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Abstract - This is a case study based research which aims to critically evaluate two most extensively used decentralized 
wastewater treatment technology in India on technical, social, environmental and economic factors that influence the 
feasibility of such systems. In view of this two decentralized wastewater treatment plants located in the city of Ahmedabad, 
Gujarat are analyzed based on a list of qualitative and quantitative parameters. The technologies studied in this research are 
sequential batch reactor (SBR) and moving bed bioreactor (MBBR). The results show that utilization of resources per cubic 
meter of wastewater treated decreases with the increase in capacity of the WWTP. 
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I. INTRODUCTION 
 
Discharge of untreated sewage is the most important 
source of water pollution in India. There is a large 
gap in quantity of sewage generated and the available 
treatment capacity. The existing treatment capacity of 
the sewage treatment plant is also not effectively 
utilized due to operation and maintenance problem 
and 39% of STP are not operating as per the general 
standards laid by the Environmental (Protection) 
Rules for discharge into water bodies as stated by 
CPCB’s survey report(1). 
 
It has been proven that centralized approach of 
wastewater treatment requires high financial support 
compared to decentralized approach. Therefore, to 
alleviate the pressure on existing network of 
wastewater pipelines government of India has 
transferred the responsibility of providing these 
infrastructure to developers(2). 
 
This study is carried out with the aim to identify 
factors that affect feasibility of decentralized WWTP 
so that such systems can be replicated in future. 
 
II. RESEARCH METHODOLOGY 
 
The two WWTPs representing different technologies 
installed by institutional and residential organizations 
are described briefly in the table below. During site 
visits data related to treatment technology, site 
condition, financial and managerial requirements of 
the plants are captured.  
A questionnaire survey was done to interview 
developers, vendors, consultants, users and city 
officials to gain knowledge of the market, the 
motivation and incentives behind installing 
decentralized wastewater treatment plants and its 
limitations. The data obtained is then compiled and 
comparisons are drawn to analyze the feasibility of 
the two WWTPs studied. 

Case Study 
Start-

up 
year 

Design 
capacity 

Technology 
Type 

ABC 
Infrastructure 

Pvt. Ltd. 
2017 5 m3/day SBR 

ABC 
township 2017 100 

m3/day MBBR 
Table 1. Details of WWTPs 

 
The above-mentioned technologies under this study 
are analyzed based on feasibility factors such as 
efficiency of the technology, land use, ease of 
operation, requirement of technical expertise, effluent 
quality, capital investment, operation and 
management and perspective of user. 
 
III. GENERAL DESCRIPTION OF THE 
TECHNOLOGIES 
 
Moving bed bioreactor: In this system the effluent 
from primary treatment is fed into the MBBR tank. 
This tank can be of one stage or two stage depending 
on specific demands(3). The tank consists of 
thousands of biofilm carriers where bacteria grows on 
the internal surface of the carriers and breaks down 
organic matter. The aeration system keeps the plastic 
carriers in constant motion. The effluent is then 
transferred to clarifier tank protected by bar screens 
to prevent entry of the plastic carriers which are 
completely filled with bacterial growth. 
Sequential batch reactor: SBR are a customized 
version of ASP where all the treatment process takes 
place in one reactor tank. It does not require 
additional clarifier tanks. The treatment cycle takes 
place in five stages namely fill, react, settle, draw and 
idle(4). 
Fill: Wastewater from primary treatment or just raw 
wastewater enters the tank either through pumping 
and gravity flow where it mixes with the sludge 
settled at the bottom from previous cycle. 
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React: In this stage air is provided through blowers to 
aid further biological treatment. Bacteria oxidizes the 
organic matter similar to ASP(4). 
Settle: In this stage aeration is stopped to allow 
settling of heavier biomass at the bottom. 
Decant: After the sludge has settled, the supernatant 
is released through the reaction tank. 
Idle: This phase is the time in between decant and 
fill(5).This time can be utilized for the removal of 
sludge if any. 
 
IV. CASE STUDY I. MBBR 
 
This MBBR plant studied is located in the residential 
colony of ABC township. The motivation behind 
installing this plant was to contribute towards 
sustainable development. 
In the year 2017, three WWTPs of 100m3/day 
capacity each was proposed based on the current 
wastewater generated from the residential colony. 
Out of which two WWTPs are under construction. 
The idea behind operating the WWTP one by one 
was to understand the system better. 
The 100KLD plant with MBBR technology is 
operating efficiently in the past one year. The fund 
for CAPEX and OPEX is obtained from ABC 
corporation. At present the in-house team is looking 
after the operation of the treatment plant. 
 
Capital costs: Rs. 16,00,000 
 
Operations and Maintenance costs: Approximately 
Rs. 1,50,000 is required monthly which includes 
salaries of staff, cost of chemicals (chlorine), cost of 
weekly water inspection, cost of electricity. 
 
V. CASE STUDY II. SBR 
 
ABC Infrastructure Pvt. Ltd has installed a demo 
SBR plant at pirana sewage treatment plant, Narol, 
Ahmedabad. There are three SBR plants of capacity 
2m3/day, 5m3/day and 10m3/day respectively at the 
site. 
 
Capital cost: SBR treatment plant with 5KLD 
capacity cost 16 lakhs. 
 
Operation and Maintenance cost: Monthly 
approximately Rs. 10,000 is spent on the operation of 
the treatment plant. 
 
VI. DATA ANALYSIS 
 
To understand the economic sustainability, life cycle 
cost as per present worth factor and internal rate of 
return (IRR) of each technology is calculated. 
It has been stated that heat generation and electricity 
contribute up to 25% of greenhouse gas emission (6). 
Any wastewater treatment plant uses electricity at 

various stages to remove contaminants which makes 
it necessary to analyze global warming potential of 
each technology to understand its environmental 
sustainability. Global warming potential is one of the 
main criteria to assess the environmental footprint 
while selecting any wastewater treatment 
technology(7). 
 
VII. NET PRESENT VALUE 
 
The net present value of both the treatment plants are 
calculated using CAPEX and OPEX data of the above 
case studies obtained through site visits and 
interviews. The cost projections and revenues are 
based on assumptions and does not consider market 
trend. 
Following table shows the Net present value and 
Internal rate of return of case study I. MBBR. 
 

 
 

Table 2. NPV of MBBR 
 
The Cost/Benefit ratio at the end of year 2025 is 1.29 
and the internal rate of return (IRR) is 22.87%. it can 
be seen from the above table that the NPV decreases 
annually because the revenue obtained by saving 
water cost at the rate of 10 paisa/liter is taken as 
constant. In practical the water charges also increase 
with time. 
 
The same has been calculated for case study II. SBR 
as shown below. 
 

 
 

Table 3. NPV of SBR 
 
The Cost/Benefit ratio at the end of year 2025 is 0.38 
and the internal rate of return (IRR) is -20.73%. This 
plant is a demo plant and currently the treated water 
is being sold at the rate of Rs. 98/KL. 

 

12.00%

Capital 
Cost 

(lakhs) 

O&M 
(lakhs)

Savings in 
water cost 

@10 paise/L

Savings in 
Cost 

pumping 
water

Savings 
in cost 

of 
compost

Present 
worth 
factor

Net 
Cost

Net 
Benefits

NPV of 
Cost

NPV of 
Benefits

2016 16 0 18.2 0 0 1.00 16.00 18.2 16.00 18.20

2017 0 11.9 18.2 0 0 0.89 11.90 18.2 10.63 16.25

2018 0 14.28 18.2 0 0 0.80 14.28 18.2 11.38 14.51

2019 0 17.136 18.2 0 0 0.71 17.14 18.2 12.20 12.95

2020 0 20.56 18.2 0 0 0.64 20.56 18.2 13.07 11.57

2021 0 24.67 18.2 0 0 0.57 24.67 18.2 14.00 10.33

2022 0 29.6 18.2 0 0 0.51 29.60 18.2 15.00 9.22

2023 0 35.5 18.2 0 0 0.45 35.50 18.2 16.06 8.23

2024 0 42.6 18.2 0 0 0.40 42.60 18.2 17.21 7.35

2025 0 51.12 18.2 0 0 0.36 51.12 18.2 18.43 6.56

Year

Opportunity Cost (Discounting Rate)

Outflows (Rs.) Benefits (Rs.) (Outflows)

12.00%

Capital 
Cost 

(lakhs) 

O&M 
(lakhs)

Revenue 
(Rs. 

98/KL) 

Savings 
in Cost of 

water

Savings 
in cost of 
compost

Present worth 
factor

Net Cost
Net 

Benefits
NPV of Cost

NPV of 
Benefits

2016 6 0.00 0 0 0 1.000 6.00 0 6.00 0.00 -$6.00

2017 0 1.26 1.61 0 0 0.893 1.26 1.61 1.12 1.44 -$5.69

2018 0 1.26 1.61 0 0 0.797 1.26 1.61 1.00 1.28 -$5.41

2019 0 1.26 1.61 0 0 0.712 1.26 1.61 0.90 1.15 -$5.16

2020 0 1.26 1.61 0 0 0.636 1.26 1.61 0.80 1.02 -$4.93

2021 0 1.26 1.61 0 0 0.567 1.26 1.61 0.71 0.91 -$4.73

2022 0 1.26 1.61 0 0 0.507 1.26 1.61 0.64 0.82 -$4.56

2023 0 1.26 1.61 0 0 0.452 1.26 1.61 0.57 0.73 -$4.40

2024 0 1.26 1.61 0 0 0.404 1.26 1.61 0.51 0.65 -$4.26

2025 0 1.26 1.61 0 0 0.361 1.26 1.61 0.45 0.58 -$4.13

Year

Opportunity Cost (Discounting Rate)

NPV

Outflows (Rs.) Benefits (Rs.) (Outflows)
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VIII. GLOBAL WARMING POTENTIAL 
 
To calculate global warming potential, three variables are required namely electricity consumption per year, 
Green House gas (GHG) emission factor and population equivalent where the formula for calculating population 
equivalent (p.e) is 
 
Population Equivalent (7)  =    Capacity (MLD) x 106/ Water Supply x GHG 
 
Assumption: 

 GHG factor: 0.8 taken as the average of emission rate, tCO2/MWh by Indian power sector (7) 
 Water supply in Ahmedabad: 135lpcd (CPCB Report) 
 Working days per year: 325 

 

Technology Type 
GHG 

Emission 
factor 

Population 
equivalent 

Electricity 
consumption 
(MWh/year) 

Global warming 
potential (kg CO2-

Eq/p.e/year) 
SBR 0.80 46.29 2.19 37.84 

MBBR 0.80 925.92 23.5 20.34 20.34 
 

Table 4. Global warming potential of WWTPs 
 
The above table shows that treatment plants with higher capacity have less global warming potential. This is 
because the source of emission is taken as electricity only. 
 
RESULTS AND DISCUSSIONS 
 
The summary of the quantitative and qualitative data of WWTPs studied is described in the tables below. 

 Indicators MBBR SBR 

Ec
on

om
ic

 

Capital cost 
(Rs Lakh/m3) 0.16/m3 1.2/m3 

Operation Cost 
(Rs /m3) m3 m3 

IRR 22.87% -11.68% 

Source of Fund Private Private 

Te
ch

ni
ca

l 

Man Power 6 2 

pH 6.5-8 6.5-8 

BOD 8-10 <10 

COD 25-40 <40 

TSS <10 <20 

Ability to handle varying flow rate Yes Yes 

Cost and frequency of service Moderate Moderate 

Uses of sludge Manure Disposed to landfill 

Potential uses of treated water Horticulture, District cooling system Horticulture 

Ease of upgradation Easy Easy 

Maturity of technology Matured Matured 

R
es

ou
rc

e 
ut

ili
za

tio
n Power consumption (kWh/m3) 0.501-0.643 1.2 

Land Area (m2/KLD) 
 0.5-0.8 0.51 

En
vi

ro
nm

en
ta

l Global Warming Potential 
(kg CO2 – Eq/p.e year) 15.8-20.3 37.84 

Sludge Disposal Used as compost Used as compost 

Table 5. Summary 
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CONCLUSION 
 
It is important to state that decentralized WWTP for 
individual household prove to be uneconomical 
because of high power consumption with respect to 
lesser design capacity. Based on personal interview, it 
was observed that middle or high-income group of 
people were aware about the environmental benefits 
of installing decentralized wastewater treatment 
system and were even ready to incur additional cost. 
But it is impractical to assume the same for lower 
income group people. 
WWTP can never be a revenue generating model as 
the product is treated water and a small fraction of 
sludge. It is not possible to create a business out of it. 
But in the long run recycling and reusing wastewater 
can solve water issues to a great extent. 

Therefore, the government must encourage pilot 
projects on decentralized approach of wastewater 
treatment so that low-cost technologies are developed 
to treat wastewater at economical rate. 
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