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ABSTRACT

Membrane bioreactors can be defined as systems combining bi odegradation of waste products with filtration. These
are very effective in removing organic and inorganic contaminants as well as biological entities from wastewater.
Main 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 technol ogy.
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INTRODUCTION

Membrane bioreactor is the combination of a memdraprocess like microfiltration or ultrafiltratiowith a
suspended growth bioreactor, and is now widely deednunicipal and industrial wastewater treatmeith plant
sizes up to 80,000 population equivalent (i.e. 48an liters per day) [1]. It is possible to opéeaVIBR processes
at higher mixed liquor suspended solids (MLSS) emiations compared to conventional settlementraéipa
systems, thus reducing the reactor volume to aehibe same loading rate. Two MBR configurationsstexi
internal/submerged, where the membranes are imoh@nsand integral to the biological reactor; andeexal/side
stream, where membranes are a separate unit prosgsising an intermediate pumping step. Recentrtieal
innovation and significant membrane cost reductiave enabled MBRs to become an established propgiss to
treat wastewaters [1]. Membrane bioreactors camdeel to reduce the footprint of an activated slusgeage
treatment system by removing some of the liquid ponent of the mixed liquor. This leaves a conceetravaste
product that is then treated using the activatedge process.

MEMBRANE FILTRATION

Filtration is defined as the separation of two asrencomponents from a fluid stream. In conventiamsdge, it
usually refers to the separation of solid or inbt#uparticles from a liquid stream. Membrane fiitva extends this
application further to include the separation afsdived solids in liquid streams, and hence mengbpaocesses in
water treatment are commonly used to remove varicaterials ranging from salts to microorganismsmeanes
processes can be categorized in various, relatedages, three of which are: their pore size,rthwlecular weight
cut-off; or the pressure at which they operated.tiies pore size gets smaller or the molecular weahtoff
decreases, the pressure applied to the membrasegaration of water from other material genelaltyeases.
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MBR CONFIGURATIONS

I nter nal/submer ged

The filtration element is installed in either thaimbioreactor vessel or in a separate tank. Thabmenes can be
flat sheet or tubular or combination of both, arah dncorporate an online backwash system which cesiu
membrane surface fouling by pumping membrane pdemieack through the membrane. In systems where the
membranes are in a separate tank to the bioreantbvjdual trains of membranes can be isolatediidertake
cleaning regimes incorporating membrane soaks, hemie biomass must be continuously pumped bacdhkeo
main reactor to limit MLSS concentration increaséditional aeration is also required to provide siour to
reduce fouling. Where the membranes are instalidtie main reactor, membrane modules are remowed tfine
vessel and transferred to an offline cleaning {@hk

External/side stream

The filtration elements are installed externallythhe reactor, often in a plant room. The biomassitiser pumped
directly through a number of membrane modules fresend back to the bioreactor, or the biomagsiisped to a
bank of modules, from which a second pump circsldabe biomass through the modules in series. Gigaaid
soaking of the membranes can be undertaken in plabaise of an installed cleaning tank, pump aipe pvork.

MAJOR CONSIDERATIONSIN MBR

Fouling and fouling control

The MBR filtration performance inevitably decreaséth filtration time. This is due to the depositi@f soluble
and particulate materials onto and into the mendrattributed to the interactions between activatkaige
components and the membrane. This major drawbatkpatess limitation has been under investigatinoesthe
early MBRs, and remains one of the most challengésges facing further MBR development [3,4]. lceaet
reviews covering membrane applications to biorgacib has been shown that, as with other membsaparation
processes, membrane fouling is the most serioublgmo affecting system performance. Fouling leadsato
significant increase in hydraulic resistance, mestdd as permeate flux decline or transmembrarssyne (TMP)
increase when the process is operated under coiigt or constant-flux conditions respectively [Bjembrane
fouling results from interaction between the memberanaterial and the components of the activatedgslliquor,
which include biological flocs formed by a largenge of living or dead microorganisms along withubbe and
colloidal compounds. The suspended biomass haixed domposition and varies both with feed watenposition
and MBR operating conditions employed. Thus thowgny investigations of membrane fouling have been
published, the diverse range of operating conditiand feed water matrices employed, the differeatyéical
methods used and the limited information reportechost studies on the suspended biomass compgdiasmmade
it difficult to establish any generic behaviour taéming to membrane fouling in MBRs specifically.

BIOLOGICAL PERFORMANCES/KINETICS

COD removal and dudgeyidd

Simply due to the high number of microorganism iBR&, the pollutants uptake rate can be increadeid.l@ads to
better degradation in a given time span or to sna#quired reactor volumes. In comparison to threventional
activated sludge process (ASP) which typically eebs 95 percent, COD removal can be increased to 98
percent in MBRs. COD and BGDemoval are found to increase with MLSS conceiamatAbove 15 g/L COD
removal becomes almost independent of biomass ntmaten at >96 percent [6]. Arbitrary high MLSS
concentrations are not employed, however, as oxygarsfer is impeded due to higher and non-Newtofliad
viscosity. Kinetics may also differ due to easiebstrate access. In ASP, flocs may reach sevefalui0in size.
This means that the substrate can reach the aiteg only by diffusion which causes an additiomaistance and
limits the overall reaction rate (diffusion conteal). Hydrodynamic stress in MBRs reduces floc ¢ige3.5um in
side stream MBRs) and thereby increases the appesaetion rate. Like in the conventional ASP, geidield is
decreased at higher SRT or biomass concentratitite &r no sludge is produced at sludge loadingsaf 0.01 kg
COD/(kg MLSS d)[7]. Because of the imposed biomasscentration limit, such low loading rates woubdult in
enormous tank sizes or long HRTs in conventiond? AS

Nutrient removal

Nutrient removal is one of the main concerns in eradvastewater treatment especially in areas tieaensitive to
eutrophication. Like in the conventional ASP, cathg the most widely applied technology for N-revabfrom

municipal wastewater is nitrification combined witkenitrification. Besides phosphorus precipitatienhanced
biological phosphorus removal (EBPR) can be implate which requires an additional anaerobic proséss.
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Some characteristics of MBR technology render EBRRcombination with post-denitrification an attrizet
alternative that achieves very low nutrient efflueoncentrations [8].

Mixing and hydrodynamics

Like in any other reactors, the hydrodynamics (odmg) within an MBR plays an important role in danining the
pollutant removal and fouling control within an MBR has a substantial effect on the energy usamk size
requirements of an MBR, therefore the whole lifsstcof an MBR is high. The removal of pollutantsgi®atly
influenced by the length of time fluid elementsrspé the MBR (i.e. the residence time distributmmRTD). The
residence time distribution is a description of thelrodynamics/mixing in the system and is deteediby the
design of the MBR (e.g. MBR size, inlet/recycleviloates, wall/baffle/mixer/aerator positioning, fnig energy
input). An example of the effect of mixing is theatcontinuous stirred-tank reactor will not havehagh pollutant
conversion per unit volume of reactor as a plug fteactor.

Many factors affect the hydrodynamics of wastewatercesses and hence MBRs. These range from physica
properties (e.g. mixture rheology and gas/liquilidsalensity etc.) to the fluid boundary conditiorfe.g.
inlet/outlet/recycle flowrates, baffle/mixer positi etc.). However, many factors are peculiar to MMBfRese cover
the filtration tank design (e.g. membrane type,tipld outlets attributed to membranes, membran&ipgaensity,
membrane orientation etc.) and its operation fagmbrane relaxation, membrane back flush etc.).

Applicationsin Municipal Wastewater Treatment

MBR systems were initially used for municipal wasster treatment, primarily in the area of watersee@and
recycling. Compactness, production of reusable nvated trouble — free operation made the MBR aaligeocess
for recycling municipal wastewater in water andcgplmited environments. By the mid 1990s, the tigyaent of
less expensive submerged membranes made MBRs aterahtive for high flow, large scale municipastewater
applications. Over 1,500 MBRs are currently in @tien around the world in Japan, Europe and NortteAca [9].

CONCLUSIONS

The MBR concept is similar to conventional biolajiavastewater treatment except for the separatiothe
activated sludge and treated wastewater. In the M@&Rem this separation is done by membrane fotravhereas

in the conventional system is done by secondaryificiation. Also the process can be run in a ritdfion/
denitrification mode to remove nitrogen compounded can be combined with the use of a coagulant for
phosphorus removal. The MBR technology has gretnpial in wide ranging applications including mcipal,
industrial wastewater treatment and solid wastestign.
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