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Abstract 

 
The Sequencing Batch Reactor (SBR) is a widely adopted aerobic treatment technology for municipal and industrial wastewater. 

As a variant of the activated sludge process, SBR operates in time-sequenced steps within a single or multiple tanks. These tanks 

can function as either plug flow or completely mixed reactors, receiving raw wastewater (influent) at one end and discharging 

treated effluent at the other. In multi-tank configurations, while one tank undergoes settling and decanting, the other fills and 

aerates, ensuring continuous treatment. Some designs incorporate a bio-selector—comprised of a series of baffles or walls—that 

directs the flow in a zigzag pattern. This enhances mixing of incoming influent with returned activated sludge (RAS), initiating 

biological digestion early in the treatment cycle. 

 

SBR systems treat wastewater in discrete batches, including sewage and effluent from anaerobic digesters or mechanical 

biological treatment plants. Oxygen is introduced into the tank to stimulate microbial activity, which breaks down organic matter, 

measured by reductions in Biochemical Oxygen Demand (BOD) and Chemical Oxygen Demand (COD). The treated effluent is 

often clean enough for safe discharge into surface water bodies or, in some cases, for reuse on land. 
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1. Introduction 
 

The management of wastewater has become a critical 

environmental concern due to rapid urbanization, industrial 

growth, and increasing pressure on natural water resources. 

Efficient and sustainable treatment methods are essential to 

prevent pollution, protect public health, and ensure the safe 

reuse of water. Among the various technologies developed for 

this purpose, the Sequential Batch Reactor (SBR) has 

emerged as a highly effective and flexible solution. 

 

This technology, which operates on the principle of treating 

wastewater in time-sequenced batches, is a modified version 

of the conventional activated sludge process.SBR systems 

carry out the entire biological treatment process in a single 

tank, divided into distinct operational phases: Fill, React, 

Settle, Decant, and Idle. These stages occur in sequence, 

allowing for optimal use of reactor volume and efficient 

treatment of varying wastewater loads. The batch 

process design eliminates the need for separate clarifiers and 

provides enhanced control over the treatment cycle, making it 

ideal for both municipal and industrial applications. 

Moreover, its adaptability to variable flow conditions and 

pollutant concentrations makes it a preferred choice in areas 

where conventional continuous-flow systems may not perform 

efficiently.The process begins with the introduction of 

influent wastewater into the reactor during the Fill phase. 

 

In the subsequent React phase, aeration is supplied to promote 

microbial activity, which breaks down organic pollutants. The 

Settle phase allows the biological solids to separate from the 

treated water. During Decanting, the clarified effluent is 

removed, and the Idle phase prepares the system for the next 

cycle. Some systems also include a bio-selector zone to 

improve mixing and initiate early biological reactions by 

directing the flow through baffles or channels. 
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These design elements contribute to the removal of 

Biochemical Oxygen Demand (BOD), Chemical Oxygen 

Demand (COD), and nutrients such as nitrogen and 

phosphorus. SBR technology is gaining popularity not only 

for its operational efficiency and high effluent quality but 

also for its compact footprint and lower infrastructure 

requirements. With automation and minimal manual 

intervention, it offers reliable performance and simplified 

operation. It is especially suited for small to medium-sized 

communities, decentralized systems, and industrial units 

seeking an integrated and scalable wastewater treatment 

solution. 

 

This study explores the fundamentals of SBR technology, 

including its working principles, design considerations, and 

performance characteristics. It also presents real-world 

applications and design calculations for a typical sewage 

treatment plant, demonstrating the effectiveness of SBR 

systems in addressing current wastewater challenges and 

contributing to sustainable water resource management. 

 

2. LITERATURE REVIEW 

 
The treatment of wastewater is an essential environmental 

concern in modern urban and industrial management, and over 

the decades, numerous technologies have been developed and 

adopted to enhance the efficiency, sustainability, and 

scalability of sewage treatment systems. Among these, the 

Sequential Batch Reactor (SBR) has emerged as a 

technologically advanced and highly efficient biological 

treatment method. A significant innovation over the 

traditional continuous-flow activated sludge process, the SBR 

allows for all major treatment steps—equalization, aeration, 

settling, and decanting. 

 

To take place in a single reactor in a time-controlled 

sequence.The origins of SBR technology can be traced back 

to the early 20th century. The foundational concept of fill- 

and-draw methods was first utilized in the United Kingdom 

by Ardern and Lockett in 1914, in early activated sludge 

systems. The development and refinement of SBRs 

accelerated in the mid-20th century, particularly with the 

introduction of oxidation ditch technologies in the 1950s. By 

the late 1970s, SBRs were being increasingly adopted in 

small to medium-sized wastewater treatment facilities, with 

growing confidence in their operational reliability and 

treatment outcomes. Recent advancements in automation and 

process control have made SBRs more sophisticated and 

viable for a broader range of applications, including urban and 

semi-urban sewage treatment as well as industrial effluent 

management. An SBR system is characterized by its batch 

operation, where wastewater is treated in discrete time- 

controlled cycles. Each cycle typically includes five 

operational phases—Fill, React, Settle, Decant, and Idle. 

 

In contrast to conventional activated sludge systems that 

require separate tanks for aeration and sedimentation, the SBR 

integrates all these processes in a single tank, thereby 

minimizing the space and infrastructure requirements. The 

flexibility of SBRs in managing fluctuating hydraulic and 

organic loads makes them especially suitable for decentralized 

and intermittently loaded systems, such as those in residential 

communities, institutional complexes, and industrial estates. 

 

The literature describes various process optimizations and 

design parameters critical to effective SBR operation. These 

include control over food-to-microorganism (F/M) ratios, 

sludge retention time (SRT), mixed liquor suspended 

solids (MLSS), cycle duration, and oxygen transfer rates. 

The integration of a bio-selector zone with internal baffles or 

flow guides helps initiate early mixing of influent with return 

activated sludge (RAS), enhancing the start of the biological 

degradation process even before the main reaction phase 

begins.Advanced SBR systems also enable nitrification and 

denitrification (NDN) within the same tank by alternating 

between aerobic and anoxic conditions during the React 

phase. 

 

This capacity for biological nutrient removal (BNR), 

especially the reduction of ammonia, nitrate, and 

phosphate, makes SBR a preferred solution in settings where 

stringent effluent discharge norms apply. Chemical 

parameters such as Biochemical Oxygen Demand (BOD), 

Chemical Oxygen Demand (COD), Total Suspended Solids 

(TSS), Total Kjeldahl Nitrogen (TKN), and phosphorus 

levels are closely monitored to evaluate the efficiency of 
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treatment.Multiple case studies have been analyzed in the 

literature to demonstrate the real-world application and 

effectiveness of SBR technology. The Mundhwa Sewage 

Treatment Plant in Pune, India, for instance, operates on a 

cyclic activated sludge process and has consistently shown 

impressive removal efficiencies for BOD, TSS, and nutrients, 

achieving effluent standards compliant with Central Pollution 

Control Board (CPCB) norms. 

 

The plant reports BOD levels reduced from over 200 mg/l to 

less than 10 mg/l, and similar improvements in suspended 

solids and phosphate levels. The use of a selector zone and 

high MLSS concentrations (above 4000 mg/l) contribute to its 

successful performance.Another significant example is the 

Culver SBR facility in the USA, as referenced in USEPA 

studies from the 1980s. This plant demonstrates high removal 

rates exceeding 90% for BOD and TSS, with final effluent 

suitable for surface discharge. The case also highlights the 

operational sequence of multiple basins running 

simultaneously in different phases to ensure continuous 

treatment with batch systems. Both these studies support the 

SBR's applicability across varying scales, geographies, and 

influent conditions. 

 

Despite its many advantages, the SBR system is not without 

challenges. The literature points to the need for sophisticated 

automation and instrumentation, especially in large-scale 

installations. This includes programmable logic controllers 

(PLCs), automated valves, and fault-tolerant influent 

management systems. The potential for aeration device 

clogging, especially during phases of low flow or excessive 

solids, is another limitation noted in operation manuals and 

field studies. Additionally, the batch nature of the process may 

limit scalability in continuously high-flow systems unless 

multiple parallel tanks are used, increasing capital 

expenditure. 

 

Nonetheless, the advantages of SBR technology far 

outweigh its limitations, especially in terms of treatment 

quality, flexibility, and cost-effectiveness. The compact 

design leads to a smaller footprint, and the integration of 

biological and physical processes into a single tank simplifies 

operation. With adequate maintenance and automated control 

systems, SBR can achieve over 95% removal efficiency for 

organic pollutants and can also be tuned to meet nutrient 

removal targets through process adjustments. Recent literature 

also includes design studies, such as the planning and 

calculation of a 100 KLD (Kilo Litres per Day) SBR-based 

Sewage Treatment Plant. These design exercises provide 

detailed engineering calculations for every unit, including bar 

screen chambers, equalization tanks, SBR basins, decant 

tanks, sludge holding tanks, and disinfection systems. 

 

These analyses demonstrate the adaptability of SBR systems 

to varied input parameters, urban loads, and effluent quality 

expectations. They also include life cycle cost (LCC) 

assessments, which show SBRs to be more energy-efficient 

and economically sustainable over time compared to 

alternatives such as MBR (Membrane Bioreactor) or 

conventional ASP (Activated Sludge Process) technologies. 

 

3. BODY OF PAPER 

 

3.1  Introduction to SBR Technology and Its 

Relevance 

 
The Sequential Batch Reactor (SBR) process has emerged as 

one of the most significant advancements in the field of 

wastewater treatment technology. Its ability to integrate 

multiple treatment processes within a single tank offers 

compactness, cost efficiency, and operational simplicity. 

Unlike conventional activated sludge systems that require 

multiple tanks for aeration and sedimentation, SBRs 

consolidate these stages—fill, react, settle, decant, and 

idle—into one reactor operating in a time-sequenced batch 

mode. The flexibility to treat variable influent loads and 

achieve high pollutant removal efficiency makes SBR 

technology particularly suitable for small to medium-scale 

sewage treatment plants in urban and semi-urban areas in 

India. 

 

3.2 Process and Operational Principles 

 
The SBR system functions through a clearly defined series of 

operational phases. During the Fill phase, raw sewage enters 

the tank and mixes with the biomass already present. In the 

React phase, oxygen is introduced through diffused aeration, 

http://www.ijsrem.com/
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enabling aerobic microorganisms to degrade organic 

pollutants such as BOD and COD. The Settle phase allows 

solids to gravitate to the bottom, forming a sludge blanket. In 

the Decant phase, the clarified supernatant is discharged, and 

finally, the Idle phase prepares the tank for the next cycle. 

 

Advanced SBR systems also incorporate nitrification and 

denitrification during the react phase by alternating between 

aerobic and anoxic conditions. This enables the simultaneous 

removal of nitrogen compounds, making SBR systems highly 

effective for nutrient removal when properly configured. 

 

3.3 Performance Assessment and Efficiency 

 

Field studies and performance evaluations have consistently 

demonstrated that SBRs offer high removal efficiencies for 

major pollutants. According to results from the Mundhwa 

STP in Pune, BOD, TSS, and TKN levels in raw sewage 

were reduced by over 90%, with final effluent BOD 

concentrations below 10 mg/l. Similarly, the Culver STP in 

the USA reported BOD and TSS removal rates exceeding 

94% and 96% respectively. These outcomes affirm the ability 

of SBR systems to meet the Central Pollution Control 

Board (CPCB) standards for effluent discharge and reuse. 

 

Furthermore, graphical analyses from physical and chemical 

parameter assessments—such as pH, COD, TKN, and 

phosphorus—at various sampling points demonstrate the 

consistent performance of SBR units under real-world 

operating conditions. 

 

3.4 Case Studies and Real-World Applications 

 

Two major case studies presented in the research—the 

Mundhwa STP in India and the Culver SBR Plant in the 

USA—highlight the practical viability and adaptability of 

SBR technology. The Mundhwa STP, designed for 45 MLD, 

integrates a four-basin cyclic activated sludge process. 

Effluent data indicates successful compliance with 

environmental norms, showing values such as TSS < 10 mg/l 

and phosphate < 2 mg/l. The Culver plant, operating in batch 

 

mode with dual basins, similarly demonstrates robust nutrient 

removal and operational reliability. These cases validate that 

SBR technology can perform effectively across diverse 

geographic and climatic contexts and provide a model for 

scalable, decentralized wastewater treatment systems. 

 

3.5 Design Considerations and Process Calculations 

 

The design of an SBR-based Sewage Treatment Plant (STP) 

involves a sequence of engineering calculations tailored to 

influent characteristics and desired effluent quality. A typical 

100 KLD plant design includes key components such as a 

bar screen chamber, equalization tank, anoxic tank, SBR 

basin, decant tank, disinfection units, and treated water 

storage. Detailed design parameters include: 

 

• MLSS: 3500 mg/l 

• BOD Load: 250 mg/l 

• F/M Ratio: 0.11 

• Detention time for equalization: 8 hours 

• Aeration blower requirement: ~150 m³/hr 

 

These calculations ensure optimal sizing and capacity 

planning, enabling consistent performance even under 

variable loading conditions. 

 

3.6 Advantages and Limitations of SBR Systems 

 

SBR systems offer several distinct advantages over traditional 

continuous-flow systems: 

 

• Integration of multiple treatment processes in a 

single tank 

• Reduced land requirements and lower infrastructure 

costs 

• High BOD, COD, and nutrient removal efficiency 

• Enhanced control over operational parameters 

• Suitability for decentralized and space-limited sites 

 

However, limitations include the need for advanced 

automation, periodic maintenance of electromechanical 

equipment, and operational expertise to manage cycles and 

fault responses. Aerator clogging and timing synchronization 

 

issues may also arise if systems are poorly maintained. 

http://www.ijsrem.com/
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3.7 Lifecycle Cost and Sustainability Analysis 

 

A detailed Life Cycle Cost (LCC) analysis indicates that 

SBR-based treatment is economically competitive over a 20- 

year period. The LCC assessment, conducted at a 10% interest 

rate from 2011 to 2031, reveals manageable capital, 

operational, and maintenance costs. Notably: 

 

• Capital Cost: ₹98.02 lakh/MLD 

• Power Cost (2031): ₹136 lakh 

• Chemical Cost (2031): ₹144.75 lakh 

• Total LCC/MLD: ₹441.36 lakh 

 

When compared to MBR and ASP systems, SBR 

demonstrates lower power and space requirements, aligning 

well with sustainable urban water management goals. 

 

3.8 Technological Innovations and Future Scope 

 

Recent technological advancements, including real-time 

monitoring systems, smart decanters, and AI-based 

aeration controls, are further enhancing SBR efficiency and 

ease of operation. There is potential for integrating nature- 

based solutions (NbS) such as constructed wetlands and 

green buffer zones for polishing SBR effluents before reuse or 

discharge. 

 

Future research may focus on hybrid SBR systems, coupling 

them with anaerobic digestion, membrane filtration, or 

resource recovery technologies to improve sustainability and 

circular economy outcomes. 

 

 
Fig 1: Components of C-Tech SBR System 

 
 

 
Figure 2: % Removal Efficiency (Y axis) of Different Parameters(X axis) 

 
 
 

 

4. Results and Discussion 

 
4.1  Performance Efficiency of SBR Technology in 

Wastewater Treatment 

 

Sequential Batch Reactor (SBR) technology has demonstrated 

high treatment efficiency in various applications, particularly 

in urban sewage management. Experimental data from 

operational plants show consistent reduction in key water 

quality parameters. For instance, performance evaluations 

from the Mundhwa STP in Pune revealed that influent BOD 

levels of 205–250 mg/l were reduced to below 10 mg/l, while 

TSS decreased from 262–350 mg/l to under 10 mg/l. 

Similarly, nitrogen and phosphorus levels also showed 

significant reduction, aligning with CPCB discharge norms. 

 

The overall BOD, COD, and TSS removal efficiencies 

consistently exceeded 90%, indicating the robustness of the 

SBR system in biological wastewater treatment. 

 

4.2 Comparative Case Study Outcomes 

 

Two major case studies—Mundhwa STP (India) and Culver 

SBR Plant (USA)—were analyzed for operational efficiency. 

The Mundhwa facility, with a treatment capacity of 45 MLD, 

operates on a cyclic activated sludge process with four basins. 

It achieved removal efficiencies of 96.22% for COD and 

97.88% for BOD. 

http://www.ijsrem.com/
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The Culver plant, operating on similar SBR principles, 

reported comparable outcomes: BOD was reduced from 170 

mg/l to 10.5 mg/l, and TSS from 150 mg/l to 5.5 mg/l, 

confirming the global viability of the technology. 

 

These results reinforce the scalability and effectiveness of 

SBR systems in varying geographical and climatic conditions, 

from subtropical India to temperate regions in the United 

States. 

 

4.3 Design Performance of a 100 KLD SBR-Based STP 

 

The design simulation for a 100 KLD SBR-based sewage 

treatment plant showcased optimized system functionality 

under projected loading conditions. Using influent parameters 

such as BOD (250 mg/l), COD (450 mg/l), and TSS (320 

mg/l), the system achieved target effluent concentrations of 

<10 mg/l for BOD and TSS, and <50 mg/l for COD. 

Equipment such as raw sewage pumps, decanters, and air 

blowers were designed with accurate capacity (e.g., air blower 

capacity at 150 m³/hr) to ensure energy-efficient operation. 

The overall plant design maintained an F/M ratio of 0.11, 

consistent with Metcalf & Eddy guidelines for optimum 

biological activity. 

 

4.4 Lifecycle Cost Assessment and Economic Viability 

 

A 20-year Life Cycle Cost (LCC) analysis of the SBR system 

revealed promising long-term economic viability. Capital 

costs were estimated at ₹98.02 lakh/MLD, while operational 

costs including electricity, chemicals, manpower, and 

maintenance increased proportionally over the years. The total 

LCC reached ₹441.36 lakh/MLD by 2031. Despite higher 

chemical and electricity costs in later years, the SBR system 

still compares favorably with alternatives such as MBR and 

ASP due to its lower area requirement (450 m²/MLD) and 

reduced sludge handling needs. 

 

4.5 Policy Implications and Environmental Compliance 

 

SBR systems align well with national policies such as the 

National Urban Sanitation Policy and CPCB effluent 

standards, enabling treated water reuse for landscaping, 

agriculture, and groundwater recharge. Plants operating under 

SBR technology meet the standards outlined in Schedule VI 

of the Environmental Protection Rules, 1986, especially in 

terms of BOD, COD, TSS, and pathogen levels. Moreover, 

the process supports sludge stabilization, allowing biosolids to 

be reused as manure, contributing to circular economy 

practices. 

 

4.6 Stakeholder Involvement and Operational Challenges 

 

Although the technical performance of SBR systems is 

commendable, successful operation requires trained personnel 

and real-time system monitoring. The automation of valve 

sequencing, aeration cycles, and decanting requires SCADA 

systems and technical supervision. Case evidence shows 

that facilities lacking adequate training or backup systems 

face issues such as valve malfunctions, aerator clogging, or 

sludge overflow. Therefore, capacity-building among 

operators and engineers is vital to maintain efficiency and 

prevent process disruptions. 

 

4.7 Technological Trends and Future Opportunities 

 

Recent advancements have opened pathways to enhance SBR 

performance further. Integration with remote monitoring 

systems, sensor-based controls, and real-time data 

analytics improves operational reliability. Furthermore, 

coupling SBRs with post-treatment polishing units, such as 

constructed wetlands or advanced oxidation, can elevate 

effluent quality to meet zero-liquid discharge goals. 

Innovations in bioaugmentation and the use of natural 

coagulants (e.g., Moringa oleifera) also present opportunities 

for sustainable optimization. 

 

4.8 Visual Insight: Parameter Trends in SBR Effluent 

 

Visual data analysis from operating plants—illustrated 

through graphs of pH, TSS, BOD, COD, and TKN 

variations—demonstrates the stability and predictability of 

SBR outputs across sampling dates. The treated effluent 

consistently remained within permissible limits, with average 

pH stabilizing around 7.4, and BOD/COD removal exceeding 

97% and 96% respectively. Such data affirm the resilience 

and repeatability of the SBR process even under fluctuating 

influent characteristics. 
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the technical feasibility and cost-effectiveness of SBR systems 

in meeting discharge standards while enabling water reuse. 

 

Although automation and skilled operation are essential for 

maintaining efficiency, the technology's adaptability and long- 

term economic sustainability make it a strong candidate for 

expanding decentralized wastewater treatment in India. With 

appropriate design, maintenance, and policy support, SBR 

systems can play a crucial role in improving sanitation, 

reducing environmental pollution, and promoting sustainable 

urban development. 

 

 

Figure 1: Removal Efficiency(%) of Different Parameters 

 

 

 

Figure: 2 Removal Efficiency of Parameters in SBR Treatment 

 
 

 

5. Conclusion 

 
Sequential Batch Reactor (SBR) technology is a reliable, 

efficient, and compact solution for wastewater treatment, 

particularly suited for small to medium-scale applications. By 

combining all treatment processes—equalization, aeration, 

settling, and decanting—within a single reactor, SBR systems 

offer high treatment efficiency with reduced land and 

infrastructure requirements. 

 

Case studies such as the Mundhwa STP in India and the 

Culver plant in the USA demonstrate consistent performance, 

with pollutant removal efficiencies exceeding 90% for BOD, 

COD, and TSS. The 100 KLD plant design further confirms 
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