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Extended Abstract

The kinetics of sludge biogas generation plays a pivotal role in the sustainable management of wastewater treatment
processes and the production of renewable energy. Biogas, primarily comprising methane and carbon dioxide, emerges from
the anaerobic digestion of organic matter in waste activated sludge. The efficiency and rate of biogas production are crucial
in evaluating the sustainability and feasibility of biogas as an energy source. With the growing global energy demands and
the pressing need for sustainable waste management, understanding these factors becomes paramount in optimising biogas
production systems. Among the various strategies explored to enhance biogas generation efficiency, microwave pretreatment
has garnered attention. This method employs microwave radiation to modify the physical and chemical properties of sludge
[1], potentially increasing its biodegradability by disrupting cell membranes and releasing intracellular materials.

In this study, the Modified-Gompertz (MG) model is utilized for the analysis and prediction of the effects of microwave
pretreatment on sludge biogas generation. The MG model, known for its accuracy in describing the sigmoidal pattern of
biogas production, is particularly suitable for assessing the impact of microwave pretreatment on biogas generation rates and
lag phase duration [2]. Data from five recent research papers [3—7], covering a range of sludge types, forms the basis of this
investigation, ensuring a comprehensive analysis across various treatment conditions. The findings from the analysis are
significant. The MG model demonstrates high predictive accuracy post-microwave pretreatment, with correlation
coefficients consistently above 0.95 and a minimal percentage error of 4.67%. This indicates the model's robustness in
forecasting biogas yield in the context of microwave pretreatment. Additionally, the study reveals that the kinetics of biogas
production are dependent on the sludge substrate, with municipal wastewater sludge showing notably enhanced biogas
production compared to food or grease co-digested sludge.

One of the most notable outcomes of this study is the observed reduction in lag time following microwave pretreatment.
The lag phase duration is reduced by about half compared to conventional heating, dropping from 7-10 days to just 2-5 days.
This accelerated onset of biogas production indicates a more efficient process overall. In conclusion, the research highlights
the effectiveness of microwave pretreatment in improving sludge biogas generation kinetics, particularly by speeding up the
lag phase. These findings offer valuable insights into the potential applications of microwave pretreatment in enhancing
wastewater treatment and biogas production processes. As the quest for sustainable energy and waste management solutions
intensifies, further research in this domain could focus on optimizing microwave pretreatment parameters, examining
scalability for industrial applications, and evaluating the long-term economic and environmental benefits of integrating such
technologies into wastewater treatment infrastructures.
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