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Editorial on the Research Topic 
Fouling in Membrane Filtration Systems

Membrane processes are the fastest-growing separation technologies for a broad range of applications, including seawater desalination, wastewater treatment, industrial applications, biorefineries, biotech, and food processes (Charcosset, 2006; Takht Ravanchi et al., 2009; Mohammad et al., 2012; Favre). Fouling is caused by the accumulation of rejected material/particles on the membrane surface or in the membrane pores during filtration. To this extent, membrane fouling is acknowledged as the main operational challenge in separation and purification processes, providing additional resistance to the filtration and increasing the energy demand of the whole process, reducing the membrane lifetime (She et al., 2016). Despite recent progress in the field, fouling is still considered a major challenge encountered in membrane processes (Ang et al., 2017). Major challenges and opportunities in the area include the development of new materials, as well as better and less chemically and energy intensive chemical and physical treatments (Fortunato et al., 2019; Scarascia et al., 2021). Better module design and implementation of continuous remediation strategies also represent key strategies to reduce the impact of fouling onto the processes and their performance (Jiang et al., 2017). As fouling is inherent to any concentration process, it will always occur, and routes to reduce its impact must be further developed to tackle operational challenges through synergistic approaches. In addition, the presence, within the foulant layer, of sometimes valuable resources also represents an opportunity from a resource recovery perspective, and recent fouling mitigation approaches encompass resource extraction strategies to create an integrated Circular Economy (Zhang et al., 2010; Vu et al., 2021).
This Research Topic includes select novel research contributions on fouling in membrane filtration processes. The topic was extended to various membrane processes employed for the treatment of different feeds (seawater, wastewater, freshwater, industrial wastewater, brine, produced water, process stream in food, and biorefineries, etc.). A collection of four articles on fouling in membrane filtration systems was presented, including two original research papers, one review, and one perspective.
Over the past few decades, most research on membrane fouling mainly explores the study of fouling in water treatment processes for seawater desalination and water reuse (Jiang et al., 2017; Meng et al., 2017). In seawater reverse osmosis (SWRO) processes, fouling has been considered a key challenge in desalination plants, contributing significantly to the cost of water produced by increasing the 1) pressure necessary to drive the processes, 2) chemical cleaning, and 3) the membrane replacement frequency (She et al., 2016; Fortunato et al., 2020) Gonzales-Gil et al. performed a clinical membrane autopsy from a lead module of a full-scale SWRO desalination plant. Several analytical techniques were employed to allow a detailed characterization of the fouling. The results indicated the accumulation of iron, biofouling, and organic carbon on the membrane surface. The authors attributed the fouling propensity to the inadequate pre-treatment operation in the plants. Furthermore, the article addressed the need for reporting the results from membrane autopsy to allow the comparison between different studies and reports. Indeed, despite the importance of the topic, previous research in membrane fouling in desalination processes is often fragmented and contradictory, where the absence of a clear fouling characterization protocol might lead to misinterpretation and bias diagnosis. There is a need to develop a solid fouling autopsy protocol for membrane modules from full-scale plants, encouraging the creation of a database that could be used as guidance on fouling diagnosis and control.
In membrane bioreactor processes for wastewater treatment, the fouling has been mainly associated with its negative effect on the membrane performance, where the development of biofilm on the membrane surface leads to an increase in transmembrane pressure and energy consumption over time (Meng et al., 2017). Sawaya et al. highlighted the positive effect of biofouling on the permeate quality in anaerobic membrane bioreactors. As reported in their perspective article, the formation of biofilm on the membrane surface was found to improve the removal of emerging contaminants as organic micropollutants (OMP). In particular, hydrophobic OMPs showed a higher affinity with the specific biofouling components as extracellular polymeric substances. To this extent, the authors highlighted the necessity to develop fouling mitigation strategies that enable the formation of biofilm while reducing the fouling rate. Indeed, in membrane bioreactors, the additional filtration layer provided by the formation of fouling layer on the membrane surface improves the permeate quality, allowing the enhanced removal of emerging organic contaminants, therefore reducing the environmental impact related to the discharge into the environment.
Research on membrane fouling on other processes and applications outside water treatment has gained increasing attention. The research carried out by Birrenbach et al. focused on the performances of ultrafiltration ceramic membrane for the recovery and purification of protein aggregates. The membrane performance was affected by the interaction between the cell lysate and ovalbumin aggregates. The resistance-in-series model suggested the occurrence of the intermediate pore-blocking fouling mechanism. The filtration performance was strongly affected by the ovalbumin concentration, where a 10-fold increase in concentration led to an 85% flux decline. The work provides a better understanding of the impact of fouling during the filtration and separation of protein aggregates.
The increasing use of membrane technology in algal processes has brought to light the importance of understanding the fouling occurring in algal separation processes. Novoa et al. provided a state-of-the-art literature review on fouling influencing factors and mechanisms in membrane-based algal technologies. The algal cells are the main contributors to membrane fouling, although being responsible for the reversible fouling, while the algal organic matter is reported to be responsible for irreversible fouling. The authors highlight that despite recent advances in the field, fouling is the main operation challenge in membrane-based algal processes, presenting major knowledge gaps and therefore requiring further research. Moreover, the research in this area is critical in considering the need to recover the algal biomass deposited on the membrane surface for the further valorization of algal valuable byproducts. Indeed, in many separation processes membrane fouling should not be seen only as a challenge but as a potential resource stream (Zhang et al., 2010).
This Research Topic collection advances understanding of the critical role of fouling in several separation and purification processes. The research gaps identified in this Research Topic highlight challenges and research opportunities in chemical and environmental engineering processes.
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