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The advancement in water treatment technology has revolutionized the progress of membrane bioreactor (MBR)
technology in the modern era. The large space requirement, low efficiency, and high cost of the traditional activated
sludge process have given the necessary space for the MBR system to come into action.
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| 1. Introduction

In recent times, rapid industrial growth that is due to an ever-increasing population has caused an increase in demand for
water WEEl The increase in the use of fresh water and discharging without adequate treatment poses a significant
challenge to the world BIE. At present, there are two billion people who live in countries with water scarcity, and it is
estimated that 25% of the children will be living in places with severe water scarcity by 2040, according to the United
Nations Children’s Fund (UNICEF) [8. Other than water scarcity, water pollution due to the discharge of industrial effluents
has a significant impact on the environment 8, As a result, there is a necessity of developing sustainable and efficient
wastewater treatment technologies for better water cycle management and reuse 4. The membrane bioreactor (MBR)
has received attention in the past few decades as one of the promising technologies for wastewater treatment and reuse
[l[zoya1].

MBR is the process that combines biological treatment (aerobic, anaerobic) with membrane technology for the treatment
of wastewater 12, This process uses microfiltration or ultrafiltration for the separation of sludge produced by biological
treatments instead of using a clarifier for gravity settling as in conventional biological treatments. In comparison to the
conventional activated sludge (CAS) process, MBR offers several benefits. The solid retention time (SRT) in MBR is
higher compared with CAS, whereas the hydraulic retention time (HRT) is lower in MBR than in the CAS process.
Moreover, the separation of sludge is more efficient in the case of MBR. The effluent quality of MBR is much better in
terms of biochemical oxygen demand (BOD), suspended solids, and turbidity, making it suitable for water reclamation and
requiring less space [Ell12, Other than CAS, MBR can also be used in anaerobic treatments by replacing conventional
anaerobic digestion by using an up-flow anaerobic sludge blanket (UASB), expanded granular sludge bed (EGSB), or
anaerobic baffled tank reactor 13l The anaerobic membrane bioreactor (AnMBR) can produce high-quality effluent with
lower chemical oxygen demand (COD) compared with the conventional process by controlling the biomass concentration
[13][24]

The MBR process was first introduced in 1969 by Dorr-Oliver Inc. However, the initial developments could not be
translated to widespread industrial applications, owing to the large expenses associated with membrane material and
energy BII5 Since then, further improvements in membrane materials, configurations, and process parameters have
been made for its utilization in commercial applications. The development of MBR on a commercial scale has gained
momentum since its application started in the treatment of industrial and municipal wastewater 28],

| 2. water Treatment Stages in the Modern Age

At present, conventional wastewater treatment consists of three stages: primary, secondary, and tertiary (Figure 1).
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Figure 1. Different levels of wastewater treatment.

Primary treatment has two steps: preliminary treatment and the sedimentation tank. Preliminary treatment consists of
screening to remove large particles, oil, fat, rock, and debris, and with small screens, it screens out even algae. The
sedimentation tank is chemical precipitation (coagulation, flocculation) in a primary settling tank to remove organic matter
and colloidal suspended particles. Secondary treatment is the degradation of biodegradable and soluble organics by
microorganisms through aeration and an activated sludge process. Tertiary treatment, also known as advanced treatment,
is responsible for the removal of nutrients (nitrogen, phosphorus), suspended solids, pathogenic bacteria, viruses, and
heavy metals. Membrane filtration, electrodialysis, photocatalysis, and water oxidation are some of the advanced
treatment methods (4,

Currently, MBR is one of the promising methods for municipal and industrial wastewater treatment. It is a combination of
the microfiltration or ultrafiltration of the advanced treatment stage with a biological treatment process of the secondary
stage 18], Membrane bioreactors are compact and can remove suspended and soluble compounds, viruses, and bacteria
from wastewater and produce excellent-quality effluent. It eliminates the use of secondary clarifiers and the time
associated with them 19,

| 3. MBR Technology for Sustainable Water Treatment
3.1. Configuration of MBR

Conventional aerobic treatment has been used for over a century to treat industrial wastewater and effluent. However, the
high energy requirement for the aeration process, the bulk amount of sludge generation, the greenhouse gases such as
nitrous oxide (N,O) emissions, the huge environmental imprint, and the high maintenance costs of the conventional
aerobic process demand a more efficient method of wastewater treatment. In anaerobic treatments, the production of
methane-rich biogas from the breakdown of organic matter lowers the energy needed for wastewater treatment [,
Typically, aerobic processes are used to treat effluents with biodegradable COD contents less than 1000 mg/L, while the
anaerobic technique is widely employed to treat strong and highly polluting processes (e.g., biodegradable COD contents
>4000 mg/L) 29, The advantages of high effluent quality, low environmental impact, and other factors have accelerated
MBR technology’s development to treat wastewater 211,

The MBR process, which combines membrane filtration with biological treatment using a reactor, is similar to CAS;
however, it operates without secondary clarification and tertiary processes, e.g., a sand filter, an activated carbon filter,
etc. (22231, Out of the two configurations of MBRs, the side-stream membrane module system is compact. However, to
limit the fouling rate, it employs a high suspension regeneration flow rate throughout the membrane module, which
increases its power requirement. The submerged membrane module operates at low transmembrane pressure (TMP) and
uses air fluid to create turbulence [24125],

Depending on the membrane shear velocity, an external or side-stream MBR arrangement can be advanced in two ways.
The first one is BioFlow mode, which treats wastewater with greater fouling potential e.g., greasy sewage of 75-150 L/m?
h permeate flux at 3.5-4.5 m/s velocity (inside membrane). The second uses BioPulse mode to treat wastewater with a
moderate fouling potential, such as municipal or industrial effluent of 4070 Lm2h™1 and 1-2 m/s velocity (inside
membrane). In this mode, water pulses back from the permeate side to the mixed liquor side at irregular intervals 28],

In recent years, the advanced airlift side-stream MBR (ArMBR) systems have received a lot of attention. The idea
incorporates the benefits of the low-energy submerged systems and, at the same time, applies the side-stream airlift
principle employing a stable and dependable side-stream arrangement 22, However, the ArMBR systems are still in the



development phase. In 2018, Shin and Bae reported that a lab-sized (maximum capacity of 135 kWhm?) ArMBR system
requires lower energy for a pilot study, compared with a typical external submerged AnMBR configuration 221,

3.2. Impact of MBR in Sustainable Wastewater Treatment

Wastewater treatment has become a necessity to resolve the water scarcity issues and reclamation of water as an
essential resource. Membrane bioreactor technology is an advanced and unique option for this purpose. Since the 2000s,
the MBR technology has undergone considerable development . What with energy limitations, climatic changes, and
resource depletion, conventional wastewater treatment systems face significant obstacles 4. When compared with CAS,
MBR has several significant advantages, e.g., better permeate quality, simpler operational management, and a reduced
footprint 28], Banti et al., (2020) conducted a life-cycle analysis (LCA) study to compare the CAS plant with an MBR plant
in northern Greece to assess their respective environmental impacts. The life-cycle impact assessment (LCIA) showed
lower values for impact factors such as global warming potential (GWP), ozone depletion potential, etc. for the MBR plant.
The results proved that the MBR plant process was more environmentally sustainable 22, Recent research has indicated
that using an ammonia-N-based aeration management technique reduced aeration and energy consumption rates in full-
scale MBRs by 20% and 4%, respectively 2%, The reduction in the air flow rate decreases energy consumption and GHG
emissions thanks to the incomplete nitrification in MBR 1. The study suggests that closed-loop aeration with consistent
dissolved oxygen (DO) levels inside the aerobic reactor rather than open-loop aeration will successfully bring down the
operating cost of MBRs plants by 13-17% [22. Moreover, MBR can achieve the goal of zero discharge. MBRs and their
variants would dominate this sector for future sustainable water treatment technologies.
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