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Wastewater management is a critical component of environmental engineering and public
health, ensuring the safe treatment and disposal of municipal and industrial effluents.
Among biological treatment technologies, the Activated Sludge Process (ASP) and
Membrane Bioreactor (MBR) systems are widely adopted due to their effectiveness in
removing organic pollutants and pathogens. This study presents a comprehensive
comparative evaluation of these two systems based on operational principles, treatment
efficiency, energy consumption, economic feasibility, and environmental impact. The
ASP, a conventional and extensively used method, is valued for its simplicity and cost-
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1. Introduction

effectiveness but is limited by large land requirements, sludge handling issues, and
moderate nutrient removal efficiency. In contrast, MBR technology integrates biological
treatment with membrane filtration, offering superior effluent quality, reduced footprint,
and enhanced operational stability. However, MBR systems are associated with higher
energy demand, membrane fouling, and increased capital and operational costs. This study
highlights that ASP remains suitable for large-scale, cost-sensitive applications, whereas
MBR systems are more appropriate for scenarios requiring high effluent quality and space
efficiency. The findings aim to support informed decision-making in selecting appropriate
wastewater treatment technologies.

Biological treatment processes play a central role in
wastewater treatment due to their ability to remove

Water is an essential resource for human survival,
economic development, and ecological sustainability.
Rapid urbanization, industrialization, and population
growth have significantly increased wastewater
generation, creating major challenges for effective
water quality management. Efficient wastewater
treatment is crucial not only for environmental
protection but also for enabling water reuse, particularly
in water-scarce regions.
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organic matter and nutrients through microbial activity.
Among these, the Activated Sludge Process (ASP) has
long been the backbone of conventional treatment
systems. Developed in the early 20th century, ASP
involves aerating wastewater to promote microbial
degradation of organic pollutants. Despite its
advantages, ASP requires large land areas and is prone
to operational issues such as sludge bulking and limited
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nutrient removal efficiency. To address these
limitations, Membrane Bioreactor (MBR) technology
was developed. MBR systems combine biological
degradation with membrane filtration, eliminating the
need for secondary clarifiers. This integration allows for
the production of high-quality effluent suitable for reuse
while significantly reducing the treatment plant
footprint. However, MBR systems face challenges such
as membrane fouling, higher energy consumption, and
increased operational complexity. This study aims to
compare ASP and MBR systems based on treatment
performance, operational parameters, economic aspects,
and environmental impacts. The objective is to provide
a comprehensive understanding of their advantages and
limitations to guide technology selection in modern
wastewater management.

2. Literature Review
2.1 Historical Development and Process Design

The Activated Sludge Process has been widely used due
to its operational simplicity and cost-effectiveness. It
consists of aeration tanks and secondary clarifiers for
biological treatment and solid-liquid separation.

MBR technology, introduced in the late 20th century,
integrates membrane filtration (microfiltration or
ultrafiltration) with biological processes, enabling
higher effluent quality and compact system design.

2.2 Treatment Efficiency

MBR systems consistently achieve higher removal
efficiencies (>96%) for BOD, COD, and TSS compared
to ASP systems (86—90%). Additionally, MBR systems
demonstrate superior removal of pathogens and
emerging contaminants.

2.3 Land Requirement

MBR systems require significantly less space—up to
50% less—due to the elimination of secondary clarifiers
and higher biomass concentration.

2.4 Energy Consumption

MBR systems consume more energy (0.7-1.3 kWh/m?)
compared to ASP systems (0.3—-0.7 kWh/m?), primarily
due to membrane aeration and maintenance.
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2.5 Sludge Production

MBR systems produce less sludge due to longer sludge
retention times (SRT), reducing disposal costs.

2.6 Operational Challenges

Membrane fouling remains a major issue in MBR
systems, requiring periodic cleaning and increasing
operational costs. ASP systems, on the other hand, face
issues like sludge bulking.

2.7 Application Suitability

ASP is preferred for large-scale municipal applications,
while MBR is ideal for urban areas, decentralized
systems, and water reuse applications.

3. Discussion
3.1 Treatment Efficiency

Both ASP and MBR systems effectively remove
organic  pollutants. However, MBR  systems
demonstrate superior performance:

ASP: BOD removal: 90-94%, COD removal: 86-90%
MBR: BOD removal: >97%, COD removal: 90-96%

MBR systems also achieve lower TSS (<6 mg/L)
compared to ASP (15-25 mg/L), producing clearer
effluent.

3.2 Nutrient and Contaminant Removal

MBR systems provide better nutrient removal and are
more effective in removing micropollutants due to
longer SRT and membrane filtration.

3.3 Operational Stability

MBR systems are more resilient to fluctuations in
hydraulic and organic loads. ASP systems may
experience performance instability under peak loading
conditions.

3.4 Energy Consumption
ASP: 0.3-0.7 kWh/m?
MBR: 0.7-1.3 kWh/m?

Despite higher energy use, advancements in membrane
technology are improving efficiency.
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3.5 Footprint

MBR systems require 35-55% less space, making them
suitable for urban areas.

3.6 Sludge Management

MBR systems produce 35-55% less sludge, reducing
disposal costs and handling requirements.

3.7 Economic Analysis
CAPEX: MBR is 25-39% higher than ASP
OPEX: Higher for MBR due to energy and maintenance

However, lifecycle costs may favor MBR when water
reuse and land costs are considered.

3.8 Environmental Impact

While ASP has a lower direct energy footprint, MBR
systems enable water reuse, reducing overall
environmental impact.

4. Conclusion

This study highlights the comparative advantages and
limitations of ASP and MBR systems. ASP remains a
reliable and cost-effective solution for large-scale
wastewater treatment with moderate effluent quality
requirements. In contrast, MBR systems provide
superior effluent quality, reduced footprint, and
enhanced operational stability, making them suitable for
modern applications requiring water reuse and stringent
discharge standards.

Although MBR systems involve higher initial and
operational costs, their long-term benefits—especially
in water-scarce and urban regions—make them a
promising solution for sustainable
management.

wastewater

The selection between ASP and MBR should be based
on site-specific factors such as regulatory requirements,
land  availability, economic  constraints, and
sustainability goals.
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