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ABSTRACT 

Membrane bioreactor (MBR) technology is advancing rapidly around the world both in research and 

commercial applications. Despite the increasing number of studies and full-scale applications of MBR 

systems, directions and trends in academic research as well as commercial developments require 

further analysis. This paper aims to critically characterize and review worldwide academic research 

efforts in the area of MBRs as well as focus attention to commercial MBR applications.  Various 

research papers published in peer-reviewed international journals were used as the database for the 

analysis provided in this paper. After a surge of MBR publications, research appears to have reached 

a plateau in the last 7 years using both submerged and external MBR units. Although much of the 

pioneering research occurred in Japan, France and the UK, countries such as South Korea, China 

and Germany have significantly contributed to the research pool in the last 5 years. The primary 

research focus has been on water filtration MBRs with limited growth in extractive and gas diffusion 

MBRs which still hold un-tapped potential. Fundamental aspects studied in academic research 

predominantly involve issues related to fouling, microbial characterization and optimizing operational 

performance. Zenon occupies the majority of the MBR market in America, whereas Kubota and 

Mitsubishi-Rayon has a larger number of installations in other parts of the world. Due to more 

stringent regulations and water reuse strategies, it is expected that a significant increase in MBR plant 

capacity and widening of application areas will occur in the future. Potential application areas 

include nitrate removal in drinking water treatment, removal of endocrine disrupting compounds from 

water and wastewater streams; enhancing bio-fuels production via membrane assisted fermentation 

and gas extraction and purification MBRs. Treatment technology for water recycling encompasses a 

vast number of options. Membrane processes are regarded as key elements of advanced wastewater 

reclamation and reuse schemes and are included in a number of prominent schemes world-wide, e.g. 

for artificial groundwater recharge, indirect potable reuse as well as for industrial process water 

production. Membrane bioreactors (MBRs) are a promising process combination of activated sludge 

treatment and membrane filtration for biomass retention. 

Many researchers have concluded that wastewater reclamation in intended MBR technology is the 

method of choice when it is combined with other advanced treatment technologies. 

As water shortages are increasing, the need for sustainable water treatment and the reuse of water is 

essential. Water reuse from wastewater can be accomplished in a membrane bioreactor (MBR) in the 

secondary activated sludge stage of a wastewater treatment plant. To remove viruses, dissolved 

organics and in organics still present in the MBR permeate, nanofiltration (NF) can be applied. 

Nevertheless, the major drawback of nanofiltration membranes is the production of a concentrate 

stream that cannot be discharged to the environment. The research show that the continuous 

production of reusable water from wastewater in a combined MBR and NF process with NF 

concentrates recirculation can be successful. 

 

Keywords —Wastewater reclamation; Water reuse; Membrane bioreactors; Trace pollutants; 

Membrane bioreactor;  Wastewater treatment; Commercial application; Critical review; Membrane 

fouling; Nano filtration; Concentrates. 

 

INTRODUCTION 

 

Membrane bio-reactor (MBR) technology combines the biological degradation process by activated 

sludge with a direct solid-liquid separation by membrane filtration. By using micro or ultra filtration 

membrane technology (with pore sizes ranging from 0.05 to 0.4 μm), MBR systems allow the 

complete physical retention of bacterial flocs and virtually all suspended solids within the bioreactor. 

As a result, the MBR has many advantages over conventional wastewater treatment processes. These 

include small footprint and reactor requirements, high effluent quality, good disinfection and odor 
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control capability, higher volumetric loading and less sludge production. As a result, the MBR process 

has now become an attractive option for the treatment and reuse of industrial, domestic and municipal 

wastewaters, as evidenced by their constantly rising numbers and capacity. [6] 

 

A MBR combines the activated sludge process with a membrane separation process. The reactor is 

operated similar to a conventional activated sludge process but without the need for secondary 

clarification and tertiary steps like sand filtration. Low-pressure membrane filtration, either 

microfiltration (MF) or ultra filtration (UF), is used to separate effluent from activated sludge. The two 

main MBR configurations involve either submerged membranes or external circulation (side-stream 

configuration). [7] 

 

Original research on MBR technology for various industrial wastewater treatments is becoming a hot 

topic, and the application areas include food-processing wastewater, petrochemical wastewater, 

hospital wastewater, printing and dyeing wastewater, slaughterhouse wastewater, etc. MBR systems 

combined with pretreatment anaerobic biological process and/or with post-treatment steps like nano-

filtration (NF) were commonly used in landfill leachate treatment in order to achieve good effluent 

quality. [10] 

 

Nano-Filtration membranes have properties between those of reverse osmosis (RO) and UF. They 

combine the advantage of low operational pressures with size cut off on the molecular scale. NF is 

used in waste water treatments, purification of ground and surface waters to produce drinking water, 

and for RO pretreatment.  

 

Although MBR capital and operational costs somewhat exceed the costs of conventional process, it 

seems that the upgrade of the conventional process occurs even in cases where conventional treatment 

works well. It can be related to the increase of water price and the need for water reuse, as well as with 

the more stringent regulations on effluent quality. [5] 

 

 

LITERATURE REVIEW 

 

Chia-Yuan Chang et al. (2008) has done a pilot-scale study of pharmaceutical wastewater treatment by 

a membrane bioreactor (MBR) process in southern Taiwan. The performance of the MBR was 

monitored for a period of 140 days. It was demonstrated that the MBR system is capable of removing 

95% and 99% of COD and BOD5 respectively. The results indicate that the MBR system has a great 

potential in treating this type of wastewater with stable operation and satisfactory removal 

performance.[1] 

 

Hernik Wenzel et al. (1996) has worked on water reclamation and reuse in the reactive dyeing of 

cotton. The research focused on RO, nanofiltration, and tight ultrafiltration membranes. Polysulphone 

nanofiltration membranes having a negatively charged polyamide coating (presumably carboxylated) 

were found to have specifically high retentions and very high fluxes, presumably due to repulsion of 

the negatively charged dyestuff molecules (Donnan effect). The rinse water can be reclaimed by 

membrane filtration in the nanofiltration and RO range and reused for rinsing purposes.[2-3] 

 

M.Brik et al. (2006) has quantified the performance of a membrane bioreactor (MBR) for the 

treatment of textile wastewater, and investigated its capability to achieve a water quality meeting reuse 

criteria. It was demonstrated that the system is largely resistant to changing loading rates and that even 

at high loading rates efficient COD removal occurs. The apparent sludge yield was very low 

underlining an additional advantage of the MBR system. Hey concluded with wastewater reclamation 
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is intended MBR technology is the method of choice when it is combined with other advanced 

treatment technologies.[4] 

 

Marine Matosic et al. (2009) has studied   the results of treatment of wastewater from the bottling of 

water and soft drinks with a membrane bioreactor (MBR) pilot plant.  MBR successfully removed 

pollutants measured as COD, BOD and TOC from the wastewater with an efficiency of over 90%. 

Membrane fouling was more pronounced during the first 10 days of the filtration and then gradually 

slowed down. The most significant fouling was caused by scale precipitation, which was responsible 

for 70–80% of the loss of membrane permeability. After 60 days of continuous filtration, it was 

possible to restore the original permeability of the membrane through intensive chemical cleaning with 

hypochlorite, acid and alkaline solutions.[5] 

 

Maryam Takht Ravanchi et al. (2009) has intensely worked on the application of membrane processes 

in petrochemical industry. Processes such as olefin/paraffin separation, light solvent separation, 

solvent dewaxing, phenol and aromatic recovery, dehydrogenation, oxidative coupling of methane and 

steam reforming of methane were discussed in detail. They come up with the conclusion that Based 

upon large capital expense and energy cost of industrial distillation columns, it seems worthy to 

recommend membrane processes as a substitution with distillation columns in industrial applications. 

The application of different membrane reactors to these reactions was investigated and valuable 

experimental results were obtained as well. In this case, it also seems attractive to consider membrane 

reactor in industrial applications.[6] 

 

T.Melin et al. (2006) has done a case study on a full-scale MBR plant for municipal wastewater which 

is operated by Aquafin in Belgium. The presented paper illustrates that MBR technology has a 

significant potential to become a key element of wastewater reclamation and reuse schemes world-

wide. Many areas such as fouling control, pre-treatment, maintenance and operators training have to 

be established in the operational procedures and drawbacks are expected in the uptake of this 

technology, which define the need for more intensive and practitioner-oriented research on MBRs.[7] 

 

Wenbo Yang et al. (2006) has critically characterized worldwide academic research efforts in the area 

of MBRs as well as focus attention to commercial MBR applications in North America. Their study 

suggests, in contrast to applications for treatment of municipal wastewater, MBR technology is 

already an attractive option for the treatment of industrial wastewaters that are generally high in 

pollutant loading but much smaller plant size. Promising areas of expansion include food-processing 

wastewater, slaughterhouse wastewater and landfill leachates. The research and commercial 

application of the membrane bioreactor technology are advancing rapidly around the world for both 

municipal and industrial wastewater treatment. MBR technology is facing some research and 

development challenges. Among these challenges, membrane fouling is one of the most serious 

problems that have retarded faster commercialization of MBR technology. If these challenges can be 

addressed by the research community, MBRs will undoubtedly achieve much wider acceptance.[8-10] 

 

Xianghua Wen et al. (2004) has worked on treatment of  hospital wastewater using a sMBR The 

removal efficiency for COD, NH4+ –N, and turbidity was 80, 93 and 83% respectively with the 

average effluent quality of COD <25 mg/l, NH4+ –N <1.5 mg/l and turbidity <3 NTU. Escherichia 

coli removal was over 98%. The effluent had no colour and no odour. The transmembrane pressure 

increased slowly during 6 months operation. No membrane cleaning operation was used and no sludge 

was discharged during the 6-month operation period.[10] 
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METHODOLOGY 

 

A)EXISTING METHODOLOGY: 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 most popular. The implementation of membranes within the treatment 

sequence of a water pollution control facility was 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 (Metcalf & Eddy 1991). 

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 standard, membrane systems regained interest. Membrane modules have 

evolved form 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 1.1 summarizes the evolution of membrane use in wastewater treatment and 

demonstrates the basic differences in the treatment trails. There are several advantages associated with 

the MBR which make it a valuable alternative over other treatment techniques. First of all, the 

retention of all suspended matter and most soluble compounds within the bioreactor leads to excellent 

effluent quality, capable of meeting stringent discharge requirements and opening the door to direct 

water reuse (Chiemchaisri et al. 1992).The possibility of retaining all bacteria and viruses results in a 

sterile effluent, eliminating extensive disinfection and the corresponding hazards related to 

disinfection by-products (Cicek et al. 1998a). 

 

 
FIG-1.1: Flowcharts for (a) conventional wastewater treatment, (b) conventional treatment including 

tertiary membrane filtration, and (c) membrane bioreactors. 

 

Since no suspended solids are lost in the clarification step, total separation and control of the solid 

retention time (SRT) and hydraulic retention time (HRT) is possible enabling optimum control of the 

microbial population and flexibility in operation. The absence of a clarifier, which also acts as a 
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natural selector for settling organisms, enables sensitive, slow-growing species (nitrifying bacteria, 

bacteria capable of degrading complex compounds) to develop and persist in the system even under 

short SRTs (Cicek etal. 2001). The membrane not only retains all biomass but also prevents the escape 

of exocellular enzymes and soluble oxidants creating a more active biological mixture capable of 

degrading a wider range of carbon sources (Cicek et al. 1999c). MBRs eliminate process difficulties 

and problems associated with settling, which is usually the most troublesome part of wastewater 

treatment. The potential for operating the MBRat very high sludge ages without having the obstacle of 

settling, allows high biomass concentrations in the bioreactor. Consequently, higher strength 

wastewater can be treated and lower biomass yields are realized (Muller et al. 1995). This also results 

in more compact systems than conventional processes, significantly reducing plant footprint and 

making it desirable for water recycling applications. High molecular weightsoluble compounds, which 

are not readily biodegradable in conventional systems, are retained in the MBR. Thus, their residence 

time is prolonged and the possibility of oxidation is improved. The system is also a bleto handle 

fluctuations in nutrient concentrations due to extensive biological acclimation and retention of 

decaying biomass (Cicek et al. 1999b). 

 

The disadvantages associated with the MBR are mainly cost related. High capital costs due to 

expensive membrane units and high energy costs due to the need for a pressure gradient have 

characterized the system. Concentration polarization and other membrane fouling problems can lead to 

frequent cleaning of the membranes, which stop operation and require clean water and chemicals. 

Another drawback can be problematic waste activated sludge disposal. Since the MBR retains all 

suspended solids and most soluble organic matter, waste activated sludge may exhibit poor filterability 

and settlebility properties (Ciceket al. 1999c). Another limitation of the MBR, when operated at high 

SRTs, is the possible accumulation ofnon-filterable inorganic compounds in the bioreactor. This can 

reach concentration levels that can be harmful to the microbial population or membrane structure 

(Cicek et al. 1999a).The MBR has emerged as an alternative treatment process, especially in cases 

where space and water resources are limited and high quality product water is required. Industrial 

wastewater, which is difficult to treat and requires long sludge ages, and wastewater operations where 

settling and clarification problems are regularly encountered are potential areas of application. With 

new developments in membrane design and the institution of more stringent discharge limits, MBRs 

have become feasible alternatives. 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. The first group, which is also commonly known as 

the integrated MBR, involves outer skin membranes that are internal to the bioreactor. The driving 

force across the membrane is achieved by pressurizing the bioreactor or creating negative pressure on 

the permeate side of the membrane (Buissonet al. 1998; Cote et al. 1997; Rosenberger et al. 2002).  

 

Figure 1.2 presents a simple schematic of the integrated (submerged) MBR.
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FIG-1.2: Schematic of Integrated (Submerged) MBR. 

Cleaning of the membrane is achieved through frequent permeate back-pulsing and occasional 

chemical backwashing. A diffuser is usually placed directly beneath the membrane module to facilitate 

air and liquid scouring of the filtration surface. Aeration and mixing are also achieved by the same 

unit. Anoxicor anaerobic compartments can be incorporated to enable simultaneous biological nutrient 

removal (Coteet al. 1998).The second configuration is the recirculated (external) MBR, which 

involves the recirculation of the mixed liquor through a membrane module that is outside to the  

bioreactor. Both inner-skin and outer-skin membranes can be used in this application. The driving 

force is the pressure created by high cross flow velocity along the membrane surface (Cicek et al. 

1998b; Urbain et al. 1998). A schematic of the recirculated MBR is presented in Figure 1.3. 

 
 

FIG-1.3: Schematic of Recirculated (External) MBR. 

 

The emergence of less expensive and more resilient polymeric membranes along with lower pressure 

requirements and higher permeate fluxes have accelerated the worldwide commercial use of 

submerged MBRs (Adham et al. 2001). 

 

Several types and configurations of membranes have been used for MBR applications (Visvanathanet 

al. 2000). These include tubular, plate and frame, rotary disk, hollow fiber, organic (polyethylene, 

polyethersulfone, polysulfone, polyolefin, etc), metallic, and inorganic (ceramic) micro-filtration and 

ultrafiltration membranes. The pore size of the membrane used ranged from 0.01 mm up to 0.4 mm 

(also reported in molecular weight cutoff as 20-2000 kilodalton). The fluxes obtained ranged from 

0.05 to 10m/d, strongly depending on the configuration and membrane material. Typical values for 

inner skin membranes are reported as 0.5-2.0 m/d and for outer skin membranes as 0.2-0.6 m/d at 20 
o
C. Theapplied trans-membrane pressure ranges from 0.2 to 5.0 bar for inner skin membranes and 

from -0.1 to-0.8 bar for outer skin membranes (Manem and Sanderson 1996). 

 

The membrane used in MBR systems must satisfy several criteria. It must be inert and non 

biodegradable. It should be easy to clean and regenerate and should be resistant to cleaning agents, 

high temperatures, and pressures. Uniform pore distribution and high porosity are desired 

characteristics. The membrane should be neutral or negatively charged to prevent adsorption of 

microorganisms. Durability and easy replacement are also factors to be considered to reduce 

operational costs selection. The composition of the biological mixture to be filtered plays a crucial role 

in the selection of the membrane. For instance, the presence of strong inorganic crystals which can 

change the composition and structure of the membrane surface through abrasion should be avoided to 

prolong the life of composite ceramic membranes. In these applications either pretreatment of the 
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influent wastewater or the utilization of polymeric membranes are recommended (Cicek et al. 

1999a).There are several operating parameters that influence the filtration capacity of the membrane in 

aMBR. Trans-membrane pressure (TMP), which is the average pressure gradient across the 

membrane, is linearly related to permeate flux until the filtration cake resistance is dominant. At this 

point, which is also referred to as the critical TMP, flux becomes independent of applied pressure 

(Cicek et al. 1998b). The cross flow velocity (CFV) is another parameter that is linearly related to 

permeate flux. Viscosity of the mixed liquor is also a very important factor in MBR performance. 

High viscosity affects the hydraulicregime, promotes head loss and increases operation costs. Since 

viscosity is a function of temperature, the filtration performance is strongly affected by variations in 

mixed liquor temperature. The physiological state of the biomass can significantly impact the filtration 

performance of the membrane. The community structure in the bioreactor influences the extent of 

flocculation, charge and structure of cells, and the concentration of exo-polymeric substances (EPS). It 

has been shown previously, that the extent of floc formation is directly related to the concentration of 

EPS, which influence the structure of the filter cake and the extent of fouling (Manem and Sanderson 

1996). A strong correlation between soluble organic compounds, particularly soluble sugars and 

proteins, and permeate flux was established in a long term study conducted by the author (Cicek et al. 

2002). Organic compounds smaller than 0.10 mm in size exhibited the strongest impact on filtration 

performance. Therefore, extensive membrane fouling and the need for frequent regeneration can be 

reduced if conditions favorable to enhanced biodegradation and less EPS formation are created. It 

quickly becomes apparent that the design of MBR systems involves the consideration of many factors. 

These factors can be biological, physical, or hydrodynamic in nature. Understanding the role of each 

of these parameters and their interactions is essential for effective design, optimization, and cost 

analysis of this technology. 

 

B) PROPOSED METHODOLOGY: 

 
 

 

 

FIG. 1.4: Conventional wastewater treatment stages and an alternative membrane-based 

process scheme. 

 

Sources for water reuse are not only effluents from industries, but also those from municipal waste 

water treatment plants (WWTPs). Municipal effluents can be more easily reused and retransformed for 

instance into drinking water as their pollution is more straight forward and the type of pollution does 

not change dramatically over time. Also the pollution is usually not as hard to treat as that present in 

industrial wastewaters. Still, the contact of human beings with reused water from any type of 

wastewater faces psychological barriers and negative perception that make it difficult to introduce 

valuable water reuse concepts. However, high quality municipal wastewater effluents can be obtained 

by upgrading conventional WWTPs with membrane technologies such as membrane bioreactors 

(MBRs)for secondary treatment as well as nano filtration (NF) for tertiary polishing (Fig. 1.4). Those 



 

ICSESD- 2017 Proceedings                     IRA-International Journal of Technology & Engineering 

 

 
 

 

210 

membrane concepts have the potential to deliver clean water that can be reused in agriculture, industry 

or sanitation and as such contribute to a sustainable global water supply. 

 

In a conventional treatment plant, the raw municipal wastewater (containing mainly e.g.proteins, 

carbohydrates, fats and oils as organic pollutants) first passes coarse screens(6-150 mm) to remove 

large floating objects, followed by a grit removal stage to separate heavier material (e.g. stones, metal) 

to protect further treatment stages [8]. After that the wastewater proceeds to the primary clarification 

stage. Here the first separation of suspended particles and water takes place. The water passes large 

circular or rectangular clarificationtanks at low speed, giving the solids time to settle to achieve the 

separation. This primary treatment removes about 50-70% of the total suspended solids (TSS) and 25-

40% of the biological oxygen demand (BOD) [8]. After the solids settled the remaining primary waste 

sludge, resulting from the primary clarification process, is further processed in sludge treatment 

facilities on site. The water itself proceeds through overflows to the secondary treatment stage. In this 

stage, conventional activated sludge (CAS) systems are commonly used. Different configurations are 

possible but the main targets are the removal of organic substances (quantified as chemical oxygen 

demand (COD) or biological oxygen demand (BOD)), as well as nutrient (N and P) removal. 

COD/BOD5 removal is performed by heterotrophic bacterial community in the activated sludge. In the 

so-called aerobic stage in the secondary treatment, an aeration system supplies oxygen into the liquid 

via diffused-air or mechanical aerators. The presence of oxygen allows the bacteria to oxidize the 

organic material to CO2 and water. Also nitrogen removal is performed in this secondary stage. The 

transformation of ammonium to nitrate (nitrification) by autotrophic nitrifiers (e.g. Nitrosomonas, 

Nitrobacter) is followed by an anaerobic (anoxic) process, where mainly heterotrophic bacteria reduce 

nitrate into N2, which is released into the atmosphere. In addition to nitrogen, also phosphorous is 

removed in this secondary stage. This is done either chemically by precipitation, or biologically by 

enhanced biological phosphorous removal(EBPR). After the secondary stage, another clarification step 

is needed to separate the suspended solids (activated sludge) from the water. The settled sludge is 

(partly) recirculated back to the activated sludge tank. The waste sludge is treated further in the sludge 

treatment facility on site, where the sludge is dewatered. The clean water on the other hand slowly 

passes the large secondary clarification tanks and can either be discharged into the environment or can 

be polished further by tertiary treatment for water reuse. Besides the option of filtration that is 

elaborated on in this work, also adsorption, ion exchange as well as advanced oxidation processes [9, 

10] can be used. Their use is very much dependent on the requirements and final reuse application of 

the water. Membranes cannot only be applied in tertiary polishing, but also offer several advantages 

already in the secondary wastewater treatment stage. As shown in Figure 1.4, the secondary treatment 

(CAS) in the conventional process can be replaced by an MBR using porous low pressuremicro- or 

ultra-filtration membranes, while for the tertiary treatment and polishing step, NF can be applied. 

Figure 1.5 gives an overview of existing membrane types for water treatment and their corresponding 

rejection behavior of common pollutants . 

 
FIG. 1.5:Overview of membrane separation processes and ranges of compound rejections 
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(adapted from [11]). 

 

C) ADVANTAGES OF PROPOSED METHODOLOGY: 

 

1. The MBR resembles a reasonable treatment option in combination with other advanced 

treatment technologies to achieve reuse standards. In particular the permeate is suitable to be 

directly fed to a nanofiltration. 

2. The recovery of minor but valuable components from a main stream using membranes can be 

done without substantial additional energy costs. 

3. These systems have compact size, modular configuration, and low specific power consumption, 

which reduce the production cost.  

4. It is an eco friendly, clean process and requires simple and inexpensive filtration. 

5. The continued push towards stricter discharge standards, increased requirement for water re-use 

and greater than before urbanization and land limitations will further fuel the use of MBRs and 

it’s hybrid modules. 

6. With recovery of valuable industrial by products and environmental protection a sustainable 

development in the industries and the environment can be achieved. 

 

CONCLUSION 

 

Future research on this integrated MBR NF membrane concept with concentrate recirculation and 

nutrient recovery is possible. The process produces high quality, reusable water as the NF permeate, 

and at the same time reduces the amount of concentrated waste and even allows the recovery of 

valuable components. Nevertheless, the use of two membrane systems can be energy and especially 

maintenance intensive. Also, the decreased sludge production and increased membrane fouling raise 

some challenges. More research regarding additional sludge treatment facilities, the use of different 

membrane types and configurations as well as the quality and separation of the obtained calcium 

phosphates is suggested. The concept is very attractive for micro pollutant removal and more detailed 

research on the behavior of specific emerging micro pollutants in the MBR NF process with 

concentrate recirculation is important. 
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