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“Perfection naturally calls for dedication and diligence. No matter how many 

times it takes him to correct his plans, he does not mind, for he is immersed in 

these mathematical calculations.” 

In “The Perfect Plan”; Wild Wise Weird [1] 
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Industrial sectors worldwide—including oil refineries, chemical plants, and pharmaceutical 

industries—generate vast quantities of wastewater contaminated with hazardous chemicals and 

excess nutrients. Conventional treatment methods, such as the conventional activated sludge 

(CAS) process, are widely used but have notable drawbacks. These systems are energy-intensive 

and often face challenges in efficiently removing nitrogen compounds and industrial toxins [2,3]. 

In response to these limitations, Membrane Aerated Biofilm Reactors (MABRs) have emerged as 

a promising, more sustainable alternative. 

MABRs operate by cultivating biofilms—dense communities of microorganisms—on gas-

permeable membranes. These membranes supply oxygen directly to the bacteria without the 

formation of bubbles, achieving oxygen transfer efficiencies as high as 80%, a substantial 

improvement over the ~10% typical of CAS systems. This unique oxygen delivery system enables 

MABRs to simultaneously remove organic pollutants, ammonia, and other harmful substances 

within a single, compact reactor. Critically, MABRs exhibit greater resilience to the toxic and 

fluctuating composition of industrial wastewater, making them particularly suitable for demanding 

industrial applications [4]. 

Recent studies have highlighted the impressive capabilities of MABRs across various industrial 

sectors, achieving removal efficiencies of up to 99% for contaminants such as ammonia, 

hydrocarbons, pharmaceuticals, and other hazardous organics. A pivotal factor in this performance 

is the biofilm’s thickness, which directly influences pollutant removal. Thicker biofilms tend to 

enhance the capture and degradation of contaminants; however, they must be carefully regulated 

to prevent oxygen limitation within the reactor [5].  

Moreover, MABRs have the advantage of emitting significantly less nitrous oxide (N₂O)—a 

highly potent greenhouse gas—compared to CAS systems, thereby contributing to reduced carbon 

footprints and climate mitigation. Although MABRs have been predominantly applied in 

municipal wastewater treatment, their use in industrial settings is gaining momentum. Recent pilot 

studies, especially those employing hybrid configurations that integrate MABRs with 

complementary treatment processes, have demonstrated enhanced treatment efficiency and 

operational stability [4]. 

MABRs represent a powerful example of the nature-human nexus, providing a sustainable, energy-

efficient, and adaptable solution for safeguarding water resources while minimizing industrial 

environmental impacts [6]. Realizing their full potential will depend on continued technological 

innovation and the successful transition from pilot-scale studies to widespread full-scale industrial 

applications. 
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