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Abstract 

The concept of membrane bioreactor systems consists of – “Utilizing a bioreactor and microfiltration or ultra-filtration as one 

unit process for waste water treatment thereby replacing, and in some cases supplementing, the solids separation function of 

secondary clarification and effluent filtration.” Early MBRs were based on pressurized modules in recirculation loops, but the 

current state of the art involves immersing the membranes in the activated sludge and drawing the treated water by suction. The 

idea of coupling activated sludge with membrane separation was conceived in the mid-1960s at Dorr-Oliver (Stanford, 

Connecticut), but the technology was not commercialized in North America. Thetford Systems (Ann Arbor, Michigan), which 

later became part of ZENON, accomplished this in the early 1970s. The company developed a membrane bioreactor system for 

on-site treatment and recycling of wastewater. The system, called Cycle Let was based on an aerobic – anoxic activated sludge 

process with tubular ultra-filtration (UF) in a two-pump feed and bleed loop. Permeate from the UF membranes was disinfected 

in a UV unit, and reused for toilet flushing.  
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________________________________________________________________________________________________________ 

I. INTRODUCTION 

Biological treatment technologies have been utilized in wastewater reclamation for over a century. Out of the many different 

processes employed, the activated sludge system has proven to be the most popular. During the past 15 years, significant new 

developments and changes have occurred in the field of wastewater engineering, especially with respect to: 

- A greater fundamental understanding of the mechanisms of biological wastewater treatment; 

- The application of advanced treatment methods for the removal of specific constituents; 

- The issuance of more stringent (precise) requirements for the discharge and reuse of treated wastewater. 

The applications of membranes within the treatment sequence of water pollution control facility were initially limited to tertiary 

treatment and polishing. Ultra-filtration, micro-filtration, or reverse osmosis units were utilized in areas where discharge 

requirement were very stringent or direct reuse of the effluent was desired. High capital and operational costs as well as 

inadequate knowledge on membrane application in waste treatment were predominant factors in limiting the domain of this 

technology. However, with the emergence of less expensive and more effective membrane modules and the implementation of 

ever-tightening water discharge standards, membrane systems regained interest. Membrane modules have evolved from being 

utilized solely in tertiary wastewater treatment to being integrated into secondary wastewater treatment. These systems are now 

most commonly referred to as membrane bioreactors (MBRs). Membrane bioreactor technology is an emerging technology and 

had several advantages including a smaller plant footprint, high quality of treated water, decrease in the cost, less sludge 

production etc. 

II. BIOREACTOR 

An apparatus in which a suspension of microorganisms in a liquid are used to perform chemical reactions, as 

in synthesis of pharmaceutical agents or the conversion of harmful waste to less harmful substances. A 

bioreactor is a vessel in which is carried out a chemical process which involves organisms or biochemically active substances 

derived from such organisms. This process can either be aerobic or anaerobic. 

 Types of Bioreactors: 

There are mainly two types of bioreactors depending on the microbial maintenance in the system 

 Attached growth or fixed film reactors: 

- Trickling Filters 

- Rotating biological contractors 

 Suspended growth reactors: 

- Activated sludge process 
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- Aerated lagoons 

- Membrane bioreactor (MBR) 

In suspended systems, such as activated sludge, contaminated ground water is circulated in an aeration basin. In attached 

systems, such as rotating biological contractors and trickling filters, microorganisms are established on an inert support matrix. 

III. MEMBRANE BIOREACTOR 

Membrane bioreactor can be defined as the combination of two processes – biological degradation and membrane separation – 

into a single process where suspended solids and microorganisms are responsible for biodegradation are separated from the 

treated water by a membrane unit. The entire biomass is confined within the system, providing both perfect control of the 

residence time for the microorganisms in the reactor and the disinfection of the effluent. 

 
Fig. 1: Combination of Aeration tank and Membrane bioreactor 

Membranes have not been successful when used directly for wastewater treatment, but have been successfully coupled with 

bioreactors for a variety of wastewater treatment applications. Membrane modules have evolved from being utilized solely in 

tertiary wastewater treatment to being integrated into secondary wastewater treatment. These systems are now most commonly 

referred to as membrane bioreactors (MBRs). Figure presents the evolution of membrane use in wastewater treatment and 

demonstrates the basic differences in the treatment trails. The entire biomass is confined within the system, providing both 

perfect control of the residence time for the microorganisms in the reactor and the disinfection of the effluent. 

 
Fig. 2: Conventional treatment including tertiary membrane filtration 

The technology of membrane activated sludge, commonly referred to as “membrane bioreactor” (MBR), is the combination of 

an activated sludge treatment together with a separation of the sludge interstitial water –the permeate, or micro-filtrate– by 

micro-filtration  or ultra-filtration membrane with pore size of typically 10 nm to 0.5µm.  

Early MBRs were based on pressurized modules in recirculation loops, but the current state of the art involves immersing the 

membranes in the activated sludge and drawing the treated water by suction.  
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 Process Description: 

When used with domestic wastewater, MBR processes could produce effluent of high quality enough to be discharged to coastal, 

surface or brackish waterways or to be reclaimed for urban irrigation. Other advantages of MBRs over conventional processes 

include small footprint, easy retrofit and upgrade of old wastewater treatment plants. It is possible to operate MBR processes at 

higher Mixed Liquor Suspended Solids (MLSS) concentrations compared to conventional settlement separation systems, thus 

reducing the reactor volume to achieve the same loading rate. 

 
Fig. 3: Process Description 

The wastewater is first screened and then fed to a bioreactor as shown above. The bioreactor is a tank made of steel, concrete 

etc. In the bioreactor the organic content of the waste water is reduced considerably by the presence of microorganisms.  There is 

a pipe at the bottom through which air is blown to provide the necessary aerobic conditions.  In the anoxic zone de-nitrification 

results. The nitrates, nitrites etc. is reduced to nitrogen gas. Now the mixed liquor is passed through a membrane module (UF or 

MF). The effluent is sucked with the help of vacuum created by a vacuum pump. The sludge is returned back to the bioreactor 

with occasional purging. The effluent after disinfection can be utilized for feed water to the reverse osmosis plant. 

IV. TYPES OF MEMBRANE BIOREACTORS 

Membrane bioreactors are composed of two primary parts, the biological unit responsible for the biodegradation of the waste 

compounds and the membrane module for the physical separation of the treated water from mixed liquor.  

MBR systems can be classified into two major groups according to their configuration. 

1) Integrated MBR 

2) Re-circulated MBR 

Many other anti-fouling strategies can be applied to MBR applications. They comprise, for example: 

- Intermittent permeation, where the filtration is stopped at regular time interval for a couple of minutes before being resumed. 

Particles deposited on the membrane surface tend to diffuse back to the reactor; this phenomena being increased by the 

continuous aeration applied during this resting period. 

- Membrane backwashing, where permeate water is pumped back to the membrane, and flow through the pores to the feed 

channel, dislodging internal and external foulants. 

- Air backwashing, where pressurized air in the permeate side of the membrane build up and release a significant pressure 

within a very short period of time. Membrane modules therefore need to be in a pressurized vessel coupled to a vent system. 

Air usually does not go through the membrane. If it did, the air would dry the membrane and a rewet step would be 

necessary, by pressurizing the feed side of the membrane. 

 Advantages of Membrane bio Reactor : 

1) The first advantage of this technology is considered to be the compactness, as the clarifier, where the separation of the 

sludge from the treated effluent occurs traditionally by gravity, is replaced by a membrane filtration which can be 

implemented directly in the aerated biological reactor.  

2) Moreover, the membrane system can be operated with sludge concentration in the biological reactor up to 20 or 25g TS(total 

solids)/L, unlike the conventional technology which is limited to max 5g/L in order to ensure a good sludge sedimentation.  

3) Furthermore, unlike the conventional technology the MBR plants can be operated with a broader range of operation 

conditions such as sludge concentration, sludge age, organic load etc, and are more robust to load variations.  

4) Another specificity is the broad range of operative sludge concentration, which enables to decouple the hydraulic residence 

time (HRT) from the mean cell residence time (MCRT), or sludge age. This renders the technology especially interesting for 

areas with important seasonal or daily variations, such as in tourist or decentralised districts.  

5) In addition, the modularity of the technology facilitates the use and planning in areas with quick population growth (i.e. 

developing countries or new settlements), where the amount of water to be treated is difficult to predict beyond few years.  
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6) Last but not least, the MBR technology stands out for the excellent and constant treatment quality that is achieved: particle-

free and disinfected effluent whatever the incoming raw water or pollutant load, and notwithstanding usual problematic 

issues in conventional plants such as filamentous bacteria, bulking or floating sludge, pinpoint flocs, etc. This makes the 

MBR treated water particularly relevant when high treatment standards are required, such as to comply with bathing water 

directives and or unrestricted water reuse. Due to the advanced quality of the MBR permeate, devoid of particles, bacteria 

but also colloids, the MBR technology is also an excellent pre-treatment before nano-filtration or reverse osmosis. 

 Disadvantages of Membrane Bioreactor : 

1) The main drawback of the membrane bioreactor technology still remains the capital and operation costs due to use of the 

membrane filtration aggregates (first sets and replacements), and the high energy requirement resulting from module 

aeration. 

2) Quick membrane fouling and inefficient membrane cleaning after fouling impact also significantly operation and membrane 

replacement costs through reduced lifespan of membrane modules, and loss of permeate during filtration breaks and 

backflush. 

3) It is also a “high-tech system” requiring qualified and committed staff, clear operational guidelines, and quick reaction in 

case of any process or system disturbance. 

V. CLEANING OF MBR 

- Despite all known counter-measures, fouling cannot be entirely avoided and sooner or later the membranes have to be 

cleaned.  

- Depending on the technology, the constructor would recommend to perform maintenance cleaning (regular cleaning with 

low chemical concentrations, or “chemical backwash”, once a week to once a month) or curative cleanings (infrequent 

cleaning with strong chemicals, once a quarter to once a year). 

- Regular maintenance cleaning are also thought to prevent from bio-fouling or bio-film formation into the membrane or in 

the permeate side.  

- The chemicals usually applied are basic or oxidizing when cleaning fouling of biological origin, and acidic when removing 

salt precipitation.  

- The most widely used chemical for MBR cleaning is chlorine (sodium hypochlorite), however its use in wastewater 

treatment is not well tolerated in countries like Germany, and cost-effective alternative chemicals are sought. 

VI. CONCLUSION 

Despite its relative youth, the MBR technology has developed over a decade to a mature product available for all sizes of 

application, in domestic, municipal, or industrial sector. Further improvement of the process will increase its cost-effectiveness 

together with its acceptance. The MBR technology is expected to play a key role for wastewater treatment in the next years 

worldwide. In the next years, the main market will most probably remain industrial applications, however the expansion potential 

of the municipal market is very high. Recent technical innovation and significant membrane cost reduction have pushed MBRs 

to become an established process option to treat wastewaters. As a result, the MBR process has now become an attractive option 

for the treatment and reuse of industrial and municipal wastewaters, as evidenced by their constantly rising numbers and 

capacity. 
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