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Abstract  

Nowadays, due to the increasing need for water, protection of water resources against pollution, 

especially prevention of dirt leakage and reuse of sewage, is one of the main priorities of societies, and 

extensive investment for sewage treatment has become inevitable. In this research, the simulation of the 

performance of the industrial wastewater treatment plant in the BioWIN software for the biological and 

chemical removal of phosphorus, and the change of the functional program of the sequential 

discontinuous reactor system in order to achieve the best efficiency, were carried out. According to the 

obtained results, in the SBR system, the best working conditions are found by combining the sludge 

return of 1.27 m3/day from the sedimentation tank to the anaerobic unit, converting the second series 

anaerobic units to the aerobic unit and injecting a nitrogen solution of 10 g/L with a flow rate of 1 m3/day; 

So that after two weeks, the amount of phosphate at the outlet of the refinery decreased to zero. In the 

MBBR system, any of the nitrogen source injection solutions, adequate aeration and alum injection can 

reduce the phosphate concentration in the effluent to zero. Nitrogen injection rate and sludge return 

percentage in SBR system and selection of appropriate dose of alum injection and aeration rate in MBBR 

system, are the key variables of wastewater treatment. In order to achieve the optimal conditions for 

phosphorus removal, the optimal limit of each of these main variables is selected by simulating and 

considering technical, executive and economic factors. 
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1. Introduction 
Wastewater treatment and reducing its pollution 

to less than the permissible limits are among the 

main prerequisites for the sustainable 

development of societies (Obaideen et al., 2022). 

In addition, the increasing demand for water, due 

to the growth of population and industry, has 

prioritized the development of wastewater 

collection, treatment and recycling facilities in 

dry countries such as Iran (Tehrani et al., 2014). 

Although various methods are used in 

wastewater treatment, due to reasons such as 

weakness in design and construction, insufficient 

knowledge of operation, use of inappropriate 

equipment or materials, and lack of spending on 

necessary expenses, in many cases of wastewater 

treatment plants the desired efficiency and the 

discharge of the effluent from them to water 

sources has caused problems. The presence of 

excessive amounts of nutrients such as nitrogen 

and phosphorus can cause problems such as 

excessive growth of algae and creating anaerobic 

conditions in the water environment in receiving 

sources (Rozić, 2022). 

In this study, the performance simulation of 

the sewage treatment plant was carried out for 

two consecutive non-continuous reactor 

(Sequencing Batch Reactor1) and extended hood 

(Moving Bed Biofilm Reactor2) treatment 

systems with simultaneous application. Also, in 

order to match the results with reality, the 

operation data of Morchekhort industrial 

wastewater treatment plant was used for 

modeling and analysis in the BioWIN software 

environment. The innovation of this article is to 

optimize the performance of the wastewater 

treatment plant in phosphate removal by 

providing a modification plan for SBR and 

MBBR units, and its results can be used to solve 

the problem of phosphate in the output effluent 

in different operating conditions with minimum 

cost and maximum ease. 

 

2. Materials and methods 
For this research, the characteristics and 

operating data of the Morchekhort industrial 

town of Isfahan were used. This treatment unit 

uses two separate continuous reactor systems and 

extensive aeration to treat industrial wastewater 

from factories located in the north of Isfahan. In 

the basic models, the dimensions of the units, the 

daily flow rate and the concentrations of the 

 
1 Sequencing Batch Reactor (SBR) 
2 Moving Bed Biofilm Reactor (MBBR) 

selected pollutants were used as inputs. The 

COD, BOD5, TSS, NO3 and PO4 parameters 

were selected from the data measured during the 

operation days, and other parameters required for 

simulation in the software were from 

authoritative articles and references and the 

experiences of the authors of the article. 

In this study, after building the model, the 

results of the software were compared with the 

results of the operational and laboratory unit of 

MorcheKhort Industrial Estate, Isfahan, and the 

correctness of the model performance was 

evaluated. To reach the goals of this research, 

two modules were used to simulate the process 

performance of the refinery: 

Module No. 1: Simulation of SBR system 

performance. 

Module No. 2: Simulation of MBBR system 

performance. 
 

3. Results and discussion 
In this research, different scenarios of using 

enhanced biological phosphorus removal3, 

chemical phosphorus precipitation4 and changing 

the operating mode of current systems and their 

effect on improving phosphate removal were 

analyzed using dynamic simulation. The basic 

scenarios included the changes of phosphorus 

removal in the existing operating conditions 

based on 30-day dynamic simulation. 

As shown in Fig. 1, according to the current 

operating status of the first module, the main 

condition for implementing the EBPR method is 

to return the sludge to the beginning of the 

anaerobic unit and to install an aeration unit after 

the anaerobic unit. 

As shown in Fig. 2, in the fifth scenario, by 

injecting alum with a flow rate of 1000 l/day and 

a concentration of 57.7 g/L to the inlet of the first 

aerobic tank, the amount of phosphate at the 

outlet reached zero. Nitrogen deficiency was 

reported in both MBBR tanks and aeration in this 

case. 

The results of the evaluation of different 

scenarios in the second module of the treatment 

plant showed that any of the solutions of nitrogen 

source injection to MBBR units and sufficient 

aeration and alum injection to the first aeration 

tank can reduce the phosphate concentration in 

the effluent to zero. Therefore, choosing any of 

the above conditions based on technical and 

economic studies can be done. 

 
3 Enhanced Biological Phosphorus Removal (EBPR) 
4 Chemical Phosphorus of Precipitation Removal (CPPR) 
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Fig. 1. Results of dynamic simulation of scenario 8 in the first module based on the EBPR method, a) 

Placement schematic, b) Phosphate removal changes 

 

  

Fig. 2. Results of dynamic simulation of scenario 13 in the second module based on the EBPR method, 

a) Placement schematic, b) Phosphate removal changes 

 

 

4. Conclusions 
The increasing need for water, affected by 

population growth, agricultural and industrial 

development, has made it necessary to pay more 

attention to the protection and prevention of 

contamination of water sources and the recycling 

and repeated use of wastewater. In the present 

study, Biowin software was successfully used to 

model an industrial treatment unit, and the 

options to improve the performance of the 

treatment process in different conditions were 

simulated and analyzed. In all stages, the actual 

data of the incoming wastewater and the 

operating conditions of the treatment plant were 

used, and a total of 13 different operating 

scenarios were designed and analyzed. 

According to the obtained results, sludge return 

rate, nitrogen injection rate, and aerobic and 

anaerobic conditions are the key variables 

affecting the treatment efficiency, and by 

properly adjusting it according to the flow rate 

and composition of the incoming wastewater, it 

will be possible to achieve high treatment 

efficiency with minimum cost. 
 

 

 

 

 

 

 

0

2

4

6

8

10

12

14

16

0 10 20 30 40

C
o
n

ce
n

tr
a
ti

o
n

 a
t 

o
u

tl
et

 

(m
g
P

/L
)

Time (day)

0

10

20

30

40

50

0 10 20 30

C
o
n

ce
n

tr
a
ti

o
n

 a
t 

o
u

tl
et

 

(m
g
P

/L
)

Time (day)

a) 
b) 

a) 
b) 



  dx.doi.org/10.22093/wwj.2024.446732.3405 

 

                                                                       Water and Wastewater 

                                      Vol. 35, No. 2, 2024 

 مقاله پژوهشی 

 53-71، صفحه: 2 ، شماره53فاضلاب، دوره آب و 

 

 

 

 

*

 
 

mfadaei@nri.ac.ir

 

 

10.22093/wwj.2024.446732.3405https://doi.org/

 
 

 

BioWIN

SBRMBBRSBR

day/3m

Lg/day/3m

MBBR

SBRMBBR

 
BioWIN 

https://doi.org/10.22093/wwj.2024.446732.3405


                     dx.doi.org/10.22093/wwj.2024.446732.3405 

 

                                                              Water and Wastewater 

                                      Vol. 35, No. 2, 2024 

Obaideen et al., 2022

Tehrani et al., 2014

Silva, 2023

Rozić, 2022

et al., 2008 Yongzhen

et al., 2022 Obaideen

Midkiff, 2016 

 
1 Millennium Development Goals (MDG) 

Alvarado, 2013, Vineyard et (.

)al., 2024

2MBBRWESTSTOAT

COD

MBBRBagheri .(

)7Pardesti and Torabian, 201

3PAC

5BOD

pH5BOD

pH

Ahangari et al., 2020(

 
2 Moving Bed Biofilm Reactor (MBBR) 
3 Poly Aluminum Chloride (PAC) 



                                                        dx.doi.org/10.22093/wwj.2024.446732.3405 

 

         
                                                              Water and Wastewater 

                                      Vol. 35, No. 2, 2024 

 

)2012 Ajayi and Ogunbayo,(

 

Knapp, (.

)2014

BioWIN

2018,(Rathore

MBBR

MLE

BioWIN

BioWIN

BioWIN

, , 2023Kılıç and Çeçen.(

)Vitanza et al., 2015

MBBR

BioWIN

SBRMBBR

SBRMBBR

COD5BODTSS3NO4PO

 

 Kılıç and, Vineyard et al., 2024(.

), 2023Çeçen

BioWIN

 
1 Sequence Batch Reactor (SBR) 



                     dx.doi.org/10.22093/wwj.2024.446732.3405 

 

                                                              Water and Wastewater 

                                      Vol. 35, No. 2, 2024 

 
Fig. 1. Schematic of the first module (SBR) of Morchekhort industrial town treatment plant in BioWIN software 

(blue line: wastewater - orange line: sludge) 
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SBR

Table 1. Characteristics of incoming and outgoing sewage of the first module 
 (SBR) - annual average 

Characteristics 
of sewage 

Unit Input value 
Output value

Actual BioWIN

Flow rate m3/d 800   

Temperature ˚C 23.8 23.3 23.8 

COD mg COD/L 2917 1610 1660 

BOD5 mg BOD/L 1863 995 1014 

TSS mg TSS/L 587 670 661 

N mg N/L 71.7 65 61.4 

P mg P/L 70.8 670 651.5 

Sulfate mg S/L 15 8.5 7.9 

pH  8.11 7.3 7.3 

Alkalinity mmol/L 6 27 25 

 

 
Fig. 2. Schematic of the second module, MBBR, of Morchekhort industrial town treatment plant in  

BioWIN software (blue line: wastewater - orange line: sludge)
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MBBR

Table 2. Characteristics of incoming and outgoing sewage of the second module 

 (MBBR) - annual average 

Characteristics 

of sewage 
Unit Input value 

Output value

Actual BioWIN

Flow rate m3/d 1200 - 1185.9 

Temperature ˚C 23.8 23.3 20 

COD mg COD/L 2917 70.4 89.81 

BOD5 mg BOD/L 1863 24.4 26.07 

TSS mg TSS/L 587 26.7 23.49 

N mg N/L 71.7 5.5 4.21 

P mg P/L 70.8 38.1 41.54 

Sulfate mg S/L 15 14.5 12.62 

pH - 8.11 8.2 7.61 

Alkalinity mmol/L 6 23 21.37 

 

Fig. 3. Results of the base scenario simulation in the current state of operation, a) module 1, b) module 2
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Scenario 1 
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Scenario 6, 7, 8 
 

Fig. 4. Placement schematic of treatment units in different scenarios of phosphate removal optimization
in the first module based on the EBPR method
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Scenario 2 Scenario 1 

  
Scenario 4 Scenario 3 

  
Scenario 6 Scenario 5 

  
Scenario 8 
 

Scenario 7 

Fig. 5. Results of phosphate removal changes in the 30-day dynamic simulation of different phosphate removal 
optimization scenarios in the first module based on the EBPR method
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Scenario 9 

Scenario 10 

Scenario 11, 12, 13 

 

Fig. 6. Placement schematic of treatment units in different scenarios of phosphate removal optimization  

in the second module based on the CPPR
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              Scenario 10        Scenario 9

  
              Scenario 12                    Scenario 11

 
          Scenario 13

Fig. 7. Results of phosphate removal changes in 30-day dynamic simulation of different phosphate removal 
optimization scenarios in the second module based on CPPR
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