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Membrane Bioreactor (MBR) Technology for
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Introduction:

Wastewater treatment has been a crucial process for centuries to protect the environment and
public health. However, with the growing population, urbanization, and industrialization,
traditional wastewater treatment methods faced challenges in handling increasing volumes of
wastewater and removing various contaminants effectively. As a result, advanced technologies
like Membrane Bioreactor (MBR) were developed to address these issues.The primary purpose
of this document is to provide an in-depth understanding of MBR technology in wastewater
treatment. It aims to educate readers about the principles, advantages, challenges, and
applications of MBR systems. Additionally, the document explores real-world case studies and
potential future developments in MBR technology, emphasizing its role in sustainable water
management.

MBR technology integrates the biological treatment of activated sludge with membrane
filtration, enabling better removal of solids, pathogens, and nutrients. The concept of MBR dates
back to the 1960s, but it gained significant attention in the late 1990s due to advancements in
membrane materials and process optimization.

Principles of SBR Technology:

MBR technology combines biological treatment with membrane filtration. In the biological
treatment process, microorganisms consume and break down organic matter in the
wastewater, converting it into carbon dioxide and water. The membrane filtration step acts as a
physical barrier, preventing solids and microorganisms from passing through and producing
high-quality treated water.

Types of Membranes Used in MBR technology :

e Microfiltration (MF): Larger pores for solid removal.

e Ultrafiltration (UF): Smaller pores for superior solids and pathogen removal.

e Nanofiltration (NF): Partial removal of dissolved substances, including some ions.

e Reverse Osmosis (RO): High-pressure process that removes almost all dissolved
substances.

There are three types of membrane geometries used for MBRs:

e Hollow fibre (HF)
e Flat sheet (FS)
e Tubular (or multi-tubular, MT)
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Configuration of MBR Systems :
MBR systems can be configured in various ways:

e Submerged MBR: Membranes are immersed in the bioreactor tank.
e Side-Stream MBR: A portion of the mixed liquor is withdrawn and passed through
membranes outside the bioreactor.

e External MBR: Membrane modules are located outside the bioreactor, and a pump is
used to circulate mixed liquor through the membranes.

How does a membrane bioreactor work in wastewater treatment processes?

Separating solids from a liquid is a major role of membranes. This is often done in activated
sludge plants employing supplementary clarifiers.

There are two possible process configurations:

e [f vacuum-driven membranes (such as the PCI HF-Zmbr2 Series) are utilized, submerged
MBR should be employed;

Return Activated Sludge (RAS)

Membrane filtration tank

e Sidestream (or external) MBR, in case pressure-driven membranes are used (like PCI A-
Series).
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Usually, pressure-driven membranes are used for smaller installations and/or tough-to-treat
industrial wastewaters, while submerged membranes are used for medium and large

installations.

Advantages of MBR Technology:

Improved Effluent Quality: MBR produces high-quality treated water with low turbidity
and suspended solids.

Reduced Footprint: MBR systems have a smaller footprint compared to conventional
processes due to higher biomass concentration and solid removal efficiency.

Enhanced Nutrient Removal: MBR can achieve better nutrient removal, including
nitrogen and phosphorus, compared to traditional methods.

Tolerance to Fluctuations: MBR systems are more robust and can handle fluctuations in
influent characteristics effectively.

Pathogen Removal: MBR provides enhanced removal of pathogens, contributing to safer
treated water.

Challenges of MBR Technology :

Membrane Fouling: Accumulation of solids and microorganisms on the membrane
surface reduces filtration efficiency, requiring regular cleaning and maintenance.

High Energy Consumption: MBR systems require energy for aeration, pumping, and
membrane cleaning, leading to higher operational costs.

Capital and Operational Costs: The initial investment and ongoing expenses can be
higher compared to conventional treatment.

Maintenance and Cleaning: Regular maintenance and membrane cleaning are essential
to maintain system performance.
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Conclusion :

In conclusion, Membrane Bioreactor (MBR) technology has proven to be a revolutionary
advancement in wastewater treatment, offering numerous advantages over conventional
methods. By combining the biological treatment of activated sludge with efficient membrane
filtration, MBR systems produce high-quality treated water with reduced footprints, making
them an ideal choice for modern water management challenges.

The diverse configurations of MBR systems, such as submerged, side-stream, and external,
offer flexibility and adaptability to different wastewater treatment scenarios. Urban
wastewater treatment plants have successfully implemented MBR technology, meeting
stringent effluent quality standards. Industrial sectors, such as pharmaceuticals and dairy
processing, have also benefited from MBR's effectiveness in treating complex and high-strength
wastewaters.

While MBR technology presents significant advantages, it does face challenges, primarily
related to membrane fouling, high energy consumption, and capital and operational costs.
However, ongoing research and development efforts are focused on improving membrane
durability, optimizing energy consumption, and reducing overall system costs, thereby further
enhancing MBR's appeal in wastewater treatment.




