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ABSTRACT

A dynamic model, based on mass transport and reaction rate laws of biomass and substrate
for a membrane bioreactor (MBR), was successfully developed. Furthermore, an empirical
model for flux prediction was used. Key kinetic model parameters were estimated via non-
linear fitting of the model predictions to experimental data obtained from current and previ-
ous works. The performance of the MBR was evaluated with different vacuum-to-backwash
time ratio. Permeate flux dynamics were shown to be sensitive to the backwash scheduling
scenario. The proposed model will enable optimization of MBR operation in an attempt to
minimize membrane fouling.
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1. Introduction

One of the main challenges in membrane bioreactor
(MBR) operation is membrane fouling [1,2]. The foul-
ing layer blocks the membrane pores, decreases perme-
ate flux, increases pressure drop across the membrane,
reduces permeate production, and biodegrades the
membrane. The severity of fouling is determined by a
combination of various physical, chemical, and biologi-
cal operating factors [3]. Also it is the phenomena
responsible for increasing the membrane hydraulic
resistance which is referred to as permeate flux or per-
meability through the membrane pores [4]. Many
attempts were made to minimize and control fouling
such as backwash and aeration [5–8]. Backwash is
effective in removing fouling due to pore blocking and
removing the loosely attached accumulated foulants on
the membrane surface (cake layer). Other methods to

clean and regenerate the membrane include intermit-
tent filtration, chemical cleaning, and air cleaning.

Optimization of frequency and duration of back-
wash scheduling is essential to reduce energy and per-
meate consumption and to control membrane fouling.
The importance of this optimization arises from the
fact that very frequent backwashing may damage the
pump and membrane, also it may affect the net volume
of permeate. Conversely, less frequent backwashing
leads to severe membrane fouling. Many researchers
(Yigit et al. [5], Jiang et al. [8], and Aidan et al. [9])
investigated the significant association between back-
wash time and filtration time for an MBR system. They
evaluated different scenarios and investigated their
effects on the permeate flux. All three studies revealed
that longer backwash time was an effective method for
fouling control. Simultaneously, they agreed that less
frequent backwash was more efficient because of the
role of accumulation in the cake layer. The cake layer
acts as a pre-filter preventing direct contact of fine par-
ticles (colloidal and solutes) with the membrane and*Corresponding author.
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