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Abstract— Membrane bioreactors (MBRs) can be broadly 

defined as systems integrating biological degradation of 

waste products with membrane filtration. They have proven 

quite effective in removing organic and inorganic 

contaminants as well as biological entities from wastewater. 

Advantages of the MBR include good control of biological 

activity, high quality effluent free of bacteria and pathogens, 

smaller plant size, and higher organic load rates. This article 

aims to review all the principles and potential applications of 

the MBR technology. Current applications include water 

recycling in buildings, wastewater treatment for small 

communities, industrial wastewater treatment, and landfill 

leachate treatment. Membrane bioreactor (MBR) technology 

has been extensively employed for various industrial 

wastewater treatments due to its distinct advantages over 

conventional technologies.  
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I. INTRODUCTION 

A membrane is defined as a material that forms a thin wall 

capable of selectively resisting the transfer of different 

constituents of a fluid and thus effecting a separation, of the 

constituents. Thus, membranes should be produced with a 

material of reasonable mechanical strength that can maintain 

a high throughput of a desired permeate with a high degree of 

selectivity. The optimal physical structure of the membrane 

material is based on a thin layer of material with a narrow 

range of pore size and a high surface porosity. This concept 

is extended to include the separation of dissolved solutes in 

liquid streams and the separation of gas mixtures for 

membrane filtration. Membrane bioreactor(MBR) 

technology, which combines biological-activated sludge 

process and membrane filtration has became more popular, 

abundant, and accepted in recent years for the treatment of 

many types of wastewaters, whereas the conventional 

activated sludge (CAS) process cannot cope with either 

composition of wastewater or fluctuations of wastewater flow 

rate. MBR technology is also used in cases where demand on 

the quality of effluent exceeds the capability of CAS. 

Although MBR capital and operational costs exceed the costs 

of conventional process, it seems that the upgrade of 

conventional process occurs even in cases when conventional 

treatment works well. It can be related with increase of water 

price and need for water reuse as well as with more stringent 

regulations on the effluent quality. Along with better 

understanding of emerging contaminant in wastewater, their 

biodegradability ,and with their in clusion in new regulations 

,MBR may become a necessary upgrade of existing 

technology in order to fulfill the legal requirements in 

wastewater treatment plants (WWTPs). Membrane 

bioreactor(MBR) technology, which combines biological-

activated sludge process  and membrane filtration has became 

more popular, abundant, and accepted in recent years for the 

treatment of many types of wastewaters, whereas the 

conventional activated sludge (CAS) process cannot cope 

with either composition of wastewater or fluctuations of 

wastewater flow rate. MBR technology is so used in cases 

where demand on the quality of effluent exceeds the 

capability of CAS. Although MBR capital and operational 

costs exceed the costs of conventional process, it seems that 

the upgrade of conventional process occurs even in cases 

when conventional treatment works well. It can be related 

with increase of water price and need for water reuse as well 

as with more stringent regulations on the effluent quality. 

Along with better understanding of emerging contaminants in 

wastewater, their biodegradability, and with their inclusion in 

new regulations ,MBR may become a necessary upgrade of 

existing technology in order to fulfill the legal requirements 

in wastewater treatment plants (WWTPs). Membrane 

Bioreactor (MBR) systems essentially consists of 

combination of membrane and biological reactor systems. 

These systems are the emerging technologies, currently 

developed for a variety of advanced wastewater treatment 

processes. 

II. METHODOLOGY 

A. Membrane Characteristics 

MF and UF membrane can be made of an organic polymer, 

such as poly-ethylene or poly-sulphone or from ceramic 

material. In both cases the filtration principle is the same. The 

membrane can be manufactured on top of numerous support 

materials or be self-supporting. 

The MF or UF membrane is a device that allows the 

passage of certain components, but rejects others above a 

particular size or weight. This separation gives rise to two 

streams, the permeate or liquid stream which has passed 

through the membrane (clean side) and the concentrate 

stream which remains in the process tank (polluted side). The 

permeate is equivalent to the final effluent and is the product 

that is discharged after biological treatment 

B. Types of Membrane Bioreactor Configurations 

Membrane separation is carried out either by pressure-driven 

filtration in side-stream MBRs (Fig. 1) or with vacuum-driven 

membranes immersed directly into the bioreactor, which 

operates in dead-end mode (Fig. 2) in submerged MBRs. The 

more common MBR configuration for wastewater treatment 

is the latter one, with immersed membranes, although a side-

stream configuration is also possible, with wastewater 

pumped through the membrane module and then returned to 

the bioreactor. The energy consumption required for filtration 

in submerged MBR is significantly lower (Table 1). Both 

configurations need a shear over the membrane surface to 

prevent membrane fouling with the constituents of mixed 

liquor. Side-stream MBRs provide this shear through 

pumping, as with most other membrane processes, whereas 

immersed processes employ aeration in the bioreactor to 

provide it. Shear enhancement is critical in promoting 

permeate flux and suppressing membrane fouling, but 

generating shear also demands energy, which is probably the 

reason for submerged configuration predominance. Also, in 
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side-stream MBR module fouling is more pronounced, due to 

its higher permeate flux. Pumping of activated sludge induces 

shear stress to microbial flocs, causing them to break-up, 

which leads to a decrease in particle size and releasing of 

foulant material from the flocs. 

 
Fig. 1: Side-stream MBR with external pressure-driven 

membrane filtration 

 
Fig. 2: Submerged MBR with internal vacuum-driven 

membrane filtration 

C. Fouling: Major Drawback 

Fouling is a major problem influencing the operational 

performance, stability and cost of a membrane bioreactor 

(MBR). The composition of wastewater and biomass grown 

in the MBR are directly related to fouling. Many factors 

including operational parameters can affect the fouling 

process. The extent of fouling can be controlled by employing 

proper operational strategy, improving membrane materials 

and proper designing membrane module and reactor 

configuration. This paper describes major factors related to 

membrane fouling as well as further research needs. 

D. Fouling control 

Many other anti-fouling strategies have been proposed for 

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 is another common anti-fouling 

technique, where permeate water is pumped back to the 

membrane, and flow through the pores to the feed channel, 

dislodging internal and external foulants. A small amount of 

cleaning agents (like hypochloride) could be added to the 

permeate water to improve the removal efficiency. Because 

of the relative long time necessary to build up liquid back-

pressure, the efficiency of the liquid backwash is somehow 

limited as the liquid prefers to go through open (not fouled) 

pores. This could be improved by using pressurized air in the 

permeate side of the membrane to build up and release a 

significant pressure within a very short period of time. 

Membrane modules therefore need to be in a pressurised 

vessel coupled to a vent system. Air usually does not go 

through the membrane. If it was, the air would dry the 

membrane and a rewet step would be necessary, by 

pressurizing the feed side of the membrane. 

III. CONCLUSION 

The MBR process is a proven technology today for treating 

domestic and other wastewaters. MBRs produce excellent 

effluent quality for discharge, even with variable feed 

conditions. MBRs can produce water suitable for non-potable 

reuse or even feed to an RO system, without the need for 

additional filtration. Due to the older sludge age and higher 

mixed liquor suspended solids, the MBR process generally 

produces less sludge than conventional processes. MBRs can 

treat a higher capacity of wastewater in the same footprint as 

a conventional wastewater treatment plant. 

The MBR technology has great potential in wide 

ranging applications including municipal, industrial 

wastewater treatment and solid waste digestion. Full scale 

systems are operational in various parts of the world and 

substantial growth in the number and size of installations is 

anticipated as a viable alternative for many wastewater 

challenges like water quality issues. 
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