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Abstract

Membrane bioreactors (MBRs) are operated with the same principle of activated sludge (AS) except for solids separation; that
it is achieved by filtration through membranes. This article aimed to study the effect of hydraulic retention time (HRT), solids
retention time (SRT), and the mixed liquor suspended solids (MLSS) concentration on the performance of a hollow fiber (HF)
submerged aerobic MBR with an area of 1.5 m2, A reactor of 200-liter volume was designed, and operated at HRTs of 4, 6, 8,
and 10 hours. For each HRT, five SRT values were selected 5, 10, 15, 20, and 25 days. The MBR’s operation cycle was 8 min
filtration, 1 min backwashing and 1 min relaxation. Air was supplied continuously to maintain 1.5 — 2.0 mg/l of dissolved
oxygen. Results of the experiments showed improvement of the removal efficiency for chemical oxygen demand (COD), total
suspended solids (TSS), and ammonia nitrogen with increasing SRT and HRT. The highest removal efficiencies for COD,
TSS, and ammonia nitrogen were 97.59%, 99.71%, and 90.54 % respectively, which were achieved at SRT of 25 d and HRT
of 10 hrs. The study concluded that at MLSS < 10,000 mg/l, there was no concrete relationship between TSS removal
efficiency and MLSS concentrations, but better removal efficiencies of TSS were obtained at MLSS > 10,000 mg/Il. The
relationship between MLSS and COD removal was clearer than that of TSS; the COD removal efficiency was improved as the
MLSS increased; the higher removal efficiencies took place at MLSS > 10,900 mg/I.

Keywords: Activated Sludge; Aerobic; Hollow Fiber; Membrane Bioreactor; Removal Efficiency

requirements of reusing the treated wastewater [2, 3].
Membrane technology is one of the new technologies
which can be used to have a better effluent quality
[4]. Membrane bioreactor (MBR) is a treatment
technique gathering the biological treatment and
membrane filtration. Strict regulations on discharging

1. Introduction

Due to the continuous and increased need for a
cleaner water environment, effluent standards are

becoming stricter. The main drivers for developing
new technologies to have better wastewater treatment
processes are the concerns regarding environmental
protection, and conformity with strict global
wastewater disposal and reuse requirements [1].
Since the effluent of many activated sludge (AS)
systems is not able to conform to reuse regulations, it
is crucial to treat wastewater sufficiently to meet the

the effluent, and reducing the membrane’s capital
cost are considered the prime reasons for prevalent
usage of MBRs [1]. MBR systems were successfully
applied in different wastewater treatment and reuse
applications including domestic and industrial
wastewaters [5, 6, 7].

MBR refers to the synergy between conventional
biological wastewater treatment and membrane
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filtration. Technically, the principle is like AS
systems except the separation of solids; it is achieved
by filtration through the porous membranes rather
than sedimentation in secondary clarifiers [8, 9]. The
reactor in MBR systems has a similar function to the
aeration tank of AS systems where bacterial activities
treat the wastewater. As shown in Fig. 1; MBR pores
are sufficiently small to expel AS flocs, bacteria, and
sometimes viruses. Thus, MBRs produce higher-
quality effluents (equivalent to tertiary treatment)
having almost no detectable total suspended solids
(TSS). Additionally, MBR process eliminates
secondary clarifiers leading to smaller footprints as
compared to AS systems [1].
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Fig. 1. MBR Schematic Presentation

Capable of producing high-quality effluent, MBR
system is almost usually combined with an aerobic
reactor. As nearly the whole biomass may be retained
in the bioreactor, MBRs can sustainably produce
effluent of high quality. Additionally, MBRs could be
operated at high sludge retention times (SRTSs), that is
beneficial for slow growing bacteria [10].

The possibility for operating MBRs at very long
SRTs without facing settling problems allows having
higher concentrations of the biomass in the aeration
tank. Hence, strong wastewater treatment could be
achieved, and less sludge production is expected.
This results in compact systems when compared to
activated sludge (AS) systems and reduces the plant
footprint, hence rendering MBRs to be more
preferrable for wastewater treatment. MBRs are also
capable of treating high molecular weight soluble
compounds, this is due to the long SRTs that enhance
the possibility of their oxidation. Moreover, under
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long SRTs and short hydraulic retention times
(HRTs) in MBR systems, the biodegradation of
refractory organic matter occurs. It is worth
mentioning that conventional AS systems can’t
degrade these compounds [11]. MBRs are also
characterized by better control of bacterial activities,
rapid operation, and high organic loading rate (OLR).
They also overcome operational problems that
accompany the settling processes [8, 11, 12].

Both AS processes and MBRs employ the
metabolic ability of bacteria in the bioreactor to treat
wastewater. Thus, wastewater treatment rate is
basically proportionate to active bacteria’s
concentration in the reactor. However, in AS systems,
the possibility of increasing the biomass
concentration above a certain value is not applicable,
this is because of the limitations of the secondary
sedimentation tanks. Secondary sedimentation tanks
are usually operated based on the settling
characteristics of the AS, which is controlled by the
gravitational forces and the interaction between AS
particles [1]. Settling obligations increase with
increasing concentrations of AS in the secondary
clarifier. Approximately, for AS systems, 5000 mg/I
of mixed liquor suspended solids (MLSS) in the
reactor is considered as the highest value needed to
operate the secondary sedimentation tank stably. In
MBRs, theoretically, no upper limit for MLSS in the
reactor is reported. Optimum levels of MLSS in
MBRs can range from 8,000 - 12,000 mg/l, which
leads to a reduced footprint needed to treat
wastewater to a certain effluent quality or to reach a
better quality for the same size of the reactor in
comparison to AS systems. The high MLSS-
concentration in MBR processes also provides
benefits by reducing waste sludge production and
thus, reduces the cost associated with wastage
activated sludge (WAS) removal. Microorganisms
tend to degrade themselves in bioreactors (i.e.,
endogenous decay). Moreover, MBR is able to deal
with nutrient’s concentration fluctuations, this is
because of the inclusive biological adaptation and
detention of dead bacteria [2].

Two MBR types are currently in use; the
submerged and the side-stream MBR systems (see
Fig. 2). The selection between the two systems
became settled, the submerged systems were
preferred [8, 13, 14]. Submerged setup reduces the
footprint, eliminates the requirements for an
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additional water tank, lowers power consumption,
and reduces fouling [15].
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Fig. 2. MBR Types: A) Side-Stream MBR, B) Submerged MBR

Although some achievements regarding the MBR
technology have been made, there is room for more
improvements in such technology [16]. For the case
of this research, the following justifications can be
listed: 1) There is a very promising willingness to
study the MBR performance in treating wastewater,
2) Since a great number of results and conclusions of
MBR studies are based on laboratory scale MBR
systems with  synthetic  wastewater samples
worldwide, there is a need to conduct further study by
applying this technology to a real wastewater
treatment plant (WWTP).

The key goal of the research is to investigate the
MBR performance as an efficient and reliable
treatment method in producing higher-quality
secondary effluent. A hollow fiber (HF) MBR
module will be utilized as an alternative to the
secondary clarifier in AS system at a WWTP and its
performance in removing total suspended solids
(TSS), chemical oxygen demand (COD), and
ammonia  nitrogen  through  changing some
operational parameters including HRT, SRT and
MLSS concentration will be studied.

2. Materials and Methods

MBR Module: The MBR module used in this
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research is a hollow fiber submerged MBR
manufactured by Neya Water Solutions - India. The
MBR module has an area of 1.5 m?, and is made of
Reinforced Polyvinylidene Fluoride (RPVDF) with
pore sizes of 0.03 to 0.2 mm. The MBR height,
length and thickness are 405, 480, and 23 mm
respectively. The external diameter of the MBR
fibers is 1.2 mm while the inner diameter is 0.6 mm.
The permeate flux of the MBR ranges from 12 — 18
I/m?/hr. The filtration method will be from outside to
inside through the pores via vacuum pressure. The
MBR can be run continuously, the running cycle was
8 min filtration, 1 min backwashing and 1 min
relaxation [17, 18]. Fig. 3 and Fig. 4 outline the MBR
and a schematic cross section of the HF respectively.

Outer Surface Skin

Macroporous Support
Layers

Inner Surface Skin

Dense Support
Layer

Fig. 4. Cross Section of a HF MBR [18]

Air Pump: To supply the air required for both
biological process and the fouling control, a pump
with suitable capacity was selected. The air pumping
capacity of the pump used in this research was 8
I/min (480 I/hr) and it can be operated at 2 modes
(240 I/hr and 480 I/hr).

Solenoid Valves: Solenoid valve is an electro-
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mechanical valve used to control fluids’ flow. It is
usually utilized as a replacement to manual valves or
for controlling systems remotely. They can be found
in many uses including water supply, water and
sewage treatment, and grey and black water treatment
[19, 20, 21]. In the off position, the plunger closes off
a small orifice. In the on position, the electric current
will generate a magnetic field that creates an upward
force, which in turn moves the plunger and allows the
orifice to open [21]. To control the water flow
throughout the different modes of MBR operation,
two identical solenoid valves were connected to the
system. The function of the first valve was to control
the flow of the permeate water out of the MBR
module fibers (outside to inside), while the second
valve was used to control the flow of the
backwashing water into the MBR module (inside to
outside).

Flow meter: To measure the MBR permeate flow,
a common type of flow meters available in Gaza
Strip was used: Arad water meter. This meter is
suitable for municipal and commercial facilities that
are provided with water through a public network.
The meter should be placed horizontally, and the dial
should be positioned face up. It must be washed
before operation and should be full of water all the
time [22, 23].

Permeate Water Pump: As the submerged MBR
is placed inside the aeration basin and generally
operated under vacuum to produce the permeate, a
suitable suction pump should be selected to run the
process. According to the manufacturer instructions,
the suction pump should be able to suck water with a
head of 3 — 5 m to produce the required flow. A
suitable pump in terms of permeate quantity and
continuous operation was selected. The specifications
of the selected pump were, flow range: 80 — 120 I/hr,
suction pressure: 3.2 — 4.5 m, output pressure: 2 — 4
m, inlet and outlet diameter: 8 mm.

Backwashing Pump: Backwashing regime for the
MBR was adjusted according to the manufacturer
instructions. Backwashing was maintained for 1
minute after the filtration mode which extended to 8
minutes. The backwashing head should range from 1
— 2 bars with a flow of 0.83 to 1.25 liters per minute.
To do so, a DIAPHRAGM pump, HF-8367 was
utilized and calibrated to reach the optimum
operating conditions. After calibrating the pump, the
net backwashing head was 1 — 2 bar and the flow rate
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was 0.85 I/min, which fell within the limits provided
by the manufacturer.

Electrical Control Box: The electrical control
box includes: 1) Flasher Relays: They are used at
different applications that need double timing control
[24], 2) Power Relay: It is compact, reliable, and
offers good switching performance, which makes it a
popular choice in many industries [25]. For the case
of this research, the relay is used to switch the roles
for the permeate timer and the backwashing timer to
ensure that there is no overlap between them during
the process. The control box includes three flasher
relays and one power relay. The function for the first
flasher relay is to schedule and control the filtration
mode. When the flasher status is on, it gives a signal
to the permeate water pump to operate. At the same
time, the solenoid valve attached to the permeate
pump is opened while the solenoid valve attached to
the backwashing pump is closed. This ensures that
the permeate water will flow only through the MBR
fibers (outside to inside flow). When the first flasher
status is on, the status of the remaining two flashers is
off. After the completion of the filtration mode, the
first flasher becomes off while the second flasher
becomes on. The function of the second flasher is to
give a signal to the backwashing pump to operate. At
this stage, the solenoid valve attached to the permeate
pump is closed while the solenoid valve attached to
the backwashing pump is opened. This ensures that
the backwashing water will get into the MBR fibers
(inside to outside flow) and will not be mixed with
the permeate water. After the completion of the
backwashing stage, the relaxation mode will take
place. Finally, after the completion of the operation
cycle, the third flasher function is to reset the system
and enable its start as normal; this ensures the
removal of any timing error accumulations.

2.1. Designing the MBR for COD Removal

2.1.1. Selection of HRT
HRT has a fundamental role in design and

operation of biological WWTPs. It is a crucial
operational parameter, directly affecting the reactor's
performance. Decreasing HRT in AS systems will
increase the likelihood of biomass being washed out.
Thus, it is necessary to keep a proper HRT. Based on
the influent properties, normal HRTs in AS systems
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for municipal wastewater treatment (MWWT) can be
4 — 10 hours. The range of HRT in MBR systems is 4
— 9 h, with 6 h is the typical value. Longer HRTSs are
needed when wastewater includes recalcitrant
molecules, if non-biodegradable matter is introduced
to the treatment process, and if biological nutrient
removal process is intended [1].

In general, HRT in MBR does not significantly
differ from that of AS. Reduced HRT operations are
possible in MBR because MBRs are operated at
higher MLSS, leading to stable and fast organic
matter removal. Nevertheless, MBRs commonly run
with comparable HRTs to conventional AS to
provide sufficient times for organic matter
degradation. Increasing HRT will result in decreasing
F/M ratio, leading to significant alterations in the
bacterial characteristics. This is due to the strong
dependency of the bacterial growth rates on F/M
ratio. Consequently, increasing F/M ratio negatively
impacts the quality of effluent and worsens solids’
settling [1].

For the case of this research and based on the
above reported values of HRT in literature, four
different values of HRT were selected: 4, 6, 8 and 10
hours. A bioreactor was designed in a manner that
allowed running all the experiments at different
HRTs. The height of wastewater in the bioreactor
(i.e., the volume) was controlled by a floating valve,
and the floating valve level could be adjusted to four
elevations. The bioreactor’s plan dimensions were 55
cm x 55 cm, while its height was 85 cm.

2.1.2. Selection of HRT
SRT is a key operating parameter for operators to

control the sludge production rate and to keep a
constant biomass concentration in the bioreactor.
SRT is directly linked to the MLSS concentration in a
bioreactor. Extended SRT operations lead to
increased cell residence time, thus increasing the
MLSS concentration. Ideally, SRT should be
sufficiently extended to maintain the availability of
slow growing bacteria accountable for wastewater
treatment. Typical SRT values for conventional AS
systems are around 4 — 10 days, which literally means
that the solids reside 4 — 10 days in the bioreactor and
secondary clarifier, but common MBR plants have
longer SRTs. This prolonged SRT obviously leads to
a large MLSS (8,000 — 12,000 mg/l), which in turn
lowers F/M ratio and makes the microorganisms in
the bioreactor endogenous [1]. It was reported in
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literature that SRT values for MBR systems could
range from 5 — 20 days [26], 5 — 30 days [1]. For the
case of this research, SRTs of 5, 10, 15, 20 and 25
days were selected for the experimental program
design.

2.1.3. Experimental Matrix for COD Removal

Based on the selected values for the SRT and
HRT; the following experimental matrix, shown in
Table 1, was developed.
Table 1

Experimental Matrix for COD Removal

HRT (Hr) SRT (Days)
4 5 10 15 20 25
6 5 10 15 20 25
8 5 10 15 20 25
10 5 10 15 20 25

2.1.4. Air Requirements for Biological Activity
In MBRs, aeration is considered the most critical

part of the process. Aeration supplies oxygen to the
bacterial populations for their metabolic process and
for controlling MBR fouling. Fine bubbles with
larger surface area facilitate efficient oxygen transfer
to the bacteria while coarse aeration with bubbles of
bigger size is suitable for effective vibration and
cleaning membrane fibers [1]. Air supply enhances
the permeation of the membrane by creating
fluctuated permeate flux and localized tangential
shear forces. Air bubbles also improve HF immersed
MBR performance by causing fibers’ shaking [27,
28], that generate shear through the relative
movements of fibers and the surrounding mixed
liquor [14].

In aerobic processes, aerobic bacteria utilize
oxygen supplied by aeration as their terminal electron
acceptor to oxidize organic and inorganic matter.
Moreover, the supplied air mixes the MLSS and
generates turbulent flow to clean the membrane.
Aeration is the largest energy consumer in biological
wastewater treatment. Around 50% of the energy
required in conventional AS systems is used for
aeration. In MBR, the proportion increases up to 80%
due to the surplus of energy consumption by
membrane aeration. It is, therefore, important to
design the aeration system properly to prevent the
overestimation or underestimation of the required
aeration, which can result in excess energy
consumption or imperfect treatment, respectively.
Overestimation of oxygen demand wastes energy
costs associated with oxygen supply. However,
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underestimation of oxygen demand may interfere
with complete oxidation of oxidizable pollutants in
the wastewater. In practice, oxygen is often provided
to the bioreactor through aeration during the
operation of MBR [1]. For the case of this research,
the required aeration amount for biological activity
ranged from 150 — 200 I/hr.

2.1.5. Location of the Experimental Work
The Gaza Central Wastewater Treatment Plant

GCWWTP (with an area of 261,300 m?) is located in
the east of Al Bureij at the eastern entrance of Wadi
Gaza, 240 m far from the eastern boarders of the
Gaza Strip [29]. The geographical area for the
GCWWTP covers Gaza City except for a small area
to the north and all of the central communities as far
as Deir El Balah in the south. To contribute towards
protecting the groundwater resources and reducing
health risks to the population of the city of Gaza and
five other communities, it was proposed to construct
the GCWWTP in Al Buriej [30]. The project also
aimed to provide a long term, sustainable solution for
the severe environmental deterioration, to establish a
new substantial non-conventional water resource by
implementing effective treatment for the wastewater
generated at Gaza city central communities, and to
relieve the overload from the existing Sheikh Ejleen
WWTP and eventually to take it out of service. The
proposed WWTP comprises a biological treatment
stage with a design capacity of around 600,000 PE
based on 0.06 kg BODs/(PE*d) [31]. Fig. 5 outlines
an aerial photo for the Al Buriej WWTP plant.

PP ;

Fig.5 Photo for GCWWTP [31]
The treatment plant is a Mechanical-biological
plant with nitrogen removal and tertiary treatment as
well as sludge treatment and is planned to be
implemented in two Phases [30]. Phase 1 was

designed based on “Activated Sludge” technology
and on a daily flow of wastewater of 120,000 m%/d,
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while Phase 2 will cover a treatment capacity of
180,000 m®/d [29]. Phase 1 consisted of Stage 1, 2
and 3. Stage 1 had a capacity of 60,000 m%d, to be
increased in stages 2 and 3 with extra 30,000 m3/d to
reach the Phase 1 capacity of 120,000 m®d [31]. The
AS process of the biological wastewater treatment is
based on a pressurized aeration system with carbon
removal for Phase 1, Stage 1 and nitrification and
denitrification for Phase 1, Stage 2 and 3 [32].

For the Phase 1, stage 1; the plant was designed to
receive wastewater with the following characteristics:
population equivalent: 600,000 PE, flow rate: 60,000
m®/d, BODin: 600 mg/l, CODin: 1300 mg/l, TSSin: 650
mg/l, TN-Nin: 140 mg/l, TPin: 15 mg/l. the effluent
standads for the treatment plant: BODoy: 40 mg/I,
CODgy: 100 mg/l, TSSeu: 60 mg/l [31]. The MBR
system was placed near to the primary clarifiers, as
the primary effluent from the WWTP will be
considered as the influent to the MBR system.

2.2. System Calibration and Operation

The NEYA MBR operates with three interrelated
processes including the permeate, the backwash, and
the cleaning processes. In the permeate process, clean
water gets collected in the hollow fiber cavity,
leaving the biomass outside. Backwash is regularly
applied to prevent clogging (fouling) of hollow fiber
membrane. Through the cleaning process, normally
NaCIO is used to clean the MBRs, as clogging is
mainly taking place because of the organic
substances. Acids should be used whenever needed to
remove the inorganic matter from the MBR [33].

For the first time, the system was run using
freshwater to ensure that the previously mentioned
three processes were operated as designed. System
calibration in terms of checking of permeate flow
rate, the backwashing pump and the aeration system
was performed. After ensuring the success of the
process, the MBR was run to treat wastewater at
GCWWTP.

3. Results and Discussion

MBR performance is mainly dependent on the
biological degradation in bioreactor and rejection
capacity of membrane. The biodegradation of organic
matter, suspended solids, and nutrients depended on
the process type whether aerobic, anoxic, or



STUDYING THE EFFECT OF HRT, SRT, AND MLSS ON MBR PERFORMANCE 429

anaerobic. The rejection of MBR is commonly
expressed as the ratio of the concentration of a certain
parameter in the influent and the effluent [34]. The
primary goal of MBR process is to minimize the
organic matter in the influent before being discharged
or reused. To evaluate the attainment of this goal,
researchers used to measure the organic matter in the
influent and the effluent to determine the removal
efficiency [35]. It was stated that out of the MBR’s
COD removal efficiency, the bioreactor accounted
for 80-90 % it because of the bacterial activity. On
the other hand, the membrane accounted for 10-20 %
through different mechanisms such as rejection,
plugging, and adsorption [36, 37]. Depending on the
wastewater treated in MBRs, removal efficiencies for
COD ranged from 76% [38] to 99% [39, 40].

MBR system is considered as a reliable alternative
for wastewater treatment that can provide permeate
of superior quality. The removal efficiency COD
ranged from 90 to 99 % for municipal wastewater
and synthetic wastewater, and from 63 to 99 % for
industrial wastewaters. High MLSS concentration in
MBRs achieved remarkable increase in COD removal
because of the enhanced biodegradation. Various
parameters contribute to COD removal include HRT,
SRT, OLR and membrane filtration [2]. In the past,
only 65 % of TSS removal was possible by means of
AS process [8]. Using membranes as alternative to
final clarifiers in AS processes improved TSS
removal efficiency up to 100 % [41, 42, 43]. Many
studies on MBRs found that the membrane bioreactor
made the wastewater effluent free from TSS
irrespective of membrane configuration and type of
wastewater [2]. From a practical point of view, very
high values for TSS removal efficiencies were
reported; in particular, higher than 99% [44, 45].

For the case of this research, organic matter
removal from municipal wastewater was studied.
Throughout the experimental work, the pH of influent
wastewater, effluent wastewater and the bioreactor
was measured. There were no remarkable variations
in the pH values that ranged from: 7.2 to 7.6 for the
influent, 7.1 to 7.7 for the effluent, 7.3 to 7.8 for the
bioreactor. The dissolved oxygen was 1.5 - 2 mg/I
inside the bioreactor. During the experimental
program, the range of wastewater temperature was
18.3 - 25.3 oC for the bioreactor, 18.3 - 25.1 °C for
the effluent, and 20.1 -26.1 -C for the influent. The
total dissolved solids (TDS) were also measured; they
ranged from: 2510 - 2990 mg/I for the influent, 2540
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- 2880 mg/I for the effluent, and 2550 - 2880 mg/I for
the bioreactor. No remarkable improvement in TDS
concentration between influent and effluent was
recorded. The aeration intensity was maintained
according to the biological requirements of the
system.

From the factors influencing TSS, COD, and
ammonia nitrogen removal in membrane bioreactors;
HRT, SRT, and MLSS concentration will be
investigated in this work. In the following sections,
the influence of HRT, SRT and MLSS on MBR
performance in removing TSS, COD, and ammonia
nitrogen will be discussed.

3.1. Effect of HRT on MBR Performance

Lower HRTs lead to high organic loading rate
(OLR), resulting in a reduced reactor volume needed
to reach a specific treatment efficiency. Long RHTS
will enhance the bacterial growth and provide more
time for microorganisms to metabolize and degrade
pollutants (more favorable conditions for microbial
growth are provided), leading to improved removal
efficiency. Additionally, a longer HRT allows for
increased contact time between the wastewater and
the bacteria, thus enhancing the biological treatment
processes. High HRTs are suitable for treatment of
wastewater that contains high concentration of COD
and/or BOD or for slowly biodegradable compounds
[46]. It is essential to select a suitable value for the
HRT in MBR processes to avoid the washout of the
active bacteria and to control the volume of the
aeration basin. The type and quality of both influent
and effluent wastewater also affect the selection of
HRT in MBR processes. As compared to
conventional AS process, the selection of HRT in
MBR is more flexible as the MLSS is much greater.
In general, the biodegradation of the organic matter is
more stable and the removal efficiency for both the
COD and TSS is higher at longer HRTs [1].

In this research, the selected HRT values were 4,
6m 8 and 10 hours. The removal efficiencies for
COD and TSS at each HRT were determined. For
each selected HRT value, five values for the SRT
were selected: specifically, 5, 10, 15, 20 and 25 days.
For each SRT value, influent and effluent samples
were collected and sent to the laboratory for COD
and TSS testing. MLSS and MLVSS for the
bioreactor were also measured. The removal
efficiencies for TSS were presented in Fig. 6. By
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referring to Fig. 6, it can be generally concluded that
the TSS removal efficiencies were improved at high
HRT values as compared with low HRT values for a
given SRT value. The highest removal efficiencies
for the TSS were obtained at HRTs of 10 and 8 hours.
However, at HRT values of 4 and 6 hours; the

TSS Removal Efficiency (%) - SRT 5 Days
100

®
g =
o
G 9
i
]
8 g
£
o
o
Wy
i
97 —
4 6 8 10
a) HRT (Hours)
TSS Removal Efficiency (%) - SRT 15 Days
_ 100
&
g —
o
G 99
i
]
8 o
£
o
o
Wy
b
a7 -
4 6 8 10
C) HRT (Hours)

removal efficiencies for TSS were lower. The TSS
lowest removal efficiencies were reported when
operating the system at HRT of 6 hours while the
highest TSS removal efficiencies took place when
operating the system at HRT of 10 hours.
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Fig. 6. TSS Removal Efficiency at SRTs of:a) 5d,b) 10d,c) 15d,d) 20d, e) 25d

For the case of COD removal and by referring to
Fig. 7; the same trend found for TSS removal was
applicable for COD, i.e., the removal efficiencies
were improved as the HRT increased from 4 to 10
hours for a given SRT value. The highest removal
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efficiencies for COD were reported at HRTs of 10, 8
and 6 hours respectively, while the lowest one was
obtained at HRT of 4 hours. The COD highest
removal efficiency took place when operating the
system at HRT of 10 hours.
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Fig. 7. COD Removal Efficiency at SRTs of: a) 5d, b) 10d, c) 15d,d) 20d,e) 25d

3.2. Effect of SRT on MBR Performance

Wastewater treatment operators aim to run their
systems at short HRTs and long SRTs while
maintaining the process efficiency. More influents
can be treated as HRT shortens and SRT increases;
however, this situation is a challenging goal to attain
in AS operations because of the incomplete
separation capability of secondary clarifier. Longer
SRTs in AS is not readily achievable because of
losing microorganisms in secondary clarifiers.
Additionally, in MBRs it is possible to decouple HRT
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and SRT because the membranes can achieve perfect
separation of the microorganisms [47]. Longer SRT
values enable better wastewater treatment and
produce less wastage sludge than AS systems.
Considering that the costs for further sanitary
treatments of the excess sludge have increased and
the regulation for sludge disposal is stricter than
before, the long SRT operation seems to provide
many benefits [1]. Higher SRTs enable MBRs to
operate at higher OLR and lower (F/M) ratios; such
condition makes MBR process more compact, in
comparison to AS [48]. Nevertheless, the complete
detention of bacteria in MBR systems leads to longer
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SRTs. If sludge isn’t wasted from the bioreactor, the
SRT of MBR could potentially become infinite. This
is impractical in AS because the effluent from the
secondary clarifier contains at least several mg/l of
TSS due to the limitation of settling tanks within the
common retention time 2—4 h [1].

In this research the selected values for SRT were
5, 10, 15, 20, and 25 days respectively. By referring
to Fig. 8, it can be generally concluded that removal
efficiencies for the TSS were improved as the SRT
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increased at a given value for the HRT. The highest
removal efficiencies for the TSS were obtained at
SRTs of 25, 20, 15, 10 and 5 days respectively; with
25 and 20 days were the highest at all experiments.
The TSS lowest removal efficiency was reported
when operating the system at SRT of 5 days, while
the highest TSS removal efficiency took place when
operating the system at SRT of 25 days.
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Fig. 8. TSS Removal Efficiency (%) at HRTs of: a) 4 Hrs, b) 6 Hrs, c) 8 Hrs, d) 10 Hrs

For the case of COD removal and by referring to
Fig. 9; better COD removals were got as the SRT
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increased from 5 to 25 d. The highest removal
efficiencies for COD were got at HRTs of 10, 8 and
6 hours respectively, while the lowest one was got
reported at HRT of 4 hours. The COD highest
removal efficiencies took place when operating
the MBR at SRTs of 25 and 20d.
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For the combined effect of both SRT and HRT on
removal efficiency for both TSS and COD, it was
concluded from Figs. 7 — 10 that the best removal
efficiencies for TSS and COD were 99.71% and
97.59% respectively which took place at SRT of 25d
and HRT of 10 hr. The corresponding effluent
concentrations for TSS and COD were 0.36 mg/Il and
10 mg/l, respectively. The second highest efficiency
for TSS and COD were 99.61% and 97.15%
respectively which took place at SRT of 25 d and
HRT of 8 hrs. The corresponding effluent
concentrations for TSS and COD were 0.45 mg/l and
8.3 mg/I, respectively.

3.3. Effect of MLSS on MBR Performance

As mentioned before, MBRs can be operated at
MLSS values greater than those of the AS systems.
High MLSS-concentration of MBR processes
provides benefits by reducing waste sludge
production. As the MLSS in the MBR reactor
increased, it is expected to have larger populations of
microorganisms available for organic matter removal,
such  microorganisms have the tendency to
biodegrade themselves in bioreactor. High MLSS
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concentrations can also be linked to the increased
sludge age or SRT, which provides longer contact
time between the bacterial populations and the
wastewater, allowing for improved degradation of
complex organic compounds.  Consequently,
achieving high and stable COD removal in MBRs is
possible with high MLSS as compared to AS systems
[49]. In this current work, MLSS ranged from 5630
to 15460 mg/l, which was expected to result in better
COD removal, and the TSS removal efficiency was
also investigated.

By referring to Fig. 10, there was no concrete
conclusion that the TSS removal efficiency was
improved by increasing MLSS concentrations, but it
can be noted that better removal efficiencies of TSS
could be achieved for MLSS concentrations > 10,000
mg/l. The same conclusion was also applicable for
the TSS effluent concentration (better effluent quality
at MLSS > 10,000 mg/l), see Fig. 11. This can be
related to the built-up of a more porous and cake-like
layer on the MBR because of MLSS increase, which
improved the filtration and enhanced the TSS
removal.
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For the case of COD, the relation between MLSS
and removal efficiency was more obvious than that of
the TSS; this was supported by the results outlined in
Fig. 12 and Fig. 12. Fig. 12, showed that the removal
efficiency improved as the MLSS increased; the
higher removal efficiencies took place at MLSS >
10,900 mg/l. This was also supported by the COD
effluent concentrations shown in Fig. 13. This better
removal efficiency can be related to the higher
biomass concentration associated with high MLSS
that can enhance the biodegradation process, leading
to better COD removal.
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Worth mentioning that during all the experimental
work, MLVSS concentrations were measured. The
values of MLVSS/MLSS ranged from 0.775 to 0.820
with an average of 0.803. This provided information
about the composition of the biomass in the MBR.
The higher MLVSS/MLSS informed higher
proportion of volatile solids in the mixed liquor,
implying a larger population of active and
biodegrading microorganisms thus more microbial
activity and better biodegradation capacity of the
MBR.

3.4. MBR Performance for Nitrogen Removal

Although the system was designed for COD
removal; ammonia concentrations in both the influent
and the effluent were measured at SRT of 25 days for
each HRT value. The removal efficiency ranged from
83.33% to 90.54%; the highest removal efficiency
(90.54%) took place at HRT of 10 hours and SRT of
25 days while the second highest removal efficiency
(85.90%) took place at HRT of 8 hours and SRT of
25 days. Influent and effluent ammonia
concentrations at SRT of 25 days and different HRTs
were as follows: 68 mg/ and 10 mg/l at HRT of 4 h,
66 mg/l and 11 mg/l at HRT of 6 h, 78 mg/l and 11
mg/l at HRT of 8 h, and 74 mg/l and 7 mg/l at HR of
10 h, respectively. Fig. 14 outlined the removal
efficiency of ammonia at SRT of 25 days and
different HRTSs.
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3.5. Comparing MBR performance with that of
GCWWTP

A comparison between the MBR performance and
the GCWWTP in terms of COD and TSS effluent
was made. As shown in Fig. 15, the TSS effluent
concentration for the MBR ranged from 0.36 mg/I to
2.63 mg/l with an average of 1.25 mg/l, on the other
hand the TSS effluent concentration for the
GCWWTP ranged from 16 mg/l to 88 mg/l with an
average of 43.8 mg/l. By referring to Fig. 16, it can
be noticed that the COD effluent concentration for
the MBR ranged from 7 mg/l to 29.33 mg/l with an
average value of 14.7 mg/l, on the other hand the
COD effluent concentration for the GCWWTP
ranged from 50 mg/l to 123 mg/l with an average
value of 77.2 mg/l. From the previous discussion, it
can be generally concluded that the MBR gave more
stable effluent concentrations for both the TSS and
COD as compared to the GCWWTP.
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4. Conclusions

The study concluded that the removal efficiency
for the TSS was improved at high HRT values as
compared with low HRT values for a given SRT. The
highest removal efficiencies for the TSS were
obtained at HRT of 10 and 8 hours as compared to
HRT of 4 and 6 hours. Improvement in COD removal
efficiency was noticed as HRT increased from 4 to 10
hours for a given SRT value. The highest removal
efficiencies for COD were reported at HRTs of 10, 8
and 6 hours respectively, while the lowest removal
efficiency was reported at HRT of 4 hours.

For a certain HRT, the removal efficiency for TSS
was improved as SRT increased; the highest values
were reported at SRTs of 25, 20, 15, 10 and 5 days
respectively; with 25 and 20 days were the highest at
all experiments. Additionally, the COD removal was
improved as SRT increased from 5 to 25 days, the
highest removal efficiencies for COD were reported
at HRT of 10, 8 and 6 hours respectively, while the
lowest one was got at HRT of 4 hours. The COD
highest removal efficiency was achieved at SRT of
25 and 20 days. Additionally, the highest nitrogen
removal efficiency took place at HRT of 10 hours
and SRT of 25 days while the second highest removal
efficiency took place at HRT of 8 hours and SRT of
25 days.

The study also concluded that at MLSS < 10,000
mg/l, there was no concrete relationship between TSS
removal efficiency and MLSS concentrations, but
better removal efficiencies of TSS could be achieved
for higher MLSS concentrations. The relation
between MLSS and COD removal efficiency was
clearer than that of the TSS; the COD removal was
improved as the MLSS increased; the higher removal
efficiencies were obtained at MLSS > 10,900 mg/I.
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With the TSS removal efficiencies ranging from
97.72% to 99.71%, MBRs proved to be excellent
eliminator for TSS. On the other side, the
performance of MBRs in removing the COD ranged
from 94.17% to 97.59% which is not easy to attain
using conventional wastewater treatment systems.
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