliyon, vol. 10, no. 3, p. 

e25439, Feb. 2024, doi: 10.1016/j.heliyon.2024.e25439. 

[12] S. M. Daud et al., “A critical review of ceramic microbial fuel cell: 

Economics, long-term operation, scale-up, performances and 

challenges,” Fuel, vol. 365, p. 131150, June 2024, doi: 

10.1016/j.fuel.2024.131150. 

[13] F. Oveisi, N. Fallah, and B. Nasernejad, “Biodegradation of synthetic 

wastewater containing styrene in microbial fuel cell: Effect of 

adaptation of microbial community,” Fuel, vol. 305, p. 121382, Dec. 

2021, doi: 10.1016/j.fuel.2021.121382. 

[14] C. Montoya-Vallejo, J. C. Quintero Díaz, Y. A. Yepes, and F. J. 

Fernández-Morales, “Microalgal Microbial Fuel Cells: A 

Comprehensive Review of Mechanisms and Electrochemical 

Performance,” Applied Sciences, vol. 15, no. 6, p. 3335, Mar. 2025, 

doi: 10.3390/app15063335. 

[15] N. Bazina, T. G. Ahmed, M. Almdaaf, S. Jibia, and M. Sarker, “Power 

generation from wastewater using microbial fuel cells: A review,” 

Journal of Biotechnology, vol. 374, pp. 17–30, Sept. 2023, doi: 

10.1016/j.jbiotec.2023.07.006. 

[16] W. Apollon, “An Overview of Microbial Fuel Cell Technology for 

Sustainable Electricity Production,” Membranes, vol. 13, no. 11, p. 

884, Nov. 2023, doi: 10.3390/membranes13110884. 

[17] K. A. K. Y. Johnston, M. Van Lankveld, R. De Rink, A. R. Mol, K. J. 

Keesman, and C. J. N. Buisman, “Influence of oxidation–reduction 

potential and pH on polysulfide concentrations and chain lengths in 

the biological desulfurization process under haloalkaline conditions,” 

Water Research, vol. 259, p. 121795, Aug. 2024, doi: 

10.1016/j.watres.2024.121795. 

[18] X. Wen et al., “Microbial Indicators and Their Use for Monitoring 

Drinking Water Quality—A Review,” Sustainability, vol. 12, no. 6, p. 

2249, Mar. 2020, doi: 10.3390/su12062249. 

[19] J. Chen et al., “Solid waste based manufactured soil – Stabilization of 

‘organics-microorganisms-inorganic skeleton’ and performance 

evaluation,” Waste Management, vol. 200, p. 114738, June 2025, doi: 

10.1016/j.wasman.2025.114738. 

[20] J. C. Santana, A. K. Souza Abud, A. Wisniewski, S. Navickiene, and 

L. P. C. Romão, “Optimization of an organosolv method using 

glycerol with iron catalysts for the pretreatment of water hyacinth,” 

Biomass and Bioenergy, vol. 133, p. 105454, Feb. 2020, doi: 

10.1016/j.biombioe.2019.105454. 

[21] A. Yousefi, S. Elmarhoum, S. Khodabakhshaghdam, K. Ako, and G. 

Hosseinzadeh, “Study on the impact of temperature, salts, sugars and 

PH on dilute solution properties of Lepidium perfoliatum seed gum,” 

Food Science & Nutrition, vol. 10, no. 11, pp. 3955–3968, Nov. 2022, 

doi: 10.1002/fsn3.2991. 

[22] A. W. Nouhou Moussa, B. Sawadogo, Y. Konate, S. D. S. Sidibe, and 

M. Heran, “Critical State of the Art of Sugarcane Industry Wastewater 

Treatment Technologies and Perspectives for Sustainability,” 

Membranes, vol. 13, no. 8, p. 709, July 2023, doi: 

10.3390/membranes13080709. 

[23] M. Prasad, V. Sridevi, N. Aswini, A. Vamsi Krishna Reddy, and P. 

Satyanarayana, “Treatment of Sugar Industry Effluent using Microbial 

Fuel Cells,” Sci. Technol. Arts Res. J., vol. 4, no. 2, p. 247, Apr. 2016, 

doi: 10.4314/star.v4i2.34. 

[24] M. A. McCall, J. S. Watson, J. S. W. Tan, and M. A. Sephton, 

“Biochar Stability Revealed by FTIR and Machine Learning,” ACS 

Sustainable Resour. Manage., vol. 2, no. 5, pp. 842–852, May 2025, 

doi: 10.1021/acssusresmgt.5c00104. 

[25] D. Arivukkarasu and R. Sathyanathan, “A sustainable green solution 

to domestic sewage pollution: Optimizing floating wetland treatment 

with different plant combinations and growth media,” Water Cycle, 

vol. 5, pp. 185–198, 2024, doi: 10.1016/j.watcyc.2024.05.002. 

[26] A. Nuzzo, P. Buurman, V. Cozzolino, R. Spaccini, and A. Piccolo, 

“Infrared spectra of soil organic matter under a primary vegetation 

sequence,” Chem. Biol. Technol. Agric., vol. 7, no. 1, p. 6, Dec. 2020, 

doi: 10.1186/s40538-019-0172-1. 

[27] P. K. Krivoshein, D. S. Volkov, O. B. Rogova, and M. A. Proskurnin, 

“FTIR Photoacoustic and ATR Spectroscopies of Soils with 

Aggregate Size Fractionation by Dry Sieving,” ACS Omega, vol. 7, 

no. 2, pp. 2177–2197, Jan. 2022, doi: 10.1021/acsomega.1c05702. 

[28] Y. Tkachenko and P. Niedzielski, “FTIR as a Method for Qualitative 

Assessment of Solid Samples in Geochemical Research: A Review,” 

Molecules, vol. 27, no. 24, p. 8846, Dec. 2022, doi: 

10.3390/molecules27248846. 

[29] A. J. Margenot, S. J. Parikh, and F. J. Calderón, “Fourier‐ transform 

infrared spectroscopy for soil organic matter analysis,” Soil Science 

Soc of Amer J, vol. 87, no. 6, pp. 1503–1528, Nov. 2023, doi: 

10.1002/saj2.20583. 

[30] A. Barroso, T. Valente, A. P. Marinho Reis, and I. M. H. R. Antunes, 

“A New Acidity-Based Approach for Estimating Total Dissolved 

Solids in Acidic Mining Influenced Water,” Water, vol. 15, no. 16, p. 

2995, Aug. 2023, doi: 10.3390/w15162995. 

[31] Lucas Rego Barros Rebello, Thauara Siepman, and Santiago Drexler, 

“Correlations between TDS and electrical conductivity for high-

salinity formation brines characteristic of South Atlantic pre-salt 

basins,” WSA, vol. 46, no. 4 October, Oct. 2020, doi: 

10.17159/wsa/2020.v46.i4.9073. 

[32] J. John, H. Krishnan, and K. Ajit, “Performance evaluation of Iron-

doped carbon cloth cathodes in bio-electrochemical system for dye 

degradation,” Bioelectrochemistry, vol. 165, p. 109001, Oct. 2025, 

doi: 10.1016/j.bioelechem.2025.109001. 

[33] H. Zhu, Y. Lv, M. Liu, and C. Zhou, “An ORP prediction model for 

acid wastewater sulfidation process based on improved extreme 

learning machine,” Computers & Chemical Engineering, vol. 194, p. 

108998, Mar. 2025, doi: 10.1016/j.compchemeng.2025.108998. 

[34] A. A. Tiareti, M. Matsumura, T. Hidaka, F. Nishimura, Y. Nomura, 

and T. Fujiwara, “Effect of oxidation reduction potential on methane 

emission from anaerobic septic systems,” Waste Management Bulletin, 

vol. 3, no. 1, pp. 58–65, Apr. 2025, doi: 10.1016/j.wmb.2024.12.003. 

[35] T. W. LeBaron and R. Sharpe, “ORP should not be used to estimate or 

compare concentrations of aqueous H2: An in silico analysis and 

narrative synopsis,” Front. Food. Sci. Technol., vol. 2, p. 1007001, 

Oct. 2022, doi: 10.3389/frfst.2022.1007001. 

[36] M. M. Hasan, J. F. González Álvarez, J. Kim, and M. R. Othman, 

“Biomethane Purification from Biogas by Methane Selective 

Membrane: Effects of Different Biofuel Grades on Electricity 

Generation from Natural Gas Turbine,” 2023, SSRN. doi: 

10.2139/ssrn.4462350. 

[37] A. A. Pilarska, T. Kulupa, A. Kubiak, A. Wolna-Maruwka, K. 

Pilarski, and A. Niewiadomska, “Anaerobic Digestion of Food 

Waste—A Short Review,” Energies, vol. 16, no. 15, p. 5742, Aug. 

2023, doi: 10.3390/en16155742. 

[38] F. A. Aguilar-Aguilar, V. Y. Mena-Cervantes, F. S. Mederos-Nieto, G. 

Pineda-Flores, S. S. Morales-García, and R. Hernández-Altamirano, 

“Biochemical methane potential of coyol fruit as a substrate for biogas 

production through mixture design and kinetic modeling,” Biomass 

and Bioenergy, vol. 193, p. 107571, Feb. 2025, doi: 

10.1016/j.biombioe.2024.107571. 

[39] Z. Xu et al., “Integration of biogas and liquid recirculation enhance 

methane production in high-solid anaerobic digestion of pig manure 

and rice husks,” Bioresource Technology, vol. 416, p. 131807, Jan. 

2025, doi: 10.1016/j.biortech.2024.131807. 

[40] N. Rathinavel, A. Veleeswaran, Y. Rathinam, and A. Alagarsamy, 

“Turning Waste into Watt: Usage of natural biomass activated carbon-

based anode and septic tank wastewater for Microbial Fuel Cell 

(MFC) based electricity generation,” Carbon Trends, vol. 19, p. 

100461, Apr. 2025, doi: 10.1016/j.cartre.2025.100461. 

[41] S. Fida, M. Yasmeen, R. Adnan, and M. Zeeshan, “Treatment methods 

for sugar rich wastewater: A review,” Cleaner Water, vol. 3, p. 

100067, June 2025, doi: 10.1016/j.clwat.2025.100067. 

[42] N. Skibbe et al., “Comparison of methods measuring electrical 

conductivity in coastal aquifers,” Journal of Hydrology, vol. 643, p. 

131905, Nov. 2024, doi: 10.1016/j.jhydrol.2024.131905. 

[43] J. Yang, M. Du, W. Wu, Q. Chen, J. Niu, and Z. Zhang, “Polyaniline-

modified iron oxide nanoparticles to improve the overall performance 

42nd JHB Int'l Conference on “Chemical, Biological and Environmental Engineering” (JCBEE-25)  Nov. 20-21, 2025 Johannesburg (South Africa)

https://doi.org/10.17758/IICBE7.C1125150 24

https://doi.org/10.1016/j.jwpe.2017.03.005
https://doi.org/10.1016/j.jwpe.2017.03.005
https://doi.org/10.1016/j.jwpe.2017.03.005
https://doi.org/10.1016/j.jwpe.2017.03.005
https://doi.org/10.1016/j.fuel.2024.131150
https://doi.org/10.1016/j.fuel.2024.131150
https://doi.org/10.1016/j.fuel.2024.131150
https://doi.org/10.1016/j.fuel.2024.131150
https://doi.org/10.3390/app15063335
https://doi.org/10.3390/app15063335
https://doi.org/10.3390/app15063335
https://doi.org/10.3390/app15063335
https://doi.org/10.3390/app15063335
https://doi.org/10.3390/su12062249
https://doi.org/10.3390/su12062249
https://doi.org/10.3390/su12062249
https://doi.org/10.3390/membranes13080709
https://doi.org/10.3390/membranes13080709
https://doi.org/10.3390/membranes13080709
https://doi.org/10.3390/membranes13080709
https://doi.org/10.3390/membranes13080709
https://doi.org/10.1186/s40538-019-0172-1
https://doi.org/10.1186/s40538-019-0172-1
https://doi.org/10.1186/s40538-019-0172-1
https://doi.org/10.1186/s40538-019-0172-1
https://doi.org/10.3390/molecules27248846
https://doi.org/10.3390/molecules27248846
https://doi.org/10.3390/molecules27248846
https://doi.org/10.3390/molecules27248846
https://doi.org/10.1016/j.bioelechem.2025.109001
https://doi.org/10.1016/j.bioelechem.2025.109001
https://doi.org/10.1016/j.bioelechem.2025.109001
https://doi.org/10.1016/j.bioelechem.2025.109001
https://doi.org/10.1016/j.biombioe.2024.107571
https://doi.org/10.1016/j.biombioe.2024.107571
https://doi.org/10.1016/j.biombioe.2024.107571
https://doi.org/10.1016/j.biombioe.2024.107571
https://doi.org/10.1016/j.biombioe.2024.107571
https://doi.org/10.1016/j.biombioe.2024.107571
https://doi.org/10.1016/j.clwat.2025.100067
https://doi.org/10.1016/j.clwat.2025.100067
https://doi.org/10.1016/j.clwat.2025.100067
https://doi.org/10.1016/j.jwpe.2025.107189
https://doi.org/10.1016/j.jwpe.2025.107189


of MFC-BOD sensors,” Journal of Water Process Engineering, vol. 

71, p. 107189, Mar. 2025, doi: 10.1016/j.jwpe.2025.107189. 

[44] G. Baek, R. Rossi, P. E. Saikaly, and B. E. Logan, “The impact of 

different types of high surface area brush fibers with different 

electrical conductivity and biocompatibility on the rates of methane 

generation in anaerobic digestion,” Science of The Total Environment, 

vol. 787, p. 147683, Sept. 2021, doi: 10.1016/j.scitotenv.2021.147683. 

 
Nathan W. Fundji is a PhD student in the Department of Chemical and 

Metallurgical Engineering at Vaal University of Technology, South Africa.  

 

John Kabuba is a Full Professor in the Department of Chemical and 

Metallurgical Engineering at Vaal University of Technology, South Africa. He 

has an extensive track record in human capacity development having 

supervised 142 Bachelor’s, 16 Master’s and 4 Doctoral students to 

completion. He has published more than 104 international peer reviewed and 

refereed scientific articles in journals, conferences, book chapters and book.  

 

42nd JHB Int'l Conference on “Chemical, Biological and Environmental Engineering” (JCBEE-25)  Nov. 20-21, 2025 Johannesburg (South Africa)

https://doi.org/10.17758/IICBE7.C1125150 25

https://doi.org/10.1016/j.jwpe.2025.107189
https://doi.org/10.1016/j.jwpe.2025.107189
https://doi.org/10.1016/j.scitotenv.2021.147683
https://doi.org/10.1016/j.scitotenv.2021.147683
https://doi.org/10.1016/j.scitotenv.2021.147683
https://doi.org/10.1016/j.scitotenv.2021.147683
https://doi.org/10.1016/j.scitotenv.2021.147683



