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Abstract 

The limited nature of water resources and the importance of water management and 
recycling have led to the field of wastewater treatment being in progressive demand 
globally. Consequently, several technologies with certain benefits and drawbacks 
have been introduced over the past decades to address this issue. The advent of new 
technologies makes it necessary to identify the most suitable methods for specific 
applications. In this study, results from three of the most promising technologies in 
wastewater treatment – MBR, SBR, and Biolak – have been put against that of a 
more conventional, but still widely used, method – CAS – and an objective 
argument has been presented. An exclusive pilot for each of the mentioned 
methods has been constructed and installed at Ekbatan wastewater treatment plant, 
located in west of Tehran, and data from extensive experiments has been gathered 
over a period of approximately one year. Furthermore, an exhaustive set of criteria, 
namely, treatment quality, operation simplicity, initial cost, land occupation, 
maintenance, and development opportunities, coupled with more location-specific 
guidelines, regarding the unique conditions of Tehran, have been exploited in order 
to establish an objective, yet comprehensive, view. pH values of input and output 
flows, MLSS, MLVSS, and removal percentage of key parameters such as BOD, 
COD, ammonium, nitrate, nitrite, and nitrogen were among the data measured from 
experiments. The maximum BOD removal percentage was achieved by the MBR 
pilot; moreover, the MBR pilot required the least hydraulic retention time to 
effectively remove ammonium. The SBR pilot reached the maximum removal 
percentage of COD. Furthermore, assessment matrix of “Waterford” wastewater 
treatment plant was introduced as a reference for quantitative evaluation. Finally, it 
was determined that the MBR or the SBR method is the most suitable option for 
Ekbatan plant. 
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1. Introduction 
The constant development of industrial and urban societies has resulted in progressive 

need for healthy water; furthermore, the concept of water management, water and wastewater 
treatment, and recycling has gained importance during recent years considering the limited 
nature of fresh water resources. Consequently, diverse methods are employed in treatment 
plants for urban wastewater treatment and recycling. In addition, scholars in the fields of 
environmental engineering and water and wastewater treatment are attempting to devise new 
models and innovative methods of wastewater treatment with higher efficiency on a global 
scale. The scope of this study is to introduce a conventional method – Conventional Activated 
Sludge (CAS) – two less conventional, but still widely used, methods – Membrane Bioreactor 
(MBR) and Sequencing Batch Reactor (SBR) – and one innovative and novel method – Biolak 
– in biological wastewater treatment and to establish a concrete framework for these methods in 
terms of efficiency and performance. In order to achieve this goal and to procure the necessary 
data, several tests have been performed on wastewater and sewage samples under the same sets 
of conditions and in the same location during a period of approximately one year – All of the 
tests were conducted in Ekbatan wastewater treatment plant located in west of Tehran. [1], [9]. 
 
1.1. Conventional Activated Sludge 

Presently, the conventional activated sludge system is the most common method for 
recycling urban and rural wastewater, especially in secondary domestic wastewater treatment 
[10]. This system has several advantages, such as odorless and colorless recycled wastewater 
output, low land occupation for plant construction, lack of any kind of rancid smell during the 
treatment process and consequently less probability of growth and reproduction of insects, high 
value of fertility of extracted sludge for agricultural purposes due to transforming nitrogen 
materials existing in the sludge to NO3 and NO2, and removal of more than 90 percent of 
bacteria, BOD, and other sustained particles in wastewater. However, this system also has some 
disadvantages, such as the need for continual maintenance and expert staff, and high cost of 
construction and maintenance [9]. Wastewater treatment using activated sludge can be 
considered as a system in which floccule biological masses are permanently exposed to the 
wastewater organic materials and are dissolved in presence of oxygen. In this system, oxygen is 
perpetually injected into the mixture of biological sludge and wastewater by air compressors or 
mechanical blowers while rotating [10]. Thus, biological treatment of wastewater using 
activated sludge consists of two main stages: (1) Aeration process of wastewater and activated 
sludge mixed with it; (2) extraction of activated sludge and its return to the aeration basin. 
 
 
1.2. Membrane Bioreactor 

The MBR system was invented in the late 1960s; however, its main progress was made in 
the 1990s. Dorr-Oliver experimented at that time the process of membrane wastewater 
treatment, in which suspended growth was externally placed on a rotating cylindrical plate with 
an ultrafiltration membrane. Membrane bioreactor (MBR) is the combination of a membrane 
process like microfiltration or ultrafiltration with a suspended growth bioreactor, and is now 



 

widely used for municipal and industrial wastewater treatment [7]. These reactors are composed 
of a biological reactor (bioreactor) with suspended biomass and micro-filter membranes with 
orifice size of 1-4 micrometer in order to isolate solid particles [8]. Reactors with aerobic or 
anaerobic suspended biomass may be used in this system. Membrane systems can produce 
effluent of high quality, in accordance with that of secondary sedimentation and microfiltration 
[14]. MBR system has major advantages over conventional treatment technologies: it can 
accurately satisfy effluent quality standards [9], bulking and sludge sedimentation problems do 
not exist, facilities consumes up to 50 percent less space compared to those of activated sludge 
systems, shortened hydraulic retention time in conjunction with high cellular retention time can 
be reached due to the existence of the membrane, old water treatment plants can readily undergo 
the process of retrofit and upgrade. On the other hand, high operation and maintenance costs, 
membrane blockage, requirement for strict pre-treatment of input wastewater, and relative 
complexity of the system are among disadvantages of MBR. 
 
 
1.3. Sequencing Batch Reactor 

The SBR method was first applied in the U.S. in the 1970s. This method is a type of fill 
activated sludge system for wastewater treatment, which includes five stages -- fill, react, settle, 
decant, and idle – and is only dependent on time, unlike CAS that is also dependent on location 
[4]. A continuous input/output flow does not exist, which means the process of aeration and 
mixture stops proceeding biological recycling; therefore, the balance tank should be placed after 
the reactor in the plant scheme [2]. Moreover, the sludge treatment consists of a thickener and 
aerobic digester in this method, and primary clarification is only advised in case the BOD is 
higher than 400, and due to increased costs, is not necessary otherwise. SBR is typically 
considered for a discharge of about 5 mega gallons and consumes comparatively low space 
since there is no requirement for sedimentation tank and sludge pump [13]. 
 
 
1.4. Biolak 

The Biolak method is considered as a relatively new method in urban wastewater 
treatment and includes different models, for example, Biolak equipped with phosphorus 
extraction and Biolak equipped with nitrogen extraction. In this system, the wastewater is 
collected by the collecting network and subsequently enters into the wastewater treatment plant 
facilities. A complete Biolak system contains several major parts: course screen, grit chamber, 
pump station, fine screen, activated sludge integrating process, disinfection unit, sludge removal 
system, and operation building [4]. Low initial investment required for construction, simple 
operation, energy efficiency, high quality of output wastewater, and rigorous provisions are 
among the advantages of this system [3]. Nonetheless, this system suffers from some 
disadvantages, such as lack of adequate knowledge of native experts of this system, unreliable 
construction and difficult implementation in Iran due to the existence of delicate components, 
and the imported nature of most of the required facilities. 
 



 

2. Materials and methods 
2.1. Site description 
 

The Ekbatan wastewater treatment plant is located between the first and second phases of 
Ekbatan town, west of Tehran, with about 4 hectares at its disposal. The plant became 
operational with extended aeration method with the capacity of 100,000 persons – this was later 
replaced with the A2O method – and consists of two sedimentation tanks, one condensation 
unit, one sludge stabilization unit, and two centrifuge units. 
 
 
2.2. Activated Sludge Pilot 

In order to compare the performance of the conventional activated sludge (CAS) method 
with more modern technologies, an activated sludge pilot composed of an aeration tank and 
secondary sedimentation tank was prepared. The supply tank from the MBR pilot, which is later 
described in detail, was also used for the CAS pilot [15]. Moreover, the aeration section, which 
carries the responsibility of oxidation of organic materials and biological removal of ammoniac 
and is designed according to designed parameters such as retention time, MLVSS, and 
percentage of recycle sludge, was selected of polyethylene with the following dimensions: span 
length of 76.5 cm, floor length of 67.5 cm, span width of 65 cm, floor width of 50 cm, height of 
69 cm, and thickness of 6 mm. It comprises an input from the supply tank, an output, and an 
input for recycle sludge from the secondary sedimentation tank. Moreover, two circular blowers 
with an internal diameter of 9 cm and external diameter of 12.5 cm and two linear blowers with 
a width of 1.5 cm and length of 40 cm were provided. According to the performance of the 
secondary sedimentation tank, it was selected as cylindrical with a funnel floor in the pilot: The 
cylindrical section has a height of 110 cm and diameter of 80 cm, and the funnel section has a 
height of 50 cm and diameters of 80 and 7.5 cm [15]. 
 
 
2.3. MBR Pilot 

In order to obtain necessary data, an MBR pilot was initiated for this study. The main 
components of the MBR pilot include the bioreactor tank, membrane module, aeration system, 
and supply tank, with the membrane placed in the bioreactor tank [5]. According to technical 
specifications and optimum working conditions of the membrane, in addition to calculations 
pertaining to biological reactions by micro-organisms, a polyethylene rectangular tank with the 
following dimensions was selected: span length of 137 cm, floor length of 125 cm, span width 
of 81 cm, height of 82 cm, and input wastewater tube with a diameter of 0.5 in. The flow type 
and filtration flow type were chosen as submerged and cross-flow respectively in order to 
reduce membrane blockage. To study the effects of aeration, two types of central aquarium 
pumps with aeration capacities of about 90 lit/min for medium aeration and 45 lit/min for weak 
aeration were selected [5]. The supply tank was applied in order to provide the feed, stabilize 
the properties of the input, and establish uniform flow. The tank has a height of 91.5 cm, 
diameter of 66 cm, and total volume of 300 lit. 



 

 
2.4. SBR Pilot 

The construction procedure of the SBR pilot, with regard to design parameters, was 
completed in a 6 month period at K.N. Toosi University of Technology and transported to 
Ekbatan treatment plant after sufficient experiments and simulation [11]. The supply tank was 
selected as a plastic cylinder with a height of 91.5 cm, diameter of 66 cm, and total volume of 
300 lit. The aeration unit was designed according to design parameters, such as MLVSS, type of 
blowers, depth, and patterns of blowers. In order to satisfy the mentioned parameters, the unit 
was selected as a rectangular tank with a length of 76.5 cm, width of 65 cm, height of 69 cm, 
free length of 10 cm, and thickness of 6 mm from plastic. The SBR tank contains one input and 
two outputs. The sedimentation tank is considered as the last procedural unit in wastewater 
treatment using the SBR method. The clarification process is essentially the same as that of the 
conventional activated sludge method. According to design provisions of such tanks, it was 
selected as cylindrical with a funnel floor in the pilot: The cylindrical section has a height of 
110 cm and diameter of 80 cm, and the funnel section has a height of 50 cm and diameters of 80 
and 7.5 cm [11]. 
 
 
2.5. Biolak Pilot 

Due to novel properties of the Biolak process in water and wastewater treatment, and 
because, unfortunately, no pilot had been previously constructed using this method in Iran, one 
unique pilot, which was exclusively used for this method, was designed and constructed at 
Ekbatan wastewater treatment plant with regard to all required principles and standards. Due to 
the importance of control of activated sludge process in terms of sustainability of wastewater 
treatment function under different working conditions, principal factors of the process was 
controlled and evaluated. The amount of dissolved Oxygen in the pilot was controlled using a 
portable oximeter, and this amount was observed as approximately 2 mg/l [6]. 

The amount of recycle sludge was adjusted by considering the density of microorganisms 
in the aeration basin of the Biolak pilot, and the excess amount of activated sludge was 
controlled. The alkaline degree and the pH of input and output samples were examined daily, 
and this value was confirmed to be acceptable according to urban wastewater standards. This 
pilot was established and became operational at Ekbatan wastewater treatment plant, with the 
wastewater input supplied from the divider basin after the grit chamber [6]. To provide the pilot 
input, wastewater was directed into the pilot using gas faucet and a special hose after it was 
pumped in the reservoir tank. The basic procedure of the activated sludge method is to secure 
required densities of microorganisms inside the system, and because the density of 
microorganisms in input wastewater is negligible, the pilot was initiated and operated using the 
mixed liquid in aeration basin of Ekbatan wastewater treatment plant: The density of this liquid 
is roughly 2500 mg/l at this plant. In addition, since the pilot operation time was during the 
summer, no need for liquid temperature adjustment seemed necessary. 
 
 



 

2.6. Tests 
For this study, pH, temperature, DO, BOD, COD, MLSS, MLVSS, nitrate, nitrite, and 

phosphate were measured as the following. pH was measured by a digital meter, and 
temperature was measured using a mercury thermometer on site. DO-meter was used to 
determine the amount of dissolved oxygen in aeration units. BOD-meter was used to measure 
biochemical oxygen demand [12]. Chemical oxygen demand was measured using the titration 
method [12]. In order to determine the density of nitrate and phosphate in influent and effluent 
samples, spectrophotometer was used, and corresponding vials were measured. MLSS and 
MLVSS were measured by the evaporation method according to the recommended guidelines; 
additionally, the oven was set to 600 c [12]. 
 
3. Result and discussion 
3.1. Experimental result 

The following tables and figures represent, in summary, the results obtained from 
extended experiments performed on samples from CAS, MBR, SBR, and Biolak pilots, which 
were all installed at Ekbatan wastewater treatment plant. According to the inherent 
characteristics of each system, as well as imposed restrictions, the most important parameters 
were selected for each individual method, and required tests were arranged in accordance. 
  
3.2. Conventional Activated Sludge method 

Hydraulic retention times of 5, 6, 7, and 8 hours with intermediate aeration and cellular 
retention time of 20 days have been used to determine the removal efficiency of different 
parameters in the conventional activated sludge pilot. The results of the experiments performed 
on samples from this pilot at Ekbatan wastewater treatment plant are available in table 1. For 
each cycle of operation three specimens have been used. In addition, the typical value of MLSS 
for CAS systems is considered between 1200 to 1500 mg/lit [10]. 

 
Table 1: Removal percentage of BOD, COD, and ammonium for different hydraulic retention times 

for the activated sludge pilot 
Hydraulic retention 

time (hour) 
BOD removal 

percentage 
COD removal 

percentage 
Ammonium removal 

percentage 
5 84.8 88.5 89.3 
6 90.1 92 93.1 
7 93.2 94.4 95 
8 91.9 93.3 95.9 

 
 
3.3. MBR method 

Hydraulic retention times of 3, 4, 5, and 6 hours with intermediate aeration and cellular 
retention time of 20 days have been used to determine the removal efficiency of different 
parameters in the membrane bioreactor pilot. The experiments were conducted on samples at 
Ekbatan wastewater treatment plant, and the results are presented in table 2. To ensure accuracy 



 

and reduce associated errors, the given values are the average values derived from three separate 
specimens. In addition, table 3 shows pH values of input and output flows for the same 
hydraulic retention times. 

 
Table 2: Removal percentage of BOD, COD, and Ammonium for different hydraulic retention 

times in the MBR pilot 
Hydraulic retention 

time (hour) 
BOD removal 

percentage 
COD removal 

percentage 
Ammonium removal 

percentage 
3 90.3 93.2 90.1 
4 93.5 95 92.7 
5 95.6 97.1 95.2 
6 95.3 96.7 96.1 

 
 

Table 3: pH values of input and output flow in the MBR pilot 

Hydraulic retention time (h) 
pH 

Input (mg/lit) Output (mg/lit) 
3 7.7 7.2 
4 7.95 7.5 
5 7.5 7.15 
6 8 7.34 

 
 
3.4. SBR method 

In order to determine the optimum aeration and sedimentation time, the filling time was 
initially set to 1 hour, and samples were taken after 4, 6, and 8 hours of aeration. Moreover, 
samples were taken after 1, 2, and 3 hours of sedimentation. At this stage, experiments were 
performed on 10 specimens. According to the removal percentage of BOD and COD, and values 
of MLSS and MLVSS, the optimum aeration time was determined as 6 hours. Similarly, the 
optimum sedimentation time was determined as 3 hours. 

At the next stage, sampling procedure was carried out after 1, 2, and 3 hours of filling 
time, with the aeration and sedimentation times set to their optimum values. Experiments were 
performed on three specimens for each filling time. The pH values of input and output flows are 
presented in table 4; in addition, average values corresponding to COD, BOD, and MLSS tests 
are available in table 5. 

 
 
 
 
 
 



 

 
Table 4: pH values of input and output flow in the SBR pilot 

Test 1 hour filling time 2 hours filling time 3 hours filling time 

pH
 

Input 8.05 8.17 7.95 
After 6 h 
aeration 

7.62 7.68 7.62 

After 3 h in 
sedimentation 

basin 
7.26 7.30 7.37 

 
 

Table 5: Removal percentage of BOD and COD after 6 hours of aeration and 3 hours in 
sedimentation basin for three different filling times in the SBR pilot 

Test 
1 hour 
filling 
time 

Removal 
percentage

2 hours 
filling 
time 

Removal 
percentage

3 hours 
filling 
time 

Removal 
percentage

C
O

D
 

Input 269.33 240.33 246.33 
After 6 h 
aeration 

38.33 80.2 37.67 84.33 39.33 81.06 

After 3 h in 
sedimentation 

tank 
11 95.17 10.33 95.7 11.33 94.32 

B
O

D
 

Input 139.33 159.33 148.33 
After 6 h 
aeration 

16.67 88.04 15.33 90.38 16.33 88.99 

After 3 h in 
sedimentation 

tank 
2.67 98.09 2 98.54 2.33 98.43 

M
L

S
S

 

Input 389.33 409 366.67 
After 6 h 
aeration 

2046.33  2132.33  2006  

After 3 h in 
sedimentation 

tank 
12.4 97.76 11.23 97.66 12.33 96.64 

 
 

According to table 5, all of the values corresponding to filling times of 1 and 2 hours fall 
within the allowable limits; however, the output flow with a filling time of 2 hours exhibits 
better quality in comparison with that of 1 hour. Therefore, the optimum filling time is 1 to 2 
hours. 
 
 
 



 

3.5. Biolak method 
The sampling procedure for BOD, COD, and pH tests was performed under two different 

operating conditions of the Biolak pilot with densities of 3500 mg/l and 4500 mg/l. The results 
of these tests are available in tables 6 and 7. 

 
 

Table 6: Removal percentage of BOD and COD in the Biolak pilot 
Density of 4500 mg/l Density of 3500 mg/l 

hydraulic retention 
time (hour) 

COD removal 
percentage 

BOD removal 
percentage 

COD removal 
percentage 

BOD removal 
percentage 

86.77 85.62  -  - 17 
 -  - 85.55 85.08 19.1 

90.75 90.14 89.43 88.55 23 
91.62 90.75 90.07 89.34 24.8 
91.73 90.81 90.25 89.18 25.8 
92.22 91.81 90.86 89.35 32.9 

 
 

Table 7: pH values of input and output flow in the Biolak pilot 
5 4 3 2 1 pH  

7.76 7.48 7.65 7.46 7.59 Pilot input Density of 
3500 mg/l 7.48 7.39 7.42 7.38 7.31 Pilot output 

7.48 7.51 7.39 7.46 7.47 Pilot input Density of 
4500 mg/l 7.35 7.45 7.38 7.38 7.34 Pilot output 

 
 
3.6. Result assessment 

In order to objectively argue the performance of each treatment technology, relevant data 
from experiments, in addition to other criteria have been considered. Table 8 contains maximum 
BOD and COD removal percentages achieved by each pilot. The corresponding diagrams have 
been presented in figure 1. The following points should be taken into consideration regarding 
this data: 
 Maximum removal percentages of BOD and COD for the CAS and MBR pilots were 

considered. Note that each method has its own optimum retention time. 
 According to performed experiments, which were discussed in detail in the 

corresponding section, BOD and COD removal percentages of the SBR pilot were 
considered with the optimum values of hydraulic retention time, sedimentation time, 
and filling time. 

 For the Biolak pilot, average values from the two operation conditions were considered. 

 
 
 



 

Table 8: Maximum BOD and COD removal percentage in each pilot 

Method 
Max. BOD removal 

percentage 
Max. COD removal 

percentage 
CAS (7 h retention time) 93.2 94.4 
MBR (5 h retention time) 95.6 97.1 

SBR (3 h in sedimentation tank) 98.54 95.7 
Biolak (32.9 h retention time) 90.58 91.54 

 
 

 
 
 

Figure 1: Maximum BOD and COD removal percentage achieved by the CAS, MBR, SBR, and 
Biolak pilots 

 
According to figure 1, maximum removal percentage of BOD and COD is achieved by 

the MBR and SBR pilots respectively. Considering hydraulic retention time, the MBR pilot is 
obviously more successful in removing ammonium compared to the CAS pilot. Moreover, pH 
values of the output flow are reduced substantially more in the SBR pilot compared to the other 
pilots. 

Assessment matrix of “Waterford” wastewater treatment plant, which includes qualitative 
comparison between different methods of recycling, is presented in table 9 and has been 
introduced by the research and design group of this project with the purpose of development of 
this plant [3]. 
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Table 9: Assessment matrix of “Waterford” wastewater treatment plant 

Method 
Ease of 

operation 
Cost Size 

Treatment 
quality 

Development 
opportunities 

CAS + +  +  
MBR   ++ ++ + 
SBR + + + +  

Biolak ++ ++ + +  

 
 

According to table 8 and the assessment matrix, it can be concluded that the SBR method 
has the advantage of simplicity and reduced cost compared to the MBR method; however, in 
case effluent quality and space occupation is considered as the most important criteria, the MBR 
method is deemed more advantageous. Although results from the Biolak pilot implies less 
efficiency compared to other pilots, due to operational simplicity, low cost, and low land 
occupation, it is widely used worldwide. 
 
 
4. Conclusion 

In this study, different approaches of four wastewater treatment technologies – CAS, 
MBR, SBR, and Biolak – to wastewater treatment were taken, and an exclusive pilot for each 
method was constructed and installed at Ekbatan wastewater treatment plant. Several 
experiments were performed over a period of one year to procure necessary data in order to 
establish an objective framework. Furthermore, several criteria such as effluent quality, ease of 
operation, cost, land occupation, maintenance, and development opportunities as well as 
location specific criteria were taken into consideration in the comparison procedure. The 
conventional activated sludge is relatively easy to operate and has been widely used for several 
years, and, therefore, adequate knowledge about this system exists; however, due to several 
disadvantages such as relatively low treatment quality, high space consumption, and high 
construction and maintenance costs, it is not recommended and has been, in fact, replaced in 
most modern wastewater treatment plants around the world. According to results obtained from 
aforementioned experiments at Ekbatan wastewater treatment plant, the highest BOD removal 
percentage was reached by the MBR pilot. In addition, the results indicate that the MBR method 
yields the highest effluent quality and requires the least amount of retention time for effective 
treatment overall. According to table 8, the SBR pilot achieved the highest removal percentage 
of COD; furthermore, this pilot exhibits the most impressive results regarding pH values of 
input and output flows. Although the Biolak method entails some advantages as operation 
simplicity and reduced costs, since it is still not frequently used in Iran and its retention time is 
considerably higher, it is not advisable at this time. Finally, due to the discussed criteria, high 
land prices in Tehran, and other location specific limitations, the MBR and the SBR methods 
seem to achieve the most desirable results. Some slight derivations from the assessment matrix 



 

presented in table 9 is observable; nevertheless, the results from this study and the assessment 
matrix seem to be in line, by and large. 

In conclusion, the aforementioned information suggests that MBR and SBR are more 
suitable for Ekbatan wastewater treatment plant. Although reaching a decisive conclusion 
requires more investigation, objectively, due to dense population in Tehran, high temperatures 
during the summer, and input discharge, the presented argument seems to be plausible. 
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