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Abstract— To reduce the pollutant level in the domestic wastewater, it is essential that proper measures be initiated and 
followed towards analysis of wastewater pollution so that load on fresh water resources be minimised. This paper evaluates 
the performance of a membrane bioreactor (MBR) based wastewater treatment system with that of sequencing batch reactor 
(SBR). The effluent of MBR is reused for horticulture/ flushing purposes while that of SBR is direct disposal in River 
Ganga. The effluents from two fully functional wastewater treatment plants were investigated in detail to assess their 
performance and thereafter to discuss the post treatment applied to reduce their pollutant levels. The performances of the two 
plants were evaluated under various physico-chemical parameters. The tests results showed that MBR system is fully 
capable of delivering effluent with low suspended solids, while the SBR has equally comparable performance. The study 
also dwells upon various other important parameters such as evaluating the operation and maintenance aspects of the plants 
including the reuse potential of the treated water. 
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I. INTRODUCTION 
 
The poor condition of sanitation and wastewater 
management in India (as in many Asian countries) is 
well documented and has recently led the Asian 
Development Bank to call for a revolution in 
wastewater management across Asia. Conventional, 
centralized approaches have failed in many areas and 
will hardly be able to solve potential problems in 
rural, hilly and rapidly developing urban areas in 
India. Instead, innovative, decentralised systems 
aiming at various benefits are needed. A main benefit 
in this is the reuse of treated wastewater for different 
purposes. Other benefits include reuse of energy and 
nutrients, which are also important. Despite the 
overall poor condition of wastewater treatment across 
South Asia, India has already considerable experience 
with such decentralised approaches. Over the last 
decade, hundreds of decentralised wastewater 
treatment plants of different technology types have 
been installed all over India. However, there is no 
consolidated evaluation and review of all those 
existing plants available. As a result there is only very 
limited knowledge on the performance of those 
existing technologies available and an performance 
evaluation of those plants is very timely in order to 
derive sound conclusions and recommendations for 
future wastewater management strategies in India. 
Hence, this paper performs a comprehensive and 
independent evaluation and provides key suggestions 
for the improvement of existing technologies.   
Hence, the paper aims at the independent evaluation 
and assessment of the two prominent technologies in 
India. The aim is to conduct an assessment of the two 
technologies currently available in India in order to 
get a comprehensive and thorough understanding of 
their potential. The broader aim is to assess their 
sustainability and potential of technologies 
specifically for India with regard to wastewater 

treatment, its reclamation and reuse. Therefore based 
on thorough understanding of the performance of two 
technologies, the endeavour will be to develop sound 
recommendations on how the sustainability and 
potential of the studied technologies that can be 
increased to make them more suitable to solve the 
water challenges in India.  
 
II. PROCESS DESCRIPTION 
 
The first plant, Membrane Bioreactor of 4.54 MLD 
capacity is located in Delhi (India). The MBR plant 
was constructed to treat sewage exuding from the 
housed accommodation of various sports celebrities/ 
athletes that had arrived to India during the Common 
Wealth Games 2010. The MBR Plant consists of an 
anoxic/ aerobic zone coupled with a hollow fibre 
membrane.The membrane bioreactor (MBR) process 
is a combination of activated sludge process and 
membrane separation process [4]. Low pressure 
membranes (ultra filtration or microfiltration) are 
commonly used. Membranes can be submerged in the 
biological reactor or located in a separate stage or 
compartment and are used for liquid-solid separation 
instead of the usual settling process. Primary 
sedimentation tank, final sedimentation tank and 
disinfection facilities are not installed in this process. 
The reaction tanks comprise an anoxic tank and an 
aerobic tank, and the membrane modules are 
immersed in the aerobic tank. Pre-treated, screened 
influent enters the membrane bioreactor, where 
biodegradation takes place. The mixed liquor is 
withdrawn by water head difference or suction pump 
through membrane modules in a reaction tank, being 
filtered and separated into biosolids and liquid. 
Surfaces of the membrane are continuously washed 
down during operation by the mixed flow of air and 
liquid generated by air diffusers installed at the 
bottom of the reaction tank. In Aerobic Membrane 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-2, Issue-4, Aug.-2015 

A Comparison Of Reuse Potential Of MBR And SBR Effluents 
 

25 

Bioreactor, complete nitrification is achieved, while 
for denitrification anoxic tank is added prior to 
aeration tank with conventional recirculation [2].The 
subject Membrane Bioreactor has the integrated 
bioreactor that uses membranes immersed in the 
bioreactor. The membrane unit is manufactured by 
Kubota consists of a series of flat sheet cartridges. 
In the second plant under consideration, it is located 
near the River Ganga in Rishikesh (India) in the 
Swargashram Complex. The plants, being located in 
Rishikesh which is a major Tourist and pilgrimage 
destination, gets its feed influent from the local 
populace as well as various saints/ devotees visiting 
the hermitage’s. This plant is based on the 
Sequencing Batch Reactor (SBR) wastewater 
treatment technology. SBR is a fill and draw 
Activated Sludge System for Wastewater treatment. 
In this System, wastewater is added to a single 
“batch” reactor, treated to remove undesirable 
components, and then discharged. Equalization, 
aeration, and clarification can all be achieved using a 
single batch reactor. 

The SBR Plant is installed at Swarg Ashram, 
Rishikesh, is a Cyclic Activated Sludge Technology 
(C-Tech) process based sewage treatment plant. The 
sewage treatment plant comprises of coarse and fine 
screens, screenings handling equipment, grit 
chambers, C-Tech basins, air blowers, centrifugal 
dewatering and chlorine disinfection system. The 
main reaction basin is the C-Tech reactor which is an 
improved version of conventional SBR. It 
incorporates an initial multi-cell selector zone within 
the tank to effectively control filamentous sludge 
bulking. Each C-Tech reactor basin is divided by 
baffle walls into two sections (Zone 1: Selector, Zone 
2: Main Aeration chamber). The sufficient amount of 
mixed liquor is return from Zone 2 e.g. aeration basin 
to the Zone 1 e.g. bio-selector to remove the readily 
degradable soluble organics from the sewage and 
favor the growth of the floc-forming microorganisms 
and a well settling biomass of low sludge volume 
index resulting the suppression of the filamentous 
growth 
A typical flow sheet showing both the processes are 
as shown in figure below:- 

 

 
(a) 

 
(b) 

Fig.1SimpleFlow Sheet of Plant (a) MBR   (b) SBR 
 
III. SAMPLING AND ANALYSIS 
 
A long-term monitoring was done for about 52 weeks 
to identify the physico-chemical characteristics and 
other parameters of the two treatment plants. The 
samples collected during grab sampling were 
analysed for various physico-chemical parameters 
within 24 hours of their collection in the 
Environmental Engineering Laboratory of IITR 
(Indian Institute of Technology, Roorkee).The 
physico-chemical parameters that were analysed were 
pH, Total COD, BOD, TSS, VSS, Ammonical 

Nitrogen, Nitrate Nitrogen and turbidity. All the 
analysis were performed according to Standard 
Method (APHA,2012, 22nd edition)   
 
IV. RESULT AND DISCUSSION 
 
4.1 Sewage Characteristics      
Table 1shows the average monthly sewage 
characteristics over the period from April 2014 to Feb 
2015 of the MBR Delhi and SBR Rishikesh 
respectively. 

Table 1 
MBR and SBR influent wastewater analysis results 
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4.2 Performance of the MBR and SBR   
The MBR, since its inception in the year 2010 has 
been performing with excellent results. The same 
year SBR was also inaugurated and has been 
performing competently with superior test results. 
The average pH of MBR and SBR are 7.9 ± 0.3 and 
7.6 ± 0.5respectively, which is withinthe range 

specified by CPHEEO, 2012,suggesting that no 
excessive accumulation of organic acids within the 
treatmentplants.The MBR is satisfying all the treated 
wastewater parameters except Phosphorous. In SBR, 
both the Turbidity and Phosphorous in the effluent 
was found high and hence, post treatment test are 
necessary for its moderation and abatement. 

 

Fig.2.Characteristics of treated wastewater of MBR and SBR : (a) Turbidity, (b) BOD, (c) TKN, (d) NH4-N, (e) NO3-N, (f) ) Total 
Phosphorous 
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In table 2, the total removal efficiencies referring 
respectively to COD, BOD, TSS and TN have been 
reported. Concerning the COD, both the MBR and 
SBR showed high total removal efficiencies 
throughout the experimental campaign.  

 
Table 2 

Average removal Efficiency 

 
 
V. OPERATION AND MAINTENANCE 
 

Detailed studies on the energy consumption pattern 
were conducted in both the plants [8]. The energy 
audit of the plants was started by compiling theirbasic 
engineering drawings, process calculus, log book fuel 
records, monthly electricity bills and equipment 
inventories to determinedetails about plant energy 
usage. A questionnaire was prepared and discussed 
with plant operators and site engineers to gather 
pieces of information. An equipment inventory was 
developed to determine the age and other 
specifications of plant equipment and to sort out 
major energy consumers within the plant. The list of 
all energy consuming units for MBR and SBR are 
given in the table 3 and 4 respectively. 

 
Table 3 

Mechanical Equipment specification in MBR 

 
 

Table 4 
Mechanical Equipment specification in SBR 

 
 
Extracting details from the monthly billing cycle, the 
monthly variation of specific energy consumption (in 
KWh/m3) andenergy cost (in Rs/m3) in both the 
plants is as shown in Figure 3 (a) and 3(b) 
respectively. The average energy consumption for 
MBR was found to be 2.37 KWh/m3 while that of 
SBR is 0.24 KWh/m3.  Also Fig. 3(c) presents the 

average monthly expenditure on manpower, 
chemical, diesel and repairs of both the plants in 
Indian Rupees (Rs.). The total outlay of the expenses 
presents the average cost per m3 of wastewater 
treated, which is Rs. 40.51 /m3 for MBR and that for 
SBR is Rs3.32 /m3. The total O&M costs is hence, 
tabulated in fig.3 below. 
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(a) 

 

 
(b) 

 

 
(c) 

 
Fig.3. (a) Monthly Specific Energy consumption(in KWh/m3), 
(b) Energy Cost(in Rs/m3), (c) Average monthly manpower, 

chemical and miscellaneous costs (in Rs/month) 
 
VI. RESULTS AND DISCUSSION 
 
Both the units were working very effectively and the 
effluent quality are found to satisfy the Central Public 
Health and Environmental Engineering Organisation 
(CPHEEO) norms for treated wastewater (Table 5) as 
well as National River Conservation Directorate 
(NRCD), Ministry of Environment and Forest 
(MoEF) discharge standards for river Ganga. Table 
5summarises the quality of wastewater obtained from 
both the plants 
 

Table 5 
Effluent Water Quality Parameters (Average ± Standard Deviation) 

 
 
All units in mg/l unless specified; AA -as arising 
when other parameters are satisfied 
This study, thus, identifies the performance of the two 
types of treatment processes to remove 
physiochemical contaminants. It is observed that in 
MBR, BOD sometimes slightly exceeds limit of 10 
mg/L in some of the samples. However, main concern 
is in SBR where the Turbidity generally varies from 
2-6 NTU whereas, CPHEEO norms specifies it to be  

 
below 2 mg/L for Toilet Flushing. So it can be 
inferred that the standards as directed by CPHEEO 
can be achieved by putting tertiary treatment for SBR 
effluent. In addition, there is a high potential of reuse 
of the treated wastewater as the effluent from MBR 
after treatment could be reused for horticulture and 
toilet flushing whereas effluent produced from SBR 
require tertiary treatment for unrestricted irrigation, 
horticulture, and gardening or for discharge into the 
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river. The tertiary treatment of SBR would help in 
abatement of the phosphorous level and suspended 
solids for necessary discharge of treated wastewater 
into the River Ganges. It is also suggested that even 
though the Indian Standards are available for 
Dissolved Phosphorous, but for keeping Safer 
margins total Phosphorous is measured which 
includes Dissolved phosphorous. 
 
VII.  SUGGESTIONS: POST TREATMENT OF 

SBR EFFLUENT 
 
In SBR, presence of higher levels of turbidity and 
phosphorous arethe main components of pollution in 
the effluent wastewater. To abase this, coagulation-
flocculation is used as a measure to reduce the 
suspended materials responsible for turbidity and for 
increased levels of phosphorous in wastewater.The 
jar test experiments were run at 100 rpm for 1 min, 30 
rpm for 10 min and settlingfor 30 min. The trivalent 
saltswhich were used as the coagulant: 
Al2(SO4)3.18H2Oand FeCl3.To limit the residual 
concentration of Al and Fe after coagulation, a low 
coagulant dose was used and theresults were noted in 
terms of ‘‘residual concentrations’’ of the different 
contaminants after the specific jar tests.The results 
indicate that the residual Turbidity and Phosphorus 
decreased to levels as shown in table given below. 
The optimum dose of Alum was found to be 30 mg/L 
and that of FeCl3 was 70 mg/L. The turbidity after the 
jar test is shown in table 7. No substantial 
improvement was observed when the flocculant dose 
increased. 
 

Table 7 
Tabulated results of jar test on SBR Effluent 

 
 
CONCLUSION 
 
The performance of the two wastewater treatment 
plants as investigated by this work by ascertaining its 

physico-chemical characteristics which were 
compared with the wastewater reuse guidelines. It can 
be observed that the treated wastewater from the 
MBR and SBR follows the reuse standards specified 
by the government except that the phosphorous and 
suspended solidslevelsin SBR is high. Therefore, in 
order to use the effluent for any of the reuse purposes, 
the experiment of coagulation –flocculation is 
performed which reduces the phosphorous and 
suspended solidslevels. Hence, it is proposed that 
instead of applying the MBR technology which is 
extremely expensive, the focus can be application of 
SBR with tertiary treatment. This can also bring the 
standards upto the norms specified. 
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