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Abstract
Anaerobic Membrane Bioreactors (AnMBRs) have emerged as a promising technology for treating municipal wastewater, digesting sewage 
sludge, and upgrading biogas. This article provides a comprehensive overview of AnMBRs, focusing on their design, operation, performance, and 
applications in wastewater treatment and bioenergy production. The review discusses the key advantages, challenges, and recent advancements 
in AnMBR technology, highlighting its potential for sustainable wastewater management and resource recovery. 
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Introduction
Anaerobic membrane bioreactors (AnMBRs) have gained significant 

attention in recent years due to their potential to address challenges related 
to municipal wastewater treatment, sewage sludge digestion, and biogas 
upgrading. This technology combines the principles of anaerobic digestion 
with membrane filtration, offering several advantages such as high organic 
matter removal efficiency, reduced footprint, and enhanced biogas production. 
In this article, we provide a detailed overview of AnMBRs, including their 
design considerations, operational parameters, performance evaluation, and 
applications in wastewater treatment and bioenergy generation [1]. 

Literature Review
AnMBRs integrate anaerobic digestion with membrane filtration, creating 

a closed-loop system for wastewater treatment and biogas production. The 
anaerobic process occurs in the bioreactor, where microorganisms degrade 
organic pollutants in the absence of oxygen, producing methane-rich biogas. 
The membrane component, typically immersed or sidestream, plays a crucial 
role in separating treated effluent from biomass, pathogens, and suspended 
solids, thereby ensuring high-quality treated water and concentrated sludge for 
further processing. The design of AnMBRs involves several critical parameters, 
including membrane type (e.g., hollow fiber, flat sheet), configuration 
(immersed or sidestream), Hydraulic Retention Time (HRT), Solids Retention 
Time (SRT), membrane pore size, and fouling control strategies. Proper design 
optimization is essential to achieve stable operation, minimize fouling, and 
maximize biogas production. Recent advancements in membrane materials 
and module configurations have enhanced the performance and longevity of 
AnMBRs, making them more suitable for large-scale applications [2].

Effective operation of AnMBRs requires careful control of various 

parameters such as temperature, pH, alkalinity, nutrient balance, and mixing 
intensity. Maintaining optimal conditions for microbial activity is crucial for 
achieving high organic matter removal efficiency and biogas yield. Advanced 
control and monitoring systems, coupled with process automation, help 
in optimizing performance, reducing energy consumption, and mitigating 
operational challenges associated with AnMBRs. Numerous studies have 
investigated the performance of AnMBRs in terms of organic matter removal 
efficiency, biogas production rate, membrane fouling behavior, and long-
term stability. Overall, AnMBRs have demonstrated excellent performance 
in treating complex wastewater streams, including municipal sewage, 
industrial effluents, and agro-industrial residues. The integration of membrane 
technology enhances solids retention, minimizes biomass washout, and 
facilitates continuous operation, leading to consistent treatment outcomes and 
improved effluent quality [3]. 

AnMBRs offer versatile applications in municipal wastewater treatment, 
particularly for high-strength or difficult-to-treat effluents. They can effectively 
remove organic pollutants, nutrients (nitrogen, phosphorus), pathogens, and 
trace contaminants, meeting stringent discharge standards and environmental 
regulations. The production of high-quality effluent suitable for reuse or 
discharge, coupled with biogas recovery for energy generation, makes AnMBRs 
a sustainable and cost-effective solution for wastewater management. In 
addition to wastewater treatment, AnMBRs play a vital role in sewage sludge 
digestion, converting organic solids into biogas and stabilized biosolids. The 
anaerobic digestion process reduces sludge volume, eliminates pathogens, 
and produces biogas rich in methane, which can be utilized for heat and power 
generation. Membrane filtration ensures efficient solids-liquid separation, 
allowing for the production of dewatered sludge with reduced moisture content 
and improved handling characteristics [4].

Discussion
Biogas produced in AnMBRs typically contains methane, carbon dioxide, 

and trace gases. Biogas upgrading technologies such as Pressure Swing 
Adsorption (PSA), membrane separation, and biological methanation can 
be employed to remove impurities (e.g., CO2, H2S) and increase methane 
concentration, resulting in biomethane or Renewable Natural Gas (RNG) 
suitable for injection into the natural gas grid or transportation fuel [5].

Anaerobic membrane bioreactors represent a robust and versatile 
technology for treating municipal wastewater, digesting sewage sludge, and 
upgrading biogas. The integration of anaerobic digestion with membrane 
filtration offers several advantages, including high treatment efficiency, reduced 
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energy consumption, and resource recovery. However, challenges such as 
membrane fouling, operational complexity, and cost considerations need to 
be addressed to promote wider adoption of AnMBRs in wastewater treatment 
plants and biogas facilities. Ongoing research and development efforts 
focus on improving membrane durability, optimizing process conditions, and 
exploring innovative membrane materials to enhance AnMBR performance 
and sustainability [6].

Conclusion

In conclusion, anaerobic membrane bioreactors have emerged as a 
promising technology for sustainable wastewater treatment and bioenergy 
production. Their ability to simultaneously treat wastewater, digest organic 
solids, and upgrade biogas makes them well-suited for integrated resource 
recovery and environmental protection. Continued research, technological 
innovations, and collaborative efforts among stakeholders are essential 
to overcome challenges, optimize system performance, and promote 
the widespread implementation of AnMBRs in wastewater treatment 
and biogas utilization sectors. Anaerobic membrane bioreactors offer 
a pathway towards achieving circular economy goals, reducing carbon 
footprint, and enhancing resilience in the water-energy-food nexus.
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