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ABSTRACT 
 

Treatment of sewage is essential to ensure that a very high degree of treatment will be 

required if the effluent is utilized for reuse purposes.   The treated effluent will be reused for 

cooling towers, toilet flushing and landscaping.  Submerged Membrane Bioreactor (SMBR) is 

basically a combination of Activated Sludge Process combine with Ultra Filtration (UF). The 

basic biological aeration system utilizes diffused aeration to provide the required oxygen that 

will maintain the healthy biomass. The SMBR produces superior quality effluent through an 

innovative combination of immersed, low-pressure reinforced hollow fiber ultrafiltration 

membranes and a suspended growth biological reactor. The reinforced hollow fiber UF 

membranes replace the solids separation function of secondary clarifiers and the polishing 

function of granular filter media that are found in conventional activated sludge systems. By 

eliminating the need for sludge settling, SMBR process can operate at Mixed Liquor 

Suspended Solids (MLSS) concentrations in the range of 8,000 to 10,000 mg/L three to five 

times greater than conventional systems, resulting in plants that are significantly more 

compact than a conventional plant.  In SMBR, the system efficiency of 85- 90% and 90-95% 

of COD and BOD reductions can be achieved. This SMBR process has many advantages, 

such as stable running, good effluent, small occupation area, and simple operation. Outlet 

quality achieved for the above said project is  2 – 5mg/l and 30 – 50 mg/l of BOD and COD 

respectively.   

Keywords: Membrane Bioreactor, Mixed Liquor Suspended Solids, SMBR 

 

1.  Introduction 
 

Ion exchange, carbon adsorption etc., are the conventional treatment process, cannot be 

considered reliable for their disadvantages in process and operation aspects. The membrane 

technology is applied to separate solids and permeate from the raw wastewater. SMBRs are 

the advanced treatment technology in view of effluent quality, operability with high mixed 

liquor suspended solids (MLSS) wide range of operating conditions such as sludge age and 
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organic loading rates (OLRs). Submerged Membrane Bioreactor (SMBR) is a biological 

reactor which separates suspended biomass and solids by ultra filtration membranes with 

nominal pore sizes (0.04 – 0.4 µm). MBRs are applied widely in wastewater treatment as 

aerobic or anaerobic suspended growth bioreactor for separation active biomass from 

wastewater. Membrane biological reactors have been used for treatment of both industrial and 

municipal wastewater (Brindle and Stephenson, 1996; and for reuse- treated water 

applications.  
 

 The main advantages and disadvantages of SMBR are given in Table 1. 

Table 1: Advantages and Disadvantages of MBR  

Advantages Disadvantages 

 Excellent effluent quality 

(reusable) 

 Independence between HRT and 

SRT 

 High loading rate 

 No sludge bulking risk 

 Low sludge production 

 Possibility to grow specific 

microorganisms 

 Treat wastewater under extreme 

conditions 

 Inevitable membrane fouling 

 High capital cost, no economy 

scale 

 Complicated control system 

 Low oxygen transfer efficiency 

 

2. IMPORTANCE OF THE STUDY 

 

 From extensive literature review, it has been observed that MBRs are being used for 

treatment of municipal wastewater, high organic industrial wastewater and synthetic 

wastewater. However, little attention has been given for the application of SMBRs to treat 

domestic sewage when compared to other treatment practices. According to few research 

works, sewage is treated in combination with conventional biological treatment process and 

MBRs. In the above reported studies, the biological processes serve as a pre-treatment and 

subsequent treatment by SMBR. If SMBRs are used as a single stage of treatment, sludge 

formation will be low for which less footprints required for treatment process and other 

advantages are low maintenance and operation cost for treatment. 
 

 For the above advantages and high potential, attempts are made to investigate and 

comprehensively study the treatment of sewage by the application of MBR.  Thus the aim of 

the present investigation is:   

  

 To study the effect of operative variables such as Organic Loading Rate (OLR), 

Hydraulic Loading Rate (HRT) on COD removal efficiency of membrane bioreactor. 
 

3. OVERVIEW OF MEMBRANE TECHNOLOGY 

  A ‘membrane’ as applied to wastewater treatment is simply a material that allows 

some physical or chemical components to pass more readily through it than others. The 

constituents passing through the membrane is called ‘permeate’ and those are rejected by the 

membrane are called ‘retentate’.  
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3.1 Membrane Materials and Selection 

 Polymeric and Ceramic materials are generally used as membrane materials. The 

membrane material should be in such a way that to allow water to pass through it. So, a few 

numbers of materials are used as membrane materials. The most common materials for 

membrane are:  

(i) Polyvinylidene Difluoride (PVDF)  

(ii) Polyethylsulphone (PES) 

(iii) Polyethylene (PE) and 

(iv) Polypropylene (PP) 

In MBRs, Micro-filtration (MF) or Ultra-filtration (UF) membranes are generally used. 

During the membrane selection, the pore size, surface charge, hydrophobic, chemical 

stability, packing density and costs for the membrane materials are to be considered. The 

optimized membrane pore size should not be too big to facilitate pore blocking (Lee et al., 

2004; Fang and Shi, 2005) and it should be too small to reduce the membrane permeability 

(Stephenson et al., 2000). Furthermore, a narrow pore size distribution can reduce fouling 

(Mulder, 1996).The particles in wastewater effluents are mostly colloidal in nature and 

negatively charged, thus repelling each other (Adin, 1999). Furthermore, the use of 

hydrophilic rather than hydrophobic membranes can also help to reduce fouling (Mulder, 

1996). (Madeni et al., 1999).  
 

3.2 Membrane Configurations 

Two types MBR process configurations are i) submerged or Immersed (SMBR), and 

ii) side stream. The configurations are based on combination are (i) plate- and-frame/flat sheet 

(FS) (ii) Hollow Fibre (HF) (iii) Multi Tubular (MT) (iv) Capillary Tubular (CT) and (v) 

Pleated Filter Cartridge (FC).  The relative merits of SMBR and SMBR are presented in Table 

2. 

Table 2: Relative Merits of Submerged and Side- stream MBRs  

  (Till, S. and H. Mallia 2001) 
 

Submerged MBR Side- Stream MBR 

Aeration costs high (90%) Aeration costs low (20%) 

Very low liquid pumping costs (higher if 

suction pump is used 28%) 

High pumping costs (60-80%) 

Lower flux (larger foot print) Higher flux (smaller foot print) 

Less frequent cleaning required More frequent cleaning required 

Lower operating costs Higher operating costs 

Higher capital costs Lower capital costs 

 

4. MATERIALS AND METHODOLOGY 

4.1 Selection of Sewage Plant.  

In this study a 620 KLD of Sewage Treatment Plant has been considered. For this 

plant, Submerged Membrane Bioreactor is installed to treat emerging sewage from various 

processes. The SMBR is basically a combination of Activated sludge process   with Absolute 

Filtration (UF).    
  

The Sewage Treatment Plant of capacity 620 KLD is operating in 24 hour of operation. The 

sewage treatment plant consists of  

 Coarse screen chamber to remove suspended and floating materials;  

 Equalization tank in order to control/Equalize the flow,  

 Fine screen to remove fine particles,  
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 Bio-Aeration tank installed with bubble diffuser system to supply Dissolved Oxygen 

(DO).Continuous DO monitoring will be done through installation of DO meter in the 

tank which will facilitate to maintain DO level to achieve optimized removal. 

Generally when DO level drop down below 2 mg/l, Aeration system will be switched 

on and shut downed when DO level increased above 4 mg/l, so that MLSS can be 

maintain at higher level (4500 mg/l). 

 Submerged Membrane Bioreactor: In which the membrane is submerged in the 

reactor where filtration takes place through microbial activity and membrane the 

MLSS level in the bioreactor should maintained between 8000 to 10000 mg/l. The 

permeate is collected in Permeate Collection tank.   

The schematic diagram of SMBR of 620 KLD is presented in Figure 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure.1 Schematic Representation of Sewage Treatment Plant capacity 620 KLD 

 

4.2 Wastewater Parameters Considered  
 

The parameters   considered were pH, Total Solids (TS), Total Dissolved Solids (TDS), 

Volatile Suspended Solids (VSS), Chemical Oxygen Demand (COD), and Biological Oxygen 

Demand (BOD).  The analytical procedures adopted for the estimation of various wastewater 

parameters and the instruments used are briefly described below. 

 

(a) pH 

 

pH of the wastewater samples were collected and measured immediately within 10 

minutes using a portable digital pH meter (accuracy +/- 0.01) consisting of a glass electrode 

and a inbuilt digital display unit. 

 

(b) Total Solids (TS) and Total dissolved solids (TDS) 

 

A well mixed sample was evaporated in a weighing dish in an oven to 103°C to 105°C 

and TS of the sample is obtained by the given formula 

TS (mg/L) = (w2-w1)/ Volume of sample;                      

Where, w1 = empty weight of crucible; w2 = weight of crucible + residue. 

For determining TDS, remaining of the sample was filtered through a glass fibre filter (1μm, 
Whatman GF) and subjected to evaporation at 103°C - 105°C, for two hour. The TDS is then 

obtained using 

Coarse screen  

Equalization Tank  
Fine 

Screen 

 

Bio – Aeration 

Tank 

Submerges Membrane 

Bioreactor 
Permeate 

Collection Tank 
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TDS (mg/L) = (w2-w1) / Volume of sample;       

 where, w1 = empty weight of crucible; w2 = weight of crucible + filtrate residue. 

 

(c) Volatile Suspended Solids (VSS) 

 

It is determined by evaporating a dish with well mixed filtrate sample in an oven at 

103° C and then weighing it. This dish with solids is again dried in a muffle furnace at a 

temperature of 550°C ± 50°C for 10 minutes. The weight difference between these represents 

the VSS 

VSS (mg/L) = (W2-W1) / Volume of sample;                         

where, W1 = (weight of crucible + filtrate residue before ignition); W2 = weight of crucible + 

filtrate residue after ignition. 

 

(f) Chemical Oxygen Demand (COD) 

 

COD represents the amount of oxygen required to oxidize all organic compounds 

(both biodegradable and non-biodegradable) present in the wastewater to CO2 and water. 

COD determination requires about 2 hours for digesting the organic compounds in the 

presence of strong oxidizing agents using COD reflux apparatus. The best suited oxidizing 

agent is K2Cr2O7. After cooling the refluxed sample to room temperature, the excess 

dichromate was titrated with ferrous ammonium sulphate (FAS). The amount of oxidisable 

organic matter measured as oxygen equivalent, is then taken as COD and it is calculated as 

follows: 

COD (mg/l) = [(A-B)  molarity of FAS  8000 / (Volume of sample)]         

Where, A = titrate value of blank solution; B = titrate value of the sample. 

 

(g) Biochemical Oxygen Demand (BOD) 

 

The BOD of the wastewater was determined by placing the samples with appropriate 

dilution for 3 days at 27°C. The sample was seeded with an acclimatized culture. The DO 

content before and after 3 days was found out using Winkler’s method and then the BOD of 

the sample was calculated using by 

BOD3, 27 (mg/L) = (DO of blank – DO of sample) x Dilution factor.    

    
5. RESULTS AND DISCUSSION 
 

 The experimental results of SMBR on 24 hrs. Operations are presented in Table 3&4 

and in Figures 2 to5. The experiment is carried out for more than 60 days Based on the results 

analysis, inferences are drawn.  The permeate collected in each day is analyzed for various 

parameters such as pH, EC, TDS,COD, BOD, Phosphorous and Nitrogen.  
 

5.1 Status at the end of 60
th

 Day 

 

At the end of 60
th

 day COD removal efficiency obtained is 95% this is due to 

acclimatization (growth of Microorganisms) process. Seed (urea and phosphate) is added for 

well growth of micro organisms.  
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Figure. 2  pH of the Sewage for different days  

 

Figure. 3 Total volatile solids of the Sewage for different days 

 

  Figure. 4 Total dissolved solids of the Sewage for Different days 
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TVSS vs Days
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Figure. 5 Total volatile suspended solids of the Sewage for different days 

 

Table 3 TVS values of Sewage in different day’s interval 

 

Table 4 TDS values of Sewage in different days 

 

Days 
TDS 

(1:20) 

TDS 

(1:8) 

TDS 

(1:4) 

TDS 

(1:2.6) 

TDS 

(1:2) 

TDS 

(1:1.6) 

TDS 

(1:1.3) 

Initial Day 2000 3000 2000 2000 2000 2000 2000 

First 5000 3000 7000 4000 8000 5000 5000 

Second 2000 5000 3000 2000 3000 2000 2000 

Third 3000 4000 1000 2000 2000 1000 1000 

Forth 2000 3000 1000 1000 1000 1000 1000 

Fifth 2000 1000 2000 1000 2000 1000 1000 

Sixth 1000 1000 3000 1000   1000 1000 

Seventh   3000   2000   2000   

Eighth               

Ninth               

     

 Days 

Graphical representation of TVS vs Days 

TVS 

(1:20) 
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(1:8) 

TVS 

(1:4) 

TVS 

(1:2.67) 

TVS 

(1:2) 

TVS 

(1:1.6) 

TVS 

(1:1.3) 

Initial Day 1000 1000 1000 1000 1000 2000 1000 

First 5000 3000 7000 4000 7000 1000 1000 

Second 2000 2000 2000 3000 1000 1000 2000 

Third 1000 1000 2000 1000  2000 2000 

Forth 1000 1000 2000    1000 1000 

Fifh 1000  1000      1000 

Sixth           

Seventh               

Eighth               

Ninth               
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6. CONCLUDING REMARKS 

 

Following conclusions are drawn based on the present study: 

1. pH of the medium remains steady i.e. pH: 8 to 8.5 at which the microorganisms are 

active in  alkaline medium. 

2. At the initial stage, the quantity of biomass is less and but steady i.e. microorganisms 

are in accumulation phase so electrical conductivity is in steady phase. In final stage, 

EC curves are downwards as microorganisms are in decay phase. 

3. After certain period the TVSS vs. Days curves are in steady stage as total biomass(i.e. 

new cells and dead cells remain constant in the medium) 

4. At steady stage, the total volatile solids remain constant, i.e total volatile solids in 

initial phase remains low as the microorganisms are in growth phase. 

5. From the analysis,  batch no. 6 ( 1:1.6) synthetic wastewater and seed ratio,  can be 

considered as the steady  batch reactor in aspect of TVSS, TVS, TDS 

6. Acclimatization of the reactor has been observed at about 45 days and that 1:1.6 

(synthetic wastewater: seed) has given the best result, from amongst the seven ratios 

of wastewater seeds considered. 
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