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Editorial on the Research Topic
Reviews in membrane modules and processes

The design of membrane modules plays a crucial role in determining the efficiency,
scalability, and cost-effectiveness of membrane processes used in various applications such
as water treatment, resource recovery, and energy production (Kabay et al., 2022). A well-
optimized module design enhances mass and heat transfer, minimizes fouling, and
improves operational stability, making membrane technologies more viable for
industrial and municipal use (Ismail et al., 2015; Yang et al., 2013).

The design of membrane modules for membrane processes hinges on several critical
parameters to ensure efficiency, durability, and adaptability across various applications.
These parameters are shown in Figure 1.

Membrane material must be chemically compatible and mechanically durable for
long-term performance and cleaning (Warsinger et al., 2018). Module configurations,
such as spiral wound or hollow fiber, aim to maximize packing density while ensuring
ease of maintenance. A high surface area-to-volume ratio is crucial for enhanced flux
but must be balanced against pressure drop considerations (Karabelas et al., 2015).
Effective hydrodynamic design ensures uniform flow distribution, reduces dead zones,
and minimizes fouling through turbulence promoters or optimized spacers (Ibrahim
et al., 2025). Additionally, fouling and scaling control features, such as anti-fouling
coatings or spacer designs, enhance performance and facilitate cleaning, making these
parameters integral to robust and efficient module design (Jørgensen et al., 2023; Abid
et al., 2017).

For example, in nanofiltration (NF), module design influences salt rejection rates, flux
performance, and energy efficiency, which are critical for applications like softening and
desalination (Chong and Fane, 2021). Similarly, in membrane distillation (MD), the module
design, includingmembrane arrangement and thermal integration, significantly impacts the
recovery of clean water and valuable resources from challenging feed streams such as brines
and industrial effluents (Ali et al., 2024). In membrane bioreactors (MBRs), as another
example, module design directly affects aeration efficiency, fouling control, and energy
consumption, which are crucial for treating municipal and industrial wastewater while
maintaining high-quality effluent standards (Wang et al., 2009; Kharraz et al., 2022).
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Advances in module designs, such as spacer configurations, hollow
fiber membranes, and spiral wound setups, are pivotal for pushing
the boundaries of performance and ensuring sustainable and cost-
effective solutions in these membrane-based processes (Wan et al.,
2021; Lee et al., 2016). The Web of Science Engin shows 15411 hints
for the phrase ‘membrane module’ and counts 946 reviews. This
Research Topic covers four review papers on “Membrane modules
and processes”.

One of the review papers was written by Kim et al. on “Recent
Advances of Membrane-Based Hybrid Membrane Bioreactors for
Wastewater Reclamation”. The state-of-art of the MBR integrated
with desalination technologies to improve effluent quality and
membrane performance as well as optimize it for wastewater
reuse applications was described in the paper. A detailed
literature information about membrane bioreactor (MBR)
systems which are actively used as membrane-based wastewater
process was mentioned. Then conventional MBR combined with
NF/RO membrane system was explained in details. In this part of
review, the factors (such as membranes employed, recovery and
brine circulation ratio, MBR operation conditions, feed
pretreatment of NF/RO) affecting the performance of the
integrated MBR + NF/RO system, Later, Hybrid MBR systems
such as NF-MBR, FO (forward osmosis)-MBR, MD-MBR were
summarized.

The second review by Tarun et al., is on “Tuning of polymeric
membranes to mitigate fouling and removal of dissolved compounds
for wastewater treatment”. This review particularly focused on
progress and challenges in membrane processes for fouling
strategies and salt rejection in case of ultrafiltration, reverse
osmosis, nanofiltration, forward osmosis, ion exchange
membrane process, membrane distillation, pervaporation.
Additionally, progress and challenges in the fabrication of various
modules (flat sheet, spiral wound, tubular, hollow fiber) for fouling
issues were described together with methods to mitigate fouling.

In the third review, “Microfiltration membranes: fabrication,
physical morphology, and fouling characterization techniques” were
presented by Altinkaya. Past and current developments in

characterization methods of physical morphology and fouling for
microfiltration membranes along with their manufacturing methods
were explained in the review article. Also, some future directions on
this topic were outlined.

The last review paper written by Gül et al. focused on “Reverse
electrodialysis process-a pioneering technology for energy generation
by salinity gradient”. The review summarizes the recent
developments of ion exchange membranes employed for RED
studies, membrane fouling and stack design of reverse
electrodialysis.

The above review papers demonstrate the interdisciplinary fields
of membrane science and technology, covering materials, chemistry,
chemical engineering and environmental engineering. In addition,
these review papers clearly indicate the flexibility of membrane
processes in various applications including wastewater treatment
and energy production. We consider that much remains to be
explored as the field of membrane modules and processes
continues to expand.
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FIGURE 1
Main parameters in module design for membrane processes
(S-to-V ratio stands for surface to volume ratio).
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