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ABSTRACT
The moving bed bioreactors (MBBRs) systems have been reported as sustainable treatment systems
for municipal as well as industrial wastewaters in developing countries. However, the inability of the
MBBR process to meet the current disposal standards has given enough stimulation for ensuing
appropriate tertiary treatment. This study was aimed to techno-economic evaluation of different
tertiary treatment strategies (physico-chemical processes) of three full-scale moving bed bioreactor
(MBBR) systems to make it justifiable for environmental protection, resource preservation and recovering
maximum resources. The combination of the MBBR and tertiary treatment enhanced the performance
of the overall treatment process and the COD removal efficacy of the whole treatment system reached
upto 96%. The approximate cost of the treatment and specific power consumption was analyzed as
Rs. 12.50 (± 20%) and 0.6 (±20%) kWh/m3 respectively, as depending on the terrain, drive, electricity
cost and area classification. Average land requirement was estimated as ~180 m2 (±20%) and pollutant
removal efficiencies were noted as ~95% (±3%). This conceptual approach allows a direct up scaling
of small scale wastewater treatment plants and explores the reusability potential of treated effluent of
this kind of system.
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INTRODUCTION

Stringent discharge legislations for sewage treatment plants
(STPs) and pressure of reuse practices across the world is
increasing day by day. However, prospects to reuse treated
wastewater and directive of its treatment vary, conferring to
where you live. To avert the pollution of receiving water
bodies and make it up to reuse standards, stringent discharge
legislations must be followed (Chernicharo 2006, Oliveira &
Von Sperling 2009). In the last two decades, moving bed
biofilm reactor (MBBR) systems have been used to treat a
wide range of wastewater (WW) under various operational
conditions and temperatures. The advantages of MBBR sys-
tems include low construction cost, minimal space require-
ment, simple operation combined with effective biochemi-
cal oxygen demand (BOD), suspended solids and faecal col-
iform removal (Almomani et al. 2014, Piculell et al. 2014,
Germain et al. 2007, Bassin et al. 2012, Villamar et al. 2009,
Daude & Stephenson 2004, Duan et al. 2013). Due to these
advantages, MBBR systems are also one of the most popu-
lar treatment systems currently used in developing coun-
tries such as India (CPCB 2012). In spite of their great ad-
vantages, full scale MBBRs still have difficulty in produc-
ing effluents that comply with discharge standards estab-
lished by most environmental agencies in India. Despite

the differences in guideline of States and Union, these stand-
ards are hardly attained through lone aerobic processes
(Almomani et al. 2014, Schneider et al. 2011). To improve
the removal efficiencies of organics and solids within
WWTPs, discussion has focused on upgrading the overall
treatment process with additional treatment steps (Schnei-
der et al. 2011). Therefore, the effluents from MBBR reac-
tors may adapt additional treatment practices to meet the
requirements of the environmental legislation and to pro-
tect the receiving water bodies. In this sense, a combination
of a biological process and chemical treatment is usually
required for an effective treatment, since biological systems
are not adequate as the sole treatment of wastewater
(Vázquez-Padín et al. 2009, Chernicharo 2006). The main
role of the tertiary treatment is to enhance the removal of
organic matter, as well as to reconnoitre the possibility of
reuse practices. Till date, limited tertiary treatment configu-
rations are investigated in the literature, especially at full
scale for MBBR based wastewater treatment systems.
Physico-chemical treatment methods provide remarkable
removal of organic as well as inorganic compounds in
wastewater (Ghosh et al. 1999, Lefebvre et al. 2006, Van
Der Steen et al. 1999). For this reason, current tertiary treat-
ment practices have been assessed in three MBBR plants



1312 Nitin Kumar Singh et al.

Vol. 15, No. 4, 2016  Nature Environment and Pollution Technology

with respect to techno-economic assessment.

The objective of this research paper is to summarize,
highlight and evaluate the different tertiary treatment op-
tions for the effluent of MBBR reactors treating domestic
wastewater, in an attempt to fulfil the ‘Indian discharge stand-
ards’ as well as reuse guidelines. The following types of
tertiary treatment strategies were analyzed: multigrade fil-
ter, activated carbon filter, pressure sand filter, and ultra
violet disinfection. The main objectives of the present study
were (a) techno-economic assessment of different tertiary
treatment strategies for secondary effluent at the scale of a
municipal WWTP, (b) assessment of land usage, cost of treat-
ment and c) specific energy consumption for this enhanced
wastewater treatment.

DATA COLLECTION AND ASSESSMENT
METHODOLOGY

Study area: In the present study, three existing small scale
sewage treatment plants (STPs) were selected for investiga-
tion to gain insight and to bring out actual facts and figures
of existing treatment practices. The description and sche-
matic of STPs is presented in Table 1 and Fig. 1, respec-
tively.

Analysis and methodology: During the field drive, grab
samples were collected. Analysis of influent and effluent
samples was conducted by essential water quality param-
eters, viz., chemical oxygen demand (COD), biochemical
oxygen demand (BOD; 3 days), and total suspended solids
(TSS) according to the standard methods (APHA 2005). The
data were assorted and evaluation methodology was formu-
lated according to our previous study (Banyal et al. 2015)
for consolidation and analysis of data with this MBBR tech-
nology based treatment systems. The complete methodol-
ogy was formulated and worked with the under mentioned
broad spectrum of consolidation of data and to assess the
financial aspects of the DEWATS (Fig. 2).

RESULTS AND DISCUSSION

Performance evaluation: The treatment efficiencies in
terms of BOD, COD and TSS of M1, M2 and M3 plants are
graphically depicted in Fig. 3. All the three plants have

shown treatment efficiency for the above three performance
parameters in the range of 94 to 96 % and out of which M2
plant has been the best  among the rest one. This is totally
credited to the treatment technology being augmented with
the tertiary treatment. The performance results of these plants
are by and large in the range, which gets matched within
±2%. The quality of effluent being treated in all the three
plants has been good enough due to the good staff being
administered and the administration being accounted for
the successively running of the STPs.

Area and cost analysis: The land requirement is one of the
major key issues for planning and implementation of the
project, if the land is there, then only the respective treat-
ment system can be executed. With this perspective, the
next major parameter for assessment will be the capital cost
which has been adequately estimated by the qualitative in-
puts and seeing the year of construction of the plant. The
land requirement will surely be dependent on the units in-
stalled with that technology and funds availability with the
setup in which it is required to be installed. Having these
majors points, the area and cost parameters were taken into
account. Fig. 4 depicts the area and cost requirement with a
comparison based on the actual year of installation. Both
area and capital cost are correlated because both are
interlinked and dependent on each other.

The land requirement varied from 180 m2 to 270 m2 and
the valves best suited for < 0.4 MLD capacity. It is here
clearly indicative that the MBBR can be planted within space
constraints with the tertiary treatment. The design arrange-
ment of MBBR plant can be modified with the space avail-
ability and the type of installation. The M1 plant is basically
being planted in the basement of the mall, whereas the M2
plant is as per best managed space and M3 plant has used
space more due to free availability of space of the P3 plant.

Cost of treatment and power consumption analysis: The
strategy as enumerated in the above section was espoused
to verify the facts of the three MBBR technology + tertiary
treatment, to derive a sound result, reflecting the cost of
treatment for MBBR technology for 0.4 MLD capacities.
The treatment cost varied from Rs 10.10 to 14.30 and has
shown that the treatment cost will surely depend on the

Table 1 Description of MBBR STPs (<5 MLD) evaluated in the present study

S. No. Plant Code Technology + Tertiary Treatment      Capacity (MLD) Year of Commissioning

1 M1 MBBR + MGF + ACF + Softener 0.4 2013
2 M2 MBBR + PSF + ACF + UV 0.35 2008
3 M3 MBBR + PSF + ACF 0.4 2014

MBBR, moving bed bioreactor; MGF, multigrade filter; ACF, activated carbon filter; PSF, pressure sand filter; UV, ultra violet disinfection
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integral institution and management practices of the opera-
tional agency. The M1 plant has a laborious kind of setup,
whereas M2 plant has a mixed type of setup arrangement for
manning STPs and M3 plant has common type of arrange-
ments as this institution has many STPs. Here, one thing is
strongly endorsed that no plant has the independent type of
setup for management for manning these STPs, but they
have been as part of mixed, with the institutional arrange-
ment, so that is why during the study more time has in-
volved in segregation of data inputs. The study was carried
out to find out the cost imperative as these data are not
clearly available in the market as of now and surely the
authorities are always hiding facts and figures from the us-
ers. In Fig. 5, the decreasing trend line was observed as per

the treatment cost and can be correlated with the technol-
ogy + tertiary treatment cost.

Further to this, the cost Rs/kg of BOD removed was found
out to be three to five times of the cost of treatment and gets
re-verified with the figurative assessment. The range for
values found out to be Rs. 33.70 to 45.0 and these plants
have shown good treatment efficiencies. The power con-
sumption accounts upto 75% of the total operation and main-
tenance (O & M) cost and depends on the state/area where
the plants are installed. The cost of electricity has been vary-
ing in Northern India from Rs. 2.0~Rs 5.0 in hills to Rs
6.0~Rs 8.0 in habitat areas and in metros. The cost of elec-
tricity is tremendously increasing from the last few years
and especially in metros the cost was at Rs 13.0/unit in

Fig. 1: Schematic layout of MBBR STPs.
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April 2015, whereas earlier it was Rs 10.0 which is itself
very alarming. The power consumption depends on the make
and the efficiency of the motor, and seeing the present sce-
nario, the recommended options would be to use VFDs with
the plant and further auto atomization is highly endorsed
for increasing the efficiency of the STPs and in turn will
decrease the other input cost like manpower cost and fur-

ther the plant can be suitably monitored for its efficiency
and performance. As per Fig. 5, the M1 and M2 plant has
shown similar SPC (0.8 kWh/m3 of WW treated) whereas
M3 plant has shown 0.6. The difference can be attributed to
the utilization of more power because of the tertiary treat-
ment being used in M1 and M2 plant as this differs from M3
Plant. The average value for MBBR plant for 0.4 MLD could

M 1 M 2 M 3
0

2 5

5 0

7 5

1 0 0
0

2 5

5 0

7 5

1 0 0
0

2 5

5 0

7 5

1 0 0

B O D

P l a n t  c o d e

C O D

 

T S S

R
e

m
o

v
a

l 
(

%
)

Fig. 3: Treatment efficiency of selected MBBR plants (0.35-0.40 MLD).
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vary from 0.6~ 0.8 kWh/m3 and further if VFD and energy
efficient motors are installed, the SPC of STPs can be at-
tained to the tune of 0.4 to 0.5 kWh/m3 which can be at
much lower side with the MBBR + tertiary treatment. Fur-
ther to this, the power consumption Rs/kg of BOD removed
were found out to be varying from 1.9~2.8 kWh/kg of BOD
removed, which is the best amongst itself for optimization
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Fig. 4: Actual land usage and capital investment for selected MBBR STPs.
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Fig. 5: Cost of treatment and specific power consumption for
selected MBBR plants.

of usage of energy.

CONCLUSIONS

This present study reports comprehensive techno economic
indicators, which could affect the small scale wastewater
treatment plant. The results of the assessment approaches
should be used in combination in order to attain an accord-
ingly balanced solution.

Following upshots were drawn from this field campaign:

• The contrast between different arrangements of MBBR
technology followed by tertiary treatment (0.35~0.4
MLD) plant ensued that the electro-mechanical cost will
remain same, however, changes are only due to civil
works involved. Area assessment from field review has
brought out distinctive parameters that it can be accom-
modated in congested/restricted space availability of
~180 m2 (±20%).

• Capital cost for MBBR + tertiary treatment was found to
be fluctuating depending upon the terrain + class of city
+ transportation factors + labour cost and with this the
highest distinctive figure of 240 Lacs/MLD (±20%) can
be utilized with the increasing trend of GDP, however,
benchmark can be incorporated that the technology
from the market has not lost the essence of credibility.
Cost of treatment was Rs 12.50 (±20%) and which will
surely depend on the administration + management of
the institution and the area classification.

• The specific power consumption was in the range of
0.6~0.8 kWh/m3 which was best for MBBR+Tertiary
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treatment arrangements. The overall field data assess-
ment for 0.3~0.4 MLD STPs for MBBR+ tertiary treat-
ment technology, has brought that energy utilization is
inversely proportional to the capacity of STPs and SPC
value of  0.6 (±20%) can be further utilized for any
advancement in the field of economic evaluation. The
values for SPC can be theoretically recommended for
0.4 (±20%) if the plants are automatically controlled +
VFD (energy measure) is utilized.
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