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Abstract 

A wastewater treatment plant (WWTP) is a crucial infrastructure that requires careful 

planning and the selection of cost-effective treatment technologies for successful 

implementation. Urban planners often necessitate available data or published information for 

evaluation of costs of WWTPs for various capacities and technologies, as well as the land area 

and energy requirements for operation. Municipal authorities, tenderers, contractors, and other 

stakeholders aim to select appropriate WWTP technologies that balance economic and fiscal 

considerations targeting to award of the job. 

It has been noticed through detailed survey of literature that most of the researches in the 

relevant area were undertaken in connection with cost functions and indices for the construction 

and operation of WWTPs, primarily aiming for rapid cost estimation and commercial 

comparisons among various conventional technologies. These studies typically utilize cost data 

collected from sources for technologies such as continuously mixed activated sludge, oxidation 

ditches, and aerated lagoons. 

In response to this gap, our research initiative aims to develop cost functions and 3-D 

cost response maps for rapid estimation of WWTP costs using MBR, MBBR, and SBR 

technologies, without reliance on historical or collected data. 

In the present investigation an effort has been endeavoured for development of cost 

functions for WWTP with recent MBR, MBBR and SBR technologies with due consideration 

of cost of land acquisition. The approach is based on engineering design and cost estimation 

rather than use of historic and available cost database from elsewhere. The study includes detail 

process design, estimation of bill of quantities and cost estimation as per published schedule of 

rates are the base for development of the cost functions as well as cost response maps and 

sensitivity study for the cost functions developed. This approach is envisaged to be appropriate 

and reliable for cost comparison among MBR, MBBR and SBR technologies with reference to 

planning for installation of WWTP. Research in this new domain will surely add value to the 

set of tools available for selection of technology to be used for a WWTP, particularly for 

decision makers and bidders. 

The study involved designing and estimating using a developed model, followed by 

optimization through regression techniques, with the following objectives: 
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a) Develop cost functions for wastewater treatment plants (WWTPs) employing 

MBR, MBBR, and SBR technologies, based on an inlet BOD load of 250 g/m3, 

a standard practice in municipal sectors. 

b) Create 3-D cost response maps to estimate the costs of WWTPs using MBR, 

MBBR, and SBR technologies at varying capacities and inlet BOD loads. This 

aimed to analyze cost variations relative to deviations from the standard inlet 

BOD load. 

c) Perform sensitivity analysis on the developed cost functions for WWTPs 

utilizing MBR, MBBR, and SBR technologies, specifically focusing on an inlet 

BOD load of 250 g/m3. 

Cost functions developed for capacity wise three different groups of WWTPs with MBR, 

MBBR & SBR technologies may be used for accurate forecast level cost estimation as 

applicable in India. 

3-D cost response maps have been developed with applicable engineering design criteria 

and do not include any historic reference. These maps will predict overall cost inclusive of 

capital, operation and maintenance expenditure for WWTPs with MBR technology within the 

specified ranges of capacity and inlet BOD. 

Sensitivity analysis has also been carried out and validated to facilitate world-wide use 

of cost functions developed for BOD removal at inlet BOD load of 250 g / m3. 
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1.0 Introduction 

This chapter discusses the introductory issues of the present research. 

In recent times, the discharge of contaminated urban wastewater containing various 

contaminants has become a major cause of water pollution and triggered a big challenge to 

engineers and scientists including the professionals engaged in alleviating the problem.. This 

issue is largely due to extensive urban development, city expansion, rapid industrialization 

with new technologies, the use of advanced materials, and other factors. Approximately 80 

percent of wastewater worldwide is released untreated into various surface water bodies 

which are used as water resource [1]. This practice eventually has detrimental effects on 

aquatic biodiversity and disrupts interconnected food chains including ecological system.  

India is currently experiencing rapid urbanization with high elevated structure for 

residence, which has presented significant challenges for local governments and urban 

planners. One major challenge is the scientific and economic management of waste treatment 

and discharge of treated wastewater in economic way keeping in view of a constraint of 

scarcity of priceless land 

Industrial and human activities release vast amounts of wastewater daily into ponds, 

canals, and rivers. This wastewater, with high levels of organic content measured as BOD 

and COD, depletes oxygen and deteriorates the water quality.  

Since rivers are a major source of water supply, the Central Government of India has 

launched various initiatives, such as the Namami Ganga Project, Ganga Action Plan etc to 

protect urban environments from pollution. The primary focus of these initiatives is to 

safeguard water quality as drinking water source depletes considerably. Plans have been 

made to construct various types and sizes of wastewater treatment plants (WWTPs) at 

multiple locations along both sides of the Ganga and other rivers. A budget of ₹1,41,678 

crore (or 18,400 million USD) has been allocated for urban sanitation from 2021 to 2026 

[2], with numerous WWTPs expected to be built in the coming years.  
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A WWTP is a crucial infrastructure that requires careful planning and the selection of 

cost-effective treatment technologies for successful implementation. Urban planners often 

necessitate available data or published information for evaluation of costs of WWTPs for 

various capacities and technologies, as well as the land area and energy requirements for 

operation. Municipal authorities, tenderers, contractors, and other stakeholders aim to select 

appropriate WWTP technologies that balance economic and fiscal considerations targeting 

to award of the job. 

Several technologies are available for wastewater treatment. In addition to 

conventional methods, new technologies have emerged over the earlier decades. Sequential 

Batch Reactor (SBR) and Moving Bed Biological Reactor (MBBR) are notable options for 

secondary treatment. Another advanced option is the Membrane Bio-Reactor (MBR), which 

is considered one of the more advanced processes. 

Table 1 provides information on the use of different technologies in wastewater 

treatment plants (WWTPs) across India for reference [3]: 

Table 1: Different technologies in WWTPs 

Sl. No. Technology Capacity  

in  

mld 

Number 

of 

WWTPs 

1 ASP 9486 321 

2  Extended Aeration (EA) 474 30 

3 SBR  10638 490 

4 Moving Bed Biological Reactor (MBBR)  2032 201 

5 Fluidised Aerobic Bio-Reactor (FAB) 242 21 

6 Up-flow Anaerobic Sludge Blanket (UASB) 3562 76 

7  Waste Stabilization Pond (WSP) 789 67 

8 Oxidation Pond (OP) 460 61 

9 Any Other 8497 364 

The space required for constructing wastewater treatment plants (WWTPs) is a major 

concern when selecting appropriate biological treatment technologies. Population densities 
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have increased significantly in many urban communities over recent years, making the 

availability of vacant land for WWTP construction a major constraint. Even where vacant 

land is available, local residents often object to the construction of WWTPs nearby. 

Therefore, modern WWTPs need to be designed to require less space than those built with 

conventional technologies in the past, facilitating easier land acquisition. This will help to 

foster with the constraint addressed above and construct WWTP within limited space. 

Figure 1 illustrates the land area requirements for various wastewater treatment 

technologies [4].  
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Figure 1: Requirement of plan area for use of various wastewater treatment technologies 

The figure above indicates that the area required for WWTPs ranges from 0.2 to 1.0 

hectares per million litres per day (MLD) depending on the technology used, with the 

exception of WSP. It shows that technologies such as MBBR and SBR have smaller 
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footprints compared to ASP. The MBR technology also requires less area than conventional 

systems since it eliminates the need for primary and secondary clarifiers. Many urban local 

bodies in India have begun adopting MBBR, SBR, and MBR technologies to reduce land 

acquisition requirements, optimize operation and maintenance (O&M) costs, and improve 

the quality of treated wastewater. 

For effective planning of WWTP construction using one of the space-saving 

technologies, it is essential to adopt a rational approach for rapid and accurate cost estimation 

(forecast-level estimation) for technologies like MBR, MBBR, and SBR. This shall ensure 

site-specific economic evaluation, comparison and selection of the most suitable one among 

MBR, MBBR, and SBR technologies for a particular project. Inviting budgetary bids from 

reputed contractors for these technologies may not be a suitable method for this evaluation. 

As previously discussed, there are numerous traditional and advanced wastewater treatment 

technologies available. Contractors often propose alternatives based on their experience, 

which may include technologies other than MBR, MBBR, and SBR. Some proposals might 

seem cost-effective, while they may be energy-intensive or require more space despite being 

attractive from an energy consumption standpoint. There are several challenges in evaluating 

proposals for WWTP construction submitted by contractors. EPC contractors often advocate 

for systems or technologies as available with them without applying an unbiased and rational 

approach to technology selection. Some stakeholders rely on historical data and 

documentation available to them. Additionally, the availability and cost of land are 

significant issues that may not always be given due consideration by contractors.  

Scrutinizing and selecting the most suitable treatment technology for a specific project 

is a complex, challenging, and time-consuming task. Currently, there is no published or 

widely accepted rational method or tool found available for evaluating these tasks. 

Therefore, there is a genuine need to develop a rational design as well as cost estimation 

approach or tool and establish criteria for selecting the appropriate WWTP technology to 

ensure techno-commercial acceptance by project owners or urban authorities. An 

engineering approach for scrutiny of economic aspects may be the use of appropriate cost 

functions derived based on standard engineering design rationale, cost estimation for 

construction as well as requirement of space, operation and maintenance. Such approach will 

enable the stakeholders to conduct techno-economic analysis and select the most suitable 

technology encompassing all concerned aspects for a particular project. Against this 

backdrop, a research investigation has been conducted to develop and establish the 

methodologies for assessment and selection of the most suitable WWTP technology among 
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MBR, MBBR, and SBR through realistic engineering and cost evaluations using process 

design and estimation algorithms.  

The primary objective of this research is to formulate rational cost functions and 

generate cost response maps to assess the economic aspects of space-saving wastewater 

treatment technologies (MBR, MBBR, and SBR).  

Further the cost for a project is dependent upon the location-specific as well as time-

specific rates. For universal use, unit cost co-efficients functions are envisaged to be 

developed through sensitivity study so that the stakeholders across the globe may use these 

functions for economic evaluation among MBR, MBBR, and SBR technologies based on 

location-specific rates at any point of time. 

The results derived by use of cost functions developed through this research are 

envisaged to be reconciled by feedbacks from reputable EPC contractors to ensure suitability 

for application of developed cost functions. 

1.1 Limitation of earlier research studies 

It has been noticed through detailed survey of literature that most of the researches 

undertaken in connection with cost functions and indices for the construction and operation 

of WWTPs, primarily aimed for rapid cost estimation and commercial comparisons among 

mainly various conventional technologies such as continuously mixed activated sludge, 

oxidation ditches, and aerated lagoons. Further these studies typically utilized historical cost 

data collected from various sources. 

It is an important concern that cost for WWTPs designed for specific capacities will be 

responsive for variation in inlet BOD levels. Despite extensive literature surveys over the 

past five decades, there appears to be a gap in publications regarding the research on 

development of 3-D response maps or any other tool for rapid cost estimation of WWTPs to 

take into account the impact of variation of inlet BOD level at a specific capacity. 

Further the cost functions available as addressed above for few conventional 

technologies are based on country specific historical rates relevant at the point of time of 

construction and therefore these are not suitable for use in respect of future applications in 

other geographies. Universal cost functions for application in other geographies at any point 
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of time are not found reported in literature for either conventional technologies or MBR, 

MBBR, and SBR technologies. 

In response to above gaps and constraints, this research initiative aims to develop cost 

functions, 3-D cost response maps and cost co-efficient functions through sensitivity study 

for rapid estimation of WWTP costs using MBR, MBBR, and SBR technologies, without 

necessity for use of any historical or collected data. 

1.2 Rationality of the Research 

Economic analysis is necessary and plays a crucial role in selecting the optimal treatment 

technology for WWTPs among space-saving options like MBR, MBBR, and SBR, 

considering capital costs, land requirements, and operation and maintenance (O&M) 

expenses. 

A significant challenge in planning WWTPs with advanced space-saving technologies is 

accurately estimating construction and O&M costs, and evaluating the associated benefits. 

Detailed design of various components is necessary for precise construction cost estimation, 

a process that demands time, expertise, and engineering judgment. At the planning stage, 

such detailed exercises are time consuming and sometimes may not be feasible. Therefore, 

WWTP cost estimates often rely on rule-of-thumb methods, such as cost per million litres 

per day (MLD) of wastewater flow, leading to inaccuracies and potential cost and time 

overruns during construction. 

To facilitate quick and reliable estimation of WWTP construction and O&M costs, cost 

functions (where cost is dependent on capacity for a selected design inlet BOD load), cost 

response maps (where cost varies with capacity and inlet BOD load) and unit cost co-

efficient functions (for universal use) are invaluable tools. This research aims to develop and 

apply these methodologies or tools for economic evaluation of well-established space-saving 

wastewater treatment processes (MBR, MBBR, and SBR) using optimization techniques. 

1.3 Justification of Research Study 
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In many of the studies conducted earlier in the developed countries, the cost functions have 

been developed based on historic data collected on the cost of WWTPs constructed in 

different years from different local authorities and in few cases subsequently updating these 

data with cost indices. However, in India, detailed costs of WWTPs including technology, 

process hook-up, subsoil specifics, and component-wise breakdowns in integrated way are 

not typically published. Currently, there are no authenticated and published cost functions 

specifically tailored for predicting the costs of WWTPs of varying capacities and 

technologies in India. Available data usually only includes awarded contractor costs, 

sometimes with O&M expenses. Cost functions and response maps are crucial tools for 

estimating both capital and O&M costs of WWTPs. However, developing cost functions and 

cost response maps using historical data may introduce inaccuracies. 

Given that WWTP components vary significantly with different technologies, specific cost 

functions and response maps are necessary for each treatment technology type. 

Considering the substantial investment required for WWTP construction and the challenges 

in securing adequate space, there is a true need for research to develop accurate cost 

functions and cost response maps (to take into account the variation in inlet BOD level) 

specifically tailored for space-saving technologies like MBR, MBBR and SBR.  

Further it is also important to develop tools for cost estimation for WWTPs with MBR, 

MBBR and SBR technologies which are suitable for use at any place across the globe other 

than India at any point of time. Development of unit rate co-efficient functions for MBR, 

MBBR and SBR technologies may fulfil this objective. 

These tools would greatly benefit engineers and urban planners in generating realistic 

estimates and effectively allocating budgets for WWTP projects with MBR, MBBR and SBR 

technologies. 

1.4 Hypothesis of Research Study 
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The hypotheses proposed for the development of cost functions and cost response 

maps as well as sensitivity analysis to explore unit cost co-efficient functions (which 

relate capacity to co-efficients of unit costs of various items) for WWTP using MBR, 

MBBR, and SBR technologies are as follows: 

➢ The research study aims to remove BOD from wastewater. 

➢ The costs of biological treatment systems generally decrease with increase in 

capacity. Therefore, biological treatment systems have been categorized 

capacity wise in three groups viz. small, medium and large.  

The cost of a WWTP depends on characteristics of raw wastewater, quality of 

treated wastewater, civil structure, electro-mechanical components and space 

requirements.  

➢ The characteristics of raw wastewater depend on rate of water supply and 

pollution load per capita.  

Development of cost functions have been made based on inlet BOD load of 250 

g/m3 which is adopted as a standard design practice in municipal sector. 

However, the inlet BOD in wastewater may vary case to case in actual scenario. 

Six different BOD contents have been selected for the research study to develop 

3-D cost response maps for cost estimation at any capacity as well as inlet BOD 

within the ranges adopted. 

Further sensitivity analysis has been carried out to derive the functions, which 

relate capacity to co-efficients of unit costs of various items required for the 

construction of WWTPs using MBR, MBBR, and SBR technologies with an 

inlet BOD load of 250 mg/l based on developed mathematical models to ensure 

universal application of the functions at any time.  

➢ Characteristics of treated wastewater have been envisaged as specified by the 

Ministry of Environment & Forests of the Government of India. 
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➢ The process design rationale of biological treatment with MBR, MBBR and SBR 

technologies have been adopted as per guidelines addressed in standard and 

classical references. 

➢ Mathematical models have been developed for design and estimation in 

Microsoft EXCEL environment for each of MBR, MBBR and SBR technologies 

based on above and published algorithms for quantity estimation. 

➢ Development of cost functions for each of MBR, MBBR and SBR technologies: 

Data sets have been generated for different groups in terms of capacities and 

respective overall costs inclusive of costs of land, construction and operation as 

well as maintenance by means of models developed in Microsoft Excel. 

Regression analysis of data have been carried out in Microsoft EXCEL based on 

trend lines (viz., exponential, linear, logarithmic, polynomial and power) to 

determine the relationship between capacity and respective overall cost for the 

treatment envisaged. Polynomial, logarithmic, power and exponential regression 

analyses did not reveal a significant increase in the R² value and introduced 

complexity. Therefore, only linear regression results and the respective 

equations as cost functions have been reported throughout the thesis. Validation 

of cost function derived has been carried out based on determination of Mean 

Absolute Percentage Error (MAPE) and 95 % Confidence Interval. 

➢ Development of cost response maps for each of MBR, MBBR and SBR 

technologies: 

➢ Project Costs inclusive of costs for land, civil items, electro-mechanical items, 

operation and maintenance at different capacities and levels of BOD 

concentration in raw wastewater have been worked out by use of the developed 

model. The results have been analysed through least square methods with 

regression technique based on trend lines as addressed above. As mentioned 

earlier, polynomial, logarithmic, power and exponential regression analyses did 

not yield a significant increase in the R² value and proposed complexity to the 
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functions. Therefore, only linear regression results and the respective equations 

as cost functions are reported throughout the thesis to depict the nature of 

relationship between overall cost and inlet BOD. Validation of cost function 

derived has been carried out based on determination of MAPE and 95 % 

Confidence Interval. The data sets for variation of costs with change in input 

level BOD in raw wastewater for different capacities as predicted from most 

appropriate cost response functions are modelled in 3-D environment to develop 

a surface map and contour map for each of MBR, MBBR and SBR technologies. 

➢ Sensitivity analysis of developed cost functions for WWTPs with MBR, MBBR 

and SBR technologies: 

To ensure global applicability, the functions which relate capacity to co-efficients of 

unit costs of various items for the construction of WWTPs using MBR, MBBR, 

and SBR technologies with an inlet BOD load of 250 mg/l, have been derived 

using developed mathematical models. Regression analysis has been performed 

on datasets for each range of MBR, MBBR, and SBR technologies using five 

different functions (exponential, linear, logarithmic, polynomial, and power). 

However, for simplicity and easy application, linear function curves of unit cost 

coefficients for various items have been adopted for use. 

1.5 Originality or Novelty of Research Study 

 

The gaps in earlier research studies as addressed under cl. no. 1.1 relate to issues as follows: 

➢ Non-availability of rational cost functions which enable rapid cost estimations for 

WWTPs with MBR, MBBR, and SBR technologies in Indian Scenario,  

➢ Non-availability of tool to assess the implications on cost of WWTPs with the above 

technologies in connection with variation of inlet BOD level 

➢ Non-availability of functions which may be used for rapid cost estimations for 

WWTPs with MBR, MBBR, and SBR technologies at any place over the universe at 

any point of time.  
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The originality or novelty of this research study is endowed with the approach for 

development of a tool for basic engineering as well as cost estimations for WWTPs with 

MBR, MBBR, and SBR technologies to further cast several rational cost functions and cost 

response maps.  

Cost estimation will be based on rational scheduled unit costs for various items for specific 

year and location (the year 2021 in India for this research). and not on historical cost data.  

Such approach enables derivations and development of rational functions for cost 

estimations of WWTPs with above technologies (designed for operation over a 25-year 

period for BOD removal) across a wide capacity range, assuming an inlet BOD load of 250 

g/m³.  

Response maps will be developed for cost estimation of WWTPs with due consideration of 

variable BOD levels ranging from 100 g/m³ to 250 g/m³, the variation which is common in 

practice. 

Rational cost functions and cost response maps are extremely beneficial in respect of 

decision-making processes involving vendors and plant owners when awarding contracts. 

This study is focused on space-saving technologies to manage the space constraints in urban 

areas.  

Sensitivity analysis of these cost functions will also be carried out since unit costs for various 

components used for development of cost functions can fluctuate over time and across 

different geographical locations. The functions derived through sensitivity analysis are 

considered highly engineered and practical for application across various locations within 

any country.  

Thus, this novel research study will surely make available the set of tools developed based 

on rational engineering approach to the community of decision makers and bidders for 

selection of technology among MBR, MBBR, and SBR in respect of construction and 

operation of WWTPs.No such exercise has been attempted earlier, neither found in literature. 
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Organization of Research Thesis to be submitted 

The content of the thesis has been organized with eight (8) chapters which are enumerated 

below 

Chapter 1 focuses on introduction, the need for the study.  

Chapter 2 presents the review of literature pertaining to the salient features of wastewater 

treatment plants based on space saving technologies, design features, cost estimation, 

development of cost function and selection of technology. 

Chapter 3 illustrates objectives, scope and novelty of the research study. 

Chapter 4 presents the methodologies adopted for the design of WWTPs, cost estimation, 

development of cost function and cost response maps, validation and economic analysis. 

Chapter 5 includes results and discussions, presents the data sets, developed cost functions, 

cost response maps and the results of economic analysis in the selection of technology. 

Chapter 6 presents the summary of the study and conclusion arrived from the study for the 

selection of technology. 
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2.0 Review of pertinent literature 

This chapter provides a brief overview of space-saving treatment technologies and 

summarizes the findings from available and published literature relevant to the subject 

investigation. 

2.1 Brief description of space saving treatment technologies  

MBR Technology 

MBR technology combines the activated sludge process with membrane separation. 

Typically, low-pressure membranes are used, which can be submerged in the reactor itself 

or placed in a separate chamber to facilitate the separation of solids from liquids. This 

process eliminates the need for primary sedimentation tanks, final sedimentation tanks, and 

disinfection facilities. A schematic of the MBR Process Cycle is presented in Figure 2. 

 

Figure 2: MBR Process Cycle 

A typical arrangement for membranes is furnished in Figure 3. 

 

Figure 3: View of MBR Membranes 
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Treatment of wastewater using MBR produces high-quality treated water, making it 

an effective option for meeting industrial water supply needs. MBR technology integrates 

the activated sludge process with membrane filtration, eliminating the need for primary 

and secondary clarifiers required in conventional ASP. This reduction in infrastructure 

lowers the space requirements for WWTP installation. MBR technology has broad 

applications in both municipal and industrial wastewater treatment.  

In many cases, MBR technology is considered a preferential wastewater treatment 

technology over ASP, the conventional technology used for an extended period. MBR is 

seen as a significant innovation because it does not require a secondary clarifier, thereby 

eliminating the need for a large space. Suitable for both municipal and industrial 

wastewater treatment, MBR technology integrates a conventional biological treatment 

system with membrane filtration, forming a hybrid bioreactor. The use of MBR technology 

offers several advantages over ASP, including: 

− Superior quality of treated effluent 

− Higher volumetric loading rates 

− Reduced hydraulic retention times 

− Extended solid retention times  

− Nitrification and Denitrification due to higher solid retention times and high 

bacterial removal efficiency. 

The use of membrane filtration in MBR technology eliminates the need for secondary 

clarifiers, significantly reducing the required plant area. However, MBR technology has 

some limitations, such as higher energy consumption and associated costs, membrane 

fouling issues, and high maintenance costs due to the periodic replacement of membranes. 

MBBR Technology 

In this process, a tank similar to that used in an ASP is provided for biological 

reactions. MBBR technology utilizes carrier media made of polymeric material, on which 

microorganisms attach. The carrier media is kept in suspension by air supply in aerobic 
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processes or by mechanical agitation in anoxic or anaerobic processes. A sieve is provided 

at the exit of the MBBR to retain the carrier media within the system. 

This technology includes a primary clarifier upstream of the MBBR and also 

requires a secondary clarifier. However, there is no need to recycle activated sludge back 

to the MBBR inlet, as an adequate population of microorganisms is maintained within the 

MBBR due to the presence of carrier media and the biofilms attached to it. A schematic for 

the MBBR Process Cycle is provided in Figure 4. 

 

Figure 4: Schematic for MBBR Process Cycle 

A typical view of MBBR media is presented in Figure 5.  

 

Figure 5: Typical View of MBBR media 

MBBR technology utilizes specialized carriers that offer surfaces conducive to 

biofilm growth. Typically, these carriers are constructed from high-density polyethylene 

(HDPE), with a density of approximately 0.9 g/cm³. The aeration system ensures the 

carriers are continuously circulated within the biological reactor, facilitating sufficient 

contact between the wastewater and the biomass on the carriers. Key advantages of MBBR 

technology are outlined below: 

 



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

 

Chapter 2 | Page 4 of 28 
 

− Reactor is compact in nature and thus saves space. 

− Expansion is simple and may be achieved by increase in quantity carriers. 

− Satisfactory operation even in case of high level of biological load. 

− Easy maintenance 

− MBBR is not susceptible to toxic shock. 

− MBBR does not call for the return activated sludge. 

− MBBR provides high sludge retention time and therefore enables the nitrification. 

SBR Technology 

SBR is an advancement of the ASP. Unlike ASP, which requires a primary 

clarifier, an aeration tank, and a secondary clarifier for wastewater treatment, SBR 

conducts aeration and settling sequentially within a single tank. This eliminates the need 

for primary clarifiers. At least two SBR basins are necessary for parallel operation, 

ensuring that while one is in the aeration phase, the other is in the settling phase, allowing 

for subsequent decantation of the supernatant.  

A schematic for SBR Process Cycle is presented in Figure 6: 

 

Figure 6: Schematic for SBR Process Cycle 
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Major benefits which may be achieved by use of SBRs are furnished below: 

− Primary clarification, biological treatment and secondary clarification take place in 

single chamber. 

− Wide flexibility for smooth operation and control.  

− Requirement of minimal area for installation. 

− Significant reduction with reference to requirement of capital cost due to 

elimination of primary and secondary clarifiers and other equipment.  

2.2 Synopsis of the reviewed literature  

Numerous studies on the application of MBR, MBBR, and SBR technologies in 

WWTPs [5 – 227] have been reviewed. Here is a concise overview of the findings: 

Addressing the challenges of sustainable development in the 21st century includes 

tackling issues such as water scarcity and wastewater management. Global water usage has 

risen significantly over the past century, with projected demands reaching approximately 

6000 km3/y by 2050. Consequently, anthropogenic activities are expected to generate large 

volumes of wastewater with elevated concentrations of biochemical oxygen demand 

(BOD) and chemical oxygen demand (COD). 

Efficiently managing large volumes of wastewater involves employing various 

techniques encompassing physical, chemical, and biological treatments, often combined 

for enhanced effectiveness. Over recent decades, the development of technologies like the 

moving bed biofilm reactor (MBBR) and membrane bioreactor (MBR) has catalyzed 

extensive research in wastewater treatment. Research in MBR and MBBR has gained 

significant traction, leading to substantial advancements in these systems. MBBR 

processes, notably, offer a promising advantage by reducing space requirements. However, 

in cases involving high-strength wastewater, MBBR alone may not consistently meet 

stringent discharge standards. Conversely, MBR is valued for its compact footprint and 

efficient removal of organic matter and suspended solids, although membrane fouling 

remains a critical concern when treating high-strength wastewater. 
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Several researchers have published review papers summarizing the performance, 

identifying research gaps, and detailing recent advancements in MBBR and MBR, which 

have been reviewed for relevance to this study. 

The sequencing batch reactor (SBR) represents a variant of the activated sludge 

system characterized by batch or intermittent operation. It offers an appealing alternative to 

conventional activated sludge processes due to its lower cost and smaller footprint. The 

SBR operates on a fill-and-draw principle, integrating biological reactions and solids-

liquid separation within a single vessel. Unlike conventional continuous flow activated 

sludge systems, the SBR conducts treatment in a sequential time-based sequence. A 

significant advantage of this approach is its flexibility to adjust phase durations and cycle 

numbers based on varying inputs and desired treatment outcomes. 

Based on literature review related to the current investigation, it is evident that 

numerous studies over the past fifty years have focused on developing cost functions to 

estimate both construction and operational expenses of wastewater treatment plants 

(WWTPs). The primary aim of these endeavours has been to economically analyze various 

alternative treatment technologies. 

Below, relevant publications have been reviewed, and summaries of these 

investigations are provided for quick reference: 

Shah and Reid (1970) formulated mathematical models for cost functions associated with 

wastewater treatment plants (WWTP) after surveying 563 plants across 48 states in the US 

[228]. Their study utilized collected data to develop regression equations that calculated 

unit construction costs, taking into account design flow and a variable denoted as 'PE,' 

which incorporated average waste inlet flow and biological oxygen demand (BOD). They 

observed that economies of scale exert a notable influence on the unit construction costs of 

different secondary treatment systems.  
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In 1976, the USEPA analyzed tendered price data for the construction of wastewater 

treatment plants (WWTP) and formulated two cost curves: one for new secondary plants 

and another for upgrades from primary to secondary treatment [229]. Drawing from bid 

data collected from EPA regional offices, the study categorized and analyzed it using linear 

regression methods. A comparison between the developed cost curves and the costs 

estimated in the EPA guide for secondary treatment revealed that bid costs were 1 to 2.5 

times higher than the guide's predictions. This discovery underscored that the bid data 

reflected a significantly lesser economy of scale compared to what the guide had initially 

projected. 

Qasim et al. (1992) presented generalized equations for evaluating costs across various 

categories including construction, operation, and maintenance of water treatment plants 

[230]. They developed equations specifically for chlorine storage, ozone generation, liquid 

alum feed, dry alum feed, polymer feed, lime feed, potassium permanganate feed, sulfuric 

acid feed, sodium hydroxide feed, and ferric sulfate feed. 

Vanrolleghem et al. (1996) emphasized the necessity of developing cost functions for the 

design and operation of wastewater treatment plants (WWTPs) [231]. They presented a 

comprehensive framework for formulating and assessing a decision support index. This 

index facilitates the evaluation of both design considerations and operational strategies 

during the planning stages of new WWTPs, as well as for enhancing existing plant 

operations. The authors advocated spatial and temporal optimizations to enhance the 

functionality of this approach, providing examples in their paper to illustrate its 

application. 
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Gillot et al. (1999) discussed investment cost functions tailored for oxidation ditches and 

outlined several fixed and variable operating cost functions to estimate the total cost of 

wastewater treatment systems [232]. They emphasized that when constructing a new 

WWTP or expanding an existing one, various treatment options can be evaluated using a 

cost index. The authors noted two key observations: 

a) Cost indices often focus solely on investment or specific operating costs, which can 

be limiting. 

b) Time-dependent characteristics of wastewater are often overlooked, leading to 

inflated cost estimates when large safety factors are applied. 

Their study introduced an economic index derived from cost functions covering both 

construction and variable operation and maintenance (O&M) costs throughout the project's 

lifespan. They highlighted the benefits of simulation in cost estimation and underscored the 

need for a standardized cost criterion for comparing different treatment alternatives in 

WWTP design and operation. Gillot et al. recommended including variable O&M costs in 

cost evaluations to accurately assess control strategies developed through dynamic 

modeling and simulation. 

Tsagarakis et al. (2003) formulated cost functions to assess land requirements, 

construction costs, and operation and maintenance (O&M) expenses for activated sludge 

systems based on a survey conducted in Greece [233]. This paper scrutinizes economic 

data from existing municipal wastewater treatment plants (MWTPs) in Greece, utilizing a 

dataset that includes land usage and cost data modelled as y = a*(xb), with calculated 

coefficients a and b. Specific equations for costs and land use were developed for different 

systems, considering manpower and energy as significant cost components during 

operation. 
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The study also conducted a life cycle analysis (LCA) of WWTPs, highlighting the most 

suitable technologies for specific cases. Conventional activated sludge systems were found 

to be less cost-effective under conditions of high energy costs, low automation, and 

operation at low food-to-microorganisms (F/M) ratios. In contrast, waste stabilization 

ponds appeared cost-effective with minimal earthworks and careful consideration of land 

costs. 

Gratziou et al. (2006) conducted a comparative analysis of total costs among several 

small-scale wastewater treatment systems, calculating construction and operation costs 

based on established cost functions from literature [234]. They developed unit capacity 

functions for a forty-year operating period for each system investigated, which included 

Oxidation Ditch, Rotating Biological Contactor, Sequential Batch Reactor, Subsurface 

Constructed Wetland Systems, Trickling Filter, and Waste Stabilization Ponds. 

The study accounted for various cost components such as construction materials (including 

civil and electro-mechanical equipment), energy consumption, chemical usage, manpower, 

maintenance, and land value. Total and individual costs were expressed as functions of 

inlet flow. The authors found that annual operation and maintenance costs, as well as total 

costs encompassing construction, maintenance, and forty years of operation, could be 

represented by equations of the form a + b*Q + c*Q2, where Q is the inlet flow rate. 

Energy costs were linearly related to flow rate, expressed as a + b*Q. The coefficients (a, 

b, c) were summarized in tables provided in the study. 

Positive economies of scale were observed across all treatment alternatives, particularly 

pronounced for capacities up to 5,000 equivalent populations. Natural treatment methods 

for wastewater emerged as the least expensive option within the study's range of equivalent 

populations. The choice of treatment method, from least to most expensive, was shown to 

be influenced by plant capacity. 
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Friedler & Pisanty (2006) developed cost functions by analyzing the construction costs of 

55 wastewater treatment plants (WWTPs) built in Israel [235]. Their study focused on 

examining the cost-performance relationships based on data from these WWTPs. 

The authors proposed exponential regression equations that express construction costs for 

secondary treatment, advanced secondary treatment, and advanced treatment as functions 

of design flow. They observed that the power coefficients tend to increase with higher 

treatment levels, indicating that economies of scale diminish as treatment complexity rises. 

A review of cost distribution among construction components revealed significant 

decreases in civil item costs with increasing design flow, while proportional costs for 

electro-mechanical equipment rose. Costs for electricity and control did not show 

sensitivity to design flow. The study noted a shift in cost significance from civil items to 

electro-mechanical components as WWTP size increased. 

Regarding operation and maintenance (O&M) costs, the study found them to be more 

sensitive to the required treatment level rather than construction costs, often ranging 20% 

to 70% higher than relative construction costs depending on the treatment requirements. 

Nogueira et al. (2007) formulated cost functions for energy-saving wastewater treatment 

technologies using power law relationships, where costs are inversely proportional to the 

population served [236].  

Their study focused on natural processes for wastewater treatment, which are inherently 

energy-saving and promote sustainable management with low investment and operational 

costs, often with minimal or zero energy consumption. Cost functions were developed to 

estimate the investment required for construction and operation of wastewater treatment 

plants (WWTPs) employing these energy-saving technologies.  

The derived cost functions indicated that costs decrease as the population served increases. 

For WWTPs utilizing various energy-saving treatment alternatives, the investment for 
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construction and operation ranged from 400 euros per population equivalent to 200 euros 

per population equivalent. Annual operation costs were estimated between 70 euros per 

population equivalent to 20 euros per population equivalent, particularly for populations 

ranging from 50 to 250 population equivalents. 

Sato et al. (2007) developed cost functions for capital expenditure, operation, 

maintenance, and land requirements based on data collected from various reports and field 

visits in India, focusing on up-flow anaerobic sludge blanket (UASB) and waste 

stabilization pond (WSP) systems [237]. 

Their study evaluated the total annual costs, including capital and operation and 

maintenance (O&M) costs, associated with operating UASB and WSP systems in India. 

They compared these systems with activated sludge process (ASP) and biological aerated 

filter (BAF) systems based on their ability to remove chemical oxygen demand (COD) and 

their total annual costs considering different annual interest rates and land prices. 

The study found that capital and O&M costs per unit size of UASB or WSP systems 

followed a first-order relationship with treatment capacity. Analyzing the cost-

effectiveness of organic removal and capital or O&M costs across various sewage 

treatment systems at different annual interest rates, the study concluded that, for the Indian 

context, UASB systems could offer the most suitable balance between expenses and 

treatment efficiency. 

Papadopoulos et al. (2007) gathered data on land requirements, construction costs, and 

operation and maintenance expenses from existing wastewater treatment facilities. They 

developed twelve equations using ordinary least squares (OLS) and fuzzy linear regression 

methods [238]. 

The study focused on analyzing cost data from municipal wastewater treatment plants 

(WWTPs) in Greece, collected through on-site visits. The data encompassed information 

on the land size needed and costs associated with constructing and maintaining natural 
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wastewater treatment systems.  

Equations of the form ln Yi = A0i + A1i ln Xi (where A and Y are vectors of fuzzy numbers 

and X is a matrix of independent variables) were derived using both OLS and fuzzy linear 

regression techniques. Mean absolute error and root mean square error were employed to 

compare the accuracy of OLS versus fuzzy estimations. In most cases, the study found that 

OLS provided slightly more accurate estimates compared to fuzzy linear regression for 

these specific datasets. 

Dysert (2008) emphasized the significance of parametric cost models as crucial resources 

for early cost estimation [239]. The paper highlights that the methodology for preparing a 

cost estimate varies based on the project's level of definition. During the initial stages of a 

project, preliminary cost estimates are essential to guide decision-making by authorities 

regarding further project development. This process involves selecting the most 

appropriate technology from various alternatives tailored to site-specific conditions. 

The concept of parametric estimating is central to this approach. Parametric cost estimating 

models serve as valuable tools for generating conceptual estimates when detailed technical 

information is not yet available for a comprehensive cost estimation. The paper outlines the 

concept of parametric estimating and provides insights into the steps involved in creating a 

parametric estimating model. 

Singhirunnusorn and Stenstrom (2010) proposed cost functions for activated sludge, 

oxidation ditches, aerated lagoons, and waste stabilization ponds to evaluate land, 

construction, operation, and maintenance costs of wastewater treatment plants (WWTPs) in 

Thailand, based on data collected from several municipal WWTPs [240]. 

The authors analyzed economic indices relevant to Thailand for determining optimal and 

suitable technologies in WWTPs. They evaluated these indices based on land 

requirements, construction costs, and operation and maintenance (O&M) costs obtained 

from 53 municipal WWTPs through questionnaire surveys and secondary research. Using 
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regression analysis, they developed economic indicator models specific to activated sludge, 

oxidation ditches, aerated lagoons, and waste stabilization ponds. 

The study found that construction costs and land requirements were correlated with design 

capacity and followed a power regression form (y = a*xb). O&M costs were related to 

actual flow rate and followed a linear regression form (y = a + b*x). Based on these 

models, economic indicators for each technology were calculated and compared across 

different scenarios. 

Key findings included that waste stabilization ponds required significantly larger land 

areas compared to other technologies of similar size ranges. Activated sludge systems were 

identified as the most expensive across all size ranges, with the cost difference between 

activated sludge and other processes increasing with plant capacities. Oxidation ditches 

were noted for higher annual O&M costs compared to other technologies studied. 

Hernandez-Sancho et al. (2011) developed a series of cost functions for different 

wastewater treatment technologies based on data collected from 341 WWTPs in Spain 

[241]. 

Their methodology aims to provide clarity on the cost structure of WWTP technologies, 

which can be valuable for planning new WWTPs. Unlike existing models that primarily 

base treatment costs on plant capacity, this study introduces a novel approach. It focuses on 

deriving cost functions based on the most influential variables within the treatment 

process, such as pollutant removal efficiency and the age of the WWTP. This approach 

allows for an assessment of economies of scale concerning these variables. 

These cost functions enable a detailed economic comparison of various treatment 

technologies, aiding in the planning of new WWTPs and water reuse projects. The research 

aimed to establish a comprehensive cost model using statistical insights derived from a 

sample of 341 WWTPs, enhancing understanding and decision-making in wastewater 
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treatment infrastructure development. 

Yengejeh et al. (2014) conducted a study comparing various sewage treatment processes 

based on their costs, as documented [242]. 

The authors highlighted the critical importance of water resources, particularly in light of 

changing climatic conditions threatening water availability in many countries. They 

emphasized that constructing sewage treatment plants is essential for urban improvement 

plans to prevent water source pollution and promote sewage reuse. However, they noted a 

lack of awareness regarding the economic aspects, costs, and benefits of these plans, 

leading to suboptimal investments and outcomes. 

The study compared several sewage treatment methods suitable for both hot and dry 

climates. It determined per capita costs for different processes and prepared comparative 

diagrams and economic benefit analyses to establish cost-benefit indices for potential 

investors. Financial calculations were conducted in Euro, aiming to provide comprehensive 

insights for informed decision-making and efficient allocation of financial resources in 

sewage treatment infrastructure. 

Pannirselvam and Gopalakrishnan (2015) compiled cost records from thirty operational 

wastewater treatment plants (WWTPs) constructed using conventional activated sludge 

technology. They adjusted the cost data to the base year of 2014 using verified 

construction cost indices and developed cost functions through regression analysis [243]. 

The study aimed to establish cost functions for estimating the expenses of sewage 

treatment plants during the planning stages, facilitating informed technology selection. The 

authors gathered cost data from thirty existing WWTPs built with activated sludge process 

(ASP) technology and normalized them to 2014 using reliable construction cost indices. 

Regression analysis was conducted in Microsoft Excel to establish unit cost versus 

capacity relationships, selecting equations with determination coefficients close to unity as 
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the preferred cost functions. 

To validate these cost functions, the authors applied them to calculate costs for small, 

medium, and large capacity ranges, comparing the results with actual WWTP costs. They 

computed Absolute Percentage Error (APE) for each WWTP and Mean Absolute 

Percentage Error (MAPE) as the average of APE values across the three capacity groups. 

The MAPE values were found to be 3.22%, 7.72%, and 2.35% for small, medium, and 

large capacity groups, respectively, all within 10%, indicating highly accurate cost 

predictions. Additionally, polynomial, logarithmic, and power functions were identified as 

the best-fit equations for different capacity groups based on their analysis. 

Koul and John (2015) conducted a Life Cycle Cost analysis of Up-flow Anaerobic Sludge 

Blanket Reactor (UASBR), Sequencing Batch Reactor (SBR), and Moving Bed Biofilm 

Reactor (MBBR) using data collected from various plants [244]. 

The study addresses the wide availability of wastewater treatment plants (WWTPs) 

employing different technologies, each claiming varying levels of performance efficiency 

and suitability. However, these claims often lack a standardized basis for comparison, 

especially when evaluating plants in isolation. This paper proposes a life cycle cost-based 

approach to evaluate the performance of WWTPs using UASBR, SBR, and MBBR 

technologies operating under similar conditions. 

The authors concluded that life cycle cost analysis serves as a valuable tool for comparing 

WWTPs. Their analysis indicated that UASBR technology was the most suitable for 

treatment, followed by MBBR and SBR, based on their comprehensive evaluation of 

operational costs and efficiencies over the plants' life cycles. 

Panaitescu et al. (2015) employed various cost functions sourced from literature to 

estimate fixed and variable operating costs of wastewater treatment plants (WWTPs), 

aiming to analyze the influence of influent characteristics on costs and explore economic 
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aspects [245]. 

The study utilized the present value method to determine the total costs of WWTPs. 

Annual operation and maintenance costs for each process were discounted to present value 

and added to the investment costs to calculate the current net value. Generally, WWTP 

costs are categorized into investment costs and operating costs, with the latter further 

classified as stable (routine operation, maintenance, and power consumption) or variable 

(chemicals, sludge treatment and disposal, effluent charges). Cost functions were applied 

to evaluate preliminary cost estimates, assisting decision-makers in selecting among 

different alternatives during the early project phases. 

The authors calculated operational costs to benchmark various optimization scenarios. 

They used statistical formulas and graphical representations to analyze the impact of 

influent characteristics on economic costs, focusing on investment cost functions, fixed 

operational costs, and variable operational costs for WWTPs. Their findings suggested that 

constructing larger plants becomes more economical as maximum loading rates are 

approached. 

The study recommended implementing these cost functions into software tools for 

integrated evaluation of plant design and behaviour simulation, enhancing decision-making 

processes in WWTP development and optimization. 

Jafarinejad (2016) utilized CapdetWorks to estimate costs and conduct a comparative 

analysis of conventional activated sludge (CAS), extended aeration activated sludge 

(EAAS), and sequencing batch reactor (SBR) technologies for a wastewater treatment 

plant (WWTP) in Tehran [246]. 

The study emphasized the importance of economic modelling and cost estimation in 

designing, constructing, and forecasting the future financial requirements of WWTPs. 

Three configurations—CAS, EAAS, and SBR—were evaluated for their total project 

construction costs, operation and maintenance costs, material and chemical costs, energy 
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costs, and amortization costs at the Tehran WWTP. Additionally, the study investigated the 

impact of mixed liquor suspended solids (MLSS) levels on WWTP costs. 

The findings indicated that increasing MLSS levels reduced total project construction costs 

and material costs for WWTPs using EAAS and CAS technologies, highlighting the 

economic implications of MLSS management in wastewater treatment processes. 

Gautam et al. (2017) conducted a comparative analysis of several wastewater treatment 

technologies including MBR, MBBR, SBR, Extended Aeration, and Submerged Aerobic 

Fixed Film processes using data from small-sized Sewage Treatment Plants (STPs) in 

India. They derived cost functions for capital investment, electro-mechanical equipment, 

electricity, operation, and maintenance costs based on their findings [247]. 

The study focused on identifying cost-efficient technologies for wastewater treatment 

applicable to small-sized STPs in India. Emphasizing compliance with pollution control 

guidelines set by national authorities, the research highlighted the economic considerations 

of wastewater treatment technologies aimed at making treated wastewater suitable for 

reuse. Various technologies such as Extended Aeration (EA), Moving Bed Biofilm Reactor 

(MBBR), Membrane Bioreactor (MBR), Submerged Aerobic Fixed Film (SAFF), and 

Sequential Batch Reactor (SBR) were analyzed, with a particular focus on their operation 

and maintenance costs (O&M). 

The findings indicated that SBR emerged as the most cost-effective treatment technology, 

while MBR was identified as the most expensive among the options considered. This 

comparative assessment provides insights into selecting suitable wastewater treatment 

technologies based on economic feasibility and operational efficiency for small-scale 

applications in India. 

Doherty (2017) compiled life cycle cost data from various sources encompassing 

wastewater treatment systems of different sizes, loading capacities, discharge limits, and 

sludge disposal methodologies. Through analysis, it was observed that systems capable of 
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reducing energy and chemical requirements tend to exhibit greater economic viability 

[248]. 

The study aimed to introduce a performance assessment methodology and toolkit for 

wastewater treatment plants (WWTPs). This methodology was applied across several 

WWTPs with diverse characteristics over an extended period. The toolkit, developed as 

part of this study, was disseminated to key stakeholders for testing and feedback. 

Stakeholder input highlighted the need for enhancements in methodology, key 

performance indicator (KPI) calculation, result presentation, and applicability across 

various WWTP configurations. 

Feedback from stakeholders also emphasized the potential integration of this methodology 

into the national WWTP management system in Ireland. The developed decision support 

tool proved effective in identifying comparable WWTPs based on regulatory compliance 

data, facilitating benchmarking and comparison. Its application was successfully tested 

across operational and licensed WWTPs in Ireland, offering a streamlined alternative to 

manual identification methods for similar groups of WWTPs. 

Sekandari (2019) conducted an evaluation to determine the most economical sewage 

treatment scheme among an integrated anaerobic-aerobic sewage treatment plant (IA-

ATP), waste stabilization pond (WSP), and complete-mix activated return sludge sewage 

treatment plant (ARSTP) for an average sewage flow rate of 9.379 million liters per day 

[249]. 

Cost estimation plays a crucial role in the development and assessment of sewage 

treatment plants. This study compared the project costs and annual operation and 

maintenance (O&M) costs of IA-ATP against WSP and ARSTP. For an average sewage 

flow with BOD and SS concentrations of 350 mg/L and 360 mg/L, respectively, IA-ATP 

was found to have project costs approximately 14% and 34% lower than ARSTP and WSP, 

respectively. Additionally, the annual O&M costs of ARSTP were significantly higher than 
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IA-ATP and WSP by approximately 109%. 

The per unit cost of sewage treatment in IA-ATP was estimated at USD 1.10 per cubic 

meter, whereas for ARSTP and WSP, it was USD 1.36 per cubic meter and USD 1.46 per 

cubic meter, respectively. Based on these findings, IA-ATP emerged as the most cost-

effective sewage treatment scheme for the specified study area. 

Acampa et al. (2019) conducted a study to estimate the construction costs of an urban 

wastewater treatment plant (WWTP) with a capacity of less than 50,000 Population 

Equivalent (PE). The cost estimation employed two methods: synthetic cost estimation for 

civil works and multiple linear regression for electromechanical components. Their 

findings indicated that increasing the size of the WWTP resulted in higher economic 

benefits for populations ranging from 5,000 to 10,000 PE, with diminishing returns beyond 

this range [250]. 

The study aimed to assess the economic feasibility of constructing an urban WWTP 

suitable for up to 50,000 PE and to provide insights for planning new WWTPs. They 

proposed a methodology based on cost functions developed as follows: 

Estimation of civil costs using synthetic methods and electromechanical equipment costs 

using multiple linear regression. These functions establish mathematical relationships 

between construction costs and population equivalents. It was observed that significant 

economic benefits accrue from scaling up WWTP size within the population equivalent 

range of 5,000 to 10,000. However, further increases in size were found to offer 

diminishing economic returns. 

Arif et al. (2020) utilized economic modelling to compare the cost-effectiveness of three 

wastewater treatment plants (WWTPs): conventional activated sludge without 

denitrification (CAS), conventional activated sludge with pre-denitrification (CAS-N), and 

membrane bioreactor (MBR). They employed Capdet Works simulation software to 
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analyze these alternatives for an average flow rate of 30 million liters per day (mld) [251]. 

The study aimed to highlight the advantages of employing economic modelling in selecting 

the most cost-effective treatment scheme among the aforementioned WWTP technologies. 

CapdetWorks (v.3) was used to calculate the present worth costs for each alternative and 

evaluate their unit costs at Tikrit WWTP. The results indicated that the present worth cost 

of MBR technology exceeded that of CAS and CAS-N by approximately 57% and 42%, 

respectively. Additionally, the unit costs were determined as $0.2/m3 for CAS, $0.27/m3 

for CAS-N, and $0.43/m3 for MBR. The lower cost of CAS reflects its reduced removal 

efficiencies compared to CAS-N and MBR. Economic modelling was underscored as 

beneficial for comparing relative costs among treatment alternatives, aiding in informed 

engineering decisions for selecting appropriate treatment technologies. 

Altin et al. (2020) made an investigation to find out the costs of operation for an urban 

WWTP since such costs are important for planning of construction of WWTPs. The design 

flow rate for the plant was around 34000 m3/day and activated sludge reactor was installed 

for biological treatment of wastewater [252]. 

The costs for consumption of electricity, the chemicals used, repair as well as maintenance 

were calculated based on equipment data and operating hours for each individual 

equipment.  The study was made to calculate the costs on daily, monthly and yearly basis. 

Based on calculated data, average treatment costs per unit volume of wastewater and unit 

pollution load were determined.  

It was observed that cost for electricity consumption was more than 40 % of the total 

operating costs. This might be due to the size of the plant which was medium. The 

operation cost of activated sludge reactor was the highest among all other units. The 

energy requirement per m3 of treated wastewater worked out as 0.88 kilowatt-hour and the 

same per kg of COD as 2.22 kilowatt-hour. These data were reconciled with earlier 

researches and found compatible. 
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Karolinczak et al. (2020) addressed that construction of a subsurface vertical flow 

constructed wetland (SS-VF) for treatment septage reduces pollution load to significant 

extent and undertook an optimization study to investigate the cost economy for treatment 

of septage through SS-VF in advance of it’s feed to WWTP for biological treatment [253]. 

The model developed for optimization was based on power functions. The fraction of 

septage stream fed to SS-VF was envisaged as the decision parameter. The criteria for 

optimization were minimum cost for treatment of part of septage through SS-VF and 

thereafter biological treatment in WWTP.  

The results from the study were validated in respect of rural WWTPs which are small in 

size. It was established that it is prudent to treat complete septage by SS-VF bed as primary 

treatment for rural WWTPs. However, it was concluded that SS-VF for primary treatment 

of septage is not cost-economic for urban WWTPs since acquisition of land for 

construction of SS-VF is cost-prohibitive. 

Ozgun et al. (2021) made a study to determine unit capital expenditure and unit operation 

& maintenance expenditure based on analysis of expenditure data collected from sixteen 

WWTPs located at Istanbul [254]. 

Unit capital expenditure as worked out for primary treatment was in the range of 0.009 – 

0.0134 euro per m3 and the same for tertiary treatment was in the range of 0.045 – 0.063 

euro per m3. 

Unit O&M expenditure had the range of 0.004 – 0.018 euro per m3 for primary treatment 

and the range of 0.056 – 0.098 euro per m3 for tertiary treatment. 

It was concluded that capital expenditure for primary treatment is almost around 60 % of 

overall expenditure, whereas the same for tertiary treatment is around 40 % of overall 

expenditure. 

It was recommended that cost functions developed through this study may be used to 
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undertake economic assessment for construction of new WWTPs and management of 

already installed WWTPs.  

Rivera (2022) conducted research for establishment of approaches beneficial for 

administrative authorities of WWTPs to reduce the costs for disinfection. Urban areas 

experience a steady growth in population and as a consequence a steady increase in 

wastewater generated. Process of disinfection of wastewater is energy intensive and has a 

significant cost impact with reference to increase in quantity of wastewater. He collected 

data through interviews with few municipalities at Florida who took initiatives to bring 

down the costs for disinfection of wastewater [255]. 

It was revealed that the municipalities who had been able to control the costs for 

disinfection of wastewater used ‘Define, Measure, Analyse, Improve and Control’ 

approaches.  

It was recommended to go for automated disinfection system to control and reduce cost 

reduction in disinfection processes. Further, the use of a ‘Supervisory Control and Data 

Acquisition’ system has also been addressed which would provide the facility for 

adjustments for best utilization of resource. 

Rathore et al. (2022) made a study with technologies - Activated Sludge Process, 

Biological Filtration and Oxygenated Reactor, Moving Bed Bio Reactor and Up-flow 

Anaerobic Sludge Blanket to explore the most economic option under given set of 

conditions. All data for treatment of wastewater @ 1.0 million litre per day were compared 

to arrive at resolution. Costs for energy costs and requirement for area were also taken into 

consideration [256]. 

Life Cycle Cost Analysis based on present value method were carried out with due 

consideration of capital expenditure, operation and maintenance expenditure, energy 

expenditure, replacement expenditure and salvage value. Various cost data for each of the 
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technologies were collected from literature & other sources. 

It was concluded that Up-flow Anaerobic Sludge Blanket is a preferred option where 

availability of land is not an issue related to cost and quality of treated wastewater is not a 

statutory concern. If quality of treated wastewater is an issue but not the availability of 

space, Activated Sludge Process is economic option. Where space is a concern, Biological 

Filtration and Oxygenated Reactor is recommended as a choice for treatment. Where space 

is limited, Moving Bed Bio Reactor may be an option. However, this study has presented 

that capital and maintenance costs for Moving Bed Bio Reactor are high. 

Maziotis and Molinos-Senante (2023) undertook a study with three objectives - 

determination of eco-efficiency for more than 100 WWTPs by use of ‘Efficiency Analysis 

Tree’ technique, calculations of reduction achieved in operation expenditure for eco-

efficient WWTPs and estimation of optimum levels of expenditure for operation as well as 

GHG emissions for WWTPs [257]. 

Linear programming as well as machine learning were adopted in the study to avoid the 

constraints connected with non-parametric approaches followed in earlier relevant studies. 

It was revealed from the study that the costs and GHG emissions are functions of 

suspended solids and organic matter removed in WWTPs. The average eco-efficiency as 

estimated was less than o.4 which signifies that the set of WWTPs could reduce 

expenditure by more than 0.3 euro and more than 0.1 kg of carbon di-oxide for each m3 of 

wastewater. Except very few WWTPs explored as eco-efficient, majority had the scope to 

reduce  expenditure  for operation as well as GHG emissions. 

Sayyad et al. (2024) made a study to compare the costs estimated for inlet chamber, screen 

chambers, grit chambers, and distribution chamber of a sewage treatment plant (capacity 

63 million litres per day) by use of conventional approach and BIM software. Detail 

drawings of the above the units were collected from the plant as reference for further use in 
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respect of this cost estimation study [258]. 

In conventional method, the length, breadth, and height of each unit addressed above were 

considered as per the concerned drawings collected. The quantities of concrete, steel,  

brickwork, plinth, wall, plaster, paint and railing were estimated to find out the bill of 

quantities and respective costs as well as overall cost by use of unit rates.  

For estimation by use of BIM software, Revit was used to develop  

3-D model of the above units. Quantities and costs were extracted from the software. The 

comparative study revealed that the difference of quantities in respect of various items 

varies from (-) 3.48 % to (+) 0.41 %. Cost estimated by use of BIM was 1.12 % more than 

that estimated by use of conventional method. 

K. Limbore and Dr. R. D. Shinde (2024) carried out a comprehensive study for planning, 

design, and implementation of a WWTP in conjunction with sewerage, with special 

emphasis to operation and maintenance issues. The study was based on both qualitative 

and quantitative analysis. Extensive review of literature review made to study available 

methodologies and practices adopted for planning and management of WWTPs and 

sewerage [259].  

Qualitative analysis was conducted through interviews with domain experts, policy-

makers, and stakeholders involved to collect feedbacks with reference to typical challenges 

and resolutions. Quantitative analysis included surveys administered to plant operators and 

local authorities for collection of efficiency data, quality data and maintenance details. 

Qualitative data was analyzed by thematic method and quantitative data by statistical 

methods to develop themes and expressions.  

A case study on Vasai Virar City in Maharashtra was made for validation of research 

findings. It was concluded that the HDD method for installation of HDPE pipelines is a 

costlier option than open cut method employed for the RCC sewer pipeline. However, the 

advantages for HDD method include lesser expenses for restoration of roads and a longer 
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life for HDPE pipelines. 

Variations of cost for different components were also studied. With reference to the year 

2013, most of the components experienced a cost inflation of 12.34% in 2021 and the cost 

further increased in 2023. Cost for operation & maintenance costs had significant increase 

of around 26  % in 2021 and a spike to around 42 % in 2023.  

2.3 Critical review of pertinent literature 

Summary of key findings from review: 

From the literature review, it has been noted that in the history of the last 50 years, 

several studies are being carried out in connection with the development of cost functions 

and cost indices for the construction and operation of WWTPs. The intent behind such 

efforts was the economic analysis of ubiquitous alternative treatment technologies. A 

summary is addressed below for the key findings:  

In 1970, cost functions for WWTPs were developed based on the feedback survey of 

various plants located in 48 states in the United States. USEPA in 1976 analysed collected 

construction bid data for WWTPs and developed two cost curves - one for new secondary 

treatment systems and the other for upgradation of plants from primary to secondary 

treatment system. In 1992 generalised equations were developed for estimation of cost in 

different categories for water treatment plants. Cost functions derived for WWTPs with 

oxidation ditches were published in 1999. In 2003 at Greece, cost functions were 

developed based on data survey to assess requirements for land, construction and O&M for 

WWTPs with activated sludge systems. Three years later, cost functions were formulated 

by analysis of the costs of few constructed WWTPs in Israel. Next year, cost functions for 

capital cost, operation, maintenance and land requirements were published based on 

collected data for UASB and WSP. In 2010, functions based on data collected from 

Thailand were reported to assess cost of WWTPs with activated sludge, oxidation ditches, 

aerated lagoons, and waste stabilization ponds. Next year, a set of cost functions for 
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WWTPs with different technologies were formulated based on collected data in Spain. In 

2015, cost functions were published based on collected cost records for few constructed 

WWTPs with conventional activated sludge technology. In the same year, life cycle cost 

analysis for UASB, SBR and MBBR based on collected data from different plants was 

reported. A comparative analysis of the costs for conventional ASP, EA-activated sludge 

and SBR technologies by use of CapdetWorks in 2016. Next year, a comparative scrutiny 

among MBR, MBBR, SBR, EA and submerged aerobic fixed film process was made in 

India and cost functions for capital, electro-mechanical, electricity, operation and 

maintenance were derived from collected data. In 2020, an investigation was made to find 

out the costs of operation for WWTP with  activated sludge reactor since such costs are 

important for planning of construction of  same kind of WWTPs. A study was made in 

2021 to determine unit capital expenditure and unit operation & maintenance expenditure 

based on analysis of expenditure data collected at Istanbul. Another study was made in 

2022 with technologies - Activated Sludge Process, Biological Filtration and Oxygenated 

Reactor, Moving Bed Bio Reactor and Up-flow Anaerobic Sludge Blanket to explore the 

most economic option under given set of conditions. A comparative study was made in 

2024 on the costs estimated for inlet chamber, screen chambers, grit chambers, and 

distribution chamber of a sewage treatment plant by use of conventional approach and 

BIM software. In the same year, a comprehensive study was undertaken for planning, 

design, and implementation of a WWTP in conjunction with sewerage, with special 

emphasis to operation and maintenance issues.  

Research gaps and limitations: 

The above summary reveals that major studies carried out in connection with 

development of cost functions and indices for rapid cost estimation of WWTPs were 

mainly with various conventional technologies.  

Most studies derived cost functions for land, construction, operation, and 

maintenance of WWTPs from region-specific historical cost data obtained from existing 
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sources or published documents. Some studies utilized CapdetWorks software to compare 

costs among conventional technologies based on specific inflow rates. However, newer 

technologies such as MBR, MBBR, and SBR have not been adequately considered in these 

studies. 

The literature concerning the selection of appropriate wastewater treatment 

technology based on engineering economics and applicable issues in India is found to be 

limited. Very few studies did focus on cost issues for WWTPs, employing space-saving 

technologies like MBR, MBBR, and SBR, which are specifically relevant to Indian 

conditions. 

It is acknowledged that the construction of WWTPs based on conventional 

technologies or natural pond systems requires large plots of land, which are increasingly 

scarce in dense urban areas. Adoption of WWTPs utilizing space-saving technologies is a 

prudent solution to this constraint. 

Cost for WWTPs designed for specific capacities will be responsive for variation in 

inlet BOD levels. No published literature has been noticed on development of 3-D 

response maps or any other tool to assess cost variation of WWTPs with variation of inlet 

BOD level at a specific capacity. 

Further the cost functions published in literature are based on country specific 

historical rates relevant at specific points of time and therefore may not be prudent for use 

even with due consideration of cost indices in other geographies. Universal cost functions 

for application in other geographies at any point of time are not found reported in 

literature. 

With above research gap and limitations in background, selecting the most suitable 

and cost-effective option among space-saving MBR, MBBR, and SBR technologies for 

wastewater treatment at a particular site poses a significant challenge. Therefore, there is a 

clear need for an appropriate approach or methodology to accurately forecast and estimate 
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the cost levels of WWTPs employing each of these technologies, ensuring efficient 

decision-making in wastewater treatment infrastructure planning. 

This research initiative is focused on approach to develop cost functions, 3-D cost 

response maps and unit cost co-efficient functions through sensitivity study for rapid 

estimation of WWTP costs using MBR, MBBR, and SBR technologies based on rational 

engineering approach and methods. 
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3.0 Objectives of the research and Scope of the Present Research Investigation 

3.1 Objectives of the research 

Densities of population in last few years have increased in several urban local 

communities. Therefore, the availability of large vacant land required for construction of 

conventional WWTPs in urban areas is always a major constraint. Nowadays, constructions 

of WWTPs need to be planned such that requirements of areas are much less than those 

required for WWTPs with conventional technologies used in earlier days. This will help in 

easier and smooth acquisition of land. As per Figure 1 presented in Chapter – 1, the area 

requirements for wastewater treatment with technologies such as MBBR and SBR are lower 

compared to that for ASP. Further, the use of MBR technology eliminates the need for 

secondary clarifiers, significantly reducing the requirement of area for construction of 

WWTPs. Use of treatment technologies like MBBR, SBR, and MBR for construction of 

WWTPs also ensure optimized operation as well as maintenance (O&M) costs, and improve 

the quality of treated wastewater. 

Many urban local bodies in India and abroad have already shifted from conventional 

to space saving treatment technologies like MBBR, SBR, and MBR to reduce the 

requirement of land for construction of WWTPs, optimize O&M costs and improve the 

quality of treated wastewater. Therefore, the selection of most cost-effective technology 

among MBR, MBBR & SBR for a particular wastewater flow rate is a techno-economic 

concern and a challenging task. 

Based on above, the primary objective of this research has been set to formulate cost 

functions and generate cost response maps to assess the economic aspects of 

contemporary space-saving wastewater treatment technologies (MBR, MBBR, and SBR).  

3.2 Scope of the Present Research Investigation 

The scope of the current research is delineated as follows: 

• Process design, including calculations for civil, mechanical, and electrical equipment 

and accessories, for the primary flow-sheet configurations of WWTPs using 



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

 

Chapter 3 | Page 2 of 6 
 

membrane bio-reactor (MBR), moving bed bio-reactor (MBBR), and sequential bio-

reactor (SBR) technologies, focusing on BOD removal across a wide capacity range, 

assuming an inlet BOD load of 250 mg/l (adopted as standard practice for municipal 

waste treatment). 

• Development of mathematical models to estimate land, capital, and O&M costs for 

WWTPs utilizing MBR, MBBR, and SBR technologies. 

• Development of cost functions to predict the total cost (comprising CAPEX and 

OPEX) of WWTPs employing MBR, MBBR, and SBR technologies for BOD 

removal across a broad range of inlet capacities, assuming an inlet BOD load of 250 

mg/l, using data sets generated from the models developed earlier. 

• Validation of the aforementioned cost functions through Mean Absolute Percentage 

Error (MAPE) calculations and 95 % Confidence Interval. 

• Development of cost response functions to predict the total cost (including CAPEX 

and OPEX) of WWTPs utilizing MBR, MBBR, and SBR technologies for BOD 

removal at varying inlet capacities and fluctuating BOD loads across a wide range, 

using datasets generated from the models developed previously. 

• Validation of the above cost functions using MAPE calculations and 95 % 

Confidence Interval. 

• Development of three-dimensional cost response maps to predict the total cost of 

WWTPs employing MBR, MBBR, and SBR technologies for BOD removal across 

a wide range of inlet capacities and varying BOD loads, using datasets generated 

from the cost response functions developed previously.  

• Therefore, this research study aims to develop cost functions that account for varying 

plant capacities under specific BOD loading conditions, as well as for scenarios 

involving both variable BOD loading and capacity. 
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• Sensitivity analysis of the developed cost functions to facilitate rapid cost estimation 

for WWTPs utilizing MBR, MBBR, and SBR technologies for BOD removal, 

assuming an inlet BOD load of 250 mg/l. 

• Gathering feedback on model-based estimated costs for WWTPs using MBR, 

MBBR, and SBR technologies from reputable EPC contractors.  

Novelty of the Research Study 

Given the identified gaps in existing literature, and to establish a systematic approach for 

rapid cost estimation of WWTPs using space-saving technologies such as MBR, MBBR, 

and SBR, this novel research initiative aims to develop a streamlined tool for basic 

engineering and cost assessment. This will be achieved through the creation of cost functions 

and response maps that provide detailed cost estimates without relying on historical cost 

data. The developed cost functions will be anchored to specific base year and location unit 

costs (specifically, the year 2021 in India for this study). Sensitivity analysis of these cost 

functions will also be conducted, considering that unit costs for various components used in 

the cost functions can fluctuate over time and across different geographical locations.  

The developed cost functions are considered highly relevant, logical, and practical 

for application across various locations within any country. They are particularly valuable 

for decision-making processes involving vendors and plant owners when awarding 

contracts. Emphasis has been placed on space-saving technologies to address typical spatial 

limitations in urban areas.  

In this research study, a series of cost functions has been developed using regression 

techniques to estimate capital costs, energy requirements, and operational and maintenance 

costs over a 25-year period for BOD removal across a wide capacity range, assuming an inlet 

BOD load of 250 g/m³. These derived cost functions will be invaluable for conducting 

comparative assessments of available technologies for the construction of new WWTPs 

moving forward. 



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

 

Chapter 3 | Page 4 of 6 
 

A comparable approach has been applied, taking into account variable BOD levels ranging 

from 100 g/m³ to 250 g/m³, which are commonly observed in many locations. Using 

regression techniques, a set of 3-D cost response maps has also been developed for 

estimating capital costs, energy requirements, and operational and maintenance costs over 

25 years. These 3-D cost response maps are expected to provide significant value in 

evaluating the effectiveness of MBR, MBBR, and SBR technologies for the construction of 

new WWTPs where wastewater inlet BOD levels range from 100 g/m³ to 250 g/m³.  

Additionally, sensitivity analyses were conducted on the cost functions developed 

for each of MBR, MBBR, and SBR technologies. Based on these analyses, the cost functions 

have been restructured to reflect capacity variations and specific unit costs for each item. 

These item-specific cost functions are expected to be practical and applicable globally, 

regardless of location and time. 

The methods and procedures outlined above represent the novel contributions of this 

research study. 

Limitations of the Research Study 

This research study is focused as follows for rapid estimation of WWTP costs using MBR, 

MBBR, and SBR technologies for BOD removal: 

➢ Development of cost functions. 

➢ Development of 3-D cost response maps. 

➢ Development of unit cost co-efficient functions through sensitivity study. 

The above functions and maps are based on rational engineering approach and methods. As 

such, no major engineering limitation is attached for the use of developed cost functions, 

cost response maps and unit cost co-efficient functions. Positive feedbacks on sample 

estimated costs for WWTPs with MBR, MBBR, and SBR technologies have also been 

collected from few Indian contractors. 
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However, the present research study does not encompass the application of MBR, MBBR, 

and SBR technologies for nitrification and denitrification.    
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4.0 Methodology 

This chapter outlines the rationale behind the WWTP design, cost estimation, 

development of cost functions, creation of cost response maps, sensitivity analysis of 

developed cost functions, and their validations. 

4.1 Capacity Ranges 

The concept of economy of scale applies to WWTPs, where typically the unit cost 

decreases as the capacity increases. In this study, WWTPs have been categorized into 

multiple capacity groups: small (0.5 – 5.0 MLD), medium (5.0 – 50.0 MLD), and large (50.0 

– 150.0 MLD). 

4.2 Design Input Quality of Wastewater 

The characteristics of raw wastewater are influenced by the rate of water supply and 

the pollution load per capita. According to the "Manual on Sewerage and Sewage Treatment 

Systems," 2013 published by the Central Public Health and Environmental Engineering 

Organization in collaboration with JICA, the design inlet wastewater concentrations 

presented in Table 2 have been adopted for the design of municipal WWTPs. These 

concentrations are based on a water supply rate of 135 liters per capita per day. 

Table 2: Conventional Inlet wastewater characteristics 

Impurities Unit Content 

BOD (biochemical oxygen demand) g / m3 250.00 

COD (chemical oxygen demand) g / m3 425.00 

TSS (total suspended solids) g / m3 375.00 

 

The first phase of the research involved developing cost functions for BOD removal 

across a wide capacity range, based on an inlet BOD load of 250 mg/l as specified in Table 

2. This inlet BOD load is a standard practice commonly used for municipal waste treatment 

and is typically referenced in government or public tenders. 
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However, the cost of a WWTP can vary significantly depending on the BOD content 

in the wastewater. In practical scenarios, the BOD levels in inlet wastewater can differ from 

one location to another. In the second phase of the research, cost response functions and cost 

response maps were developed using six different BOD concentrations (100 mg/l, 130 mg/l, 

160 mg/l, 190 mg/l, 220 mg/l, and 250 mg/l), while maintaining a consistent BOD to COD 

ratio across all cases. 

4.3 Design Quality of Treated Wastewater 

The criteria set by the Ministry of Environment & Forests (MoEF) of the Government 

of India (GOI) have been adopted as the standard for treated water quality. These criteria are 

listed below for quick reference: 

Table 3: Design treated wastewater quality  

Parameters Value Unit 

Biological oxygen demand (BOD) - design limit 10.00 g / m3 

Total suspended solids (TSS) 10.00 g / m3 

 

The requirements for the characteristics of treated wastewater are legally mandated 

and must be adhered to in all circumstances. 

4.4 Design Rationales  

The design principles formulated for biological treatment in MBR, MBBR, and SBR-

based WWTPs are outlined in Table 3 [252].  

Table 4: Design rationales as adopted for biological treatment in WWTPs 

Parameters Value Unit 

Peak factor 2.25   

Lean Factor 0.45   

Thickener overflow return as fraction of plant flow 0.15   

BOD in thickener overflow return  500.00 g / m3 

Centrate from sludge dewatering as fraction of plant flow 0.0060  

BOD in centrate from sludge dewatering return  380.00 g / m3 
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Table 4: Design rationales as adopted for biological treatment in WWTPs (continued) 

Parameters Value Unit 

BODu / VSS 1.42 g BOD / g VSS 

BOD5 / BODu 0.67   

Kinetic parameters for BOD removal:    

Reference temperature for kinetic parameters 20.00 deg C 

Half Velocity Constant  20.00 g bs COD / m3 

Maximum specific bacterial growth rate 6.00 (g VSS / g VSS) / d 

Endogenous Decay Co-efficient 0.06 (g VSS / g VSS) / d 

True Yield Co-efficient 0.3125 g VSS / g b COD 

  0.5000 g VSS / g BOD 

Fraction of biomass that remains as cell debris 0.15   

θ values:    

Temperature activity co-efficient for Ks 1.00   

Temperature activity co-efficient for μm 1.07   

Temperature activity co-efficient for kd 1.04   

Other data:   

Design temperature of reactor basin 12.00 o C 

Design MLSS for MBR 8000.00 g / m3 

Design MLSS for MBBR 5000.00 g / m3 

Design MLSS for SBR 4000.00 g / m3 

Ratio of VSS to TSS 0.70  

Design MLVSS for MBR 5600.00 g / m3 

Design MLVSS for MBBR 3500.00 g / m3 

Design MLVSS for SBR 2800.00 g / m3 

Percentage clean water oxygen transfer efficiency (for fine 

bubble ceramic diffusers) 
35.00 % 

Elevation at site 9.00 m 

Atmospheric pressure at elevation of site 95.60 kPa 

Effective liquid depth in reactor basin 4.07 m 

Point of air release for ceramic diffusers from bottom of  

reactor basin 
0.50 m 
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Table 4: Design rationales as adopted for biological treatment in WWTPs (continued) 

Parameters Value Unit 

Standard temperature 20.00 oC 

Concentration of dissolved oxygen at standard temperature 

& pressure of 101325 N/m^2 
9.08 g / m3 

Aeration α factor for BOD removal 0.50   

Salinity & surface tension correction factor for both 

conditions i. e. BOD removal  
0.95   

Diffuser fouling factor  0.90  

Percentage (by weight) of oxygen in air 23.20 % 

Density of air 1.20 kg / m3 

Oxygen transfer efficiency 8.00 % 

Factor of safety 2.00  

Oxygen consumption 1.42 mg / mg of cell 

 

4.5 Flow diagrams for WWTPs with space saving technologies 

Below are flow diagrams for MBR, MBBR, and SBR-based WWTPs, illustrating the 

equipment and accessories requirements specific to each technology:  
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4.6 Components of WWTPs considered for cost estimation 

The initial treatment system for wastewater typically includes a screen chamber and 

grit chamber upstream of secondary treatment. The systems for sludge collection and 

treatment remain largely unchanged regardless of the secondary treatment technology 

employed. The costs associated with these treatment systems for a specific WWTP capacity 

are generally consistent and not influenced by the choice of secondary treatment technology. 

In practice, the selection of a specific secondary treatment technology, along with its 

required equipment, will primarily determine the capital, operational, and maintenance costs 

of the WWTP. Therefore, costs other than those related to secondary treatment of wastewater 

do not need to be considered when comparing and assessing cost efficiency for the 

construction of new WWTPs. It is economically prudent to base comparisons on alternative 

technologies solely for secondary treatment. 

In this research study, the development of cost functions and subsequent creation of 3-

D maps are based on detailed engineering and cost estimates. 

The major equipment and accessories as required for MBR based WWTP:  

a) Reaction Basins & Accessories 

b) Membrane Chambers & Accessories 

c) Mixed Liquor Recirculation Pumps and Pump-House 

d) Blowers and Blower Building 

Primary Clarifiers and Secondary Clarifiers are not required for WWTPs with MBR. 

The major equipment and accessories as required for MBBR based WWTP:  

a) Primary Clarifiers 

b) Primary Clarifier Sludge Sump 

c) Primary Clarifier Sludge Transfer Pumps & Pump-House 

d) Reaction Basins & Accessories (in two stage) 

e) Reactor Basin Waste Transfer Pumps and Pump-House 
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f) Secondary Clarifiers 

g) Secondary Clarifier Sludge Sump 

h) Secondary Clarifier Sludge Transfer Pumps & Pump-House 

i) Blowers and Blower Building 

The major equipment and accessories as required for SBR based WWTP:  

a) Reaction Basins along with accessories. 

b) Waste Transfer Pumps for Reactor Basin  

c) Waste Transfer Pump-House for Reactor Basin 

d) Blowers  

e) Blower Building 

Clarifiers (both primary as well as secondary) are not required for SBR based WWTPs. 

4.7 Design, detailing and cost estimation 

Three models for design and estimation have been developed using Microsoft Excel 

spreadsheets: one for MBR-based WWTPs, another for MBBR-based WWTPs, and the third 

for SBR-based WWTPs. Each model incorporates input parameters such as the quality of 

wastewater before treatment, desired treated wastewater quality, and other relevant design 

parameters outlined previously. Standard engineering procedures [260] have been integrated 

into each model to determine the sizes of various equipment required for biological 

wastewater treatment. 

Algorithms similar to those outlined in CAPDET – USEPA [261] have been employed 

in each model to select the number of treatment streams for specific capacities and to 

calculate the bill of quantities for items such as basins with diffused aeration, pumping 

systems, and blowers. Furthermore, costs for biological treatment in MBR, MBBR, and 

SBR-based WWTPs across different inlet capacities have been estimated using each 

respective model. These estimates are based on schedule of rates for scheduled components 

of civil works [262] and quotations gathered for non-scheduled items such as mechanical 

and electrical components. Each model includes a contingency to cover additional costs for 

process control, piping, painting, etc. 
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Each model is designed to perform the following functions: 

a) Process design and sizing of major equipment and accessories based on adopted 

design criteria. 

b) Preparation of a bill of quantities for the construction of individual equipment. 

c) Estimation of civil works costs (including earthwork, in-place reinforced concrete 

walls, in-place reinforced concrete slabs, and in-place handrails) for each major 

equipment item. 

d) Estimation of costs for non-scheduled mechanical and electrical equipment, 

including applicable accessories, based on vendor quotations. 

e) Determination of space requirements for the installation of WWTPs using respective 

technologies. 

f) Calculation of operation and maintenance costs for a period of twenty-five years. 

g) Calculation of capital expenditure (CAPEX) and operational expenditure (OPEX) 

for energy consumption, operation, and maintenance over the 25-year lifespan of the 

WWTP. The cost of land required for installing the entire system is also integrated 

into the model. 

The developed model necessitates input data including the WWTP's design capacity in 

million liters per day (mld), concentrations of BOD₅ and SS in raw wastewater, and the 

design specifications for treated effluent BOD₅ and SS. Its purpose is to forecast the 

comprehensive cost (including CAPEX, OPEX, and necessary land, with the base year set 

as 2021) for technology-specific WWTPs designed for biological treatment. 

Process design, estimation of bill of quantities for the designed components and 

respective comprehensive costs for designed components have been estimated by means of 

the developed models addressed above. 

For WWTPs with each of the MBR, MBBR & SBR technologies, design and 

comprehensive cost estimations have been made at each of the capacities in mld for three 

groups conforming the standard practices as follows: for small group - 0.5, 1.0, 1.5, 2.0, 2.5, 

3.0, 3.5, 4.0, 4.5 & 5.0; for medium group - 5.0, 10.0, 15.0, 20.0, 25.0, 30.0, 35.0, 40.0, 45.0 

& 50.0 and for large group - 50.0, 60.0, 70.0, 80.0, 90.0, 100.0, 110.0, 120.0, 130.0, 140.0 

& 150.0.  
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Regression analysis of data sets [the capacities of WWTPs and integrated overall respective 

costs for biological treatment in WWTPs] for each group of each of MBR, MBBR & SBR 

technologies has been made based on five different functions (viz., exponential, linear, 

logarithmic, polynomial and power) to determine the applicable cost function for each case.  

The cost functions have been validated by comparing the predicted values with the respective 

estimated costs. To assess the accuracy of the predicted costs based on determined cost 

functions, MAPE (Mean Absolute Percentage Error) and 95 % Confidence Interval have 

been determined and reviewed. 

MAPE is calculated as follows: 

MAPE = ∑ {(|A-F|/A)*100}/N 

Where A= Estimated cost, F= Forecasted cost by use of cost function as determined, N= 

Number of elements in the data set. 

The value of MAPE corresponds to the accuracy of prediction as follows: 

Table5: Interpretation of MAPE 

MAPE Interpretation 

< 10 Accurate forecasting result 

10 -20 Good forecasting result 

20 - 50 Reasonable forecasting result 

> 50 Inaccurate forecasting result 

 

Confidence interval is calculated as follows: 

Confidence interval = X ± Z*(s/√n) 

Where: 

➢ X is the mean 

 

➢ Z is the chosen Z-value (1.96 for 95%) 
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➢ s is the standard error 

 

➢ n is the sample size 

Development of several functions and their validations have been carried out for the 

categories as follows:  

a) Development of cost functions for wastewater treatment plants (WWTPs) with MBR, 

MBBR, and SBR technologies in three capacity groups, based on an inlet BOD load 

of 250 g/m3 which is a standard design base for municipal WWTPs. 

b) Developments of distinguished cost functions to generate 3-D cost response maps for 

estimation of the costs of WWTPs using MBR, MBBR, and SBR technologies at 

varying capacities and inlet BOD loads. 

Assessment for change in cost of a wastewater treatment plant (WWTP) with variation 

in inlet BOD levels is important and an economic concern. The developed model has 

been used for design as well as estimation of the bill of quantities and costs for each 

of capacities (5 mld for small group, 50 mld for medium group and 150 mld for large 

group) and inlet BOD (100 mg/l, 130 mg/l, 160 mg/l, 190 mg/l, 220 mg/l, and 250 

mg/l for each capacity) for each of the MBR, MBBR & SBR technologies.  

The cost response curves with BOD along abscissa and total costs of WWTPs along 

ordinate for each of 5 mld, 50 mld and 150 mld capacities have been developed for 

each of MBR, MBBR & SBR technologies.  

The datasets of costs of each selected capacity with changes in inlet BOD for each of 

MBR, MBBR & SBR technologies have been used to create cost response surface 

maps and contour maps in a 3-D environment. 

c) Development of co-efficient functions related to unit costs of various items based on 

sensitivity analysis of cost functions developed for WWTPs with MBR, MBBR, and 

SBR technologies and based on an inlet BOD load of 250 g/m3.  

Cost functions developed to predict the overall cost of WWTPs using MBR, MBBR, 

and SBR technologies for BOD removal at any inlet capacity (within a wide range) 
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are based on unit costs of various items applicable for the year 2021. These unit costs 

are sensitive to time as well as geographic territories.  

To ensure novelty and universal application, the functions which relate capacity to co-

efficients of unit costs of various items for the construction of WWTPs using MBR, 

MBBR, and SBR technologies with an inlet BOD load of 250 mg/l, have been 

determined by application of developed mathematical models and presented in this 

thesis.  

The co-efficient functions as determined for respective unit costs have been validated 

with reference to estimated total bare construction cost and estimated levelized cost of 

25 years of operation for selected specific capacities with unit cost base in India at year 

2021. 
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5.0 Results and Discussions 

The study involved designing and estimating using a developed model, followed by 

optimization through regression techniques, with the following objectives: 

a) Develop cost functions for wastewater treatment plants (WWTPs) employing 

MBR, MBBR, and SBR technologies, based on an inlet BOD load of 250 g/m3, a 

standard practice in municipal sectors. 

b) Create 3-D cost response maps to estimate the costs of WWTPs using MBR, 

MBBR, and SBR technologies at varying capacities and inlet BOD loads. This 

aimed to analyze cost variations relative to deviations from the standard inlet BOD 

load. 

c) Perform sensitivity analysis on the developed cost functions with reference to 

unit costs of various items for WWTPs utilizing MBR, MBBR, and SBR 

technologies, specifically focusing on an inlet BOD load of 250 g/m3. 

The results are discussed sequentially, starting with the findings related to the cost 

functions, followed by insights from the 3-D cost response maps and sensitivity analysis.. 

5.1 Development of cost functions for WWTPs with MBR, MBBR and SBR 

technologies 

 The process involved designing and estimating bill of quantities for components 

using a developed model for MBR, MBBR, and SBR technologies in wastewater 

treatment. Design and estimation were conducted across various capacities in million liters 

per day (mld) for WWTPs as follows: small group (0.5 to 5.0 mld), medium group (5.0 to 

50.0 mld), and large group (50.0 to 150.0 mld). 

 Appendices I to III summarize the data for small, medium, and large group 

WWTPs with MBR. Appendices IV to VI provide data summaries for WWTPs with 

MBBR, and Appendices VII to IX for WWTPs with SBR. 



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

Chapter 5 | Page 2 of 112 

 Regression analysis was performed on the datasets (WWTP capacities and 

corresponding costs for biological treatment) using five functions: exponential, linear, 

logarithmic, polynomial, and power. Polynomial, logarithmic, power and exponential 

regression analyses did not result in a significant increase in the R² value and introduced 

greater complexity to the models. Therefore, only linear regression results and the 

respective equations as cost functions are reported throughout the thesis. Cost curves were 

then plotted with WWTP capacities (mld) on the X-axis and biological treatment costs (in 

crore ₹) on the Y-axis for MBR, MBBR, and SBR technologies. Figure 7 illustrates the 

total cost (in crores) of MBBR, MBR, and SBR technologies plotted against flow (in 

MLD) for small-scale WWTPs (ranging from 0.5 to 5 MLD). 

 

Figure 7: Cost Curve for Small Range WWTPs with MBR, MBBR, SBR 

In Figure 7, it can be observed that as the flow increases, the total cost also increases, 

which aligns with expectations. It is evident that in this flow range, the total cost is 

generally higher for MBR technology. For MBBR and SBR technologies, the costs are 

approximately similar. Up to a design flow of 3.5 MLD, the cost of MBBR technology is 

slightly higher compared to SBR technology; however, beyond this point, the cost of SBR 

technology becomes significantly higher. The cost data were plotted using linear 

regression. For MBR and SBR technologies, the coefficient of determination (R2) values 

exceeds 0.999, while for MBBR, the R2 value is over 0.98 (refer to Appendices I, IV & 

VII). These high R2 values indicate a close fit of the data to the regression line. Therefore, 
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this curve can be utilized to predict the total cost of WWTPs across a flow range from 0.5 

MLD to 5 MLD, eliminating the need for detailed cost estimation.  

 

Figure 8: Cost Curve for Medium Range WWTPs with MBR, MBBR, SBR 

Figure 8 reveals that in this flow range, the total cost tends to be higher for MBR 

technology compared to SBR and then MBBR technologies. The slope of the MBR 

regression line is steeper than that of SBR and MBBR, indicating a greater increase in total 

cost per MLD flow for MBR, followed by SBR, and then MBBR. The cost data were 

analyzed using linear regression. The R2 value for MBR technology exceeds 0.999, while 

for MBBR and SBR technologies, it is above 0.97 (refer to Appendices II, V & VIII). 

These high R2 values demonstrate a strong fit of the data to the regression lines. Thus, this 

curve can be effectively used to predict the total cost of WWTPs across a flow range from 

5 MLD to 50 MLD, offering a reliable alternative to detailed cost estimation. 
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Figure 9: Cost Curve for Large Range WWTPs with MBR, MBBR, SBR 

 Figure 9 shows that within this flow range, the total cost tends to be higher for 

MBR technology compared to SBR and then MBBR technologies. The MBR regression 

line has a steeper slope than those of SBR and MBBR, indicating a more significant 

increase in total cost per MLD flow for MBR, followed by SBR, and then MBBR. The cost 

data were analyzed using linear regression, with all technologies achieving an R2 value 

exceeding 0.99 (refer to Appendices III, VI & IX). These high R2 values indicate a robust 

fit of the data to the regression lines. Therefore, this curve can reliably predict the total cost 

of WWTPs across a flow range from 50 MLD to 150 MLD, providing a dependable 

alternative to detailed cost estimation. 

For all the aforementioned technologies, polynomial, logarithmic, power, and exponential 

regression analyses were also conducted. However, these methods did not result in a 

significant increase in the R² value and introduced greater complexity to the models. 

Therefore, only linear regression results were reported and plotted throughout the thesis. 

The cost functions were validated by comparing the predicted values with the respective 

estimated costs. To assess the accuracy of the predicted costs, MAPE (Mean Absolute 

Percentage Error) was calculated.  

 

Further 95 % confidence interval for the MAPE has also been calculated for each case. 
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A summary of cost functions derived, respective values of R2, MAPE and 95 % 

confidence intervals for the MAPE are presented hereinafter. The symbols as follows are 

used to express the cost functions. 

CSR - Cost [₹ (in crore)] of a WWTP within small range 

QSR - Input flow rate [in MLD] for a WWTP within small range 

CMR - Cost [₹ (in crore)] of a WWTP within medium range 

QMR - Input flow rate [in MLD] for a WWTP within medium range 

CLR - Cost [₹ (in crore)] of a WWTP within large range 

QLR - Input flow rate [in MLD] for a WWTP within large range 

 

The cost functions for capacity wise three different groups of WWTPs with MBR are 

furnished in Table 6 (refer to Appendices I, II & III). 

 

 

 

 

Table 6: Cost Functions for Different Groups of WWTPs with MBR 

Description Equation Value  

of   

R2 

Value  

of  

MAPE 

95 % 

Confidence 

Interval 

Cost function 

for small range 

WWTPs with MBR 

(0.5 mld – 5 mld) 

CSR 

= 6.6401*QSR + 7.1867 

0.9997 0.73 0.16 – 1.29 

Cost function  

for medium range 

WWTPs with MBR 

(5 mld – 50 mld) 

CMR 

= 4.3358*QMR + 16.026 

0.9991 

 

1.57 0.50 – 2.64 

Cost function  

for large range WWTPs 

with MBR 

(50 mld – 150 mld) 

CLR 

= 4.2468*QLR + 20.969 

0.9995 

 

0.58 0.37 – 0.79 
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As presented above, the cost functions for three different capacity groups of 

WWTPs with MBR are expressed by linear equations. The determination coefficients for 

the small, medium, and large capacity groups are 0.9997, 0.9991, and 0.9995, respectively. 

The MAPE values for the small, medium, and large capacity groups are 0.73%, 1.57%, and 

0.58%, respectively. In no case did the MAPE value and respective upper limit of 95 % 

confidence interval exceed 10 %. Thus, it can be concluded that the selection of linear 

functions is appropriate and applicable for accurate predictions. 

The Cost functions derived for different groups of WWTPs with MBBR are furnished in 

Table 7 (refer to Appendices IV, V & VI). 

  



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

Chapter 5 | Page 7 of 112 

Table 7: Cost Functions for Different Groups of WWTPs with MBBR 

Description Equation Value  

of 

R2 

Value  

of  

MAPE 

95 % 

Confidence 

Interval 

Cost function 

for small range 

WWTPs with 

MBBR 

(0.5 mld – 5 mld) 

CSR 

=2.0062*QSR + 6.612 

0.9894 

 

2.24 

 

0.60 – 3.87 

Cost function 

for medium range 

WWTPs with 

MBBR 

(5 mld – 50 mld) 

CMR 

= 1.7240*QMR + 2.1727 

0.9709 

 

8.70 

 

1.87 – 15.53 

Cost function 

for large range 

WWTPs with 

MBBR 

(50 mld – 150 mld) 

CLR 

= 1.3703*QLR+19.085 

0.9962 

 

1.65 

 

1.02 – 2.28 

 

As presented above, the cost functions for three different capacity groups of WWTPs with 

MBBR are expressed by linear equations. The determination coefficients for the small, 

medium, and large capacity groups are 0.9894, 0.9709, and 0.9962, respectively. The 

MAPE values for the small, medium, and large capacity groups are 2.24%, 8.7%, and 

1.65%, respectively. In no case did the MAPE value and respective upper limit of 95 % 

confidence interval exceed 10% except the upper limit of 95 % confidence interval for 

medium range which is slightly higher. Thus, it can be concluded that the selection of 

linear functions is appropriate and applicable for more or less accurate predictions.  

The Cost functions derived for different groups of WWTPs with SBR are furnished in 

Table 8 (refer to Appendices VII, VIII & IX). 
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Table 8: Cost Functions for Different Groups of WWTPs with SBR 

Description Equation Value  

of   

R2 

Value  

of  

MAPE 

95 % 

Confidence 

Interval 

Cost function 

for small range 

WWTPs with SBR 

(0.5 mld to 5 mld) 

CFSR 

= 3.0330*QSR + 2.9273 

0.9993 1.19 

 

0.22 – 2.15 

Cost function  

for medium range 

WWTPs with SBR 

(5 mld to 50 mld) 

CFMR 

= 2.4943*QMR–0.6080 

0.9741 8.75 

 

2.10 – 15.39 

Cost function  

for large range 

WWTPs with SBR 

(50 mld to 150 mld) 

CFLR 

= 2.7759*QLR - 20.8330 

0.9963 2.45 

 

1.35 – 3.55 

 

The cost functions for three different capacity groups of WWTPs with SBR are 

expressed by linear equations, as outlined above. The determination coefficients for the 

small, medium, and large capacity groups are 0.9993, 0.9741, and 0.9963, respectively. 

The MAPE values for the small, medium, and large capacity groups are 1.19%, 8.75%, and 

2.45%, respectively. In no case did the MAPE value and respective upper limit of 95 % 

confidence interval exceed 10% except the upper limit of 95 % confidence interval for 

medium range which is slightly higher. Thus, it can be concluded that selecting linear 

functions is appropriate and applicable for more or less accurate predictions. 

5.2 Development of 3-D cost response maps for WWTPs with MBR, MBBR and 

SBR technologies 

The cost implications for a specific design capacity of a wastewater treatment plant 

(WWTP) with varying inlet BOD levels are crucial. This section of the research outlines 

the methodology used to map the cost response of biological treatment using MBR, 

MBBR, and SBR technologies in a 3-D environment, considering variations in inlet flow 
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rate and inlet BOD. The developed mathematical model has been utilized for 

comprehensive design and estimation of the bill of quantities and costs, considering 

capacity and inlet BOD as follows:  

Capacity:  

The capacities for WWTPs as taken into consideration for this part of the study are as 

follows:  

a) A capacity in low range as 5 mld 

b) A capacity in medium range as 50 mld 

c) A capacity in large range as 150 mld 

Characteristics of raw wastewater: 

For this part of the research study, six different BOD contents (100 mg/l, 130 mg/l, 

160 mg/l, 190 mg/l, 220 mg/l, and 250 mg/l) were selected for each capacity. However, the 

BOD to COD ratio was kept constant in all cases. The construction cost, operation and 

maintenance cost over 25 years, and cost of land, as estimated using the developed model 

for different capacities and inlet BODs, have been analyzed using the trend line technique. 

Polynomial, logarithmic, power and exponential regression analyses did not result in a 

significant increase in the R² value compared to those for linear regression. Suitable cost 

response curves were selected from several available alternatives based on the linear 

function for ease of application. 

This linearity corresponds to value of co-efficient of determination (R2) for which 

prediction works out as accurate with MAPE much less than 10 %.  

 Appendix –X to XII: Summary of data obtained for 5 mld, 50 mld and 150 mld 

capacity of WWTP with MBR, Appendix –XIII to XV: Summary of data obtained for 5 

mld, 50 mld and 150 mld capacity of WWTP with MBBR and Appendix - XVI to XVIII: 

Summary of data obtained for 5 mld, 50 mld and 150 mld capacity of WWTP with SBR 

are attached herewith for ready reference. 
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The cost response curves (which corresponds to value for co-efficient of determination in 

case of linear function) with BOD [as mg/l] along abscissa and total costs of WWTPs [as ₹ 

(crore)] along ordinate for each of 5 mld, 50 mld and 150 mld capacities have been 

constructed for MBR, MBBR & SBR technologies and are shown in Figures 10 through 

12. 

 

Figure 10: Cost Response Curve for variation in BOD 5 mld WWTP with MBR, 

MBBR and SBR technologies 

In Figure 10, it is evident that as the influent BOD increases, the total cost also rises, which 

aligns with expectations. Specifically, for a 5 MLD flow rate, the total cost tends to be 

higher for MBR technology compared to MBBR and SBR technologies, which show 

similar costs. As the influent BOD concentration increases, the cost of SBR technology 

slightly surpasses that of MBBR technology. The cost data were plotted using linear 

regression, and all three curves exhibit minimal slopes, indicating stable total costs across 

this influent BOD concentration range. The high R2 values (> 0.999), MAPE (< 0.20) and 

upper limit of 95 % confidence interval (< 0.25) for all technologies indicate a strong fit of 

the data to the regression lines (refer to Appendices X, XIII & XVI). Therefore, this curve 

can be used to predict the total cost of WWTPs across an influent BOD concentration 

range from 100 mg/l to 250 mg/l for a flow rate of 5 MLD, thereby eliminating the need 

for detailed cost estimation. 
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Figure 11: Cost Response Curve for variation in BOD 50 mld WWTP with MBR, 

MBBR and SBR technologies 

 

Similar observations can also be drawn from Figure 11. Figure 11 shows that within this 

influent BOD concentration range for a flow rate of 50 MLD, the total cost tends to be 

higher for MBR technology compared to SBR and then MBBR technologies. The cost data 

were analyzed using linear regression, and all three curves display minimal slopes, 

indicating consistent total costs across this influent BOD concentration range. The high R2 

values (> 0.999), MAPE (< 0.10) and upper limit of 95 % confidence interval (< 0.15) for 

all technologies indicate a robust fit of the data to the regression lines (refer to Appendices 

XI, XIV & XVII). Therefore, this curve can be utilized to predict the total cost of WWTPs 

across an influent BOD concentration range from 100 mg/l to 250 mg/l for a flow rate of 

50 MLD, thereby eliminating the need for detailed cost estimation. 
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Figure 12: Cost Response Curve for variation in BOD 150 mld WWTP with MBR, 

MBBR and SBR technologies 

 Similarly, from Figure 11, it can be observed that within this influent BOD 

concentration range for a flow rate of 150 MLD, the total cost tends to be higher for MBR 

technology compared to SBR and then MBBR technologies. The cost data were analyzed 

using linear regression, and the MBR and MBBR curves display minimal slopes, indicating 

consistent total costs across this influent BOD concentration range. However, for SBR, the 

slope is very high, indicating a sharp increase in total cost with influent BOD 

concentration, even for a constant flow of 150 MLD. The high R2 values (> 0.999), MAPE 

(< 1.75) and upper limit of 95 % confidence interval (< 2.70) for all technologies indicate a 

robust fit of the data to the regression lines (refer to Appendices XII, XV & XVIII).  

 Therefore, this analysis allows the prediction of total WWTP costs across an 

influent BOD concentration range from 100 mg/l to 250 mg/l for a flow rate of 150 MLD, 

eliminating the need for detailed cost estimation. Additionally, these findings underscore 

the significant impact of influent BOD concentration on total costs for SBR technology at 

high flow rates, whereas other flow ranges and influent BOD concentrations exhibit stable 

cost trends. 
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The validation of cost response functions has been conducted through the estimation of 

MAPE and 95 % confidence interval. Below is a summary of the derived cost response 

functions along with their respective values of R2, MAPE and 95 % confidence interval. 

The following symbols are used to express the cost response functions: 

 

CR-5 mld -  Cost [₹ (in crore)] of 5 mld WWTP with MBR 

CR-50 mld -  Cost [₹ (in crore)] of 50 mld WWTP with MBR 

CR-150 mld -  Cost [₹ (in crore)] of 150 mld WWTP with MBR 

R2 -  Co-efficient of determination 

x -  BOD [in mg/l] in raw wastewater 

 

Table 9 presents the identified most suitable cost response functions for WWTP with MBR 

(refer to Appendices X, XI & XII). 

Table 9: Cost Response Functions for WWTP with MBR 

Capacity 

of 

WWTP with MBR 

Cost Response function Value  

of   

R2 

Value  

of  

MAPE 

95 % 

confidence 

interval 

5 mld 

 

CR-5 mld 

= 0.0182*x + 35.607 

0.9999 

 

0.03 

 

0.01 – 0.05 

50 mld 

 

CR-50 mld  

=0.1489*x + 197.35 

0.9999  

 

0.03 

 

0.01 – 0.04 

150 mld 

 

CR-150 mld 

=0.3113*x + 582.38 

0.9528 

 

0.47 

 

0.19 – 0.74 

 

The cost versus BOD plots for 5 MLD, 50 MLD, and 150 MLD WWTPs with MBR 

indicate a linear relationship. Therefore, a linear function has been chosen as the 

appropriate cost response model for these capacities. 
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The corresponding R2 values are 0.9999, 0.9999, and 0.9528 for 5 MLD, 50 MLD, and 150 

MLD WWTPs with MBR. The MAPEs for the cost response functions are 0.03%, 0.03%, 

and 0.47% respectively for 5 MLD, 50 MLD, and 150 MLD. In each case, the MAPE falls 

within the accurate range (< 10%). 95 % confidence intervals for 5 MLD, 50 MLD, and 

150 MLD WWTPs with MBR as worked out are (0.01 – 0.05), (0.01 – 0.04) and (0.19 – 

0.74).  

Table 10 presents the datasets showing the variation of costs with changes in inlet BOD for 

5 MLD, 50 MLD, and 150 MLD WWTPs with MBR. 

Table 10: Data Sets for Variation of Costs with Change in inlet BOD for WWTP with MBR 

Predicted costs for WWTPs with MBR 

BOD REMOVAL 

Capacity 

in 

mld 

Description BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

 
 

100.00 130.00 160.00 190.00 220.00 250.00 

5 Predicted cost value 

in Crore ₹ 

(as per linear cost function) 

37.43 37.97 38.52 39.07 39.61 40.16 

50 Predicted cost value 

in Crore ₹ 

(as per linear cost function) 

212.24 216.71 221.17 225.64 230.11 234.58 

150 Predicted cost value 

in Crore ₹ 

(as per linear cost function) 

613.51 622.85 632.19 641.53 650.87 660.21 

 

The datasets mentioned above are utilized in a 3-D environment to create cost 

response surface maps and contour maps, depicted in Figure 13 and Figure 14.  
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Figure 13: 3-D cost response surface map for WWTP with MBR technology 

 

Figure 14: 3-D contour map for WWTP with MBR technology 

These maps can be used to quickly predict costs for WWTPs with MBR across a capacity 

range of 5 to 150 MLD and an inlet BOD range of 100 mg/l to 250 mg/l. From Figure 13 

and Figure 14, it is apparent that the cost calculations for MBR technology primarily vary 

with flow rate. Influent BOD concentration does not significantly impact the overall cost in 
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MBR technology up to a flow range of 80 MLD. However, when the flow rate exceeds 80 

MLD, influent BOD concentration also plays a significant role in determining the total 

cost. 

Table 11 presents the identified most suitable cost response functions for WWTP with 

MBBR (refer to Appendices XIII, XVI & XV). 

Table 11: Cost Response Functions for WWTP with MBBR 

Capacity of WWTP 

with MBBR 

Response function Value  

of   

R2 

Value  

of  

MAPE 

95 % 

confidence 

interval 

5 mld 

 

CR-5 mld 

=0.0118*x + 13.45 

0.9997 

 

0.06 

 

0.02 – 0.09 

50 mld 

 

CR-50 mld 

=0.0903*x + 62.82 

0.9999  

 

0.05 

 

0.01 – 0.10 

150 mld 

 

CR-150 mld 

=0.2632*x + 155.86 

0.9996 

 

0.11 

 

0.06 – 0.17 

 

Where,   

CR-5 mld -  Cost [₹ (in crore)] of 5 mld WWTP with MBBR 

CR-50 mld -  Cost [₹ (in crore)] of 50 mld WWTP with MBBR 

CR-150 mld -  Cost [₹ (in crore)] of 150 mld WWTP with MBBR 

x -  BOD [in mg/l] in raw wastewater 

For 5 MLD, 50 MLD, and 150 MLD WWTPs with MBBR, the linear function has been 

chosen as the respective cost response model. The corresponding R2 values are 0.9997, 

0.9999, and 0.9996 for 5 MLD, 50 MLD, and 150 MLD WWTPs with MBBR. The 

MAPEs for the cost response functions are 0.06%, 0.05%, and 0.11% respectively for 5 

MLD, 50 MLD, and 150 MLD. In each case, the MAPE falls within the range of accurate 

forecasting (< 10%). 95 % confidence intervals for 5 MLD, 50 MLD, and 150 MLD 

WWTPs with MBBR as worked out are (0.02 – 0.09), (0.01 – 0.10) and (0.06 – 0.17). 

Table 12 presents the datasets illustrating the variation of costs with changes in BOD in 
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raw wastewater for 5 MLD, 50 MLD, and 150 MLD as predicted from the most 

appropriate cost response functions. 

 

Table 12: Data Sets for Variation of Costs with Change in inlet BOD for WWTP with MBBR 

Predicted costs for WWTPs with MBBR 

BOD REMOVAL 

Capacity 

in 

mld 

Description BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

 
 

100.00 130.00 160.00 190.00 220.00 250.00 

5 Predicted cost value 

in Crore ₹ 

(as per  

linear cost function) 

14.63 14.98 15.34 15.69 16.05 16.40 

50 Predicted cost value 

in Crore ₹ 

(as per  

linear cost function) 

71.85 74.56 77.27 79.98 82.69 85.40 

150 Predicted cost value 

in Crore ₹ 

(as per  

linear cost function) 

182.18 190.08 197.97 205.87 213.76 221.66 

The datasets mentioned above are employed in a 3-D environment to generate cost 

response surface maps and contour maps, illustrated in Figure 15 and Figure 16.  
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Figure 15: 3-D cost response surface map for WWTP with MBBR technology 

 

Figure 16: 3-D contour map for WWTP with MBBR technology 

These maps facilitate rapid cost predictions for WWTPs using MBBR across a capacity 

range of 5 to 150 MLD and an inlet BOD range of 100 mg/l to 250 mg/l. From Figure 15 

and Figure 16, it is evident that the cost calculations for MBBR technology primarily vary 

with flow rate. Influent BOD concentration does not significantly impact the overall cost 

up to a flow range of 50 MLD. However, when the flow rate exceeds 50 MLD, influent 

BOD concentration also plays a significant role in determining the total cost. 
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Table 13 presents the identified most suitable cost response functions for WWTP with 

SBR (refer to Appendices XVI, XVII & XVIII). 

Table 13: Cost Response Functions for WWTP with SBR 

Capacity 

of 

WWTP with SBR 

Response function Value  

of   

R2 

Value  

of  

MAPE 

95 %  

confidence  

interval 

5 mld 

 

CR-5 mld 

=0.0229*x + 12.24 

0.9994 

 

0.17 

 

0.11 – 0.23 

50 mld 

 

CR-50 mld 

=0.1688*x + 80.543 

0.9999 

 

0.08 

 

0.05 – 0.12 

150 mld 

 

CR-150 mld 

= 0.8138*x + 225.99 

0.9630 1.74 

 

0.82 – 2.65 

 

Where,   

CR-5 mld -  Cost [₹ (in crore)] of 5 mld WWTP with SBR 

CR-50 mld -  Cost [₹ (in crore)] of 50 mld WWTP with SBR 

CR-150 mld -  Cost [₹ (in crore)] of 150 mld WWTP with SBR 

R2 -  Co-efficient of determination 

x -  BOD [in mg/l] in raw wastewater 

For 5 MLD, 50 MLD, and 150 MLD WWTPs with SBR, the linear function has been 

chosen as the respective cost response model. 

The corresponding R2 values are 0.9994, 0.9999, and 0.9630 for 5 MLD, 50 MLD, 

and 150 MLD WWTPs with SBR. The MAPEs for the cost response functions are 0.17%, 

0.08%, and 1.74% respectively for 5 MLD, 50 MLD, and 150 MLD. In each case, the 

MAPE falls within the range of accurate forecasting (< 10%). 95 % confidence intervals 

for 5 MLD, 50 MLD, and 150 MLD WWTPs with SBR as worked out are (0.11 – 0.23), 

(0.05 – 0.12) and (0.82 – 2.65). Table 14 presents the datasets illustrating the variation of 

costs with changes in inlet BOD for 5 MLD, 50 MLD, and 150 MLD WWTPs with SBR. 
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Table 14: Data Sets for Variation of Costs with Change in inlet BOD for WWTP with SBR 

Predicted costs for WWTPs with SBR 

BOD REMOVAL 

Capacity 

in 

mld 

Description BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

BOD 

in 

mg/l 

 
 

100.00 130.00 160.00 190.00 220.00 250.00 

5 Predicted cost value  

in Crore ₹ 

(as per linear cost function) 

14.53 15.22 15.90 16.59 17.28 17.97 

50 Predicted cost value  

in Crore ₹ 

(as per linear cost function) 

97.42 102.49 107.55 112.62 117.68 122.74 

150 Predicted cost value  

in Crore ₹ 

(as per linear cost function) 

307.37 331.78 356.20 380.61 405.03 429.44 

 

The datasets depicting the variation of costs with changes in BOD in raw wastewater for 5 

MLD, 50 MLD, and 150 MLD, as predicted from appropriate cost response functions, are 

modelled in a 3-D environment to create a surface map and contour map, shown in Figure 

17 and Figure 18. Either of these maps can be used to estimate forecasted costs for 

WWTPs with SBR across a capacity range of 5 to 150 MLD, with inlet BOD content 

ranging from 100 mg/l to 250 mg/l. 
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Figure 17: 3-D Cost Response Surface Map for WWTP with SBR technology 

 

Figure 18: 3-D Contour Map for WWTP with SBR technology 

Unlike MBBR and MBR technologies, influent BOD concentration significantly impacts 

the overall cost above a flow range of 30 MLD. Only at very low flow rates does influent 

BOD concentration not significantly affect the cost. 
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5.3 Sensitivity analysis of developed cost functions for WWTPs with MBR, MBBR 

and SBR technologies 

Cost functions have been developed, as discussed earlier in this thesis, to predict the 

overall cost of WWTPs using MBR, MBBR, and SBR technologies for BOD removal at 

any inlet capacity (within a wide range) with an inlet BOD load of 250 mg/l. These cost 

functions are based on unit costs of various items prevalent in India as of the year 2021. 

Therefore, the cost functions are sensitive to changes in the unit costs of these items over 

time and may vary with specific locations worldwide. These functions can be used in the 

future, with adjustments made to account for cost indices applicable to the respective items 

in India. 

To highlight their uniqueness and ensure global applicability, the functions, which 

relate capacity to co-efficients of unit costs of various items for the construction of 

WWTPs using MBR, MBBR, and SBR technologies with an inlet BOD load of 250 mg/l, 

have been derived using developed mathematical models. 

Cost of WWTP with any of MBR, MBBR and SBR technologies are determined based on 

several unit costs for the items as follows: 

Items for calculations of total bare construction cost: 

a)  Cost of total earthwork 

b)  Cost of total quantity of RCC 

c)  Cost of total quantity of handrails 

d)  Cost of houses or buildings 

e)  Cost of clarifier mechanisms (for MBBR) 

f)  Cost of blowers 

g)  Cost of installation man-hours 

h)  Cost of crane requirements for installation 

i)  Cost of pumps 

j)  Cost of diffusers 

k)  Cost of swing arm diffuser headers 

l)  Cost of membrane modules (for MBR) 

m)  Cost of carrier media (for MBBR) 
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n)  Cost of decanters (for SBR) 

o)  Cost of air piping 

Items for calculations of levelized cost for 25 years of operation: 

a)  Cost of operation and maintenance material costs 

b)  Cost of energy requirement 

c)  Cost of operation and maintenance hours 

d)  Cost of chemicals (for MBR} 

For each item mentioned above, the coefficient of unit cost has been determined as a 

function of WWTP capacity using MBR, MBBR, and SBR technologies. 

• The summary of coefficients for small, medium, and large WWTPs using MBR is 

presented in Appendix XIX to XXI. 

• The summary of coefficients for small, medium, and large WWTPs using MBBR is 

presented in Appendix XXII to XXIV.  

• The summary of coefficients for small, medium, and large WWTPs using SBR is 

presented in Appendix XXV to XXVII. 

Regression analysis has been performed on datasets for each range of MBR, MBBR, and 

SBR technologies using five different functions (exponential, linear, logarithmic, 

polynomial, and power). However, for simplicity and effective performance, linear 

function curves of unit cost coefficients for various items were chosen. These curves are 

plotted with WWTP capacities (in MLD) along the X-axis and unit cost coefficients along 

the Y-axis for MBR, MBBR, and SBR technologies. 

Figures 19 to 38 depict the unit cost co-efficient curves for different items in small-range 

WWTPs using MBR, MBBR, and SBR technologies. 
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Figure 19: Excavation curve for small range WWTPs with MBR, MBBR and SBR 

In Figure 19, it is evident that as the flow increases, the total co-efficient of 

earthwork in excavation (ft³) also increases, which aligns with expectations. Within this 

flow range, the total co-efficient of earthwork in excavation (ft³) tends to be higher for 

MBBR technology compared to SBR technology. Conversely, MBR technologies 

generally require less total co-efficient of earthwork due to their space-saving design. 

The total costs related to earthwork can be calculated by multiplying the total co-

efficient of earthwork by the unit rate price specific to the earthwork. The total co-efficient 

of earthwork data were analyzed using linear regression. For all technologies, the 

coefficient of determination (R²) values exceed 0.99, indicating a strong fit of the data to 

the regression line. Therefore, this curve can be used to predict the total cost of earthwork 

for WWTPs across a flow range from 0.5 MLD to 5 MLD, eliminating the need for 

detailed cost estimation. 
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Figure 20: Concrete curve for small range WWTPs with MBR, MBBR and SBR 

In Figure 20, it is observed that as the flow increases, the total co-efficient of 

reinforced cement concrete (RCC) work (ft³) also increases, which aligns with 

expectations. Within this flow range, the total co-efficient of RCC work tends to be higher 

for MBBR technology compared to SBR technology up to a flow rate of 2.5 MLD. 

However, beyond a flow rate of 2.5 MLD, the total co-efficient of RCC work required for 

SBR exceeds that of MBBR. MBR technologies generally require less total co-efficient of 

RCC work due to their space-saving design. 

The total costs related to RCC can be calculated by multiplying the total co-

efficient of RCC by the unit rate price specific to the RCC. The total co-efficient of RCC 

data was analyzed using linear regression. For all technologies, the R² values exceed 0.98, 

indicating a strong fit of the data to the regression line. Therefore, this curve can be used to 

predict the total cost of RCC for WWTPs across a flow range from 0.5 MLD to 5 MLD, 

eliminating the need for detailed cost estimation. 
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Figure 21: Hand-rail curve for small range WWTPs with MBR, MBBR and SBR 

In Figure 21, it is evident that as the flow increases, the total co-efficient of 

handrails (ft) also increases, which aligns with the hypothesis. Within this flow range, the 

total co-efficient of handrails tends to be higher for SBR technology followed by MBR 

technology followed by MBBR technology. 

The total costs related to handrails can be calculated by multiplying the total co-

efficient of handrails by the unit rate price specific to the handrails. The total co-efficient 

of handrails was analyzed using linear regression. For all technologies, the R² values 

exceed 0.98, indicating a strong fit of the data to the regression line. Therefore, this curve 

can be used to predict the total cost of handrails for WWTPs across a flow range from 0.5 

MLD to 5 MLD, eliminating the need for detailed cost estimation. 
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Figure 22: House curve for small range WWTPs with MBR, MBBR and SBR 

In Figure 22, it is clear that within this flow range, the total co-efficient required for 

housing or building (ft²) is significantly higher for MBBR technology compared to MBR 

and SBR technology. 

The total costs related to the housing or building (ft²) can be calculated by 

multiplying the total co-efficient by the unit rate price specific to the area. The total co-

efficient data were analyzed using linear regression, with R² values exceeding 0.95 for all 

technologies, indicating a robust fit of the data to the regression line. Hence, this curve can 

be utilized to forecast the total cost of area requirements for WWTPs across a flow range 

from 0.5 MLD to 5 MLD, thereby obviating the necessity for elaborate cost estimation 

procedures. 
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Figure 23: Clarifier mechanism for small range WWTPs with MBBR 

Figure 23 illustrates the total co-efficient of clarifier mechanisms required for 

small-range WWTPs employing MBBR technology. For MBR and SBR technologies, 

clarifier mechanisms are not necessary and therefore curve is shown only for MBBR 

technology. It is apparent from the figure that as the flow increases, the co-efficient 

requirement for clarifier mechanisms also increases 

The total costs associated with clarifier mechanisms can be computed by 

multiplying the total co-efficient of clarifier mechanisms by the unit rate price of 

mechanism for a standard size of clarifier. The data were analyzed using linear regression, 

achieving an R² value exceeding 0.94, indicating a strong fit of the data to the regression 

line. Thus, this curve can be employed to predict the total cost attributed to clarifier 

mechanisms for WWTPs utilizing MBBR technology across a flow range from 0.5 MLD 

to 5 MLD, eliminating the need for complex cost estimation procedures. 
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Figure 24: Blower curve for small range WWTPs with MBR, MBBR and SBR 

Figure 24 depicts the total co-efficient of blowers required for small-range WWTPs 

employing MBR, MBBR, and SBR technologies. It is evident from the figure that as the 

flow increases, the total co-efficient for blowers also increases. Within this flow range, the 

total co-efficient of blowers tends to be higher for SBR technology, followed by MBR 

technology, and then MBBR technology. 

The total costs associated with blowers can be calculated by multiplying the total 

co-efficient of blowers by the unit rate price of a standard size of blower. The data were 

analyzed using linear regression, achieving an R² value exceeding 0.98 in all cases, 

indicating a strong fit of the data to the regression line. Thus, this curve can be utilized to 

predict the total cost attributed to blowers for WWTPs utilizing MBR, MBBR, and SBR 

technologies across a flow range from 0.5 MLD to 5 MLD, eliminating the need for 

complex cost estimation procedures. 
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Figure 25: Installation man-hour curve for small-range WWTPs with MBR, MBBR and SBR 

Figure 25 illustrates the co-efficient of installation man-hours required for small-

range WWTPs utilizing MBR, MBBR, and SBR technologies. The figure clearly shows 

that as the flow increases, the total co-efficient of man-hours required also rise. For flows 

up to 3 MLD, MBBR technology demands more co-efficient of installation man-hours 

compared to SBR technology. However, beyond 3 MLD, SBR requires more co-efficient 

of man-hours than MBBR. Generally, MBR technology requires the least co-efficient of 

installation man-hours. 

The total costs associated with man-hours can be calculated by multiplying the total 

co-efficient of man-hours by the unit rate price of man-hours. The data were analyzed 

using linear regression, with an R² value exceeding 0.95 in all cases, indicating a strong fit 

of the data to the regression line. Consequently, this curve can be used to predict the total 

cost attributed to man-hours for WWTPs using MBR, MBBR, and SBR technologies 

across a flow range from 0.5 MLD to 5 MLD, simplifying the cost estimation process. 
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Figure 26: Crane curve for small-range WWTPs with MBR, MBBR and SBR 

Figure 26 illustrates the crane co-efficient for the installation of small-range 

WWTPs utilizing MBR, MBBR, and SBR technologies. The figure shows that as the flow 

increases, the total crane co-efficient required also rise. For flows up to 3 MLD, MBBR 

technology demands more crane co-efficient compared to SBR technology. However, 

beyond 3 MLD, SBR requires more crane co-efficient than MBBR. Generally, MBR 

technology requires the least crane co-efficient for installation. 

The total costs associated with crane usage can be calculated by multiplying the 

total crane co-efficient by the unit rate price of crane hours. The data were analyzed using 

linear regression, achieving an R² value exceeding 0.95 in all cases, indicating a strong fit 

of the data to the regression line. Consequently, this curve can be used to predict the total 

cost attributed to the crane for WWTPs using MBR, MBBR, and SBR technologies across 

a flow range from 0.5 MLD to 5 MLD, simplifying the cost estimation process. 
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Figure 27: Pumps curve for small-range WWTPs with MBR, MBBR and SBR 

Figure 27 illustrates the co-efficient of standard pumps (3000 gpm) required for the 

small-range WWTPs utilizing MBR, MBBR, and SBR technologies. The figure shows that 

as the flow increases, the co-efficient of standard pumps required rises for MBBR and 

MBR technologies, while for SBR, it remains constant. Within this flow range, MBR 

technology generally requires the highest co-efficient of standard pumps, followed by 

MBBR technology, and then SBR technology. 

The total costs associated with pumps can be calculated by multiplying the total co-

efficient of standard pumps (3000 gpm) by the unit rate price of standard pumps. The data 

were analyzed using linear regression, achieving an R² value exceeding 0.96 in all cases, 

indicating a strong fit to the regression line. Therefore, this curve can be used to predict the 

total cost of pumps for WWTPs using MBR, MBBR, and SBR technologies across a flow 

range from 0.5 MLD to 5 MLD, simplifying the cost estimation process. 
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Figure 28: Diffusers curve for small range WWTPs with MBR, MBBR and SBR 

Figure 28 illustrates the co-efficient of diffusers required for small-range WWTPs 

utilizing MBR, MBBR, and SBR technologies. The diffuser requirement is significantly 

higher in SBR technologies compared to the other two technologies. The figure clearly 

shows that as the flow increases, the total co-efficient for diffusers also rises. Within this 

flow range, SBR technology generally requires the highest co-efficient of diffusers, 

followed by MBR technology, and then MBBR technology. 

The total costs associated with diffusers can be determined by multiplying the total 

co-efficient of diffusers by the unit rate price per diffuser. The data were analyzed using 

linear regression, achieving an R² value exceeding 0.999 in all cases, indicating an 

excellent fit to the regression line. As a result, this curve can be used to predict the total 

cost of diffusers for WWTPs utilizing MBR, MBBR, and SBR technologies across a flow 

range from 0.5 MLD to 5 MLD, thereby simplifying the cost estimation process. 
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Figure 29: Swing arm diffuser header curve for small range WWTPs with MBR, MBBR and SBR 

Figure 29 depicts the co-efficient of swing arm diffuser headers required for small-

range WWTPs utilizing MBR, MBBR, and SBR technologies. The need for swing arm 

diffuser headers is significantly higher in SBR technologies compared to the other two 

technologies. The figure clearly shows that as the flow increases, the total co-efficient for 

swing arm diffuser headers also rises. Within this flow range, SBR technology generally 

requires the highest co-efficient of diffuser headers, followed by MBR technology, and 

then MBBR technology. 

The total costs associated with diffusers can be determined by multiplying the total 

co-efficient of diffusers by the unit rate price per diffuser headers. The data were analyzed 

using linear regression, achieving an R² value exceeding 0.95 for MBR and SBR 

technologies, indicating an excellent fit to the regression line. However, this is not the case 

for MBBR technology, as the R² value is nearly 0.889, suggesting a maximum possible 

error of 10% when predicting the total cost of swing arm diffuser headers for MBBR. 

Nevertheless, the R² value is generally good for all the curves. Therefore, these curves can 

be used to calculate the cost of swing arm diffuser headers for WWTPs utilizing MBR, 

MBBR, and SBR technologies across a flow range from 0.5 MLD to 5 MLD, simplifying 

the cost estimation process. 
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Figure 30: Carrier media curve for small range WWTPs with MBBR 

 

Figure 30 illustrates the co-efficient of carrier media (m³) needed for small-scale 

WWTPs using MBBR technology. In contrast, MBR and SBR technologies do not require 

carrier media and therefore curve is shown only for MBBR technology. The figure shows a 

clear trend: as the flow rate increases, the required co-efficient of carrier media also rises. 

To calculate the total costs associated with carrier media, multiply the total co-

efficient by the unit price of the carrier media. The data were analyzed using linear 

regression, resulting in an R² value of 1, which indicates an excellent fit to the regression 

line. Therefore, this curve can be used to predict the total cost of carrier media for WWTPs 

utilizing MBBR technology over a flow range of 0.5 MLD to 5 MLD, simplifying the cost 

estimation process. 
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Figure 31: Membrane modules curve for small range WWTPs with MBR 

Figure 31 illustrates the co-efficient of membrane modules needed for small-scale 

WWTPs using MBR technology. In contrast, MBBR and SBR technologies do not require 

membrane modules and therefore curve is shown only for MBR technology. The figure 

clearly shows that as the flow rate increases, the required co-efficient of membrane 

modules also rises. 

To calculate the total costs associated with membrane modules, multiply the total 

co-efficient by the unit price of the membrane modules. The data were analyzed using 

linear regression, resulting in an R² value of 1, indicating an excellent fit to the regression 

line. Consequently, this curve can be used to predict the total cost of membrane modules 

for WWTPs using MBR technology over a flow range of 0.5 MLD to 5 MLD, simplifying 

the cost estimation process. 
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Figure 32: Decanters curve for small range WWTPs with SBR 

Figure 32 illustrates the co-efficient of decanters (m3/hr) needed for small-scale 

WWTPs using SBR technology. In contrast, MBR and MBBR technologies do not require 

decanters and therefore curve is shown only for SBR technology. The figure clearly 

indicates that as the flow rate increases, the required co-efficient of decanters also rises. 

To calculate the total costs associated with decanters, multiply the total co-efficient 

by the unit price of the decanters. The data were analyzed using linear regression, resulting 

in an R² value of 1, which indicates an excellent fit to the regression line. Consequently, 

this curve can be used to predict the total cost of decanters for WWTPs using SBR 

technology over a flow range of 0.5 MLD to 5 MLD, simplifying the cost estimation 

process. 
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Figure 33: Air pipe curve for small range WWTPs with MBR, MBBR and SBR 

Figure 33 shows the co-efficient of air piping needed for small-scale WWTPs using 

MBR, MBBR, and SBR technologies. The need for air piping is significantly lower in 

MBBR technologies compared to the other two technologies. The figure clearly indicates 

that as the flow increases, the total co-efficient for air piping also rises. Within this flow 

range, SBR technology generally requires the most air piping, followed by MBR 

technology, and then MBBR technology. 

To calculate the total costs associated with air piping, multiply the total co-efficient 

of air piping by the unit price per air pipe. The data were analyzed using linear regression, 

resulting in an R² value exceeding 0.94 in all cases, indicating an excellent fit to the 

regression line. Consequently, this curve can be used to estimate the cost of air piping for 

WWTPs using MBR, MBBR, and SBR technologies over a flow range of 0.5 MLD to 5 

MLD, simplifying the cost estimation process. 
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Figure 34: O&M material cost curve for small range WWTPs with MBR, MBBR and SBR 

Figure 34 presents the co-efficient of O&M materials for small-scale WWTPs 

using MBR, MBBR, and SBR technologies. The co-efficient of O&M materials is 

significantly higher for MBR technology compared to the other two technologies. The 

figure clearly indicates that as the flow increases, the total co-efficient of O&M materials 

also rises. Within this flow range, MBR technology generally incurs the highest O&M 

material co-efficient, followed by SBR technology, and then MBBR technology. 

The data were analyzed using linear regression, resulting in an R² value exceeding 

0.98 in all cases, indicating an excellent fit to the regression line. Consequently, this curve 

can be used to estimate the cost of O&M materials for WWTPs using MBR, MBBR, and 

SBR technologies over a flow range of 0.5 MLD to 5 MLD, simplifying the cost 

estimation process. 
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Figure 35: Energy curve for small range WWTPs with MBR, MBBR and SBR 

Figure 35 illustrates the co-efficient of energy required for small-scale WWTPs 

using MBR, MBBR, and SBR technologies. The energy demand is significantly lower for 

MBBR technology compared to the other two technologies. The figure clearly shows that 

as the flow increases, the total energy requirement also rises. Within this flow range, SBR 

technology generally requires the most energy, followed by MBR technology, and then 

MBBR technology. 

To calculate the total costs associated with energy, multiply the total co-efficient of 

energy by the unit price per unit of energy. The data were analyzed using linear regression, 

resulting in an R² value exceeding 0.999 in all cases, indicating an excellent fit to the 

regression line. Consequently, this curve can be used to estimate the energy costs for 

WWTPs using MBR, MBBR, and SBR technologies over a flow range of 0.5 MLD to 5 

MLD, simplifying the cost estimation process. 
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Figure 36: O&M man-hour curve for small range WWTPs with MBR, MBBR and SBR 

Figure 36 shows the co-efficient of O&M manpower required for small-scale 

WWTPs using MBR, MBBR, and SBR technologies. The O&M manpower needed is 

significantly higher for MBBR technology compared to the other two technologies. The 

figure clearly indicates that as the flow increases, the O&M manpower co-efficient also 

rises. Within this flow range, MBBR technology generally requires the most O&M 

manpower, followed by MBR technology, and then SBR technology. 

The data were analyzed using linear regression, resulting in an R² value exceeding 

0.96 in all cases, indicating an excellent fit to the regression line. Consequently, this curve 

can be used to estimate the O&M manpower costs for WWTPs using MBR, MBBR, and 

SBR technologies over a flow range of 0.5 MLD to 5 MLD, simplifying the cost 

estimation process. 
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Figure 37: Sodium hypochlorite curve for small range WWTPs with MBR 

Figure 37 illustrates the co-efficient of sodium hypochlorite needed for small-scale 

WWTPs using MBR technology. In contrast, SBR and MBBR technologies do not require 

sodium hypochlorite and therefore curve is shown only for MBR technology. The figure 

clearly indicates that as the flow rate increases, the required co-efficient of sodium 

hypochlorite also rises. 

To calculate the total costs associated with sodium hypochlorite, multiply the total 

co-efficient by the unit price of sodium hypochlorite. The data were analyzed using linear 

regression, resulting in an R² value greater than 0.998, which indicates an excellent fit to 

the regression line. Consequently, this curve can be used to predict the total cost of sodium 

hypochlorite for WWTPs using MBR technology over a flow range of 0.5 MLD to 5 MLD, 

simplifying the cost estimation process. 
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Figure 38: Acid curve for small range WWTPs with MBR 

Figure 38 shows the co-efficient of citric acid needed for small-scale WWTPs using 

MBR technology. In contrast, SBR and MBBR technologies do not require citric acid and 

therefore curve is shown only for MBR technology. The figure clearly indicates that as the 

flow rate increases, the required co-efficient of citric acid also rises. 

To calculate the total costs associated with citric acid, multiply the total co-efficient 

by the unit price of citric acid. The data were analyzed using linear regression, resulting in 

an R² value greater than 0.988, indicating an excellent fit to the regression line. 

Consequently, this curve can be used to predict the total cost of citric acid for WWTPs 

using MBR technology over a flow range of 0.5 MLD to 5 MLD, simplifying the cost 

estimation process. 
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The unit cost co-efficient functions for different items of small range WWTPs with MBR technology as displayed in the Figures 19 to 38 are tabulated in Table 

15: 

Table 15: Small range WWTPs with MBR - Functions for calculations of cost 

Small range WWTPs with MBR - Functions for calculations of total bare construction cost 

Sl. 

no. 

Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity WWTP with 

MBR 

      Value Unit   Value Unit 

                

1 x Cost of total earthwork C1 per ft3 y1 = (6409.7*x) + 25172 C1*y1 currency 

2 x Cost of total quantity of RCC C2 per ft3 y2 = (2834.9*x) + 10202 C2*y2 currency 

3 x Cost of total quantity of handrails C3 per ft y3 = (90.989*x) + 304.76 C3*y3 currency 

4 x Cost of houses or buildings C4  per ft2 y4 = (107.76*x) + 1418.4 C4*y4 currency 

5 x Cost of blowers C5 per blower y5 = (0.6030*x) + 0.8407 C5*y5 currency 

6 x Cost of installation man-hours C6  per hr y6 = (49.157*x) + 25.929 C6*y6 currency 

7 x Cost of crane requirements for 

installation 

C7  per hr y7 = (4.9149*x) + 2.596 C7*y7 currency 

8 x Cost of pumps C8 Purchase cost of standard 

pump (3000 gpm) 

y8 = (0.5349*x) +1.492 C8*y8 currency 

9 x Cost of diffusers C9  per diffuser y9 = (42.755*x) + 0.98 C9*y9 currency 

10 x Cost of swing arm diffuser headers C10 per header y10 = (2.1639*x) + 1.1373 C10*y10 currency 

11 x Cost of membrane modules C11  per module y11 = (234.67*x) + 117.33 C11*y11 currency 

12 x Cost of air piping C12 cost index y12 = (520.82*x) + 980.4 C12*y12 currency 
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Table 15: Small range WWTPs with MBR - Functions for calculations of cost (continued) 

Small range WWTPs with MBR - Functions for calculations of levelized cost for 25 years of operation  

Sl. 

no. 

Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity WWTP with 

MBR 

      Value Unit   Value Unit 

                

13 x Cost of operation and maintenance 

material costs 

    y13 = [(10.269*x) + 21.129]*105 y13 currency 

14 x Cost of energy requirement C13  per kwhr y14 = (152109*x) + 5657.5 C14*y14 currency 

15 x Cost of operation and maintenance hours C14  per hr y15 = (392.62*x) + 1858.2 C15*y15 currency 

16 x Cost of chemical for maintenance - 

sodium hypochlorite 

C15 per kg of solution y16 = (1234.1*x) + 789 C16*y16 currency 

17 x Cost of chemical for maintenance - citric 

acid 

C16 per kg of solution y17 = (173.29*x) + 155.42 C17*y17 currency 

                

    Present worth factor considered       9.82   

  

  

Levelized cost for 25 years of operation  

  

  9.82 * [y13 + (C14*y14) + (C15*y15) + 

(C16*y16) + (C17*y17)]   

currency 

 

The co-efficients for respective unit costs have been calculated based on derived functions for a case of 3 mld capacity WWTP with MBR technology and costs 

with unit cost base in India at year 2021 are furnished in Table – 16. 
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Table 16: Small range WWTPs with MBR - Validation for calculated costs 

Small range WWTPs with MBR - Validation for calculated total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

3 mld capacity 

WWTP with MBR 

      Value Unit   Value 

              

1 3.0 Cost of total earthwork ₹ 10.38 per ft3 44401.1 ₹ 460,988.59 

2 3.0 Cost of total quantity of RCC ₹ 243.72 per ft3 18706.7 ₹ 4,559,280.05 

3 3.0 Cost of total quantity of handrails ₹ 600.00 per ft 577.727 ₹ 346,636.20 

4 3.0 Cost of houses or buildings ₹ 7,500.00 per ft2 1741.68 ₹ 13,062,600.00 

5 3.0 Cost of blowers ₹ 53,00,895.04 per blower 2.6497 ₹ 14,045,781.58 

6 3.0 Cost of installation man-hours ₹ 125.00 per hr 173.4 ₹ 21,675.00 

7 3.0 Cost of crane requirements for 

installation 

₹ 1,000.00 per hr 17.3407 ₹ 17,340.70 

8 3.0 Cost of pumps ₹ 12,93,750.00 Purchase cost of standard 

pump (3000 gpm) 

3.0967 ₹ 4,006,355.63 

9 3.0 Cost of diffusers ₹ 1,200.00 per diffuser 129.245 ₹ 155,094.00 

10 3.0 Cost of swing arm diffuser headers ₹ 35,000.00 per header 7.629 ₹ 267,015.00 

11 3.0 Cost of membrane modules ₹ 1,63,506.94 per module 821.34 ₹ 134,294,793.75 

12 3.0 Cost of air piping ₹ 750.00 cost index 2542.86 ₹ 1,907,145.00 

       

  
Consolidated bare cost 

   ₹ 173,144,705.50 
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Table 16: Small range WWTPs with MBR - Validation for calculated costs (continued) 

Small range WWTPs with MBR - Validation for calculated levelized cost of 25 years operation 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

3 mld capacity 

WWTP with MBR 

      Value Unit   Value 

13 3.0 Cost of operation and maintenance 

material costs 

    5193600 ₹ 5,193,600.00 

14 3.0 Cost of energy requirement ₹ 6.00  per kwhr 461984.5 ₹ 2,771,907.00 

15 3.0 Cost of operation and maintenance 

hours 

₹ 250.00  per hr 3036.06 ₹ 759,015.00 

16 3.0 Cost of chemical for maintenance - 

sodium hypochlorite 

₹ 30.00  per kg of solution 4491.3 ₹ 134,739.00 

17 3.0 Cost of chemical for maintenance - 

citric acid 

₹ 90.00  per kg of solution 675.29 ₹ 60,776.10 

              

    Present worth factor considered       9.82 

  

  

Levelized cost for 25 years of 

operation  
  

  9.82 * [y13 + (C14*y14) + (C15*y15) + (C16*y16) 

+ (C17*y17)] 

₹ 87,617,774.49 

 

 

It has been scrutinized and noted that variation is within 1 % for each of estimated total bare construction cost and levelized cost of 25 years of operation. 
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The unit cost co-efficient functions for different items of small range WWTPs with MBBR technology as displayed in the Figures 19 to 38 are tabulated in 

Table 17: 

Table 17: Small range WWTPs with MBBR - Functions for calculations of cost 

Small range WWTPs with MBBR - Functions for calculations of total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity WWTP 

with MBBR 

      Value Unit   Value Unit 

        

                

1 x Cost of total earthwork C1  per ft3 y1 = (28016*x) + 17686 C1*y1 currency 

2 x Cost of total quantity of RCC C2  per ft^3 y2 = (5540.7*x) + 19867 C2*y2 currency 

3 x Cost of total quantity of handrails C3  per / ft y3 = (34.307*x) + 349.86 C3*y3 currency 

4 x Cost of houses or buildings C4  per ft2 y4 = (89.206*x) + 2033.2 C4*y4 currency 

5 x Cost of clarifier mechanisms C5  per mechanism y5 = (0.3962*x) + 1.4253 C5*y5 currency 

6 x Cost of blowers C6 per blower y6 = (0.4486*x) + 0.5813 C6*y6 currency 

7 x Cost of installation man-hours C7  per hr y7 = (95.357*x) + 212.55 C7*y7 currency 

8 x Cost of crane requirements for 

installation 

C8  per hr y8 = (9.5352*x) + 21.257 C8*y8 currency 

9 x Cost of pumps C9 Purchase cost of standard 

pump (3000 gpm) 

y9 = (0.3284*x) + 1.748 C9*y9 currency 

10 x Cost of diffusers C10  per diffuser y10 = (28.859*x) + 0.8153 C10*y10 currency 

11 x Cost of swing arm diffuser headers C11  per header y11 = (1.3335*x) + 1.4640 C11*y11 currency 

12 x Cost of carrier media C12  per m3 y12 = (38.65*x) + 0.0033 C12*y12 currency 

13 x Cost of air piping C13 cost index y13 = (213.15*x) + 634.56 C13*y13 currency 
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Table 17: Small range WWTPs with MBBR - Functions for calculations of cost (continued) 

Small range WWTPs with MBBR - Functions for calculations of levelized cost for 25 years of operation 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity WWTP 

with MBBR 

      Value Unit   Value Unit 

14 x Cost of operation and maintenance 

material costs 

    y14 = [(0.6042*x) + 4.1953]*105 y14 currency 

15 x Cost of energy requirement C15  per kwhr y15 = (82874*x) + 21740 C15*y15 currency 

16 x Cost of operation and maintenance 

hours 

C16  per hr y16 = (444.94*x) + 3929.9 C16*y16 currency 

                

    Present worth factor considered       9.82   

    Levelized cost for 25 years of operation      9.82 * [y14 + (C15*y15) + (C16*y16)]   currency 
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The co-efficients for respective unit costs have been calculated based on derived functions for a case of 3 mld capacity WWTP with MBBR technology and 

costs with unit cost base in India at year 2021 are furnished in Table – 18: 

Table 18: Small range WWTPs with MBBR - Validation for calculated costs 

Small range WWTPs with MBBR - Validation for calculated total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

3 mld capacity 

WWTP with MBBR 

      Value Unit   Value 

              

1 3.0 Cost of total earthwork ₹ 10.38  per ft3 101734 ₹ 1,056,239.91 

2 3.0 Cost of total quantity of RCC ₹ 243.72  per ft3 36489.1 ₹ 8,893,285.59 

3 3.0 Cost of total quantity of handrails ₹ 600.00  per / ft 452.781 ₹ 271,668.60 

4 3.0 Cost of houses or buildings ₹ 7,500.00  per ft2 2300.818 ₹ 17,256,135.00 

5 3.0 Cost of clarifier mechanisms ₹ 75,00,000.00  per mechanism 2.6139 ₹ 19,604,250.00 

6 3.0 Cost of blowers ₹ 53,00,895.04 per blower 1.9271 ₹ 10,215,354.83 

7 3.0 Cost of installation man-hours ₹ 125.00  per hr 498.621 ₹ 62,327.63 

8 3.0 Cost of crane requirements for 

installation 

₹ 1,000.00  per hr 49.8626 ₹ 49,862.60 

9 3.0 Cost of pumps ₹ 12,93,750.00 Purchase cost of standard 

pump (3000 gpm) 

2.7332 ₹ 3,536,077.50 

10 3.0 Cost of diffusers ₹ 1,200.00  per diffuser 87.3923 ₹ 104,870.76 

11 3.0 Cost of swing arm diffuser headers ₹ 35,000.00  per header 5.4645 ₹ 191,257.50 

12 3.0 Cost of carrier media ₹ 11,000.00  per m3 115.9533 ₹ 1,275,486.30 

13 3.0 Cost of air piping ₹ 750.00 cost index 1274.01 ₹ 955,507.50 

              

    Consolidated bare cost       ₹ 63,472,323.71 
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Table 18: Small range WWTPs with MBBR - Validation for calculated costs (continued) 

Small range WWTPs with MBBR - Validation for calculated levelized cost of 25 years operation 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

3 mld capacity 

WWTP with MBBR 

      Value Unit   Value 

              

14 3.0 Cost of operation and maintenance 

material costs 

    600790 ₹ 600,790.00 

15 3.0 Cost of energy requirement ₹ 6.00  per kwhr 270362 ₹ 1,622,172.00 

16 3.0 Cost of operation and maintenance 

hours 

₹ 250.00  per hr 5264.72 ₹ 1,316,180.00 

              

    Present worth factor considered       9.82 

  

  

Levelized cost for 25 years of 

operation    

  9.82 * [y14 + (C15*y15) + (C16*y16)] ₹ 34,763,504.03  

 

It has been reviewed that variation is around 1.5 % for estimated total bare construction cost and within 0.5 % for levelized cost of 25 years of operation. 
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The unit cost co-efficient functions for different items of small range WWTPs with SBR technology as displayed in the Figures 19 to 38 are tabulated in Table 

19: 

Table 19: Small range WWTPs with SBR - Functions for calculations of cost 

Small range WWTPs with SBR - Functions for calculations of total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity 

WWTP with MBBR 

      Value Unit   Value Unit 

                

1 x Cost of total earthwork C1  per ft3 y1 =(23277*x) + 87946 C1*y1 currency 

2 x Cost of total quantity of RCC C2  per ft3 y2 = (9633.8*x) + 39843 C2*y2 currency 

3 x Cost of total quantity of handrails C3  per / ft y3 = (237.24*x) + 1791.2 C3*y3 currency 

4 x Cost of houses or buildings C4  per ft2 y4 = (6.0531*x) + 2441.3 C4*y4 currency 

5 x Cost of blowers C5 per blower y5 = (0.2151*x) + 8.47 C5*y5 currency 

6 x Cost of installation man-hours C6  per hr y6 = (6369.8*x)  C6*y6 currency 

7 x Cost of crane requirements for 

installation 

C7  per hr y7 = (289.58*x) - 12545 C7*y7 currency 

8 x Cost of pumps C8 Purchase cost of standard 

pump (3000 gpm) 

y8 = 0.58 C8*y8 currency 

9 x Cost of diffusers C9  per diffuser y9 = (2545.8*x) - 110361 C9*y9 currency 

10 x Cost of swing arm diffuser headers C10  per header y10 = (127.41*x) - 5520 C10*y10 currency 

11 x Cost of decanters C11  per m3 y11 = (706.44*x)  C11*y11 currency 

12 x Cost of air piping C12 cost index y12 = (472.77*x) + 14348 C12*y12 currency 
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Table 19: Small range WWTPs with SBR - Functions for calculations of cost (continued) 

Small range WWTPs with SBR - Functions for calculations of levelized cost for 25 years of operation  

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity 

WWTP with MBBR 

      

      Value Unit   Value Unit 

        

13 x Cost of operation and maintenance 

material costs 

    y13 = [(1.546*x) - 15.569]*105 y13 currency 

14 x Cost of energy requirement C14  per kwhr y14 = (113972*x) + 770413 C14*y15 currency 

15 x Cost of operation and maintenance 

hours 

C15  per hr y15 = (54.661*x) + 5611.7 C15*y15 currency 

                

    Present worth factor considered       9.82   

    Levelized cost for 25 years of operation      9.82 * [y13 + (C14*y14) + (C15*y15)]   currency 

 

The co-efficients for respective unit costs have been calculated based on derived functions for a case of 3 mld capacity WWTP with SBR technology and costs 

with unit cost base in India at year 2021 are furnished in Table – 20. 

 

  



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

Chapter 5 | Page 54 of 112 

 

Table 20: Small range WWTPs with SBR - Validation for calculated costs 

Small range WWTPs with SBR - Validation for calculated total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient for unit cost 

(y) 

Cost 

for  

3 mld capacity 

WWTP with SBR 

      Value Unit   Value 

              

1 3.0 Cost of total earthwork ₹ 10.38 per ft3 125575 ₹ 1,303,765.96 

2 3.0 Cost of total quantity of RCC ₹ 243.72 per ft3 40414.2 ₹ 9,849,928.41 

3 3.0 Cost of total quantity of handrails ₹ 600.00 per ft 1156.92 ₹ 694,152.00 

4 3.0 Cost of houses or buildings ₹ 7,500.00  per ft2 1681.71 ₹ 12,612,825.00 

5 3.0 Cost of blowers ₹ 53,00,895.04 per blower 3.4307 ₹ 18,185,780.60 

6 3.0 Cost of installation man-hours ₹ 125.00  per hr 513.459 ₹ 64,182.38 

7 3.0 Cost of crane requirements for 

installation 

₹ 1,000.00  per hr 51.346 ₹ 51,346.00 

8 3.0 Cost of pumps ₹ 12,93,750.00 Purchase cost of standard 

pump (3000 gpm) 

0.58 ₹ 750,375.00 

9 3.0 Cost of diffusers ₹ 1,200.00  per diffuser 440.01 ₹ 528,012.00 

10 3.0 Cost of swing arm diffuser headers ₹ 35,000.00 per header 22.5929 ₹ 790,751.50 

11 3.0 Cost of decanters ₹ 2,400.00  per m3/h 2119.3187 ₹ 5,086,364.88 

12 3.0 Cost of air piping ₹ 750.00 cost index 3099.763 ₹ 2,324,822.25 

              

    Consolidated bare cost       ₹ 52,242,305.97 
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Table 20: Small range WWTPs with SBR - Validation for calculated costs (continued) 

Small range WWTPs with SBR - Validation for calculated levelized cost for 25 years operation 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient for unit cost 

(y) 

Cost 

for  

3 mld capacity 

WWTP with SBR 

      Value Unit   Value 

13 3.0 Cost of operation and maintenance 

material costs 

    775870 ₹ 775,870.00 

14 3.0 Cost of energy requirement ₹ 6.00  kwhr/year 527388.4647 ₹ 3,164,330.79 

15 3.0 Cost of operation and maintenance 

hours 

₹ 250.00  per hr 2475.15 ₹ 618,787.50 

              

    Present worth factor considered       9.82 

  

  

Levelized cost for 25 years of 

operation    

  9.82 * [y13 + (C14*y14) + (C15*y15)] ₹ 44,781,025.38  

 

It has been scrutinized and noted that variation is within 2 % for estimated total bare construction cost and within 1 % for estimated levelized cost of 25 years of 

operation.  
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The unit cost co-efficient curves of different items for medium range WWTPs with MBR, 

MBBR & SBR technologies are shown in Figures 39 through 58 hereinafter. 

 

Figure 39: Excavation curve for medium range WWTPs with MBR, MBBR and SBR 

Figure 39 illustrates the co-efficient of earthwork excavation (ft³) needed for 

medium-scale WWTPs using MBR, MBBR, and SBR technologies across varying flow 

rates. The observations closely resemble those in Figure 19. With a high R² value (>0.99), 

indicating a robust fit of the data to the regression line, this curve can accurately forecast 

the total cost of earthwork for WWTPs over a flow range from 5 MLD to 50 MLD, 

simplifying the cost estimation process. 
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Figure 40: Concrete curve for medium range WWTPs with MBR, MBBR and SBR 

In Figure 40, it is observed that as the flow increases, the total co-efficient of 

reinforced cement concrete (RCC) work (ft³) also increases, which aligns with 

expectations. Within this flow range, the total co-efficient of RCC work tends to be higher 

for SBR technology compared to MBBR technology. MBR technologies generally require 

less total co-efficient of RCC work due to their space-saving design. 

The total costs related to RCC can be calculated by multiplying the total co-

efficient of RCC by the unit rate price specific to the RCC. The total co-efficient of RCC 

data was analysed using linear regression. For all technologies, the R² values exceed 0.99, 

indicating a strong fit of the data to the regression line. Therefore, this curve can be used to 

predict the total cost of RCC for WWTPs across a flow range from 5 MLD to 50 MLD, 

eliminating the need for detailed cost estimation. 
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Figure 41: Hand-rail curve for medium range WWTPs with MBR, MBBR and SBR 

Figure 41 depicts the total co-efficient of handrails (ft) required for medium-scale WWTPs 

using MBR, MBBR, and SBR technologies across different flow rates. The observations 

closely mirror those seen in Figure 21. With a high R² value (>0.96), indicating a strong fit 

of the data to the regression line, this curve can effectively predict the total cost of 

handrails for WWTPs over a flow range from 5 MLD to 50 MLD, streamlining the cost 

estimation process. 
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Figure 42: House curve for medium range WWTPs with MBR, MBBR and SBR 

Figure 42 illustrates the total co-efficient required for housing or buildings (ft²) for 

medium-scale WWTPs using MBR, MBBR, and SBR technologies across various flow 

rates. The figure clearly shows that as the flow rate increases, the total co-efficient needed 

for housing or buildings (ft²) also increases. Within this flow range, MBBR technology 

generally necessitates a larger total co-efficient for housing or buildings (ft²), followed by 

MBR technology, and then SBR technology. The remaining observations closely resemble 

those seen in Figure 22. With a high R² value (>0.96), indicating a strong fit of the data to 

the regression line, this curve can reliably predict the total cost required for housing or 

buildings for WWTPs over a flow range from 5 MLD to 50 MLD, thereby simplifying the 

cost estimation process. 
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Figure 43 shows the total co-efficient of clarifier mechanisms needed for medium-scale 

WWTPs using MBBR technology. For MBR and SBR technologies, clarifier mechanisms 

are not necessary and therefore curve is shown only for MBBR technology. The 

observations are very similar to those in Figure 23. With a high R² value (>0.95), 

indicating a strong fit of the data to the regression line, this curve can accurately predict the 

total cost of clarifier mechanisms for WWTPs with flow rates ranging from 5 MLD to 50 

MLD, making cost estimation easier. 

 

 

Figure 43: Clarifier mechanism for medium-range WWTPs with  MBBR  
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Figure 44: Blower curve for medium-range WWTPs with MBR, MBBR and SBR 

Figure 44 displays the total co-efficient of blowers needed for medium-scale WWTPs 

utilizing MBR, MBBR, and SBR technologies across various flow rates. The observations 

are very similar to those in Figure 24. With a high R² value (>0.95), indicating a strong fit 

of the data to the regression line, this curve can accurately predict the total cost associated 

with blowers for WWTPs with flow rates ranging from 5 MLD to 50 MLD, making the 

cost estimation process simpler. 

 

Figure 45: Installation man-hour curve for medium -range WWTPs with MBR, MBBR and SBR 

Figure 45 shows the installation man-hours co-efficient required for medium-scale 

WWTPs using MBR, MBBR, and SBR technologies at different flow rates. The figure 

clearly indicates that as the flow rate increases, the total man-hours required also rise. 

Within this flow range, SBR technology generally requires more man-hours than the other 

two technologies. The remaining observations closely resemble those in Figure 25. With a 

high R² value (>0.93), indicating a strong fit of the data to the regression line, this curve 

can reliably predict the cost of man-hours required for WWTPs with flow rates from 5 

MLD to 50 MLD, thus simplifying the cost estimation process.  
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Figure 46: Crane curve for medium-range WWTPs with MBR, MBBR and SBR 

Figure 46 illustrates the crane co-efficient for medium-scale WWTPs using MBR, 

MBBR, and SBR technologies across various flow rates. The figure clearly shows that as 

the flow rate increases, the total crane co-efficient also rise. Within this flow range, SBR 

technology generally requires more crane co-efficient than the other two technologies. The 

remaining observations closely resemble those in Figure 26. The data were analyzed using 

linear regression, achieving an R² value exceeding 0.99 for MBR and MBBR technologies, 

indicating an excellent fit to the regression line. However, for SBR technology, the R² 

value is nearly 0.85, suggesting a maximum possible error of 10-15% when predicting the 

total cost of crane requirements. Nonetheless, the R² values are generally good for all 

curves. Therefore, these curves can be used to estimate the cost of crane requirements for 

WWTPs using MBR, MBBR, and SBR technologies across a flow range from 5 MLD to 

50 MLD, simplifying the cost estimation process. 
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Figure 47: Pumps curve for medium-range WWTPs with MBR, MBBR and SBR 

Figure 47 shows the co-efficient of standard pumps (3000 gpm) required for medium-scale 

WWTPs using MBR, MBBR, and SBR technologies across various flow rates. The 

observations closely resemble those in Figure 27. With a high R² value (>0.9), indicating a 

strong fit of the data to the regression line, this curve can accurately predict the total cost 

associated with pumps for WWTPs with flow rates ranging from 5 MLD to 50 MLD, 

simplifying the cost estimation process. 

 

Figure 48: Diffusers curve for medium range WWTPs with MBR, MBBR and SBR 
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Figure 48 illustrates the co-efficient of diffusers required for medium-scale 

WWTPs using MBR, MBBR, and SBR technologies across various flow rates. The figure 

clearly shows that as the flow rate increases, the co-efficient of diffusers required also 

rises. Within this flow range, SBR technology generally requires more diffusers than the 

other two technologies. The remaining observations closely resemble those in Figure 28. 

The data were analyzed using linear regression, achieving an R² value exceeding 0.99 for 

MBR and MBBR technologies, indicating an excellent fit to the regression line. However, 

for SBR technology, the R² value is nearly 0.85, suggesting a maximum possible error of 

10-15% when predicting the total cost for diffusers. Nonetheless, the R² values are 

generally good for all curves. Therefore, these curves can be used to estimate the cost of 

diffuser requirements for WWTPs using MBR, MBBR, and SBR technologies across a 

flow range from 5 MLD to 50 MLD, simplifying the cost estimation process. 

 
Figure 49: Swing arm diffuser header curve for medium range WWTPs with MBR, MBBR and SBR 

Figure 49 illustrates the co-efficient of swing arm diffuser headers required for 

medium-scale WWTPs using MBR, MBBR, and SBR technologies across various flow 

rates. The figure clearly shows that as the flow rate increases, the co-efficient of swing arm 

diffuser headers also rises. Within this flow range, SBR technology generally requires 

more swing arm diffuser headers than the other two technologies. The remaining 
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observations closely resemble those in Figure 29. The data were analyzed using linear 

regression, achieving an R² value exceeding 0.997 for MBR and MBBR technologies, 

indicating an excellent fit to the regression line. However, for SBR technology, the R² 

value is nearly 0.85, suggesting a maximum possible error of 10-15% when predicting the 

total cost of swing arm diffuser headers. Nonetheless, the R² values are generally good for 

all curves. Therefore, these curves can be used to estimate the cost of swing arm diffuser 

header requirements for WWTPs using MBR, MBBR, and SBR technologies across a flow 

range from 5 MLD to 50 MLD, simplifying the cost estimation process. 

 

Figure 50: Carrier media curve for medium range WWTPs with MBBR 

Figure 50 shows the co-efficient of carrier media (m³) needed for medium-scale WWTPs 

using MBBR technology. MBR and SBR technologies do not require carrier media and 

therefore curve is shown only for MBBR technology. The observations are very similar to 

those in Figure 30. With an R² value of nearly 1, indicating a strong fit of the data to the 

regression line, this curve can accurately predict the total cost of carrier media for WWTPs 

with flow rates ranging from 5 MLD to 50 MLD, simplifying cost estimation. 
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Figure 51: Membrane modules curve for medium range WWTPs with MBR 

Figure 51 illustrates the co-efficient of membrane modules required for medium-scale 

WWTPs using MBR technology. The observations closely resemble those in Figure 31. 

MBBR and SBR technologies do not require membrane modules and therefore curve is 

shown only for MBR technology.  With an R² value greater than 0.99, indicating a strong 

fit of the data to the regression line, this curve can accurately forecast the total cost of 

membrane modules for WWTPs with flow rates ranging from 5 MLD to 50 MLD, 

simplifying the cost estimation process. 
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Figure 52: Decanters curve for medium range WWTPs with SBR 

Figure 52 depicts the co-efficient of decanters (m3/hr) required for medium-scale WWTPs 

using SBR technology. The observations closely mirror those in Figure 32. MBR and 

MBBR technologies do not require decanters and therefore curve is shown only for SBR 

technology.  With an R² value of 1, indicating a perfect fit of the data to the regression line, 

this curve can accurately predict the total cost of decanters for WWTPs with flow rates 

ranging from 5 MLD to 50 MLD, simplifying the cost estimation process. 

 

Figure 53: Air pipe curve for medium range WWTPs with MBR, MBBR and SBR 

Figure 53 illustrates the co-efficient of air piping required for medium-scale WWTPs using 

MBR, MBBR, and SBR technologies across various flow rates. The observations closely 

resemble those in Figure 33. With a high R² value (>0.94), indicating a strong fit of the 

data to the regression line, this curve can reliably estimate the total cost associated with air 

piping for WWTPs with flow rates ranging from 5 MLD to 50 MLD, thereby simplifying 

the cost estimation process. 
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Figure 54: O&M material cost curve for medium range WWTPs with MBR, MBBR and SBR 

Figure 54 depicts the co-efficient of O & M materials for medium-scale WWTPs using 

MBR, MBBR, and SBR technologies across various flow rates. The observations closely 

mirror those in Figure 34. With a high R² value (>0.99), indicating a strong fit of the data 

to the regression line, this curve can accurately estimate the total cost associated with O & 

M materials for WWTPs with flow rates ranging from 5 MLD to 50 MLD, simplifying the 

cost estimation process. 

 

Figure 55: Energy curve for medium range WWTPs with MBR, MBBR and SBR 
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Figure 55 illustrates the energy co-efficient for medium-scale WWTPs using MBR, 

MBBR, and SBR technologies. A notable difference from Figure 35 is that within this flow 

range, MBR technology generally requires the highest energy, followed by SBR 

technology, and then MBBR technology. The remaining observations closely resemble 

those in Figure 35. The data underwent linear regression analysis, resulting in an R² value 

exceeding 0.95 for all cases, indicating an excellent fit to the regression line. 

Consequently, this curve can reliably estimate the energy costs for WWTPs utilizing MBR, 

MBBR, and SBR technologies over a flow range of 5 MLD to 50 MLD, simplifying the 

cost estimation process. 

 

Figure 56: O&M man-hour curve for medium range WWTPs with MBR, MBBR and SBR 

Figure 56 depicts the co-efficient of O & M man-hours required for medium-scale WWTPs 

using MBR, MBBR, and SBR technologies across various flow rates. The observations 

closely mirror those in Figure 36. With a high R² value (>0.94), indicating a strong fit of 

the data to the regression line, this curve can accurately estimate the total cost associated 

with O & M man-hours for WWTPs with flow rates ranging from 5 MLD to 50 MLD, 

simplifying the cost estimation process. 
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Figure 57: Sodium hypochlorite curve for medium range WWTPs with MBR 

Figure 57 illustrates the co-efficient of sodium hypochlorite required for medium-

scale WWTPs using MBR technology. SBR and MBBR technologies do not require 

sodium hypochlorite and therefore curve is shown only for MBR technology. The 

observations closely resemble those in Figure 37. With an R² value of 0.9969, indicating an 

excellent fit of the data to the regression line, this curve can accurately estimate the total 

cost of sodium hypochlorite for WWTPs with flow rates ranging from 5 MLD to 50 MLD, 

simplifying the cost estimation process. 
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Figure 58: Acid curve for medium range WWTPs with MBR 

 Figure 58 shows the co-efficient of citric acid needed for medium-scale WWTPs 

using MBR technology. SBR and MBBR technologies do not require citric acid and 

therefore curve is shown only for MBR technology. The observations closely align with 

those in Figure 38. With an R² value greater than 0.99, indicating a strong fit of the data to 

the regression line, this curve can accurately predict the total cost of citric acid for WWTPs 

with flow rates ranging from 5 MLD to 50 MLD, simplifying the cost estimation process.  
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The unit cost co-efficient functions for different items of medium range WWTPs with MBR technology as displayed in the Figures 39 to 58 are tabulated in 

Table 21: 

Table 21: Medium range WWTPs with MBR - Functions for calculations of cost 

Medium range WWTPs with MBR - Functions for calculations of total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity 

WWTP with MBR 

      Value Unit   Value Unit 

                

1 x Cost of total earthwork C1 per ft3 y1 =  (6028.9*x) + 34656 C1*y1 currency 

2 x Cost of total quantity of RCC C2 per ft3 y2 = (2759.9*x) + 14854 C2*y2 currency 

3 x Cost of total quantity of handrails C3 per ft y3 =  (79.889*x) + 479.44 C3*y3 currency 

4 x Cost of houses or buildings C4  per ft2 y4 = (30.822*x) + 1822.5 C4*y4 currency 

5 x Cost of blowers C5 per blower y5 = (0.2609*x) + 2.9553 C6*y6 currency 

6 x Cost of installation man-hours C6  per hr y6 = (50.64*x) + 7.4093 C7*y7 currency 

7 x Cost of crane requirements for 

installation 

C7  per hr y7 = (5.0851*x) C8*y8 currency 

8 x Cost of pumps C8 Purchase cost of standard 

pump (3000 gpm) 

y8 = (0.5015*x) + 1.216 C9*y9 currency 

9 x Cost of diffusers C9  per diffuser y9 = (42.816*x) + 0.8967 C10*y10 currency 

10 x Cost of swing arm diffuser headers C10 per header y10 = (2.2375*x) C11*y11 currency 

11 x Cost of membrane modules C11  per module y11 = (162.68*x) C12*y12 currency 

12 x Cost of air piping C12 cost index y12 = (648.59*x) + 1403 C13*y13 currency 
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Table 21: Medium range WWTPs with MBR - Functions for calculations of cost (continued) 

Medium range WWTPs with MBR - Functions for calculations of levelized cost for 25 years of operation of small range WWTP with MBR 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity 

WWTP with MBR 

      Value Unit   Value Unit 

                

13 x Cost of operation and maintenance 

material costs 

    y13 = [(3.9914*x) + 50.353]*105 y13 currency 

14 x Cost of energy requirement C15  per kwhr y14 = (148087*x) + 17794 C14*y14 currency 

15 x Cost of operation and maintenance 

hours 

C16  per hr y15 = (134.89*x) + 3445.3 C15*y15 currency 

16 x Cost of chemical for maintenance - 

sodium hypochlorite 

C15 per kg of solution y16 = (819.4*x) + 1827.4 C16*y16 currency 

17 x Cost of chemical for maintenance - 

citric acid 

C16 per kg of solution y17 =  (118.94*x) + 266.41 C17*y17 currency 

                

    Present worth factor considered       9.82   

  

  

Levelized cost for 25 years of operation  

  

  9.82 * [y13 + (C14*y14) + (C15*y15) + (C16*y16) + 

(C17*y17)] 
  

currency 

  



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

Chapter 5 | Page 74 of 112 

 

 

The co-efficients for respective unit costs have been calculated based on derived functions for a case of 30 mld capacity WWTP with MBR technology and 

costs with unit cost base in India at year 2021 are furnished in Table – 22: 

Table 22: Medium range WWTPs with MBR - Validation for calculated costs 

Medium range WWTPs with MBR - Validation for calculated total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

30.0 mld capacity 

WWTP with MBR 

      Value Unit   Value 

1 30.0 Cost of total earthwork ₹ 10.38 per ft3 215523 ₹ 2,237,639.27 

2 30.0 Cost of total quantity of RCC ₹ 243.72 per ft3 97651 ₹ 23,799,935.63 

3 30.0 Cost of total quantity of handrails ₹ 600.00 per ft 2876.11 ₹ 1,725,666.00 

4 30.0 Cost of houses or buildings ₹ 7,500.00  per ft2 2747.16 ₹ 20,603,700.00 

5 30.0 Cost of blowers ₹ 53,00,895.04 per blower 10.7823 ₹ 57,155,840.55 

6 30.0 Cost of installation man-hours ₹ 125.00  per hr 1526.6093 ₹ 190,826.16 

7 30.0 Cost of crane requirements for 

installation 

₹ 1,000.00  per hr 152.553 ₹ 152,553.00 

8 30.0 Cost of pumps ₹ 12,93,750.00 Purchase cost of standard 

pump (3000 gpm) 

16.261 ₹ 21,037,668.75 

9 30.0 Cost of diffusers ₹ 1,200.00  per diffuser 1285.3767 ₹ 1,542,452.04 

10 30.0 Cost of swing arm diffuser headers ₹ 35,000.00 per header 67.125 ₹ 2,349,375.00 

11 30.0 Cost of membrane modules ₹ 1,63,506.94  per module 4880.4 ₹ 797,979,291.67 

12 30.0 Cost of air piping ₹ 750.00 cost index 20860.7 ₹ 15,645,525.00 

              

    
Consolidated bare cost 

      ₹ 944,420,473.07 
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Table 22: Medium range WWTPs with MBR - Validation for calculated costs (continued) 

Medium range WWTPs with MBR - Validation for calculated levelized cost of 25 years operation 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

30.0 mld capacity 

WWTP with MBR 

      Value Unit   Value 

13 30.0 Cost of operation and maintenance 

material costs 

    17009500 ₹ 17,009,500.00 

14 30.0 Cost of energy requirement ₹ 6.00  per kwhr 4460404 ₹ 26,762,424.00 

15 30.0 Cost of operation and maintenance 

hours 

₹ 250.00  per hr 7492 ₹ 1,873,000.00 

16 30.0 Cost of chemical for maintenance - 

sodium hypochlorite 

₹ 30.00  per kg of solution 26409.4 ₹ 792,282.00 

17 30.0 Cost of chemical for maintenance - 

citric acid 

₹ 90.00  per kg of solution 3834.61 ₹ 345,114.90 

       ₹ 46,782,320.90 

  Present worth factor considered     9.82 

 

 

Levelized cost for 25 years of 

operation   

 9.82 * [y13 + (C14*y14) + (C15*y15) + (C16*y16) 

+ (C17*y17)] 

₹ 459,523,071.14  

 

It has been reviewed that variation is around 1 % for each of estimated total bare construction cost and levelized cost of 25 years of operation. 
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The unit cost co-efficient functions for different items of medium range WWTPs with MBBR technology as displayed in the Figures 39 to 58 are tabulated in 

Table 23 

Table 23: Medium range WWTPs with MBBR - Functions for calculations of cost 

Medium range WWTPs with MBBR - Functions for calculations of total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity WWTP 

with MBBR 

      Value Unit   Value Unit 

                

1 x Cost of total earthwork C1  per ft3 y1 = (32855*x) + 13480 C1*y1 currency 

2 x Cost of total quantity of RCC C2  per ft3 y2 = (4852.6*x) + 24825 C2*y2 currency 

3 x Cost of total quantity of handrails C3  per / ft y3 = (27.261*x) + 511.8 C3*y3 currency 

4 x Cost of houses or buildings C4  per ft2 y4 =  (20.191*x) + 2452.2 C4*y4 currency 

5 x Cost of clarifier mechanisms C5  per mechanism y5 = (0.2192*x) + 1.6307 C5*y5 currency 

6 x Cost of blowers C6 per blower y6 = (0.1787*x) + 2.488 C6*y6 currency 

7 x Cost of installation man-hours C7  per hr y7 = (70.228*x) + 248.15 C7*y7 currency 

8 x Cost of crane requirements for 

installation 

C8  per hr y8 = (7.0228*x) + 24.817 C8*y8 currency 

9 x Cost of pumps C9 Purchase cost of standard 

pump (3000 gpm) 

y9 = (0.1493*x) + 2.4493 C9*y9 currency 

10 x Cost of diffusers C10  per diffuser y10 = (28.837*x) + 1.0593 C10*y10 currency 

11 x Cost of swing arm diffuser headers C11  per header y11 = (1.4768*x) C11*y11 currency 

12 x Cost of carrier media C12  per m3 y12 = (38.651*x) C12*y12 currency 

13 x Cost of air piping C13 cost index y13 = (457.75*x) C13*y13 currency 
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Table 23: Medium range WWTPs with MBBR - Functions for calculations of cost 

Medium range WWTPs with MBBR - Functions for calculations of levelized cost for 25 years of operation of small range WWTP with MBBR 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity WWTP 

with MBBR 

      Value Unit   Value Unit 

14 x Cost of operation and maintenance 

material costs 

    y14 = [(0.487*x) + 4.8973]*105 y14 currency 

15 x Cost of energy requirement C15  per kwhr y15 = (82969*x) + 20120 C15*y15 currency 

16 x Cost of operation and maintenance hours C16  per hr y16 = (218.76*x) + 5439.1 C16*y16 currency 

                

    Present worth factor considered       9.82   

    Levelized cost for 25 years of operation      9.82 * [y14 + (C15*y15) + (C16*y16)]   currency 

 

The co-efficients for respective unit costs have been calculated based on derived functions for a case of 30 mld capacity WWTP with MBBR technology and 

costs with unit cost base in India at year 2021 are furnished in Table – 24: 
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Table 24: Medium range WWTPs with MBBR - Validation for calculated costs 

Medium range WWTPs with MBBR - Validation for calculated total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

30.0 mld capacity 

WWTP with MBBR 

      Value Unit   Value 

              

1 30.0 Cost of total earthwork ₹ 10.38  per ft3 999130 ₹ 10,373,336.12 

2 30.0 Cost of total quantity of RCC ₹ 243.72  per ft3 170403 ₹ 41,531,376.35 

3 30.0 Cost of total quantity of handrails ₹ 600.00  per / ft 1329.63 ₹ 797,778.00 

4 30.0 Cost of houses or buildings ₹ 7,500.00  per ft2 3057.93 ₹ 22,934,475.00 

5 30.0 Cost of clarifier mechanisms ₹ 75,00,000.00  per mechanism 8.2067 ₹ 61,550,250.00 

6 30.0 Cost of blowers ₹ 53,00,895.04 per blower 7.849 ₹ 41,606,725.14 

7 30.0 Cost of installation man-hours ₹ 125.00  per hr 2354.99 ₹ 294,373.75 

8 30.0 Cost of crane requirements for 

installation 

₹ 1,000.00  per hr 235.501 ₹ 235,501.00 

9 30.0 Cost of pumps ₹ 12,93,750.00 Purchase cost of standard 

pump (3000 gpm) 

6.9283 ₹ 8,963,488.13 

10 30.0 Cost of diffusers ₹ 1,200.00  per diffuser 866.1693 ₹ 1,039,403.16 

11 30.0 Cost of swing arm diffuser headers ₹ 35,000.00  per header 44.304 ₹ 1,550,640.00 

12 30.0 Cost of carrier media ₹ 11,000.00  per m3 1159.53 ₹ 12,754,830.00 

13 30.0 Cost of air piping ₹ 750.00 cost index 13732.5 ₹ 10,299,375.00 

              

    Consolidated bare cost       ₹ 213,931,551.65 

              

 

  



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

Chapter 5 | Page 79 of 112 

 

 

Table 24: Medium range WWTPs with MBBR - Validation for calculated costs (continued) 

Medium range WWTPs with MBBR - Validation for calculated levelized cost of 25 years operation 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

30.0 mld capacity 

WWTP with MBBR 

      Value Unit   Value  

14 30.0 Cost of operation and maintenance 

material costs 

    1950730 ₹ 1,950,730.00 

15 30.0 Cost of energy requirement ₹ 6.00  per kwhr 2509190 ₹ 15,055,140.00 

16 30.0 Cost of operation and maintenance 

hours 

₹ 250.00  per hr 12001.9 ₹ 3,000,475.00 

              

    Present worth factor considered       9.82 

  

  

Levelized cost for 25 years of 

operation    

  9.82 * [y14 + (C15*y15) + (C16*y16)] ₹ 196,513,916.37 

 

 

It has been scrutinized and noted that variation is within 6 % for estimated total bare construction cost and 0.5 % for levelized cost of 25 years of operation.  
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The unit cost co-efficient functions for different items of medium range WWTPs with SBR technology as displayed in the Figures 39 to 58 are tabulated in 

Table 25: 

Table 25: Medium range WWTPs with SBR - Functions for calculations of cost 

Medium range WWTPs with SBR - Functions for calculations of total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity WWTP 

with SBR 

      Value Unit   Value Unit 

                

1 x Cost of total earthwork C1  per ft3 y1 =  (24170*x) + 62279 C1*y1 currency 

2 x Cost of total quantity of RCC C2  per ft3 y2 = (10096*x) + 24161 C2*y2 currency 

3 x Cost of total quantity of handrails C3  per / ft y3 = (258.16*x) + 966.59 C3*y3 currency 

4 x Cost of houses or buildings C4  per ft2 y4 = (16.654*x) + 1921.2 C4*y4 currency 

5 x Cost of blowers C5 per blower y5 = (0.2699*x) + 3.9607 C5*y5 currency 

6 x Cost of installation man-hours C6  per hr y6 = (863.33*x) - 7922.2 C6*y6 currency 

7 x Cost of crane requirements for 

installation 

C7  per hr y7 = (63.698*x)  C7*y7 currency 

8 x Cost of pumps C8 Purchase cost of standard 

pump (3000 gpm) 

y8 = 0.58 C8*y8 currency 

9 x Cost of diffusers C9  per diffuser y9 = (558.02*x)  C9*y9 currency 

10 x Cost of swing arm diffuser headers C10  per header y10 = (28.027*x)  C10*y10 currency 

11 x Cost of decanters C11  per m3 y11 = (706.44*x) C11*y11 currency 

12 x Cost of air piping C12 cost index y12 = (681.82*x) + 3517 C12*y12 currency 
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Table 25: Medium range WWTPs with SBR - Functions for calculations of cost (continued) 

Functions for calculations of levelized cost for 25 years of operation of medium range WWTP with SBR 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity WWTP 

with SBR 

      Value Unit   Value Unit 

                

13 x Cost of operation and maintenance 

material costs 

    y13 = [(1.2006*x) + 5.8]*105 y13 currency 

14 x Cost of energy requirement C14  per kwhr y14 = (120601*x) + 283846 C14*y15 currency 

15 x Cost of operation and maintenance hours C15  per hr y15 =  (106.98*x) + 2930.5 C15*y15 currency 

                

    Present worth factor considered       9.82   

    Levelized cost for 25 years of operation      9.82 * [y13 + (C14*y14) + (C15*y15)]   currency 

 

The co-efficients for respective unit costs have been calculated based on derived functions for a case of 30 mld capacity WWTP with SBR technology and costs 

with unit cost base in India at year 2021 are furnished in Table – 26. 
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Table 26: Medium range WWTPs with SBR - Validation for calculated costs 

Medium range WWTPs with SBR - Functions for calculations of total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient for unit cost 

(y) 

Cost 

for  

30.0 mld capacity 

WWTP with SBR 

      Value Unit   Value 

              

1 30.0 Cost of total earthwork ₹ 10.38 per ft3 787379 ₹ 8,174,859.15 

2 30.0 Cost of total quantity of RCC ₹ 243.72 per ft3 327041 ₹ 79,707,885.73 

3 30.0 Cost of total quantity of handrails ₹ 600.00 per ft 8711.39 ₹ 5,226,834.00 

4 30.0 Cost of houses or buildings ₹ 7,500.00  per ft2 2420.82 ₹ 18,156,150.00 

5 30.0 Cost of blowers ₹ 53,00,895.04 per blower 12.0577 ₹ 63,916,602.08 

6 30.0 Cost of installation man-hours ₹ 125.00  per hr 17977.7 ₹ 2,247,212.50 

7 30.0 Cost of crane requirements for 

installation 

₹ 1,000.00  per hr 1910.94 ₹ 1,910,940.00 

8 30.0 Cost of pumps ₹ 12,93,750.00 Purchase cost of standard 

pump (3000 gpm) 

0.58 ₹ 750,375.00 

9 30.0 Cost of diffusers ₹ 1,200.00  per diffuser 16740.6 ₹ 20,088,720.00 

10 30.0 Cost of swing arm diffuser headers ₹ 35,000.00 per header 840.81 ₹ 29,428,350.00 

11 30.0 Cost of decanters ₹ 2,400.00  per m3/h 21193.2 ₹ 50,863,680.00 

12 30.0 Cost of air piping ₹ 750.00 cost index 23971.6 ₹ 17,978,700.00 

              

    Consolidated bare cost       ₹ 298,450,308.47 
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Table 26: Medium range WWTPs with SBR - Validation for calculated costs (continued) 

Medium range WWTPs with SBR - Functions for calculations of levelized cost for 25 years of operation 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient for unit cost 

(y) 

Cost 

for  

30.0 mld capacity 

WWTP with SBR 

      Value Unit   Value 

              

13 30.0 Cost of operation and maintenance 

material costs 

    4181800 ₹ 4,181,800.00 

14 30.0 Cost of energy requirement ₹ 6.00  kwhr/year 3901876 ₹ 23,411,256.00 

15 30.0 Cost of operation and maintenance 

hours 

₹ 250.00  per hr 6139.9 ₹ 1,534,975.00 

              

    Present worth factor considered       9.82 

  

  

Levelized cost for 25 years of 

operation    

  9.82 * [y13 + (C14*y14) + (C15*y15)] ₹ 286,112,403.23 

 

 

It has been scrutinized and noted that variation is within 2.5 % for estimated total bare construction cost and within 1.5 % for estimated levelized cost of 25 

years of operation.  
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The unit cost co-efficient curves of different items for large range WWTPs with MBR, 

MBBR & SBR technologies are shown in Figures 59 through 78 hereinafter.  

 

Figure 59: Excavation curve for large range WWTPs with MBR, MBBR and SBR 

Figure 59 depicts the co-efficient of earthwork excavation (in cubic feet) required for 

large-scale wastewater treatment plants (WWTPs) utilizing MBR, MBBR, and SBR 

technologies at different flow rates. The trends observed are similar to those in Figures 19 

and 39. The high R² value (> 0.99) signifies a strong correlation between the data and the 

regression line, making this curve a reliable predictor for estimating the total earthwork 

cost for WWTPs with flow rates ranging from 50 MLD to 150 MLD, thereby streamlining 

the cost estimation process. 
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Figure 60: Concrete curve for large range WWTPs with MBR, MBBR and SBR 

Figure 60 shows the total co-efficient of reinforced cement concrete (RCC) work (in cubic 

feet) needed for large-scale wastewater treatment plants (WWTPs) using MBR, MBBR, 

and SBR technologies at various flow rates. The trends are similar to those in Figure 40. 

The high R² value (> 0.99) indicates a strong correlation between the data and the 

regression line, making this curve a reliable predictor for estimating the total RCC cost for 

WWTPs with flow rates ranging from 50 MLD to 150 MLD, thus simplifying the cost 

estimation process. 
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Figure 61: Hand-rail curve for large range WWTPs with MBR, MBBR and SBR 

Figure 61 illustrates the total co-efficient of handrails (in feet) needed for large-scale 

wastewater treatment plants (WWTPs) using MBR, MBBR, and SBR technologies at 

various flow rates. The trends are similar to those in Figures 21 and 41. With a high R² 

value (> 0.98), indicating a strong correlation between the data and the regression line, this 

curve serves as a reliable predictor for estimating the cost of handrails for WWTPs with 

flow rates ranging from 50 MLD to 150 MLD, thereby simplifying the cost estimation 

process. 
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Figure 62: House curve for large range WWTPs with MBR, MBBR and SBR 

Figure 62 depicts the total co-efficient needed for housing or buildings (in square feet) for 

large-scale WWTPs using MBR, MBBR, and SBR technologies at different flow rates. 

The figure clearly shows that as the flow rate increases, the required co-efficient also 

increases. Within this range, MBR technology generally requires the largest co-efficient, 

followed by MBBR and then SBR technology. This observation contrasts with those in 

Figure 42 (MBBR > MBR > SBR) and Figure 22 (MBBR > MBR > SBR). With a high R² 

value (> 0.98), indicating a strong correlation between the data and the regression line, this 

curve can reliably predict the total co-efficient required for housing or buildings for 

WWTPs with flow rates ranging from 5 MLD to 50 MLD, thereby simplifying the cost 

estimation process. 



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

Chapter 5 | Page 88 of 112 

 

 

 

Figure 63: Clarifier mechanism for large range WWTPs with MBBR 

Figure 63 displays the total co-efficient of clarifier mechanisms required for large-scale 

WWTPs using MBBR technology. For MBR and SBR technologies, clarifier mechanisms 

are not necessary and therefore curve is shown only for MBBR technology. The 

observations closely resemble those in Figures 43 and 23. With a high R² value of 0.92, 

indicating a strong correlation between the data and the regression line, this curve can 

accurately predict the total cost of clarifier mechanisms for WWTPs with flow rates 

ranging from 50 MLD to 150 MLD, thereby simplifying the cost estimation process. 

 

Figure 64: Blower curve for large range WWTPs with MBR, MBBR and SBR 
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Figure 64 shows the total co-efficient of blowers needed for large-scale wastewater 

treatment plants (WWTPs) using MBR, MBBR, and SBR technologies at various flow 

rates. The trends are similar to those in Figure 44 and Figure 24. The high R² value (> 

0.99) indicates a strong correlation between the data and the regression line, making this 

curve a reliable predictor for estimating the total cost associated with blowers for WWTPs 

with flow rates ranging from 50 MLD to 150 MLD, thus simplifying the cost estimation 

process. 

 

Figure 65: Installation man-hour curve for large-range WWTPs with MBR, MBBR and SBR 

Figure 65 illustrates the installation man-hours co-efficient required for large-scale 

wastewater treatment plants (WWTPs) using MBR, MBBR, and SBR technologies at 

various flow rates. SBR technology generally requires significantly more man-hours co-

efficient than the other two technologies. This observation, along with others, is similar to 

those in Figure 45. The high R² value (> 0.94) indicates a strong correlation between the 

data and the regression line, making this curve a reliable predictor for estimating the total 

cost associated with installation man-hours for WWTPs with flow rates ranging from 50 

MLD to 150 MLD, thereby simplifying the cost estimation process. 

 



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

Chapter 5 | Page 90 of 112 

 

 

 

Figure 66: Crane curve for large-range WWTPs with MBR, MBBR and SBR 

Figure 66 depicts the crane co-efficient for the installation of large-scale 

wastewater treatment plants (WWTPs) using MBR, MBBR, and SBR technologies at 

various flow rates. SBR technology generally requires significantly more crane usage than 

the other two technologies. This observation, along with others, is similar to those in 

Figure 46. The high R² value (> 0.98) indicates a strong correlation between the data and 

the regression line, making this curve a reliable predictor for estimating the total cost 

associated with crane requirements for WWTPs with flow rates ranging from 50 MLD to 

150 MLD, thereby simplifying the cost estimation process. 
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Figure 67: Pumps curve for large-range WWTPs with MBR, MBBR and SBR 

Figure 67 illustrates the co-efficient of standard pumps (3000 gpm) required for large-scale 

wastewater treatment plants (WWTPs) using MBR, MBBR, and SBR technologies at 

various flow rates. The trends are similar to those in Figures 27 and 47. The co-efficient of 

standard pumps (3000 gpm) required for SBR remains constant. The data were analyzed 

using linear regression, achieving an R² value exceeding 0.96 for MBR and SBR 

technologies, indicating an excellent fit to the regression line. For MBBR technology, the 

R² value is nearly 0.79, indicating a moderate fit. Overall, the R² values are generally good 

for estimating the cost of pumps for WWTPs with flow rates ranging from 50 MLD to 150 

MLD, thereby simplifying the cost estimation process. 
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Figure 68: Diffusers curve for large range WWTPs with MBR, MBBR and SBR 

Figure 68 shows the co-efficient of diffusers needed for large-scale wastewater 

treatment plants (WWTPs) using MBR, MBBR, and SBR technologies at various flow 

rates. SBR technology generally requires significantly more diffusers than the other two 

technologies. This observation is similar to those in Figures 48 and 28. The high R² value 

(> 0.98) indicates a strong correlation between the data and the regression line, making this 

curve a reliable predictor for estimating the total cost of diffusers for WWTPs with flow 

rates ranging from 50 MLD to 150 MLD, thereby simplifying the cost estimation process. 
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Figure 69: Swing arm diffuser header curve for large range WWTPs with MBR, MBBR and SBR 

Figure 69 illustrates the co-efficient of swing arm diffuser headers required for 

large-scale wastewater treatment plants (WWTPs) using MBR, MBBR, and SBR 

technologies at various flow rates. SBR technology generally requires a significantly 

higher co-efficient of swing arm diffuser headers compared to the other two technologies. 

This observation aligns with those in Figures 49 and 29. The high R² value (> 0.98) 

indicates a strong correlation between the data and the regression line, making this curve a 

reliable predictor for estimating the total cost associated with swing arm diffuser headers 

for WWTPs with flow rates ranging from 50 MLD to 150 MLD, thereby simplifying the 

cost estimation process. 
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Figure 70: Carrier media curve for large range WWTPs with MBBR 

Figure 70 depicts the total co-efficient of carrier media (m³) needed for large-scale 

WWTPs utilizing SBR technology. MBR and SBR technologies do not require carrier 

media and therefore curve is shown only for MBBR technology. The trends observed 

closely mirror those in Figures 50 and 30. The high R² value of 1 indicates a perfect 

correlation between the data and the regression line, enabling accurate prediction of the 

total cost of carrier media for WWTPs with flow rates ranging from 50 MLD to 150 MLD, 

thereby simplifying the cost estimation process. 

 

Figure 71: Membrane modules curve for large range WWTPs with MBR 
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Figure 71 illustrates the co-efficient of membrane modules required for large-scale 

WWTPs using MBR technology. MBBR and SBR technologies do not require membrane 

modules and therefore curve is shown only for MBR technology. The trends observed 

closely resemble those in Figures 51 and 31. The high R² value of 1 indicates a perfect 

correlation between the data and the regression line, allowing for precise prediction of the 

total cost associated with membrane modules for WWTPs with flow rates ranging from 50 

MLD to 150 MLD, thus simplifying the cost estimation process. 

 

Figure 72: Decanters curve for large range WWTPs with SBR 

Figure 72 depicts the co-efficient of decanters (m3/hr) needed for large-scale WWTPs 

employing SBR technology. MBR and MBBR technologies do not require decanters and 

therefore curve is shown only for SBR technology. The observed trends closely parallel 

those in Figures 52 and 32. A high R² value of 1 indicates a perfect correlation between the 

data and the regression line, facilitating accurate prediction of the total cost related to 

decanters for WWTPs with flow rates ranging from 50 MLD to 150 MLD, thereby 

streamlining the cost estimation process. 
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Figure 73: Air pipe curve for large range WWTPs with MBR, MBBR and SBR 

Figure 73 illustrates the co-efficient of air piping needed for large-scale wastewater 

treatment plants (WWTPs) utilizing MBR, MBBR, and SBR technologies at varying flow 

rates. The trends closely resemble those in Figures 53 and 33. With a high R² value (> 

0.95), indicating a robust correlation between the data and the regression line, this curve 

serves as a dependable predictor for estimating the total cost associated with air piping for 

WWTPs with flow rates ranging from 50 MLD to 150 MLD, thereby facilitating the cost 

estimation process. 
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Figure 74: O&M material cost curve for large range WWTPs with MBR, MBBR and SBR 

Figure 74 depicts the expenditure co-efficient on O & M materials for large-scale 

wastewater treatment plants (WWTPs) employing MBR, MBBR, and SBR technologies 

across different flow rates. The trends mirror those in Figures 54 and 34. A high R² value 

(> 0.97) indicates a strong correlation between the data and the regression line, making this 

curve a reliable tool for estimating the cost of O & M materials for WWTPs with flow 

rates ranging from 50 MLD to 150 MLD, thus simplifying the cost estimation process. 

 

Figure 75: Energy curve for large range WWTPs with MBR, MBBR and SBR 
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Figure 75 illustrates the co-efficient for energy requirements for large-scale 

wastewater treatment plants (WWTPs) utilizing MBR, MBBR, and SBR technologies 

across various flow rates. There is a notable difference from Figure 35, yet consistent with 

the findings of Figure 55, indicating that MBR technology generally demands the highest 

energy, followed by SBR technology, and then MBBR technology. Other observations 

closely resemble those in Figures 55 and 35. A high R² value (> 0.98) confirms a strong 

correlation between the data and the regression line, establishing this curve as a reliable 

tool for estimating energy costs for WWTPs with flow rates ranging from 50 MLD to 150 

MLD, thereby simplifying the cost estimation process. 

 

Figure 76: O&M man-hour curve for large range WWTPs with MBR, MBBR and SBR 

Figure 76 shows the O & M man-hours co-efficient required for large-scale 

wastewater treatment plants (WWTPs) using MBR, MBBR, and SBR technologies at 

various flow rates. The trends closely resemble those in Figures 56 and 36. A high R² value 

(> 0.98) indicates a strong correlation between the data and the regression line, making this 

curve a reliable tool for estimating the cost of O & M man-hours for WWTPs with flow 

rates ranging from 50 MLD to 150 MLD, thereby simplifying the cost estimation process. 
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Figure 77: Sodium hypochlorite curve for large range WWTPs with MBR 

Figure 77 illustrates the co-efficient of sodium hypochlorite required for large-scale 

WWTPs using MBR technology. SBR and MBBR technologies do not require sodium 

hypochlorite and therefore curve is shown only for MBR technology. The observed trends 

closely resemble those in Figures 57 and 37. With a high R² value of 0.999, indicating a 

perfect correlation between the data and the regression line, this curve enables precise 

prediction of the total cost associated with sodium hypochlorite for WWTPs with flow 

rates ranging from 50 MLD to 150 MLD, thereby simplifying the cost estimation process. 
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Figure 78: Acid curve for large range WWTPs with MBR 

Figure 78 depicts the co-efficient of citric acid needed for large-scale WWTPs employing 

MBR technology. SBR and MBBR technologies do not require citric acid and therefore 

curve is shown only for MBR technology. The observed trends closely mirror those in 

Figures 58 and 38. With a high R² value of 0.998, indicating a perfect correlation between 

the data and the regression line, this curve allows for accurate prediction of the total cost 

associated with citric acid for WWTPs with flow rates ranging from 50 MLD to 150 MLD, 

thus simplifying the cost estimation process. 



 

 

 

The unit cost co-efficient functions for different items of large range WWTPs with MBR technology as displayed in the Figures 59 to 78 are tabulated in Table 

27: 

Table 27: Large range WWTPs with MBR - Functions for calculations of cost 

Large range WWTPs with MBR - Functions for calculations of total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity 

WWTP with MBBR 

      Value Unit   Value Unit 

1 x Cost of total earthwork C1 per ft3 y1 = (5203.3*x) + 72731 C1*y1 currency 

2 x Cost of total quantity of RCC C2 per ft3 y2 = (2316.9*x) + 34926 C2*y2 currency 

3 x Cost of total quantity of handrails C3 per ft y3 = (65.287*x) + 1183.8 C3*y3 currency 

4 x Cost of houses or buildings C4  per ft2 y4 = (19.734*x) + 2351.2 C4*y4 currency 

5 x Cost of blowers C5 per blower y5 = (0.2193*x) + 5.9573 C6*y6 currency 

6 x Cost of installation man-hours C6  per hr y6 = (48.586*x) + 106.06 C7*y7 currency 

7 x Cost of crane requirements for 

installation 

C7  per hr y7 = (4.955*x)  C8*y8 currency 

8 x Cost of pumps C8 Purchase cost of standard 

pump (3000 gpm) 

y8 = (0.3506*x) + 5.3255 C9*y9 currency 

9 x Cost of diffusers C9  per diffuser y9 = (42.787*x) - 0.4455 C10*y10 currency 

10 x Cost of swing arm diffuser headers C10 per header y10 = (2.1802*x)  C11*y11 currency 

11 x Cost of membrane modules C11  per module y11 = (159.86*x) C12*y12 currency 

12 x Cost of air piping C12 cost index y12 = (490.18*x) + 9054.2 C13*y13 currency 

 

 

 

  



 

 

 

Table 27: Large range WWTPs with MBR - Functions for calculations of cost (continued) 

Large range WWTPs with MBR - Functions for calculations of levelized cost for 25 years of operation 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity 

WWTP with MBBR 

      Value Unit   Value Unit 

13 x Cost of operation and maintenance 

material costs 

    y13 = [(3.0174*x) + 102.02]*105 y13 currency 

14 x Cost of energy requirement C15  per kwhr y14 = (148265*x) + 10196 C14*y14 currency 

15 x Cost of operation and maintenance 

hours 

C16  per hr y15 = (83.118*x) + 5862.6 C15*y15 currency 

16 x Cost of chemical for maintenance - 

sodium hypochlorite 

C15 per kg of solution y16 = (843.65*x) + 890.49 C16*y16 currency 

17 x Cost of chemical for maintenance - 

citric acid 

C16 per kg of solution y17 = (119.61*x) + 312.51 C17*y17 currency 

                

    Present worth factor considered       9.82   

  

  

Levelized cost for 25 years of operation  

  

  9.82 * [y13 + (C14*y14) + (C15*y15) + (C16*y16) + 

(C17*y17)]   

currency 

 

  



 

 

 

The co-efficients for respective unit costs have been calculated based on derived functions for a case of 100 mld capacity WWTP with MBR technology and 

costs with unit cost base in India at year 2021 are furnished in Table – 28: 

Table 28: Large range WWTPs with MBR - Validation for calculated costs 

Large range WWTPs with MBR - Validation for calculated  total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

100.0 mld capacity 

WWTP with MBR 

      Value Unit   Value 

              

1 100.0 Cost of total earthwork ₹ 10.38 per ft3 593061 ₹ 6,157,378.01 

2 100.0 Cost of total quantity of RCC ₹ 243.72 per ft3 266616 ₹ 64,980,836.23 

3 100.0 Cost of total quantity of handrails ₹ 600.00 per ft 7712.5 ₹ 4,627,500.00 

4 100.0 Cost of houses or buildings ₹ 7,500.00  per ft2 4324.6 ₹ 32,434,500.00 

5 100.0 Cost of blowers ₹ 53,00,895.04 per blower 27.8873 ₹ 147,827,650.15 

6 100.0 Cost of installation man-hours ₹ 125.00  per hr 4964.66 ₹ 620,582.50 

7 100.0 Cost of crane requirements for 

installation 

₹ 1,000.00  per hr 495.5 ₹ 495,500.00 

8 100.0 Cost of pumps ₹ 12,93,750.00 Purchase cost of standard 

pump (3000 gpm) 

40.3855 ₹ 52,248,740.63 

9 100.0 Cost of diffusers ₹ 1,200.00  per diffuser 4278.2545 ₹ 5,133,905.40 

10 100.0 Cost of swing arm diffuser headers ₹ 35,000.00 per header 218.02 ₹ 7,630,700.00 

11 100.0 Cost of membrane modules ₹ 1,63,506.94  per module 15986 ₹ 2,613,822,013.89 

12 100.0 Cost of air piping ₹ 750.00 cost index 58072.2 ₹ 43,554,150.00 

  
 

      

  Consolidated bare cost     ₹ 2,979,533,456.81 

 

  



 

 

 

Table 28: Large range WWTPs with MBR - Validation for calculated costs (continued) 

Large range WWTPs with MBR - Validation for calculated levelized cost for 25 years of operation 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

100.0 mld capacity 

WWTP with MBR 

      Value Unit   Value 

13 100.0 Cost of operation and maintenance 

material costs 

    40376000 ₹ 40,376,000.00 

14 100.0 Cost of energy requirement ₹ 6.00  per kwhr 14836696 ₹ 89,020,176.00 

15 100.0 Cost of operation and maintenance 

hours 

₹ 250.00  per hr 14174.4 ₹ 3,543,600.00 

16 100.0 Cost of chemical for maintenance - 

sodium hypochlorite 

₹ 30.00  per kg of solution 85255.49 ₹ 2,557,664.70 

17 100.0 Cost of chemical for maintenance - 

citric acid 

₹ 90.00  per kg of solution 12273.51 ₹ 1,104,615.90 

              

    Present worth factor considered       9.82 

  

  

Levelized cost for 25 years of 

operation    

  9.82 * [y13 + (C14*y14) + (C15*y15) + (C16*y16) 

+ (C17*y17)] 

₹ 1,341,784,575.15 

 

 

It is noted that variation is within 1 % for each of estimated total bare construction cost and levelized cost of 25 years of operation. 



 

 

 

The unit cost co-efficient functions for different items of medium range WWTPs with MBBR technology as displayed in the Figures 59 to 78 are tabulated in 

Table 29: 

Table 29: Large range WWTPs with MBBR - Functions for calculations of cost 

Large range WWTPs with MBBR - Functions for calculations of total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity 

WWTP with MBBR 

      Value Unit   Value Unit 

                

1 x Cost of total earthwork C1  per ft3 y1 = (29401*x) + 261939 C1*y1 currency 

2 x Cost of total quantity of RCC C2  per ft3 y2 = (3976.8*x) + 73716 C2*y2 currency 

3 x Cost of total quantity of handrails C3  per / ft y3 = (18.418*x) + 882.41 C3*y3 currency 

4 x Cost of houses or buildings C4  per ft2 y4 = (10.243*x) + 2925.5 C4*y4 currency 

5 x Cost of clarifier mechanisms C5  per mechanism y5 = (0.1762*x) + 4.3918 C5*y5 currency 

6 x Cost of blowers C6 per blower y6 = (0.1672*x) + 2.5745 C6*y6 currency 

7 x Cost of installation man-hours C7  per hr y7 = (63.415*x) + 725.33 C7*y7 currency 

8 x Cost of crane requirements for 

installation 

C8  per hr y8 = (6.3415*x) + 72.534 C8*y8 currency 

9 x Cost of pumps C9 Purchase cost of standard 

pump (3000 gpm) 

y9 = (0.1592*x) + 4.5645 C9*y9 currency 

10 x Cost of diffusers C10  per diffuser y10 = (28.796*x) + 2.002 C10*y10 currency 

11 x Cost of swing arm diffuser headers C11  per header y11 = 1.4834*x C11*y11 currency 

12 x Cost of carrier media C12  per m3 y12 = (38.651*x)  C12*y12 currency 

13 x Cost of air piping C13 cost index y13 = (382.59*x) C13*y13 currency 

 

  



 

 

 

Table 29: Large range WWTPs with MBBR - Functions for calculations of cost (continued) 

Large range WWTPs with MBBR - Functions for calculations of levelized cost for 25 years of operation  

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity 

WWTP with MBBR 

      Value Unit   Value Unit 

14 x Cost of operation and maintenance 

material costs 

    y14 = [(0.3599*x) + 11.988]*105 y14 currency 

15 x Cost of energy requirement C15  per kwhr y15 = (82795*x) + 29326 C15*y15 currency 

16 x Cost of operation and maintenance 

hours 

C16  per hr y16 = (117.94*x) + 10723 C16*y16 currency 

                

    Present worth factor considered       9.82   

    Levelized cost for 25 years of operation      9.82 * [y14 + (C15*y15) + (C16*y16)]   currency 

 

  



 

 

 

The co-efficients for respective unit costs have been calculated based on derived functions for a case of 100 mld capacity WWTP with MBBR technology and 

costs with unit cost base in India at year 2021 are furnished in Table – 30: 

Table 30: Large range WWTPs with MBBR - Validation for calculated costs 

Large range WWTPs with MBBR - Validation for calculated total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

100.0 mld capacity 

WWTP with MBBR 

      Value Unit   Value 

              

1 100.0 Cost of total earthwork ₹ 10.38  per ft3 3202039 ₹ 33,244,749.75 

2 100.0 Cost of total quantity of RCC ₹ 243.72  per ft3 471396 ₹ 114,890,727.78 

3 100.0 Cost of total quantity of handrails ₹ 600.00  per / ft 2724.21 ₹ 1,634,526.00 

4 100.0 Cost of houses or buildings ₹ 7,500.00  per ft2 3949.8 ₹ 29,623,500.00 

5 100.0 Cost of clarifier mechanisms ₹ 75,00,000.00  per mechanism 22.0118 ₹ 165,088,500.00 

6 100.0 Cost of blowers ₹ 53,00,895.04 per blower 19.2945 ₹ 102,278,119.28 

7 100.0 Cost of installation man-hours ₹ 125.00  per hr 7066.83 ₹ 883,353.75 

8 100.0 Cost of crane requirements for 

installation 

₹ 1,000.00  per hr 706.684 ₹ 706,684.00 

9 100.0 Cost of pumps ₹ 12,93,750.00 Purchase cost of standard 

pump (3000 gpm) 

20.4845 ₹ 26,501,821.88 

10 100.0 Cost of diffusers ₹ 1,200.00  per diffuser 2881.602 ₹ 3,457,922.40 

11 100.0 Cost of swing arm diffuser headers ₹ 35,000.00  per header 148.34 ₹ 5,191,900.00 

12 100.0 Cost of carrier media ₹ 11,000.00  per m3 3865.1 ₹ 42,516,100.00 

13 100.0 Cost of air piping ₹ 750.00 cost index 38259 ₹ 28,694,250.00 

    
 

        

    Consolidated bare cost       ₹ 554,712,154.84 

              

 

 



 

 

 

Table 30: Large range WWTPs with MBBR - Validation for calculated costs (continued) 

Large range WWTPs with MBBR - Validation for calculated levelized cost of 25 years operation 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

100.0 mld capacity 

WWTP with MBBR 

      Value Unit   Value 

              

14 100.0 Cost of operation and maintenance 

material costs 

    4797800 ₹ 4,797,800.00 

15 100.0 Cost of energy requirement ₹ 6.00  per kwhr 8308826 ₹ 49,852,956.00 

16 100.0 Cost of operation and maintenance 

hours 

₹ 250.00  per hr 22517 ₹ 5,629,250.00 

              

    Present worth factor considered       9.82 

  

  

Levelized cost for 25 years of 

operation    

  9.82 * [y14 + (C15*y15) + (C16*y16)] ₹ 592,105,157.52  

 

It is noted that variation is around5 % of estimated total bare construction cost and around1 % of estimated levelized cost of 25 years of operation with 

reference to those predicted earlier through cost functions. 

  



 

 

 

The unit cost co-efficient functions for different items of large range WWTPs with SBR technology as displayed in the Figures 59 to 78 are tabulated in Table 

31. 

Table 31: Large range WWTPs with SBR - Functions for calculations of cost 

Large range WWTPs with SBR - Functions for calculations of total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity 

WWTP with SBR 

      Value Unit   Value Unit 

                

1 x Cost of total earthwork C1 per ft3 y1 =(23277*x) + 87946 C1*y1 currency 

2 x Cost of total quantity of RCC C2 per ft3 y2 = (9633.8*x) + 39843 C2*y2 currency 

3 x Cost of total quantity of handrails C3 per / ft y3 = (237.24*x) + 1791.2 C3*y3 currency 

4 x Cost of houses or buildings C4 per ft2 y4 = (6.0531*x) + 2441.3 C4*y4 currency 

5 x Cost of blowers C5 per blower y5 = (0.2151*x) + 8.47 C5*y5 currency 

6 x Cost of installation man-hours C6 per hr y6 = (6369.8*x) C6*y6 currency 

7 x Cost of crane requirements for 

installation 

C7 per hr y7 = (289.58*x) - 12545 C7*y7 currency 

8 x Cost of pumps C8 Purchase cost of standard 

pump (3000 gpm) 

y8 = 0.58 C8*y8 currency 

9 x Cost of diffusers C9 per diffuser y9 = (2545.8*x) - 110361 C9*y9 currency 

10 x Cost of swing arm diffuser headers C10 per header y10 = (127.41*x) - 5520 C10*y10 currency 

11 x Cost of decanters C11 per m3 y11 = (706.44*x) C11*y11 currency 

12 x Cost of air piping C12 cost index y12 = (472.77*x) + 14348 C12*y12 currency 

 

  



 

 

 

Table 31: Large range WWTPs with SBR - Functions for calculations of cost (continued) 

Functions for calculations of levelized cost for 25 years of operation of large range WWTP with SBR 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient function for unit cost 

(y) 

Cost 

for  

x mld capacity 

WWTP with SBR 

      Value Unit   Value Unit 

                

13 x Cost of operation and maintenance 

material costs 

  
y13 = [(1.546*x) - 15.569]*105 y13 currency 

14 x Cost of energy requirement C14 per kwhr y14 = (113972*x) + 770413 C14*y15 currency 

15 x Cost of operation and maintenance 

hours 

C15 per hr y15 = (54.661*x) + 5611.7 C15*y15 currency 

                

    Present worth factor considered       9.82   

    Levelized cost for 25 years of operation      9.82 * [y13 + (C14*y14) + (C15*y15)]   currency 

 

The co-efficients for respective unit costs have been calculated based on derived functions for a case of 100 mld capacity WWTP with SBR technology and 

costs with unit cost base in India at year 2021 are furnished in Table – 32. 

 

 

  



 

 

 

Table 32: Large range WWTPs with SBR - Validation for calculated costs 

Large range WWTPs with SBR - Validation for calculated total bare construction cost 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient for unit cost 

(y) 

Cost 

for  

100.0 mld capacity 

WWTP with SBR 

      Value Unit   Value 

              

1 100.0 Cost of total earthwork ₹ 10.38 per ft3 2415646 ₹ 25,080,127.62 

2 100.0 Cost of total quantity of RCC ₹ 243.72 per ft3 1003223 ₹ 244,509,967.40 

3 100.0 Cost of total quantity of handrails ₹ 600.00 per ft 25515.2 ₹ 15,309,120.00 

4 100.0 Cost of houses or buildings ₹ 7,500.00  per ft2 3046.61 ₹ 22,849,575.00 

5 100.0 Cost of blowers ₹ 53,00,895.04 per blower 29.98 ₹ 158,920,833.20 

6 100.0 Cost of installation man-hours ₹ 125.00  per hr 636980 ₹ 79,622,500.00 

7 100.0 Cost of crane requirements for 

installation 

₹ 1,000.00  per hr 16413 ₹ 16,413,000.00 

8 100.0 Cost of pumps ₹ 12,93,750.00 Purchase cost of standard 

pump (3000 gpm) 

0.58 ₹ 750,375.00 

9 100.0 Cost of diffusers ₹ 1,200.00  per diffuser 144219 ₹ 173,062,800.00 

10 100.0 Cost of swing arm diffuser headers ₹ 35,000.00 per header 7221 ₹ 252,735,000.00 

11 100.0 Cost of decanters ₹ 2,400.00  per m3/h 70644 ₹ 169,545,600.00 

12 100.0 Cost of air piping ₹ 750.00 cost index 61625 ₹ 46,218,750.00 

              

    Consolidated bare cost       ₹ 1,205,017,648.22 

       

              

 

 

 

 

 



 

 

 

Table 32: Large range WWTPs with SBR - Validation for calculated costs (continued) 

Large range WWTPs with SBR - Validation for calculated levelized cost for 25 years of operation 

Sl. no. Capacity 

in 

mld 

Cost component Unit cost Co-efficient for unit cost 

(y) 

Cost 

for  

100.0 mld capacity 

WWTP with SBR 

      Value Unit   Value 

              

13 100.0 Cost of operation and maintenance 

material costs 

    13903100 ₹ 13,903,100.00 

14 100.0 Cost of energy requirement ₹ 6.00  kwhr/year 12167613 ₹ 73,005,678.00 

15 100.0 Cost of operation and maintenance 

hours 

₹ 250.00  per hr 11077.8 ₹ 2,769,450.00 

              

    Present worth factor considered       9.82 

  

  

Levelized cost for 25 years of 

operation    

  9.82 * [y13 + (C14*y14) + (C15*y15)] ₹ 880,871,533.36  

 

It has been scrutinized and noted that variation is within 9 % for estimated total bare construction cost and within 1 % for estimated levelized cost of 25 years of 

operation.  
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6.0 Conclusions  

 It is concluded that accurate cost forecasts applicable in India can be achieved using 

the cost functions developed for three different capacity groups of WWTPs employing MBR, 

MBBR, and SBR technologies. The approach of utilizing basic engineering design and cost 

estimations based on schedules of rates ensures high accuracy. This method bypasses the 

difficulties and time-consuming process of collecting historical cost data. The procedure 

outlined in this study can be adopted to develop cost functions for any region, either by using 

region-specific schedules of rates for precise forecasts or by adjusting the projected costs 

(from the developed cost functions) using the specific currency conversion factor of the 

concerned country for approximate forecasts. 

 The 3-D cost response maps, developed based on applicable engineering design 

criteria and devoid of any historical references, predict overall costs, including capital, 

operation, and maintenance expenditures, for WWTPs with MBR technology within 

specified ranges of capacity and inlet BOD. These maps, generated without historical 

references, enable accurate cost forecasting for the specified technologies and conditions. 

 Creating 3-D surface or contour cost response maps for any location is possible by 

developing the cost functions illustrated in this study. However, the schedules of rates and 

quotes for non-scheduled items need to be considered as applicable to the specific location. 

 Sensitivity analysis has been conducted and validated, ensuring the worldwide 

applicability of the developed cost functions. 

Policy-makers and stakeholders related to construction and operation of WWTPs with MBR, 

MBBR and SBR technologies may use the above cost functions and cost response maps in 

respect of BOD removal for rapid cost estimate at any place in India subject to adjustments 

based on applicable cost indices since these functions and maps are based on the schedule 

of rates and quotes for non-scheduled items specific to the year 2021. As an alternative, co-

-efficient functions for unit costs as developed may also be used to predict tentative costs for 

construction and operation of WWTPs with MBR, MBBR and SBR technologies    

For places other than India, co-efficient functions for unit costs as developed may be used.   
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Further research study may be taken up as follows: 

a) To develop cost functions as well as cost response maps and conduct sensitivity 

analysis with due consideration of nitrification and denitrification in addition to 

removal of BOD by use of MBR, MBBR & SBR technologies based on costs 

estimated through rational engineering methodology as elaborated in this research 

thesis.  

b) To develop cost functions as well as cost response maps and conduct sensitivity 

analysis for the proven technologies other than MBR, MBBR & SBR based on 

methodology as elaborated in this research thesis.  

Such future research initiative would also enrich the archive of rapid cost estimation 

methodologies and tools. This would enable policy-makers and stakeholders to adopt a 

prudent decision for selection of most cost-efficient technology in respect of construction 

and operation of WWTP.    
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Summary of data obtained for small group WWTPs with MBR 

DESIGN SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value 

Average wastewater flow rate m^3/d 500.00 1000.00 1500.00 2000.00 2500.00 3000.00 3500.00 4000.00 4500.00 5000.00 

Influent flow rate to reactor basins  m^3/d 578.00 1156.00 1734.00 2312.00 2890.00 3468.00 4046.00 4624.00 5202.00 5780.00 

Average BOD load  kg/d 163.64 327.28 490.92 654.56 818.20 981.84 1145.48 1309.12 1472.76 1636.40 

Number of reactor basins  number 2 2 2 2 2 2 2 2 2 2 

Aerobic solids residence time  - design 

value 
 d 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Total volume of each reactor basin  m^3 50.80 101.59 152.39 203.19 253.98 304.78 355.58 406.37 457.17 507.97 

Hydraulic detention time of each 

reactor basin 
 h 4.22 4.22 4.22 4.22 4.22 4.22 4.22 4.22 4.22 4.22 

MLSS (XMLSS)  g TSS/m^3 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 

MLVSS (XMLVSS)  g VSS/m^3 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 

F/M 
 (g BOD/d)/g 

bVSS    
0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 

Volumetric BOD loading 
 (kg 

BOD/d)/m^3 
1.61 1.61 1.61 1.61 1.61 1.61 1.61 1.61 1.61 1.61 

Total sludge (TSS) purged per day  kg TSS/d 162.55 325.10 487.65 650.20 812.74 975.29 1137.84 1300.39 1462.94 1625.49 

Observed yield based on VSS 
 g b VSS/g 

bCOD 
0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 

  
 g b VSS/g 

BOD 
0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 

Observed yield based on TSS 
 g TSS/g 

bCOD 
0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 

   g TSS/g BOD 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Summary of data obtained for small group WWTPs with MBR (continued) 

DESIGN SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM (continued) 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value 

Overall oxygen demand  kg oxygen/h 6.79 13.57 20.36 27.14 33.93 40.71 47.50 54.28 61.07 67.86 

Air flow rate at average wastewater 

flow rate 
 m^3/min 5.78 11.57 17.35 23.14 28.92 34.70 40.49 46.27 52.06 57.84 

RAS recycle ratio - 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 

Concentration of BOD of effluent  g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 

Concentration of TSS of effluent  g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of data obtained for small group WWTPs with MBR (continued) 

EQUIPMENT SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM  

BOD REMOVAL 

    Capacity in mld 

    0.50 1 1.50 2 2.50 3 3.50 4 4.50 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

AEROBIC REACTOR BASINS & ACCESSORIES 

Number of reactor basins   2 2 2 2 2 2 2 2 2 2 

Length of each reactor basin m 1.36 2.73 4.09 5.46 6.82 8.19 9.55 10.91 12.28 13.64 

Width of each reactor basin m 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm headers of each 

reactor basin 
  1 1 2 2 3 3 4 4 4 5 

MEMBRANE CHAMBERS & ACCESSORIES 

Number of membrane chambers   2 2 2 2 2 2 2 2 2 2 

Length of each membrane chamber m 1.78 3.02 3.33 3.95 5.19 5.50 6.12 7.36 7.67 8.29 

Width of each membrane chamber m 3.26 3.26 3.26 3.26 3.26 3.26 3.26 3.26 3.26 3.26 

Depth of each membrane chamber m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

Number of membrane modules 

provided for membrane chambers 
  96 144 192 240 288 336 384 432 480 528 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE  

Total number of pumps required   2 2 2 2 2 2 2 2 2 2 

Capacity of each pump m^3/h 50.00 100.00 150.00 190.00 240.00 290.00 330.00 380.00 430.00 480.00 

Area required for pump house m ^2 61.00 61.00 62.00 62.00 63.00 63.00 64.00 64.00 65.00 65.00 

BLOWERS AND BLOWER BUILDING  

Total number of blowers required   2 2 2 2 2 2 2 2 2 2 

Capacity of each blower scfm 255.00 488.00 720.00 953.00 1185.00 1417.00 1650.00 1882.00 2114.00 2347.00 

Area required for blower building m ^2 50.00 59.00 65.00 69.00 73.00 77.00 80.00 83.00 85.00 87.00 
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Summary of data obtained for small group WWTPs with MBR (continued) 

ESTIMATED COST SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM  

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

AEROBIC REACTOR BASINS & ACCESSORIES 

  

Total bare construction cost (CAPEX) Crore ₹ 2.17 3.18 4.19 5.18 6.19 7.21 8.23 9.25 10.26 11.29 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of reaction basins 

and accessories (OPEX) 

Crore ₹ 1.73 2.36 2.99 3.59 4.18 4.77 5.34 5.90 6.46 7.01 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 3.90 5.54 7.17 8.77 10.38 11.97 13.57 15.15 16.72 18.30 

MEMBRANE CHAMBERS & ACCESSORIES 

Total bare construction cost (CAPEX) Crore ₹ 2.11 3.09 4.06 5.03 6.01 6.98 7.95 8.93 9.89 10.86 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of membrane 

chambers and accessories (OPEX) 

Crore ₹ 1.43 1.78 2.12 2.45 2.78 3.08 3.39 3.70 3.98 4.26 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 3.53 4.87 6.17 7.48 8.79 10.06 11.33 12.62 13.87 15.12 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE 

Total bare construction cost (CAPEX) Crore ₹ 0.77 0.84 0.90 0.94 0.98 1.02 1.05 1.08 1.11 1.14 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of pumps and pump-

house (OPEX) 

Crore ₹ 0.34 0.48 0.61 0.74 0.86 0.99 1.11 1.24 1.36 1.48 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 1.11 1.32 1.51 1.67 1.84 2.01 2.16 2.32 2.47 2.62 
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Summary of data obtained for small group WWTPs with MBR (continued) 

ESTIMATED COST SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

ESTIMATED CONSOLIDATED COSTS 

Total bare construction cost (CAPEX) Crore ₹ 5.99 8.38 10.67 12.90 15.13 17.34 19.53 21.72 23.88 26.05 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of STP 

Crore ₹ 3.49 4.62 5.71 6.77 7.83 8.84 9.84 10.84 11.79 12.75 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 9.48 13.00 16.38 19.67 22.96 26.17 29.37 32.55 35.67 38.80 

COST OF LAND 

Cost of land Crore ₹ 0.69 0.79 0.86 0.93 1.01 1.08 1.15 1.23 1.29 1.36 

OVERALL COST 

Overall cost Crore ₹ 10.18 13.79 17.24 20.60 23.98 27.25 30.52 33.78 36.97 40.16 

Overall cost Million $ 1.27 1.72 2.15 2.58 3.00 3.41 3.81 4.22 4.62 5.02 
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Summary of data obtained for small group WWTPs with MBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

(as per exponential cost function) 

Predicted value  Crore ₹ 12.20 14.10 16.30 18.85 21.79 25.19 29.12 33.67 38.93 45.00 

Value of R^2   0.9573 

Absolute percentage error % 19.87 2.29 5.41 8.52 9.12 7.56 4.56 0.33 5.30 12.05 

Mean absolute percentage 

error (MAPE) 
% 7.50 

(as per linear cost function) 

Predicted value  Crore ₹ 10.51 13.83 17.15 20.47 23.79 27.11 30.43 33.75 37.07 40.39 

Value of R^2   0.9997 

Absolute percentage error % 3.25 0.29 0.52 0.66 0.79 0.53 0.30 0.11 0.27 0.56 

Mean absolute percentage 

error (MAPE) 
% 0.73 

(as per logarithmic cost function)  

Predicted value  Crore ₹ 5.62 14.72 20.04 23.82 26.75 29.14 31.16 32.91 34.46 35.84 

Value of R^2   0.9152 

Absolute percentage error % 44.73 6.78 16.27 15.60 11.55 6.92 2.11 2.58 6.78 10.76 

Mean absolute percentage 

error (MAPE) 
% 12.41 
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Summary of data obtained for small group WWTPs with MBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

(as per polynomial cost function) 

Predicted value  Crore ₹ 10.24 13.74 17.19 20.60 23.96 27.28 30.56 33.79 36.98 40.13 

Value of R^2   1.00 

Absolute percentage error % 0.65 0.36 0.28 0.03 0.07 0.11 0.13 0.02 0.04 0.09 

Mean absolute percentage 

error (MAPE) 
% 0.18 

(as per power cost function) 

Predicted value  Crore ₹ 9.34 14.25 18.23 21.72 24.88 27.80 30.54 33.13 35.59 37.95 

Value of R^2   0.9883 

Absolute percentage error % 8.20 3.33 5.79 5.44 3.79 2.03 0.07 1.95 3.73 5.52 

Mean absolute percentage 

error (MAPE) 
% 3.98 

 

Where 

CAPEX  : Total bare construction cost 

OPEX  : Levelized cost based on energy requirement, operation and maintenance for 25 years of life of WWTP 

MAPE : Mean absolute percentage error 

R : Determination coefficient 

Conversion rate : 80.00 ₹ is equivalent to 1.00 $ 

NOTE: The above are applicable for each of subsequent appendices. 
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Summary of data obtained for small group WWTPs with MBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION  

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 3.25 0.29 0.52 0.66 0.79 0.53 0.30 0.11 0.27 0.56 

MAPE % 0.73 

Standard deviation % 0.91 

Alpha value for 95% confidence level  0.05 

Confidence  0.56 

Upper limit of MAPE % 1.29 

Lower limit of MAPE % 0.16 
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Summary of data obtained for medium group WWTPs with MBR 

DESIGN SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM 

BOD REMOVAL 

  Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value 

Average wastewater flow 

rate 
m^3/d 5000.0 10000.0 15000.0 20000.0 25000.0 30000.0 35000.0 40000.0 45000.0 50000.0 

Influent flow rate to reactor 

basins 
 m^3/d 5780.0 11560.0 17340.0 23120.0 28900.0 34680.0 40460.0 46240.0 52020.0 57800.0 

Average BOD load  kg/d 1636.4 3272.8 4909.2 6545.6 8182.0 9818.4 11454.8 13091.2 14727.6 16364.0 

Number of reactor basins  number 2 3 4 4 4 4 6 6 6 6 

Aerobic solids residence 

time  - design value 
 d 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Total volume of each 

reactor basin 
 m^3 507.97 677.29 761.95 1015.93 1269.91 1523.90 1185.25 1354.57 1523.90 1693.22 

Hydraulic detention time of 

each reactor basin 
 h 4.22 4.22 4.22 4.22 4.22 4.22 4.22 4.22 4.22 4.22 

MLSS (XMLSS)  g TSS/m^3 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 

MLVSS (XMLVSS)  g VSS/m^3 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 

F/M  (g BOD/d)/g bVSS    0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 

Volumetric BOD loading  (kg BOD/d)/m^3 1.61 1.61 1.61 1.61 1.61 1.61 1.61 1.61 1.61 1.61 

Total sludge (TSS) purged 

per day 
 kg TSS/d 1625.49 3250.98 4876.47 6501.95 8127.44 9752.93 11378.42 13003.91 14629.40 16254.88 
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Summary of data obtained for medium group WWTPs with MBR (continued) 

DESIGN SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM(continued) 

BOD REMOVAL 

  Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value 

Observed yield based on 

VSS 
 g b VSS/g bCOD 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 

   g b VSS/g BOD 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 

Observed yield based on 

TSS 
 g TSS/g bCOD 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 

   g TSS/g BOD 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 

Overall oxygen demand  kg oxygen/h 67.86 135.71 203.57 271.42 339.28 407.13 474.99 542.85 610.70 678.56 

Air flow rate at average 

wastewater flow rate 
 m^3/min 57.84 115.68 173.52 231.36 289.20 347.04 404.88 462.72 520.56 578.40 

RAS recycle ratio - 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 

Concentration of BOD of 

effluent 
 g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 

Concentration of TSS of 

effluent 
 g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

Concentration of NH4-N of 

effluent 
 g/m^3 40.95 40.95 40.95 40.95 40.95 40.95 40.95 40.95 40.95 40.95 

Concentration of NO3-N of 

effluent 
 g/m^3 ≤ 5 ≤ 5 ≤ 5 ≤ 5 ≤ 5 ≤ 5 ≤ 5 ≤ 5 ≤ 5 ≤ 5 
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Summary of data obtained for medium group WWTPs with MBR (continued) 

EQUIPMENT SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM 

BOD REMOVAL 

  Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

Number of batteries   1 1 1 1 1 1 1 1 1 1 

AEROBIC REACTOR BASINS & ACCESSORIES  

Number of reactor basins   2 3 4 4 4 4 6 6 6 6 

Length of each reactor 

basin 
m 13.64 18.19 20.46 27.28 34.11 40.93 31.83 36.38 40.93 45.47 

Width of each reactor basin m 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm 

headers of each reactor 

basin 

  5 6 7 9 11 14 11 12 14 15 

MEMBRANE CHAMBERS & ACCESSORIES 

Number of membrane 

chambers 
  2 3 4 4 4 4 6 6 6 6 

Length of each membrane 

chamber 
m 8.29 8.29 8.29 10.46 12.63 16.04 12.01 13.87 16.04 16.97 

Width of each membrane 

chamber 
m 3.26 3.26 3.26 3.26 3.26 3.26 3.26 3.26 3.26 3.26 

Depth of each membrane 

chamber 
m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

Number of membrane 

modules provided for 

membrane chambers 

  528 792 1056 1344 1632 2016 2304 2592 3024 3312 
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Summary of data obtained for medium group WWTPs with MBR (continued) 

EQUIPMENT SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM(continued) 

BOD REMOVAL 

  Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE 

Total number of pumps 

required 
  2 2 2 2 2 2 2 2 2 3 

Capacity of each pump m^3/h 480.00 950.00 1420.00 1890.00 2360.00 2830.00 3300.00 3770.00 4240.00 2360.00 

Area required for pump 

house 
m ^2 65.00 71.00 76.00 82.00 87.00 93.00 98.00 104.00 109.00 115.00 

BLOWERS AND BLOWER BUILDING 

Total number of blowers 

required 
  2 2 2 3 3 3 4 4 4 5 

Capacity of each blower scfm 2347.00 4569.00 6791.00 4512.00 5629.00 6768.00 5257.00 6001.00 6768.00 5635.00 

Area required for blower 

building 
m ^2 87.00 103.00 114.00 123.00 130.00 136.00 142.00 147.00 151.00 155.00 
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Summary of data obtained for medium group WWTPs with MBR (continued) 

ESTIMATED COST SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM 

BOD REMOVAL 

  Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

AEROBIC REACTOR BASINS & ACCESSORIES 

CAPEX Crore ₹ 11.29 17.20 23.31 29.72 36.11 44.38 50.68 56.97 66.15 72.42 

OPEX Crore ₹ 7.01 11.15 15.29 19.42 23.49 27.87 31.81 35.72 40.11 43.95 

CAPEX & OPEX Crore ₹ 18.30 28.34 38.60 49.14 59.60 72.25 82.49 92.68 106.26 116.37 

MEMBRANE CHAMBERS & ACCESSORIES 

CAPEX Crore ₹ 10.86 16.24 21.65 27.47 33.30 41.09 46.94 52.79 61.53 67.34 

OPEX Crore ₹ 4.26 5.46 6.67 7.95 9.19 10.92 12.07 13.23 15.03 16.08 

CAPEX & OPEX Crore ₹ 15.12 21.70 28.31 35.42 42.49 52.00 59.01 66.01 76.57 83.42 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE 

CAPEX Crore ₹ 1.14 1.38 1.72 2.16 2.61 3.08 3.56 4.05 4.55 3.76 

OPEX Crore ₹ 1.48 2.69 3.91 5.14 6.36 7.58 8.80 10.01 11.23 12.35 

CAPEX & OPEX Crore ₹ 2.62 4.07 5.63 7.29 8.97 10.66 12.36 14.07 15.78 16.12 

BLOWERS AND BLOWER BUILDING 

CAPEX Crore ₹ 2.76 3.91 4.83 5.54 6.26 6.92 7.78 8.38 8.96 9.88 
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Summary of data obtained for medium group WWTPs with MBR (continued) 

ESTIMATED COST SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM 

BOD REMOVAL 

  Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

ESTIMATED CONSOLIDATED COSTS 

CAPEX Crore ₹ 26.05 38.72 51.51 64.89 78.28 95.47 108.96 122.18 141.19 153.41 

OPEX Crore ₹ 12.75 19.30 25.87 32.51 39.03 46.37 52.68 58.95 66.37 72.38 

CAPEX & OPEX Crore ₹ 38.80 58.02 77.37 97.40 117.32 141.84 161.64 181.14 207.57 225.79 

COST OF LAND 

Cost of land Crore ₹ 1.36 2.06 3.04 3.68 4.32 5.01 5.64 6.26 6.89 7.46 

OVERALL COST 

Overall cost Crore ₹ 40.16 60.09 80.41 101.08 121.64 146.85 167.28 187.39 214.46 233.24 

Overall cost Million $ 5.02 7.51 10.05 12.64 15.20 18.36 20.91 23.42 26.81 29.16 
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Summary of data obtained for medium group WWTPs with MBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE 

BOD REMOVAL 

  Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

(as per exponential cost function) 

Predicted value  Crore ₹ 51.38 61.88 74.53 89.77 108.12 130.22 156.85 188.91 227.53 274.04 

Value of R^2   0.9521 

Absolute percentage error % 27.93 2.99 7.31 11.19 11.11 11.32 6.24 0.81 6.09 17.49 

MAPE % 10.25 

(as per linear cost function) 

Predicted value  Crore ₹ 37.71 59.38 81.06 102.74 124.42 146.10 167.78 189.46 211.14 232.82 

Value of R^2   0.9991 

Absolute percentage error % 6.12 1.17 0.81 1.64 2.29 0.51 0.30 1.10 1.55 0.18 

MAPE % 1.57 

(as per logarithmic cost function) 

Predicted value  Crore ₹ 7.37 66.06 100.39 124.75 143.64 159.08 172.13 183.43 193.40 202.33 

Value of R^2   0.8933 

Absolute percentage error % 81.64 9.94 24.84 23.41 18.09 8.33 2.90 2.11 9.82 13.26 

MAPE % 19.43 
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Summary of data obtained for medium group WWTPs with MBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE 

BOD REMOVAL 

  Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

(as per polynomial cost function) 

Predicted value  Crore ₹ 39.65 60.03 80.75 101.78 123.15 144.83 166.85 189.18 211.85 234.83 

Value of R^2   0.9995 

Absolute percentage error % 1.29 0.09 0.41 0.70 1.24 1.37 0.26 0.95 1.22 0.68 

MAPE % 0.82 

(as per power cost function) 

Predicted value  Crore ₹ 36.34 62.53 85.90 107.60 128.14 147.80 166.76 185.14 203.03 220.49 

Value of R^2   0.9903 

Absolute percentage error % 9.52 4.07 6.82 6.45 5.34 0.65 0.31 1.20 5.33 5.47 

MAPE % 4.52 
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Summary of data obtained for medium group WWTPs with MBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION  

BOD REMOVAL 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 6.12 1.17 0.81 1.64 2.29 0.51 0.30 1.10 1.55 0.18 

MAPE % 1.57 

Standard deviation % 1.73 

Alpha value for 95% confidence level  0.05 

Confidence  1.07 

Upper limit of MAPE % 2.64 

Lower limit of MAPE % 0.50 
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Summary of data obtained for large group WWTPs with MBR 

DESIGN SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value Value 

Average wastewater flow 

rate 
m^3/d 50000.00 60000.00 70000.00 80000.00 90000.00 100000.00 110000.00 120000.00 130000.00 140000.00 150000.00 

Influent flow rate to 

reactor basins 
 m^3/d 57800.00 69360.00 80920.00 92480.00 104040.00 115600.00 127160.00 138720.00 150280.00 161840.00 173400.00 

Average BOD load  kg/d 16364.00 19636.80 22909.60 26182.40 29455.20 32728.00 36000.80 39273.60 42546.40 45819.20 49092.00 

Number of reactor basins  number 6 6 8 8 8 10 10 10 10 12 12 

Aerobic solids residence 

time  - design value 
 d 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 5.00 

Total volume of each 

reactor basin 
 m^3 1693.22 2031.86 1777.88 2031.86 2285.84 2031.86 2235.05 2438.23 2641.42 2370.50 2539.83 

Hydraulic detention time 

of each reactor basin 
 h 4.22 4.22 4.22 4.22 4.22 4.22 4.22 4.22 4.22 4.22 4.22 

MLSS (XMLSS)  g TSS/m^3 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 

MLVSS (XMLVSS)  g VSS/m^3 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 3400.14 

F/M 

 (g 

BOD/d)/g 

bVSS    

0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 

Volumetric BOD loading 
 (kg 

BOD/d)/m^3 
1.61 1.61 1.61 1.61 1.61 1.61 1.61 1.61 1.61 1.61 1.61 

Total sludge (TSS) 

purged per day 
 kg TSS/d 16254.88 19505.86 22756.84 26007.81 29258.79 32509.77 35760.74 39011.72 42262.70 45513.67 48764.65 

Observed yield based on 

VSS 

 g b VSS/g 

bCOD 
0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 0.29 

  
 g b VSS/g 

BOD 
0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 0.47 

Observed yield based on 

TSS 

 g TSS/g 

bCOD 
0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 0.62 

  
 g TSS/g 

BOD 
1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
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Summary of data obtained for large group WWTPs with MBR (continued) 

DESIGN SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM(continued) 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value Value 

Overall oxygen demand  kg oxygen/h 678.56 814.27 949.98 1085.69 1221.40 1357.12 1492.83 1628.54 1764.25 1899.96 2035.67 

Air flow rate at average 

wastewater flow rate 
 m^3/min 578.40 694.08 809.76 925.44 1041.11 1156.79 1272.47 1388.15 1503.83 1619.51 1735.19 

RAS recycle ratio - 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 1.93 

Concentration of BOD of 

effluent 
 g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 

Concentration of TSS of 

effluent 
 g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of data obtained for large group WWTPs with MBR (continued) 

EQUIPMENT SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

AEROBIC REACTOR BASINS & ACCESSORIES 

Number of reactor basins   6 6 8 8 8 10 10 10 10 12 12 

Length of each reactor 

basin 
m 45.47 54.57 47.75 54.57 61.39 54.57 60.03 65.48 70.94 63.66 68.21 

Width of each reactor 

basin 
m 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 

Depth of each reactor 

basin 
m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm 

headers of each reactor 

basin 

  15 18 16 18 20 18 20 21 23 21 22 

MEMBRANE CHAMBERS & ACCESSORIES 

Number of membrane 

chambers 
  6 6 8 8 8 10 10 10 10 12 12 

Length of each membrane 

chamber 
m 16.97 20.38 18.21 20.38 22.86 20.38 22.55 24.72 25.65 23.48 25.03 

Width of each membrane 

chamber 
m 3.26 3.26 3.26 3.26 3.26 3.26 3.26 3.26 3.26 3.26 3.26 

Depth of each membrane 

chamber 
m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

Number of membrane 

modules provided for 

membrane chambers 

  3312 3888 4608 5184 5952 6480 7200 7920 8400 9216 9792 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE 

Total number of pumps 

required 
  3 3 3 3 3 4 4 4 4 4 5 

Capacity of each pump m^3/h 2360.00 2830.00 3300.00 3770.00 4240.00 3140.00 3450.00 3770.00 4080.00 4400.00 3530.00 

Area required for pump 

house 
m ^2 115.00 126.00 137.00 147.00 158.00 169.00 180.00 191.00 202.00 213.00 224.00 
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Summary of data obtained for large group WWTPs with MBR (continued) 

EQUIPMENT SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM(continued) 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

BLOWERS AND BLOWER BUILDING 

Total number of blowers 

required 
  5 5 3 4 4 4 4 5 5 5 5 

Capacity of each blower scfm 5635.00 6751.00 15769.00 12002.00 13521.00 15002.00 16513.00 13519.00 14624.00 15769.00 16886.00 

Area required for blower 

building 
m ^2 155.00 163.00 169.00 175.00 180.00 185.00 190.00 194.00 198.00 202.00 205.00 
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Summary of data obtained for large group WWTPs with MBR (continued) 

ESTIMATED COST SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

AEROBIC REACTOR BASINS & ACCESSORIES 

Total bare construction 

cost (CAPEX) 
Crore ₹ 72.42 84.99 100.41 112.92 129.26 140.83 156.20 171.52 182.08 199.40 211.83 

Levelized cost based on 

energy requirement, 

operation and 

maintenance for 25 years 

of life of reaction basins 

and accessories (OPEX) 

Crore ₹ 43.95 51.58 59.59 67.07 75.08 82.33 90.09 97.80 104.82 112.72 119.94 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 116.37 136.56 160.00 179.99 204.34 223.16 246.29 269.31 286.90 312.12 331.77 

MEMBRANE CHAMBERS & ACCESSORIES 

Total bare construction 

cost (CAPEX) 
Crore ₹ 67.34 79.02 93.63 105.29 120.81 131.56 146.12 160.68 170.36 186.91 198.57 

Levelized cost based on 

energy requirement, 

operation and 

maintenance for 25 years 

of life of membrane 

chambers and accessories 

(OPEX) 

Crore ₹ 16.08 18.22 20.94 22.93 25.67 27.45 29.94 32.38 33.78 36.55 38.36 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 83.42 97.24 114.57 128.22 146.48 159.01 176.06 193.07 204.14 223.47 236.93 
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Summary of data obtained for large group WWTPs with MBR (continued) 

ESTIMATED COST SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM(continued) 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE 

Total bare construction 

cost (CAPEX) 
Crore ₹ 3.76 4.49 5.24 6.00 6.78 6.57 7.25 7.95 8.65 9.37 9.24 

Levelized cost based on 

energy requirement, 

operation and 

maintenance for 25 years 

of life of pumps and 

pump-house (OPEX) 

Crore ₹ 12.35 14.75 17.19 19.62 22.05 24.41 26.83 29.25 31.67 34.10 36.47 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 16.12 19.25 22.43 25.62 28.83 30.99 34.08 37.21 40.32 43.46 45.71 

ESTIMATED CONSOLIDATED COSTS 

Total bare construction 

cost (CAPEX) 
Crore ₹ 153.41 179.45 212.34 238.86 272.50 295.55 327.08 359.45 381.26 416.71 441.50 

Levelized cost based on 

energy requirement, 

operation and 

maintenance for 25 years 

of life of STP 

Crore ₹ 72.38 84.54 97.71 109.63 122.81 134.19 146.86 159.43 170.27 183.37 194.77 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 225.79 264.00 310.05 348.49 395.31 429.74 473.94 518.88 551.53 600.09 636.27 

COST OF LAND 

Cost of land Crore ₹ 7.46 8.67 9.94 11.09 12.25 13.53 14.69 15.85 16.92 18.26 19.38 

OVERALL COST 

Overall cost Crore ₹ 233.24 272.67 319.99 359.58 407.56 443.28 488.63 534.73 568.44 618.34 655.65 

Overall cost Million $ 29.16 34.08 40.00 44.95 50.94 55.41 61.08 66.84 71.06 77.29 81.96 
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Summary of data obtained for large group WWTPs with MBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

(as per exponential cost function) 

Predicted value  Crore ₹ 255.14 282.26 312.26 345.44 382.15 422.77 467.70 517.40 572.39 633.22 700.52 

Value of R^2   0.9777 

Absolute percentage error % 9.39 3.52 2.42 3.93 6.23 4.63 4.28 3.24 0.69 2.41 6.84 

Mean absolute percentage 

error (MAPE) 
% 4.07 

(as per linear cost function) 

Predicted value  Crore ₹ 233.31 275.78 318.25 360.71 403.18 445.65 488.12 530.59 573.05 615.52 657.99 

Value of R^2   0.9995 

Absolute percentage error % 0.03 1.14 0.54 0.32 1.07 0.54 0.11 0.77 0.81 0.46 0.36 

Mean absolute percentage 

error (MAPE) 
% 0.58 

(as per logarithmic cost function) 

Predicted value  Crore ₹ 197.66 268.54 328.46 380.37 426.16 467.11 504.16 537.99 569.11 597.91 624.73 

Value of R^2   0.9782 

Absolute percentage error % 15.26 1.51 2.65 5.78 4.56 5.38 3.18 0.61 0.12 3.30 4.72 

Mean absolute percentage 

error (MAPE) 
% 4.24 
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Summary of data obtained for large group WWTPs with MBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE (continued) 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

(as per polynomial cost function) 

Predicted value  Crore ₹ 231.91 275.09 318.10 360.92 403.56 446.03 488.31 530.42 572.34 614.08 655.65 

Value of R^2   0.9996 

Absolute percentage error % 0.57 0.89 0.59 0.37 0.98 0.62 0.07 0.81 0.69 0.69 0.00 

Mean absolute percentage 

error (MAPE) 
% 0.63 

(as per power cost function) 

Predicted value  Crore ₹ 231.66 275.35 318.66 361.65 404.36 446.82 489.06 531.09 572.95 614.63 656.16 

Value of R^2   0.9996 

Absolute percentage error % 0.68 0.98 0.41 0.58 0.79 0.80 0.09 0.68 0.79 0.60 0.08 

Mean absolute percentage 

error (MAPE) 
% 0.64 
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Summary of data obtained for large group WWTPs with MBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 0.03 1.14 0.54 0.32 1.07 0.54 0.11 0.77 0.81 0.46 0.36 

MAPE % 0.58 

Standard deviation % 0.36 

Alpha value for 95% confidence level  0.05 

Confidence  0.21 

Upper limit of MAPE % 0.79 

Lower limit of MAPE % 0.37 
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Summary of data obtained for small group WWTPs with MBBR 

DESIGN SUMMARY FOR MOVING BED BIOFILM REACTOR BASINS - SMALL GROUP 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value 

Average wastewater flow rate m^3/d 500.00 1000.00 1500.00 2000.00 2500.00 3000.00 3500.00 4000.00 4500.00 5000.00 

Influent flow rate to reactor basins m^3/d 572.38 1144.75 1717.13 2289.50 2861.88 3434.25 4006.63 4579.00 5151.38 5723.75 

Average BOD load  kg/d 119.89 239.78 359.67 479.56 599.45 719.34 839.23 959.12 1079.01 1198.90 

MLSS (XMLSS)  g TSS/m^3 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 

MLVSS (XMLVSS)  g VSS/m^3 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 

F/M  (g BOD/d)/g VSS    1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 

Volumetric BOD loading  (kg BOD/d)/m^3 3.61 3.61 3.61 3.61 3.61 3.61 3.61 3.61 3.61 3.61 

Total sludge (TSS) purged per 

day 
 kg TSS/d 114.54 229.09 343.63 458.17 572.72 687.26 801.80 916.34 1030.89 1145.43 

Observed yield based on VSS  g bVSS/g bCOD 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 

   g bVSS/g BOD 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 

Observed yield based on TSS  g TSS/g bCOD 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 

   g TSS/g BOD 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 

Overall oxygen demand  kg oxygen/h 4.57 9.13 13.70 18.26 22.83 27.39 31.96 36.52 41.09 45.65 

Air flow rate at average 

wastewater flow rate 
 m^3/min 3.89 7.78 11.67 15.57 19.46 23.35 27.24 31.13 35.02 38.92 

RAS recycle ratio number 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 

Concentration of BOD of effluent  g/m^3 9.99 9.99 9.99 9.99 9.99 9.99 9.99 9.99 9.99 9.99 

Concentration of TSS of effluent  g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of data obtained for small group WWTPs with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM - SMALL GROUP 

BOD REMOVAL 

   Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

PRIMARY CLARIFIERS 

Number of 

primary 

clarifiers 

number 2 2 2 2 2 2 2 2 2 2 

Diameter of 

each primary 

clarifier 

m 3.50 4.90 6.00 7.00 7.80 7.80 8.40 9.00 9.50 10.00 

Side water depth 

of each primary 

clarifier 

m 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

PRIMARY CLARIFIER SLUDGE SUMP 

Number of 

sludge sumps 
number 1 1 1 1 1 1 1 1 1 1 

Length of each 

sludge sump 
m 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 

Width of each 

sludge sump 
m 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 

Depth of each 

sludge sump 
m 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Number of 

pump-houses 
number 1 1 1 1 1 1 1 1 1 1 

Total number of 

pumps provided 

in each pump-

house 

number 2 2 2 2 2 2 2 2 2 2 

Design capacity 

for each pump 
 m^3/h 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

Head to be 

developed by 

each pump 

mlc 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
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Summary of data obtained for small group WWTPs with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM - SMALL GROUP(continued) 

BOD REMOVAL 

   Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Number of 

reactor basins 

numbe

r 
2 2 2 2 2 2 2 2 2 2 

Length of each 

reactor basin 
m 1.80 2.50 3.00 3.50 3.90 4.30 4.60 4.90 5.20 5.50 

Width of each 

reactor basin 
m 1.50 2.10 2.50 3.00 3.30 3.60 3.90 4.10 4.40 4.60 

Depth of each 

reactor basin 
m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Number of 

reactor basins 

numbe

r 
2 2 2 2 2 2 2 2 2 2 

Length of each 

reactor basin 
m 1.70 2.30 2.90 3.30 3.70 4.10 4.40 4.70 5.00 5.30 

Width of each 

reactor basin 
m 1.50 2.10 2.50 3.00 3.30 3.60 3.90 4.10 4.40 4.60 

Depth of each 

reactor basin 
m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

SECONDARY CLARIFIERS 

Number of secondary clarifiers number 2 2 2 2 2 2 2 2 2 2 

Diameter of each secondary clarifier m 7.20 10.20 12.50 14.40 16.10 16.20 17.50 18.70 19.80 20.90 

Side water depth of each secondary 

clarifier 
m 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 
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Summary of data obtained for small group WWTPs with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM - SMALL GROUP(continued) 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

SECONDARY CLARIFIER SLUDGE SUMP 

Number of sludge sumps number 1 1 1 1 1 1 1 1 1 1 

Length of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.59 7.69 8.79 9.89 10.99 

Width of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 

Depth of each sludge sump m 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 

SECONDARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE 

Number of pump-houses number 1 1 1 1 1 1 1 1 1 1 

Total number of pumps provided in each 

pump-house 
number 2 2 2 2 2 2 2 2 2 2 

Design capacity for each pump  m^3/h 20.00 40.00 60.00 70.00 90.00 110.00 120.00 140.00 160.00 170.00 

Head to be developed by each pump mlc 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
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Summary of data obtained for small group WWTPs with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM - SMALL GROUP 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

PRIMARY CLARIFIERS  

Total bare construction cost (CAPEX) Crore ₹ 0.41 0.55 0.66 0.76 0.83 0.83 0.89 0.95 1.00 1.05 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of primary clarifiers 

(OPEX) 

Crore ₹ 0.22 0.23 0.24 0.25 0.26 0.26 0.27 0.29 0.30 0.31 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 0.63 0.78 0.90 1.01 1.10 1.10 1.17 1.24 1.30 1.36 

PRIMARY CLARIFIER SLUDGE SUMP 

Total bare construction cost (CAPEX) Crore ₹ 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of primary clarifier 

sludge sump (OPEX) 

Crore ₹ 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE 

Total bare construction cost (CAPEX) Crore ₹ 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 0.67 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of primary clarifier 

sludge transfer pumps & pump-house 

(OPEX) 

Crore ₹ 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 0.21 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 0.87 
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Summary of data obtained for small group WWTPs with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM - SMALL GROUP (continued) 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES  

Total bare construction cost (CAPEX) Crore ₹ 0.21 0.25 0.28 0.32 0.35 0.37 0.41 0.44 0.47 0.51 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of stage - 1 of double 

stage bod removal reaction basins & 

accessories (OPEX) 

Crore ₹ 0.48 0.73 0.97 1.21 1.44 1.67 1.90 2.13 2.35 2.58 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 0.69 0.98 1.25 1.53 1.79 2.04 2.30 2.56 2.83 3.09 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES  

Total bare construction cost (CAPEX) Crore ₹ 0.14 0.16 0.19 0.21 0.23 0.25 0.27 0.28 0.30 0.32 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of stage - 2 of double 

stage bod removal reaction basins & 

accessories (OPEX) 

Crore ₹ 0.08 0.08 0.08 0.08 0.09 0.09 0.09 0.09 0.10 0.10 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 0.22 0.24 0.27 0.29 0.31 0.34 0.36 0.38 0.40 0.42 

BLOWERS AND BLOWER-BUILDING  

Total bare construction cost (CAPEX) Crore ₹ 0.73 0.99 1.19 1.36 1.52 1.65 1.78 1.91 2.02 2.13 

SECONDARY CLARIFIERS  

Total bare construction cost (CAPEX) Crore ₹ 0.79 1.09 1.32 1.52 1.69 1.71 1.84 1.97 2.09 2.21 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of secondary clarifiers 

(OPEX) 

Crore ₹ 0.26 0.31 0.36 0.41 0.46 0.46 0.50 0.53 0.56 0.60 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 1.05 1.40 1.68 1.92 2.15 2.16 2.34 2.50 2.66 2.81 

 



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

  

Appendix - IV | Page 7 of 9 
 

 

 

 

 

Summary of data obtained for small group WWTPs with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM - SMALL GROUP (continued) 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

SECONDARY CLARIFIER SLUDGE SUMP  

Total bare construction cost (CAPEX) Crore ₹ 0.05 0.05 0.05 0.05 0.05 0.06 0.06 0.07 0.07 0.08 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of secondary clarifier 

sludge sump (OPEX) 

Crore ₹ 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 0.19 0.19 0.19 0.19 0.19 0.20 0.20 0.21 0.21 0.22 

SECONDARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE 

Total bare construction cost (CAPEX) Crore ₹ 0.70 0.75 0.79 0.80 0.83 0.86 0.87 0.89 0.91 0.92 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of secondary clarifier 

sludge transfer pumps & pump-house 

(OPEX) 

Crore ₹ 0.25 0.31 0.38 0.41 0.46 0.52 0.55 0.60 0.66 0.69 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 0.95 1.07 1.16 1.21 1.29 1.38 1.42 1.49 1.57 1.61 

ESTIMATED CONSOLIDATED COSTS 

Total bare construction cost (CAPEX) Crore ₹ 3.76 4.57 5.20 5.74 6.22 6.44 6.84 7.23 7.59 7.94 

Levelized cost based on energy 

requirement, operation and maintenance 

for 25 years of life of WWTP (OPEX) 

Crore ₹ 1.77 2.16 2.52 2.85 3.20 3.49 3.80 4.13 4.46 4.76 

Overall cost inclusive of CAPEX & 

OPEX 
Crore ₹ 5.53 6.72 7.72 8.59 9.42 9.93 10.64 11.36 12.05 12.70 

COST OF LAND 

Cost of land Crore ₹ 1.48 1.82 2.12 2.42 2.69 2.75 2.99 3.23 3.46 3.70 

OVERALL COST  

Overall cost Crore ₹ 7.00 8.54 9.84 11.00 12.11 12.68 13.63 14.59 15.51 16.39 

Overall cost Million $ 0.88 1.07 1.23 1.38 1.51 1.59 1.70 1.82 1.94 2.05 
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Summary of data obtained for small group WWTPs with MBBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

(as per exponential cost function)  

Predicted value    7.92 8.64 9.44 10.30 11.25 12.28 13.41 14.64 15.98 17.45 

Value of R^2   0.9510 

Absolute percentage error   13.06 1.17 4.10 6.37 7.07 3.15 1.63 0.36 3.04 6.46 

Mean absolute percentage error (MAPE)   4.64 

(as per linear cost function)  

Predicted value    7.62 8.62 9.62 10.62 11.63 12.63 13.63 14.64 15.64 16.64 

Value of R^2   0.9894 

Absolute percentage error   8.73 0.86 2.24 3.46 3.95 0.40 0.02 0.34 0.82 1.53 

Mean absolute percentage error (MAPE)   2.24 

(as per logarithmic cost function)  

Predicted value    5.99 8.81 10.46 11.63 12.53 13.27 13.90 14.44 14.92 15.35 

Value of R^2   0.9533 

Absolute percentage error   14.47 3.08 6.24 5.64 3.53 4.68 1.98 0.99 3.80 6.35 

Mean absolute percentage error (MAPE)   5.08 

(as per polynomial cost function)  

Predicted value    7.00 8.55 9.86 10.98 11.96 12.85 13.69 14.53 15.44 16.45 

Value of R^2   0.9992 

Absolute percentage error   0.02 0.11 0.23 0.19 1.19 1.30 0.41 0.36 0.48 0.33 

Mean absolute percentage error (MAPE)   0.46 

(as per power cost function)  

Predicted value    6.72 8.69 10.09 11.23 12.19 13.04 13.81 14.51 15.15 15.76 

Value of R^2   0.9908 

Absolute percentage error   4.04 1.65 2.54 2.00 0.72 2.86 1.30 0.54 2.30 3.87 

Mean absolute percentage error (MAPE)   2.18 
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Summary of data obtained for small group WWTPs with MBBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION  

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 8.73 0.86 2.24 3.46 3.95 0.4 0.02 0.34 0.82 1.53 

MAPE % 2.24 

Standard deviation % 2.64 

Alpha value for 95% confidence level  0.05 

Confidence  1.64 

Upper limit of MAPE % 3.87 

Lower limit of MAPE % 0.60 
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Summary of data obtained for medium group WWTPs with MBBR 

DESIGN SUMMARY FOR MOVING BED BIOFILM REACTOR BASINS - MEDIUM GROUP 

BOD REMOVAL 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value 

Average wastewater flow rate m^3/d 5000.00 10000.00 15000.00 20000.00 25000.00 30000.00 35000.00 40000.00 45000.00 50000.00 

Influent flow rate to reactor basins m^3/d 5723.75 11447.50 17171.25 22895.00 28618.75 34342.50 40066.25 45790.00 51513.75 57237.50 

Average BOD load  kg/d 1198.90 2397.80 3596.70 4795.60 5994.50 7193.40 8392.30 9591.20 10790.10 11989.00 

MLSS (XMLSS)  g TSS/m^3 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 

MLVSS (XMLVSS)  g VSS/m^3 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 

F/M  (g BOD/d)/g VSS    1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 

Volumetric BOD loading  (kg BOD/d)/m^3 3.61 3.61 3.61 3.61 3.61 3.61 3.61 3.61 3.61 3.61 

Total sludge (TSS) purged per 

day 
 kg TSS/d 1145.43 2290.86 3436.29 4581.72 5727.15 6872.58 8018.01 9163.44 10308.87 11454.30 

Observed yield based on VSS  g bVSS/g bCOD 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 

   g bVSS/g BOD 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 

Observed yield based on TSS  g TSS/g bCOD 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 

   g TSS/g BOD 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 

Overall oxygen demand  kg oxygen/h 45.65 91.31 136.96 182.62 228.27 273.93 319.58 365.24 410.89 456.55 

Air flow rate at average 

wastewater flow rate 
 m^3/min 38.92 77.83 116.75 155.66 194.58 233.50 272.41 311.33 350.24 389.16 

RAS recycle ratio number 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 

Concentration of BOD of effluent  g/m^3 9.99 9.99 9.99 9.99 9.99 9.99 9.99 9.99 9.99 9.99 

Concentration of TSS of effluent  g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of data obtained for medium group WWTPs with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM  

BOD REMOVAL  

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

PRIMARY CLARIFIERS 

Number of primary 

clarifiers 
number 2 2 2 2 2 2 2 4 4 4 

Diameter of each primary 

clarifier 
m 10.00 13.50 16.60 19.10 21.40 23.40 25.30 19.10 20.30 21.40 

Side water depth of each 

primary clarifier 
m 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

PRIMARY CLARIFIER SLUDGE SUMP  

Number of sludge sumps number 1 1 1 1 1 1 1 1 1 1 

Length of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 

Width of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 

Depth of each sludge sump m 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Number of pump-houses number 1 1 1 1 1 1 1 1 1 1 

Total number of pumps 

provided in each pump-

house 

number 2 2 2 2 2 2 2 2 2 2 

Design capacity for each 

pump 
 m^3/h 10.00 10.00 10.00 10.00 20.00 20.00 20.00 20.00 30.00 30.00 

Head to be developed by 

each pump 
mlc 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES  

Number of reactor basins number 2 3 4 4 4 4 6 6 6 6 

Length of each reactor 

basin 
m 5.50 6.30 6.70 7.70 8.60 9.40 8.30 8.90 9.40 10.00 

Width of each reactor basin m 4.60 5.30 5.60 6.50 7.20 7.90 7.00 7.50 7.90 8.40 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 
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Summary of data obtained for medium group WWTPs with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM (continued)  

BOD REMOVAL  

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Number of reactor basins number 2 3 4 4 4 4 6 6 6 6 

Length of each reactor 

basin 
m 5.30 6.10 6.50 7.40 8.40 9.20 8.10 8.60 9.20 9.60 

Width of each reactor basin m 4.60 5.30 5.60 6.50 7.20 7.90 7.00 7.50 7.90 8.40 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

SECONDARY CLARIFIERS 

Number of secondary 

clarifiers 
number 2 2 2 2 2 2 4 4 4 4 

Diameter of each secondary 

clarifier 
m 20.90 28.10 34.50 39.80 44.50 48.70 37.20 39.80 42.20 44.50 

Side water depth of each 

secondary clarifier 
m 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 

SECONDARY CLARIFIER SLUDGE SUMP 

Number of sludge sumps number 1 1 1 1 1 1 1 2 2 2 

Length of each sludge sump m 10.99 21.98 32.97 43.97 54.96 65.95 76.94 43.97 49.46 54.96 

Width of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 

Depth of each sludge sump m 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 

SECONDARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE 

Number of pump-houses number 1 1 1 1 1 1 1 1 1 1 

Total number of pumps 

provided in each pump-

house 

number 2 2 2 2 2 2 2 2 2 2 

Design capacity for each 

pump 
 m^3/h 170.00 340.00 510.00 680.00 840.00 1010.00 1180.00 1350.00 1510.00 1680.00 

Head to be developed by 

each pump 
mlc 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
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Summary of data obtained for medium group WWTPs with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM 

BOD REMOVAL  

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

PRIMARY CLARIFIERS  

Total bare construction cost (CAPEX) Crore ₹ 1.05 1.40 1.71 1.97 2.22 2.44 2.65 3.95 4.20 4.44 

Levelized cost based on energy 

requirement, operation and maintenance for 

25 years of life of primary clarifiers 

(OPEX) 

Crore ₹ 0.31 0.38 0.47 0.54 0.61 0.67 0.73 0.89 0.95 1.01 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 1.36 1.77 2.18 2.51 2.83 3.11 3.38 4.84 5.16 5.45 

PRIMARY CLARIFIER SLUDGE SUMP  

Total bare construction cost (CAPEX) Crore ₹ 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Levelized cost based on energy 

requirement, operation and maintenance for 

25 years of life of primary clarifier sludge 

sump (OPEX) 

Crore ₹ 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Total bare construction cost (CAPEX) Crore ₹ 0.67 0.67 0.67 0.67 0.70 0.70 0.70 0.70 0.73 0.73 

Levelized cost based on energy 

requirement, operation and maintenance for 

25 years of life of primary clarifier sludge 

transfer pumps & pump-house (OPEX) 

Crore ₹ 0.21 0.21 0.21 0.21 0.25 0.25 0.25 0.25 0.28 0.28 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 0.87 0.87 0.87 0.87 0.95 0.95 0.95 0.95 1.01 1.01 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES  

Total bare construction cost (CAPEX) Crore ₹ 0.51 0.95 1.50 1.90 2.31 2.71 3.24 3.60 3.95 4.30 

Levelized cost based on energy 

requirement, operation and maintenance for 

25 years of life of stage - 1 of double stage 

bod removal reaction basins & accessories 

(OPEX) 

Crore ₹ 2.58 4.81 7.05 9.23 11.41 13.56 15.74 17.87 20.00 22.12 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 3.09 5.75 8.56 11.13 13.72 16.27 18.98 21.48 23.95 26.42 
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Summary of data obtained for medium group WWTPs with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM (continued) 

BOD REMOVAL  

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Total bare construction cost (CAPEX) Crore ₹ 0.32 0.54 0.86 1.02 1.19 1.35 1.64 1.79 1.96 2.11 

Levelized cost based on energy requirement, 

operation and maintenance for 25 years of 

life of stage - 2 of double stage bod removal 

reaction basins & accessories (OPEX) 

Crore ₹ 0.10 0.14 0.20 0.22 0.25 0.27 0.31 0.33 0.35 0.37 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 0.42 0.68 1.06 1.25 1.44 1.62 1.95 2.12 2.30 2.48 

BLOWERS AND BLOWER-BUILDING  

Total bare construction cost (CAPEX) Crore ₹ 2.13 3.03 3.75 4.38 4.94 5.35 5.82 6.27 6.69 7.09 

SECONDARY CLARIFIERS  

Total bare construction cost (CAPEX) Crore ₹ 2.21 3.04 3.85 4.56 5.25 5.89 8.41 9.13 9.82 10.49 

Levelized cost based on energy requirement, 

operation and maintenance for 25 years of 

life of secondary clarifiers (OPEX) 

Crore ₹ 0.60 0.83 1.04 1.24 1.42 1.59 1.94 2.10 2.26 2.41 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 2.81 3.87 4.89 5.81 6.67 7.48 10.35 11.23 12.07 12.90 

SECONDARY CLARIFIER SLUDGE SUMP 

Total bare construction cost (CAPEX) Crore ₹ 0.08 0.13 0.18 0.24 0.29 0.34 0.40 0.42 0.47 0.52 

Levelized cost based on energy requirement, 

operation and maintenance for 25 years of 

life of secondary clarifier sludge sump 

(OPEX) 

Crore ₹ 0.14 0.16 0.19 0.21 0.24 0.27 0.30 0.32 0.35 0.37 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 0.22 0.29 0.37 0.45 0.53 0.61 0.70 0.74 0.82 0.89 

SECONDARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Total bare construction cost (CAPEX) Crore ₹ 0.92 1.06 1.16 1.25 1.33 1.41 1.50 1.65 1.80 1.96 

Levelized cost based on energy requirement, 

operation and maintenance for 25 years of 

life of secondary clarifier sludge transfer 

pumps & pump-house (OPEX) 

Crore ₹ 0.69 1.14 1.58 2.02 2.43 2.87 3.31 3.75 4.17 4.61 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 1.61 2.20 2.75 3.28 3.76 4.27 4.80 5.40 5.97 6.57 
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Summary of data obtained for medium group WWTPs with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM (continued) 

BOD REMOVAL  

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

ESTIMATED CONSOLIDATED COSTS  

Total bare construction cost (CAPEX) Crore ₹ 7.94 10.87 13.74 16.05 18.28 20.26 24.42 27.58 29.66 31.70 

Levelized cost based on energy 

requirement, operation and maintenance for 

25 years of life of WWTP (OPEX) 

Crore ₹ 4.76 7.80 10.89 13.82 16.74 19.61 22.70 25.65 28.49 31.30 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 12.70 18.67 24.63 29.87 35.02 39.87 47.12 53.23 58.15 63.00 

COST OF LAND  

Cost of land Crore ₹ 3.70 5.65 7.90 9.82 11.72 13.57 16.23 18.57 20.45 22.36 

OVERALL COST  

Overall cost Crore ₹ 16.39 24.32 32.52 39.69 46.74 53.44 63.35 71.80 78.60 85.36 

Overall cost Million $ 2.05 3.04 4.07 4.96 5.84 6.68 7.92 8.97 9.83 10.67 
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Summary of data obtained for medium group WWTPs with MBBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE 

BOD REMOVAL  

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value 

(as per exponential cost function) 

Predicted value (as per exponential cost 

function) 
  20.94 24.90 29.60 35.19 41.84 49.74 59.13 70.30 83.58 99.37 

Value of R^2  0.9488 

Absolute percentage error   27.77 2.38 8.98 11.32 10.49 6.93 6.66 2.08 6.33 16.40 

Mean absolute percentage error (MAPE)  9.94 

(as per linear cost function) 

Predicted value (as per linear cost function)   10.79 19.41 28.03 36.65 45.27 53.89 62.51 71.13 79.75 88.37 

Value of R^2  0.9709 

Absolute percentage error   34.16 20.18 13.80 7.64 3.15 0.84 1.33 0.92 1.46 3.53 

Mean absolute percentage error (MAPE)  8.7 

(as per logarithmic cost function) 

Predicted value (as per logarithmic cost 

function) 
  5.39 26.42 38.73 47.46 54.23 59.76 64.44 68.49 72.06 75.26 

Value of R^2  0.9032 

Absolute percentage error   67.14 8.64 19.08 19.58 16.01 11.82 1.71 4.61 8.32 11.83 

Mean absolute percentage error (MAPE)  16.87 

(as per polynomial cost function) 

Predicted value (as per polynomial cost 

function) 
  16.55 24.21 31.88 39.57 47.27 54.99 62.72 70.47 78.23 86.01 

Value of R^2  0.9988 

Absolute percentage error   0.99 0.45 1.97 0.29 1.13 2.89 1.00 1.85 0.48 0.75 

Mean absolute percentage error (MAPE)  1.18 

(as per power cost function) 

Predicted value (as per power cost 

function) 
  15.13 25.11 33.77 41.68 49.06 56.05 62.74 69.17 75.39 81.42 

Value of R^2  0.9918 

Absolute percentage error   7.69 3.25 3.85 5.01 4.95 4.88 0.97 3.66 4.09 4.62 

Mean absolute percentage error (MAPE)  4.30 
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Summary of data obtained for medium group WWTPs with MBBR (continued) 

 95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION  

BOD REMOVAL 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 34.16 20.18 13.80 7.64 3.15 0.84 1.33 0.92 1.46 3.53 

MAPE % 8.70 

Standard deviation % 11.02 

Alpha value for 95% confidence level  0.05 

Confidence  6.83 

Upper limit of MAPE % 15.53 

Lower limit of MAPE % 1.87 
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Summary of data obtained for large group WWTPs with MBBR 

DESIGN SUMMARY FOR MOVING BED BIOFILM REACTOR BASINS - LARGE GROUP 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value Value 

Average wastewater flow rate m^3/d 50000.00 60000.00 70000.00 80000.00 90000.00 100000.00 110000.00 120000.00 130000.00 140000.00 150000.00 

Influent flow rate to reactor 

basins 
m^3/d 57237.50 68685.00 80132.50 91580.00 103027.50 114475.00 125922.50 137370.00 148817.50 160265.00 171712.50 

Average BOD load  kg/d 11989.00 14386.80 16784.60 19182.40 21580.20 23978.00 26375.80 28773.60 31171.40 33569.20 35967.00 

Average TKN load  kg/d 2752.50 3303.00 3853.50 4404.00 4954.50 5505.00 6055.50 6606.00 7156.50 7707.00 8257.50 

DESIGN FEATURES 

MLSS (XMLSS)  g TSS/m^3 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 

MLVSS (XMLVSS)  g VSS/m^3 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 2832.63 

F/M 

 (g 

BOD/d)/g 

VSS    

1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 1.27 

Volumetric BOD loading 
 (kg 

BOD/d)/m^3 
3.61 3.61 3.61 3.61 3.61 3.61 3.61 3.61 3.61 3.61 3.61 

Total sludge (TSS) purged per 

day 
 kg TSS/d 11454.30 13745.16 16036.02 18326.88 20617.75 22908.61 25199.47 27490.33 29781.19 32072.05 34362.91 

Observed yield based on VSS 
 g bVSS/g 

bCOD 
0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 0.34 

  
 g bVSS/g 

BOD 
0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 0.55 

Observed yield based on TSS 
 g TSS/g 

bCOD 
0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 0.61 

  
 g TSS/g 

BOD 
0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 0.97 

Overall oxygen demand  kg oxygen/h 456.55 547.86 639.17 730.48 821.79 913.10 1004.41 1095.72 1187.03 1278.34 1369.65 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

DESIGN SUMMARY FOR MOVING BED BIOFILM REACTOR BASINS - LARGE GROUP (continued) 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value Value 

Air flow rate at average 

wastewater flow rate 
 m^3/min 389.16 466.99 544.82 622.65 700.49 778.32 856.15 933.98 1011.81 1089.65 1167.48 

RAS recycle ratio number 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 0.69 

QUALITY OF EFFLUENT 

Concentration of BOD of 

effluent 
 g/m^3 9.99 9.99 9.99 9.99 9.99 9.99 9.99 9.99 9.99 9.99 9.99 

Concentration of TSS of 

effluent 
 g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM- LARGE GROUP 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

PRIMARY CLARIFIERS 

Number of primary clarifiers number 4 4 4 4 4 8 8 8 8 8 8 

Diameter of each primary 

clarifier 
m 21.40 23.40 25.30 27.00 28.70 21.40 22.40 23.40 24.40 25.30 26.20 

Side water depth of each 

primary clarifier 
m 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 4.00 

PRIMARY CLARIFIER SLUDGE SUMP  

Number of sludge sumps number 1 1 1 1 1 1 1 1 1 1 1 

Length of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 

Width of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 

Depth of each sludge sump m 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Number of pump-houses number 1 1 1 1 1 1 1 1 1 1 1 

Total number of pumps 

provided in each pump-house 
number 2 2 2 2 2 2 2 2 2 2 2 

Design capacity for each 

pump 
 m^3/h 30.00 30.00 40.00 40.00 50.00 50.00 60.00 60.00 70.00 70.00 80.00 

Head to be developed by each 

pump 
mlc 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM (continued) 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES  

Number of reactor basins number 6 6 8 8 8 10 10 10 10 12 12 

Length of each reactor basin m 10.00 10.90 10.20 10.90 11.60 10.90 11.40 11.90 12.40 11.80 12.20 

Width of each reactor basin m 8.40 9.10 8.50 9.10 9.70 9.10 9.50 10.00 10.40 9.90 10.20 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Number of reactor basins number 6 6 8 8 8 10 10 10 10 12 12 

Length of each reactor basin m 9.60 10.60 9.90 10.60 11.20 10.60 11.20 11.60 12.10 11.40 11.80 

Width of each reactor basin m 8.40 9.10 8.50 9.10 9.70 9.10 9.50 10.00 10.40 9.90 10.20 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM(continued) 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

SECONDARY CLARIFIERS  

Number of secondary 

clarifiers 
number 4 4 4 8 8 8 8 8 8 8 8 

Diameter of each secondary 

clarifier 
m 44.50 48.70 52.60 39.80 42.20 44.50 44.10 46.10 48.00 49.80 51.50 

Side water depth of each 

secondary clarifier 
m 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 4.50 

SECONDARY CLARIFIER SLUDGE SUMP  

Number of sludge sumps number 2 2 2 3 3 3 4 4 4 4 5 

Length of each sludge sump m 54.96 65.95 76.94 58.62 65.95 73.28 60.45 65.95 71.44 76.94 65.95 

Width of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 6.10 

Depth of each sludge sump m 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 3.10 

SECONDARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Number of pump-houses number 1 1 1 1 1 1 1 1 1 1 1 

Total number of pumps 

provided in each pump-house 
number 2 2 2 2 2 2 2 2 2 3 3 

Design capacity for each 

pump 
 m^3/h 1680.00 2020.00 2350.00 2690.00 3020.00 3360.00 3690.00 4030.00 4360.00 2350.00 2520.00 

Head to be developed by each 

pump 
mlc 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 20.00 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM  

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

PRIMARY CLARIFIERS  

Total bare construction cost 

(CAPEX) 
Crore ₹ 4.44 4.88 5.31 5.70 6.10 8.89 9.32 9.76 10.21 10.62 11.03 

Levelized cost based on 

energy requirement, operation 

and maintenance for 25 years 

of life of primary clarifiers 

(OPEX) 

Crore ₹ 1.01 1.11 1.22 1.31 1.41 1.74 1.83 1.92 2.02 2.10 2.19 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 5.45 5.99 6.53 7.01 7.51 10.62 11.15 11.69 12.23 12.72 13.22 

PRIMARY CLARIFIER SLUDGE SUMP  

Total bare construction cost 

(CAPEX) 
Crore ₹ 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05 

Levelized cost based on 

energy requirement, operation 

and maintenance for 25 years 

of life of primary clarifier 

sludge sump (OPEX) 

Crore ₹ 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.14 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 0.19 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM (continued)  

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Total bare construction cost 

(CAPEX) 
Crore ₹ 0.73 0.73 0.75 0.75 0.77 0.77 0.79 0.79 0.80 0.80 0.82 

Levelized cost based on 

energy requirement, operation 

and maintenance for 25 years 

of life of primary clarifier 

sludge transfer pumps & 

pump-house (OPEX) 

Crore ₹ 0.28 0.28 0.31 0.31 0.35 0.35 0.38 0.38 0.41 0.41 0.44 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 1.01 1.01 1.07 1.07 1.12 1.12 1.16 1.16 1.21 1.21 1.25 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES  

Total bare construction cost 

(CAPEX) 
Crore ₹ 4.30 4.98 5.80 6.45 7.13 7.91 8.54 9.23 9.86 10.65 11.27 

Levelized cost based on 

energy requirement, operation 

and maintenance for 25 years 

of life of stage - 1 of double 

stage bod removal reaction 

basins & accessories (OPEX) 

Crore ₹ 22.12 26.35 30.59 34.79 38.99 43.20 47.37 51.56 55.73 59.91 64.07 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 26.42 31.33 36.39 41.24 46.12 51.10 55.91 60.79 65.58 70.56 75.35 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM (continued)   

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES  

Total bare construction cost 

(CAPEX) 
Crore ₹ 2.11 2.43 2.87 3.19 3.50 3.96 4.27 4.59 4.90 5.37 5.68 

Levelized cost based on 

energy requirement, operation 

and maintenance for 25 years 

of life of stage - 2 of double 

stage bod removal reaction 

basins & accessories (OPEX) 

Crore ₹ 0.37 0.40 0.46 0.49 0.52 0.57 0.60 0.63 0.66 0.71 0.74 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 2.48 2.83 3.33 3.68 4.02 4.53 4.88 5.22 5.56 6.08 6.41 

BLOWERS AND BLOWER-BUILDING  

Total bare construction cost 

(CAPEX) 
Crore ₹ 7.09 8.09 8.82 9.89 10.58 11.23 12.94 13.58 14.81 15.43 16.04 

SECONDARY CLARIFIERS  

Total bare construction cost 

(CAPEX) 
Crore ₹ 10.49 11.79 13.06 18.26 19.64 20.99 20.75 21.96 23.14 24.28 25.39 

Levelized cost based on 

energy requirement, operation 

and maintenance for 25 years 

of life of secondary clarifiers 

(OPEX) 

Crore ₹ 2.41 2.69 2.97 3.62 3.89 4.15 4.11 4.34 4.56 4.78 4.99 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 12.90 14.48 16.02 21.88 23.52 25.14 24.86 26.30 27.70 29.06 30.37 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM (continued)   

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

SECONDARY CLARIFIER SLUDGE SUMP  

Total bare construction cost 

(CAPEX) 
Crore ₹ 0.52 0.61 0.71 0.79 0.88 0.97 1.06 1.15 1.24 1.33 1.42 

Levelized cost based on 

energy requirement, operation 

and maintenance for 25 years 

of life of secondary clarifier 

sludge sump (OPEX) 

Crore ₹ 0.37 0.42 0.46 0.50 0.54 0.58 0.62 0.66 0.69 0.73 0.76 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 0.89 1.03 1.17 1.29 1.43 1.55 1.68 1.81 1.93 2.06 2.18 

SECONDARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Total bare construction cost 

(CAPEX) 
Crore ₹ 1.96 2.28 2.60 2.94 3.28 3.63 3.97 4.33 4.68 3.75 4.01 

Levelized cost based on 

energy requirement, operation 

and maintenance for 25 years 

of life of secondary clarifier 

sludge transfer pumps & 

pump-house (OPEX) 

Crore ₹ 4.61 5.50 6.35 7.24 8.09 8.97 9.82 10.70 11.55 12.34 13.19 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 6.57 7.78 8.96 10.18 11.37 12.60 13.79 15.03 16.24 16.09 17.20 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM (continued)   

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

ESTIMATED CONSOLIDATED COSTS  

Total bare construction cost 

(CAPEX) 
Crore ₹ 31.70 35.84 39.98 48.03 51.92 58.40 61.70 65.44 69.69 72.28 75.71 

Levelized cost based on 

energy requirement, operation 

and maintenance for 25 years 

of life of STP 

Crore ₹ 31.30 36.89 42.50 48.41 53.93 59.70 64.87 70.32 75.76 81.12 86.51 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 63.00 72.73 82.48 96.44 105.85 118.09 126.57 135.76 145.45 153.40 162.21 

COST OF LAND  

Cost of land Crore ₹ 22.36 26.01 29.93 35.04 38.80 43.55 44.71 48.28 51.81 55.64 59.12 

OVERALL COST  

Overall cost Crore ₹ 85.36 98.75 112.41 131.48 144.65 161.65 171.28 184.04 197.26 209.03 221.34 

Overall cost Million $ 10.67 12.34 14.05 16.43 18.08 20.21 21.41 23.01 24.66 26.13 27.67 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE  

BOD REMOVAL  

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 
             

Predicted value (as per 

exponential cost function) 
  93.89 103.14 113.31 124.48 136.74 150.22 165.03 181.29 199.16 218.79 240.35 

Value of R^2   0.97 

Absolute percentage error   9.99 4.45 0.80 5.33 5.47 7.07 3.65 1.49 0.96 4.67 8.59 

Mean absolute percentage 

error (MAPE) 
  4.77 

             

Predicted value (as per linear 

cost function) 
  87.60 101.30 115.01 128.71 142.41 156.12 169.82 183.52 197.22 210.93 224.63 

Value of R^2   0.9962 

Absolute percentage error   2.62 2.59 2.31 2.11 1.55 3.42 0.85 0.28 0.02 0.91 1.49 

Mean absolute percentage 

error (MAPE) 
  1.65 

             

Predicted value (as per 

logarithmic cost function) 
  75.58 98.60 118.07 134.93 149.80 163.10 175.14 186.13 196.23 205.59 214.30 

Value of R^2   0.99  

Absolute percentage error   11.46 0.15 5.03 2.62 3.56 0.90 2.25 1.13 0.52 1.65 3.18 

Mean absolute percentage 

error (MAPE) 
  2.95 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE (continued) 

BOD REMOVAL  

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

Predicted value (as per 

polynomial cost function) 
  83.86 99.84 115.32 130.30 144.77 158.75 172.23 185.20 197.68 209.66 221.13 

Value of R^2   1.00  

Absolute percentage error   1.76 1.11 2.58 0.90 0.08 1.79 0.55 0.63 0.21 0.30 0.09 

Mean absolute percentage 

error (MAPE) 
  0.91 

                        

Predicted value (as per power 

cost function) 
  85.33 100.17 114.71 129.01 143.09 156.98 170.70 184.28 197.71 211.03 224.23 

Value of R^2   1.00 

Absolute percentage error   0.04 1.44 2.05 1.88 1.08 2.89 0.34 0.13 0.23 0.95   

Mean absolute percentage 

error (MAPE) 
  1.10 
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Summary of data obtained for large group WWTPs with MBBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 2.62 2.59 2.31 2.11 1.55 3.42 0.85 0.28 0.02 0.91 1.49 

MAPE % 1.65 

Standard deviation % 1.07 

Alpha value for 95% confidence level  0.05 

Confidence  0.63 

Upper limit of MAPE % 2.28 

Lower limit of MAPE % 1.02 
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Summary of data obtained for small group WWTPs with SBR 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – SMALL GROUP 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value 

Influent flow rate m^3/d 578.00 1156.00 1734.00 2312.00 2890.00 3468.00 4046.00 4624.00 5202.00 5780.00 

Average BOD load  kg/d 163.64 327.28 490.92 654.56 818.20 981.84 1145.48 1309.12 1472.76 1636.40 

Number of reaction basins  number 2 2 2 2 2 2 2 2 2 2 

Fill time h 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

Reaction time h 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Design time selected for aeration h 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Settlement time h 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

Decantation time h 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

Total cycle time h 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 

Solids residence time  - design 

value 
d 16.10 16.10 16.10 16.10 16.10 16.10 16.10 16.10 16.10 16.10 

Total volume of each reaction 

basin 
m^3 289.00 578.00 867.00 1156.00 1445.00 1734.00 2023.00 2312.00 2601.00 2890.00 

Fill volume per cycle per reaction 

basin 
m^3 72.25 144.50 216.75 289.00 361.25 433.50 505.75 578.00 650.25 722.50 

Selected value for (fill 

volume/total volume of reaction 

basin) 

 ratio 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Decant depth m 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

Total liquid depth when full m 4.07 4.07 4.07 4.07 4.07 4.07 4.07 4.07 4.07 4.07 

Mixed liquor suspended solids 

(XMLSS) 
g.m^3 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 

Mixed liquor volatile suspended 

solids (XMLVSS) 
g.m^3 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 
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Summary of data obtained for small group WWTPs with SBR (continued) 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – SMALL GROUP (continued) 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value 

F/M (g BOD/d)/g VSS    0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 

Volumetric BOD loading  (kg BOD/d)/m^3 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 0.57 

Decant pumping rate  m^3/min 2.41 4.82 7.23 9.63 12.04 14.45 16.86 19.27 21.68 24.08 

Total TSS purged per day  kg MLSS/d 143.59 287.17 430.76 574.34 717.93 861.52 1005.10 1148.69 1292.27 1435.86 

Observed yield based on VSS  g VSS/g BOD 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 

Observed yield based on TSS  g TSS/g BOD 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 

Oxygen demand per reaction 

basin 
 kg oxygen/d 93.12 186.25 279.37 372.50 465.62 558.75 651.87 744.99 838.12 931.24 

Total aeration time per day 

per reaction basin 
 h 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 

Average oxygen transfer rate 

per reaction basin 
 kg oxygen/h 11.64 23.28 34.92 46.56 58.20 69.84 81.48 93.12 104.76 116.41 

Concentration of BOD in 

effluent            
 g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 

Concentration of TSS in 

effluent           
 g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 

 

  



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

  

Appendix- VII | Page 3 of 7 

 

 

Summary of data obtained for small group WWTPs with SBR (continued) 

EQUIPMENT SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – SMALL GROUP 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

Number of batteries   1 1 1 1 1 1 1 1 1 1 

REACTION BASINS & ACCESSORIES 

Number of reaction basins   2 2 2 2 2 2 2 2 2 2 

Length of each reaction basin m 7.76 15.52 23.28 31.05 38.81 46.57 54.33 62.09 69.85 77.62 

Width of each reaction basin m 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 

Depth of each reaction basin m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm headers of each 

reaction basin 
  2 3 5 6 8 9 11 12 14 15 

REACTOR BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE 

Total number of pumps required   2 2 2 2 2 2 2 2 2 2 

Capacity of each pump m^3/h 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 

Area required for pump-house m ^2 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 60.00 

BLOWERS AND BLOWER BUILDING 

Total number of blowers required   2 2 2 2 2 2 2 2 2 2 

Capacity of each blower scfm 360.00 720.00 1080.00 1440.00 1800.00 2160.00 2519.00 2879.00 3239.00 3599.00 

Area required for blower building m ^2 54.00 65.00 72.00 77.00 82.00 85.00 89.00 92.00 95.00 97.00 
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Summary of data obtained for small group WWTPs with SBR (continued) 

ESTIMATED COST SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – SMALL GROUP 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

REACTION BASINS & ACCESSORIES 

Total bare construction cost (CAPEX) Crore ₹ 0.50 0.79 1.08 1.39 1.71 2.03 2.35 2.66 2.99 3.30 

Levelized cost based on energy requirement, 

operation and maintenance for 25 years of 

life of reaction basins and accessories 

(OPEX) 

Crore ₹ 1.03 1.71 2.37 3.02 3.66 4.29 4.91 5.53 6.15 6.77 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 1.53 2.50 3.45 4.41 5.37 6.31 7.26 8.20 9.14 10.08 

REACTOR BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE 

Total bare construction cost (CAPEX) Crore ₹ 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 0.65 

Levelized cost based on energy requirement, 

operation and maintenance for 25 years of 

life of pumps and pump-house (OPEX) 

Crore ₹ 0.16 0.18 0.19 0.20 0.21 0.22 0.23 0.24 0.24 0.25 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 0.81 0.82 0.84 0.85 0.86 0.87 0.88 0.88 0.89 0.90 

BLOWERS AND BLOWER BUILDING 

Total bare construction cost (CAPEX) Crore ₹ 1.10 1.53 1.86 2.15 2.41 2.64 2.86 3.07 3.26 3.45 

 

  



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

  

Appendix- VII | Page 5 of 7 

 

 

Summary of data obtained for small group WWTPs with SBR (continued) 

ESTIMATED COST SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – SMALL GROUP (continued) 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

ESTIMATED CONSOLIDATED COSTS 

Total bare construction cost (CAPEX) Crore ₹ 2.25 2.96 3.60 4.19 4.77 5.32 5.86 6.38 6.90 7.40 

Levelized cost based on energy requirement, 

operation and maintenance for 25 years of 

life of STP 

Crore ₹ 1.19 1.89 2.56 3.22 3.87 4.50 5.14 5.77 6.40 7.03 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 3.45 4.85 6.15 7.41 8.64 9.82 11.00 12.15 13.30 14.42 

COST OF LAND 

Cost of land Crore ₹ 0.77 1.08 1.39 1.70 2.00 2.31 2.61 2.91 3.22 3.52 

OVERALL COST 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 4.21 5.93 7.54 9.11 10.64 12.13 13.61 15.06 16.51 17.94 

Overall cost inclusive of CAPEX & OPEX Million $ 0.53 0.74 0.94 1.14 1.33 1.52 1.70 1.88 2.06 2.24 
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Summary of data obtained for small group WWTPs with SBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – SMALL GROUP 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

                        

Predicted value (as per exponential cost 

function) 
Crore ₹ 5.21 6.06 7.05 8.21 9.55 11.11 12.93 15.05 17.51 20.38 

Value of R^2   0.9487 

Absolute percentage error % 23.65 2.19 6.49 9.87 10.24 8.38 4.98 0.08 6.04 13.56 

MAPE % 8.55 

  

Predicted value (as per linear cost function) Crore ₹ 4.44 5.96 7.48 8.99 10.51 12.03 13.54 15.06 16.58 18.09 

Value of R^2   0.9993 

Absolute percentage error % 5.48 0.48 0.88 1.24 1.22 0.85 0.49 0.01 0.38 0.83 

MAPE % 1.19 

  

Predicted value (as per logarithmic cost 

function) 
Crore ₹ 2.19 6.36 8.79 10.52 11.86 12.96 13.89 14.69 15.40 16.03 

Value of R^2   0.9202 

Absolute percentage error % 48.02 7.16 16.58 15.56 11.51 6.84 2.03 2.46 6.76 10.66 

MAPE % 12.76 
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Summary of data obtained for small group WWTPs with SBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – SMALL GROUP (continued) 

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

  

Predicted value (as per polynomial cost 

function) 
Crore ₹ 4.26 5.90 7.51 9.09 10.63 12.15 13.63 15.09 16.52 17.91 

Value of R^2   1 

Absolute percentage error % 1.18 0.53 0.46 0.23 0.07 0.15 0.18 0.20 0.02 0.18 

MAPE % 0.32 

  

Predicted value (as per power cost function) Crore ₹ 3.92 6.10 7.91 9.51 10.97 12.33 13.61 14.83 15.99 17.10 

Value of R^2   0.9924 

Absolute percentage error % 7.02 2.92 4.92 4.48 3.15 1.68 0.02 1.55 3.18 4.68 

MAPE % 3.36 
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Summary of data obtained for small group WWTPs with SBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION  

BOD REMOVAL 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Description Unit Value Value Value Value Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 5.48 0.48 0.88 1.24 1.22 0.85 0.49 0.01 0.38 0.83 

MAPE % 1.19 

Standard deviation % 1.56 

Alpha value for 95% confidence level  0.05 

Confidence  0.96 

Upper limit of MAPE % 2.15 

Lower limit of MAPE % 0.22 
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Summary of data obtained for medium group WWTPs with SBR 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – MEDIUM GROUP 

BOD REMOVAL 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value 

Influent flow rate m^3/d 5780.00 11560.00 17340.00 23120.00 28900.00 34680.00 40460.00 46240.00 52020.00 57800.00 

Average BOD load  kg/d 1636.40 3272.80 4909.20 6545.60 8182.00 9818.40 11454.80 13091.20 14727.60 16364.00 

Number of reaction basins  number 2 3 4 6 7 8 9 11 12 13 

Fill time h 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

Reaction time h 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Design time selected for aeration h 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Settlement time h 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

Decantation time h 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

Total cycle time h 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 

Solids residence time  - design value d 16.10 16.10 16.10 16.10 16.10 16.10 16.10 16.10 16.10 16.10 

Total volume of each reaction basin m^3 2890.00 3853.33 4335.00 3853.33 4128.57 4335.00 4495.56 4203.64 4335.00 4446.15 

Fill volume per cycle per reaction 

basin 
m^3 722.50 963.33 1083.75 963.33 1032.14 1083.75 1123.89 1050.91 1083.75 1111.54 

Selected value for (fill volume/total 

volume of reaction basin) 
 ratio 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Decant depth m 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

Total liquid depth when full m 4.07 4.07 4.07 4.07 4.07 4.07 4.07 4.07 4.07 4.07 

Mixed liquor suspended solids (XMLSS) g.m^3 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 

Mixed liquor volatile suspended solids 

(XMLVSS) 
g.m^3 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 
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Summary of data obtained for medium group WWTPs with SBR (continued) 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – MEDIUM GROUP (continued) 

BOD REMOVAL 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value 

F/M (g BOD/d)/g VSS    0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 

Volumetric BOD loading  (kg BOD/d)/m^3 0.57 0.85 1.13 1.70 1.98 2.26 2.55 3.11 3.40 3.68 

Decant pumping rate  m^3/min 24.08 32.11 36.13 32.11 34.40 36.13 37.46 35.03 36.13 37.05 

Total TSS purged per day  kg MLSS/d 1435.86 2871.72 4307.58 5743.44 7179.29 8615.15 10051.01 11486.87 12922.73 14358.59 

Observed yield based on VSS  g VSS/g BOD 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 

Observed yield based on TSS  g TSS/g BOD 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 

Oxygen demand per reaction basin  kg oxygen/d 931.24 1241.66 1396.86 1241.66 1330.35 1396.86 1448.60 1354.53 1396.86 1432.68 

Total aeration time per day per reaction 

basin 
 h 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 

Average oxygen transfer rate per reaction 

basin 
 kg oxygen/h 116.41 155.21 174.61 155.21 166.29 174.61 181.07 169.32 174.61 179.08 

Concentration of BOD in effluent             g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 

Concentration of TSS in effluent            g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of data obtained for medium group WWTPs with SBR (continued) 

EQUIPMENT SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – MEDIUM GROUP 

BOD REMOVAL 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

Number of batteries   1 1 1 1 1 1 1 1 1 1 

REACTION BASINS & ACCESSORIES 

Number of reaction basins   2 3 4 6 7 8 9 11 12 13 

Length of each reaction basin m 77.62 103.49 116.42 103.49 110.88 116.42 120.74 112.90 116.42 119.41 

Width of each reaction basin m 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 

Depth of each reaction basin m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm headers of each 

reaction basin 
  15 20 45 40 65 68 70 88 90 116 

REACTOR BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE 

Total number of pumps required   2 2 2 2 2 2 2 2 2 2 

Capacity of each pump m^3/h 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 

Area required for pump-house m ^2 60.00 60.00 61.00 61.00 61.00 61.00 61.00 62.00 62.00 62.00 

BLOWERS AND BLOWER BUILDING 

Total number of blowers required   2 2 3 3 4 4 4 4 4 5 

Capacity of each blower scfm 3599.00 4798.00 5398.00 4798.00 5141.00 5398.00 5598.00 6979.00 7197.00 6921.00 

Area required for blower building m ^2 97.00 105.00 129.00 125.00 141.00 143.00 144.00 152.00 154.00 164.00 

 

  



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

  

Appendix- VIII | Page 4 of 7 

 

 

Summary of data obtained for medium group WWTPs with SBR (continued) 

ESTIMATED COST SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – MEDIUM GROUP 

BOD REMOVAL 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

REACTION BASINS & ACCESSORIES 

Total bare construction cost (CAPEX) Crore ₹ 3.30 5.99 10.69 13.12 17.64 20.65 23.61 28.78 31.95 38.02 

Levelized cost based on energy requirement, 

operation and maintenance for 25 years of 

life of reaction basins and accessories 

(OPEX) 

Crore ₹ 6.77 9.12 19.00 17.58 26.95 28.50 29.79 36.66 38.02 47.82 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 10.08 15.11 29.69 30.70 44.58 49.15 53.40 65.43 69.97 85.84 

REACTOR BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE 

Total bare construction cost (CAPEX) Crore ₹ 0.65 0.65 0.65 0.65 0.66 0.66 0.66 0.66 0.66 0.67 

Levelized cost based on energy requirement, 

operation and maintenance for 25 years of 

life of pumps and pump-house (OPEX) 

Crore ₹ 0.25 0.28 0.39 0.37 0.47 0.48 0.49 0.56 0.57 0.68 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 0.90 0.93 1.04 1.02 1.13 1.14 1.15 1.23 1.24 1.34 

BLOWERS AND BLOWER BUILDING 

Total bare construction cost (CAPEX) Crore ₹ 3.45 4.01 6.11 5.73 7.68 7.89 8.06 9.12 9.28 11.11 
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Summary of data obtained for medium group WWTPs with SBR (continued) 

ESTIMATED COST SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – MEDIUM GROUP (continued) 

BOD REMOVAL 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

ESTIMATED CONSOLIDATED COSTS 

Total bare construction cost (CAPEX) Crore ₹ 7.40 10.65 17.46 19.51 25.98 29.20 32.33 38.56 41.89 49.79 

Levelized cost based on energy requirement, 

operation and maintenance for 25 years of 

life of STP 

Crore ₹ 7.03 9.39 19.39 17.94 27.42 28.99 30.28 37.22 38.59 48.49 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 14.42 20.05 36.84 37.45 53.39 58.18 62.61 75.78 80.49 98.29 

COST OF LAND 

Cost of land Crore ₹ 3.52 6.24 9.80 12.25 14.92 17.54 20.14 22.70 25.30 27.91 

OVERALL COST 

Overall cost inclusive of CAPEX & OPEX Crore ₹ 17.94 26.29 46.65 49.70 68.31 75.72 82.74 98.48 105.78 126.19 

Overall cost inclusive of CAPEX & OPEX Million $ 2.24 3.29 5.83 6.21 8.54 9.47 10.34 12.31 13.22 15.77 
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Summary of data obtained for medium group WWTPs with SBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – MEDIUM GROUP 

BOD REMOVAL 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

                        

Predicted value (as per exponential cost 

function) 
Crore ₹ 24.66 30.06 36.64 44.66 54.44 66.36 80.89 98.60 120.19 146.51 

Value of R^2   0.916 

Absolute percentage error % 37.42 14.33 21.46 10.13 20.31 12.36 2.24 0.13 13.62 16.10 

MAPE % 14.81 

  

Predicted value (as per linear cost function) Crore ₹ 11.87 24.34 36.81 49.28 61.75 74.22 86.69 99.17 111.64 124.11 

Value of R^2   0.9741 

Absolute percentage error % 33.87 7.43 21.09 0.84 9.60 1.98 4.77 0.70 5.53 1.65 

MAPE % 8.75 

  

Predicted value (as per logarithmic cost 

function) 
Crore ₹ 1.45 32.81 51.15 64.16 74.26 82.51 89.48 95.52 100.85 105.62 

Value of R^2   0.8977 

Absolute percentage error % 91.93 24.79 9.65 29.11 8.71 8.96 8.14 3.00 4.66 16.31 

MAPE % 20.53 

  

 

  



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

  

Appendix- VIII | Page 7 of 7 

 

 

Summary of data obtained for medium group WWTPs with SBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – MEDIUM GROUP (continued) 

BOD REMOVAL 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

                        

Predicted value (as per polynomial cost 

function) 
Crore ₹ 18.53 29.71 40.97 52.31 63.73 75.23 86.81 98.47 110.21 122.03 

Value of R^2   0.9886 

Absolute percentage error % 3.29 13.02 12.16 5.26 6.70 0.65 4.91 0.01 4.18 3.30 

MAPE % 5.35 

  

Predicted value (as per power cost function) Crore ₹ 16.68 30.04 42.38 54.09 65.37 76.30 86.97 97.40 107.64 117.70 

Value of R^2   0.9861 

Absolute percentage error % 7.02 14.27 9.16 8.84 4.31 0.77 5.10 1.09 1.75 6.73 

MAPE % 5.90 
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Summary of data obtained for medium group WWTPs with SBR (continued) 

 95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION  

BOD REMOVAL 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Description Unit Value Value Value Value Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 33.87 7.43 21.09 0.84 9.60 1.98 4.77 0.70 5.53 1.65 

MAPE % 8.75 

Standard deviation % 10.73 

Alpha value for 95% confidence level  0.05 

Confidence  6.65 

Upper limit of MAPE % 15.39 

Lower limit of MAPE % 2.10 
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Summary of data obtained for large group WWTPs with SBR 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – LARGE GROUP 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value Value 

Influent flow rate m^3/d 57800.0 69360.0 80920.0 92480.0 104040.0 115600.0 127160.0 138720.0 150280.0 161840.0 173400.0 

Average BOD load  kg/d 16364.00 19636.80 22909.60 26182.40 29455.20 32728.00 36000.80 39273.60 42546.40 45819.20 49092.00 

Number of reaction 

basins 
 number 13 16 18 21 23 26 29 31 34 36 39 

Fill time h 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 3.00 

Reaction time h 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Design time selected for 

aeration 
h 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 2.00 

Settlement time h 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

Decantation time h 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50 

Total cycle time h 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 

Solids residence time  - 

design value 
d 16.10 16.10 16.10 16.10 16.10 16.10 16.10 16.10 16.10 16.10 16.10 

Total volume of each 

reaction basin 
m^3 4446.15 4335.00 4495.56 4403.81 4523.48 4446.15 4384.83 4474.84 4420.00 4495.56 4446.15 

Fill volume per cycle per 

reaction basin 
m^3 1111.54 1083.75 1123.89 1100.95 1130.87 1111.54 1096.21 1118.71 1105.00 1123.89 1111.54 

Selected value for (fill 

volume/total volume of 

reaction basin) 

 ratio 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 0.25 

Decant depth m 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 1.02 

Total liquid depth when 

full 
m 4.07 4.07 4.07 4.07 4.07 4.07 4.07 4.07 4.07 4.07 4.07 

Mixed liquor suspended 

solids (XMLSS) 
g.m^3 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 
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Summary of data obtained for large group WWTPs with SBR (continued) 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – LARGE GROUP (continued) 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value Value 

Mixed liquor volatile 

suspended solids 

(XMLVSS) 

g.m^3 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 1690.64 

F/M 
(g BOD/d)/g 

VSS    
0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 0.17 

Volumetric BOD 

loading 

 (kg 

BOD/d)/m^3 
3.68 4.53 5.10 5.95 6.51 7.36 8.21 8.78 9.63 10.19 11.04 

Decant pumping rate  m^3/min 37.05 36.13 37.46 36.70 37.70 37.05 36.54 37.29 36.83 37.46 37.05 

Total TSS purged 

per day 
 kg MLSS/d 14358.59 17230.31 20102.02 22973.74 25845.46 28717.18 31588.89 34460.61 37332.33 40204.05 43075.76 

Observed yield 

based on VSS 
 g VSS/g BOD 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 0.37 

Observed yield 

based on TSS 
 g TSS/g BOD 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 0.88 

Oxygen demand per 

reaction basin 
 kg oxygen/d 1432.68 1396.86 1448.60 1419.04 1457.60 1432.68 1412.92 1441.92 1424.25 1448.60 1432.68 

Total aeration time 

per day per reaction 

basin 

 h 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 8.00 

Average oxygen 

transfer rate per 

reaction basin 

 kg oxygen/h 179.08 174.61 181.07 177.38 182.20 179.08 176.61 180.24 178.03 181.07 179.08 

Concentration of 

BOD in effluent            
 g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 9.66 

Concentration of 

TSS in effluent           
 g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of data obtained for large group WWTPs with SBR (continued) 

EQUIPMENT SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – LARGE GROUP 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

Number of batteries   1 1 1 1 1 1 1 1 1 1 1 

REACTION BASINS & ACCESSORIES 

Number of reaction basins   13 16 18 21 23 26 29 31 34 36 39 

Length of each reaction basin m 119.41 116.42 120.74 118.27 121.49 119.41 117.76 120.18 118.71 120.74 119.41 

Width of each reaction basin m 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 9.14 

Depth of each reaction basin m 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm headers of 

each reaction basin 
  116 135 140 160 188 208 228 256 276 280 300 

REACTOR BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE 

Total number of pumps required   2 2 2 2 2 2 2 2 2 2 2 

Capacity of each pump m^3/h 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 6.00 

Area required for pump-house m ^2 62.00 62.00 62.00 63.00 63.00 64.00 64.00 64.00 65.00 65.00 65.00 

BLOWERS AND BLOWER BUILDING 

Total number of blowers required   5 3 3 4 4 4 5 5 5 5 5 

Capacity of each blower scfm 6921.00 16194.00 16793.00 12795.00 15020.00 16609.00 13650.00 15323.00 16511.00 16793.00 17993.00 

Area required for blower 

building 
m ^2 164.00 170.00 172.00 178.00 185.00 190.00 195.00 200.00 204.00 205.00 209.00 

 

  



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

Appendix- IX | Page 4 of 8 

 

 

Summary of data obtained for large group WWTPs with SBR (continued) 

ESTIMATED COST SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – LARGE GROUP 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

REACTION BASINS & ACCESSORIES 

Total bare construction cost 

(CAPEX) 
Crore ₹ 38.02 47.95 55.28 66.67 79.14 92.42 106.64 121.91 138.03 148.05 165.55 

Levelized cost based on energy 

requirement, operation and 

maintenance for 25 years of life 

of reaction basins and 

accessories (OPEX) 

Crore ₹ 47.82 56.01 58.61 67.03 78.28 86.79 95.39 106.86 115.56 118.17 127.03 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 85.84 103.96 113.89 133.70 157.42 179.22 202.03 228.77 253.59 266.22 292.59 

REACTOR BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE 

Total bare construction cost 

(CAPEX) 
Crore ₹ 0.67 0.67 0.67 0.67 0.68 0.68 0.68 0.69 0.69 0.69 0.70 

Levelized cost based on energy 

requirement, operation and 

maintenance for 25 years of life 

of pumps and pump-house 

(OPEX) 

Crore ₹ 0.68 0.75 0.77 0.85 0.96 1.04 1.12 1.22 1.30 1.32 1.40 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 1.34 1.42 1.44 1.53 1.64 1.72 1.80 1.91 1.99 2.01 2.09 

BLOWERS AND BLOWER BUILDING 

Total bare construction cost Crore ₹ 11.11 13.25 13.51 15.18 16.60 17.57 19.39 20.70 21.59 21.80 22.66 
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Summary of data obtained for large group WWTPs with SBR (continued) 

ESTIMATED COST SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – LARGE GROUP (continued) 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

ESTIMATED CONSOLIDATED COSTS 

Total bare construction cost 

(CAPEX) 
Crore ₹ 49.79 61.86 69.47 82.52 96.42 110.67 126.72 143.30 160.31 170.54 188.91 

Levelized cost based on 

energy requirement, operation 

and maintenance for 25 years 

of life of STP 

Crore ₹ 48.49 56.76 59.38 67.89 79.24 87.83 96.51 108.08 116.86 119.49 128.43 

Overall cost inclusive of 

CAPEX & OPEX 
Crore ₹ 98.29 118.63 128.85 150.41 175.66 198.50 223.23 251.38 277.18 290.03 317.34 

COST OF LAND 

Cost of land Crore ₹ 27.91 33.11 38.29 43.53 48.73 54.01 59.30 64.53 69.86 75.10 80.47 

OVERALL COST 

Overall cost inclusive of 

CAPEX, OPEX & Land 
Crore ₹ 126.19 151.73 167.14 193.94 224.39 252.51 282.53 315.91 347.04 365.13 397.81 

Overall cost inclusive of 

CAPEX, OPEX & Land 
Million $ 15.77 18.97 20.89 24.24 28.05 31.56 35.32 39.49 43.38 45.64 49.73 
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Summary of data obtained for large group WWTPs with SBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – LARGE GROUP 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

                          

Predicted value (as per 

exponential cost function) 
Crore ₹ 135.51 152.03 170.56 191.34 214.66 240.82 270.17 303.10 340.04 381.48 427.98 

Value of R^2   0.9856 

Absolute percentage error % 7.38 0.19 2.05 1.34 4.34 4.63 4.37 4.05 2.02 4.48 7.58 

MAPE % 3.86 

  

Predicted value (as per 

linear cost function) 
Crore ₹ 117.96 145.72 173.48 201.24 229.00 256.76 284.52 312.28 340.03 367.79 395.55 

Value of R^2   0.9963 

Absolute percentage error % 6.52 3.96 3.79 3.76 2.05 1.68 0.70 1.15 2.02 0.73 0.57 

MAPE % 2.45 

  

Predicted value (as per 

logarithmic cost function) 
Crore ₹ 95.80 141.79 180.68 214.37 244.08 270.66 294.71 316.66 336.85 355.55 372.95 

Value of R^2   0.9612 

Absolute percentage error % 24.09 6.55 8.10 10.53 8.77 7.19 4.31 0.24 2.94 2.62 6.25 

MAPE % 7.42 
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Summary of data obtained for large group WWTPs with SBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – LARGE GROUP (continued) 

BOD REMOVAL 

    

Capacity 

in 

mld 

Capacity 

in 

mld 

Capacity 

in 

mld 

Capacity 

in 

mld 

Capacity 

in 

mld 

Capacity 

in 

mld 

Capacity 

in 

mld 

Capacity 

in 

mld 

Capacity 

in 

mld 

Capacity 

in 

mld 

Capacity 

in 

mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

  

Predicted value (as per 

polynomial cost function) 
Crore ₹ 123.21 147.81 173.12 199.12 225.82 253.22 281.32 310.13 339.63 369.83 400.73 

Value of R^2   0.9975 

Absolute percentage error % 2.36 2.58 3.58 2.67 0.64 0.28 0.43 1.83 2.14 1.29 0.73 

MAPE % 1.68 

  

Predicted value (as per 

power cost function) 
Crore ₹ 121.76 147.97 174.50 201.29 228.31 255.55 282.97 310.57 338.34 366.25 394.29 

Value of R^2   0.9955 

Absolute percentage error % 3.52 2.48 4.40 3.79 1.75 1.20 0.16 1.69 2.51 0.31 0.88 

MAPE % 2.06 
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Summary of data obtained for large group WWTPs with SBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Description Unit Value Value Value Value Value Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 6.52 3.96 3.79 3.76 2.05 1.68 0.70 1.15 2.02 0.73 0.57 

MAPE % 2.45 

Standard deviation % 1.86 

Alpha value for 95% confidence level  0.05 

Confidence  1.1 

Upper limit of MAPE % 3.55 

Lower limit of MAPE % 1.35 
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Summary of cost response study for 5 mld capacity of WWTP with MBR 

DESIGN SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM - 5 MLD 

BOD REMOVAL  

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Average wastewater flow rate  m^3/d 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 

Influent flow rate to reactor basins  m^3/d 5780.00 5780.00 5780.00 5780.00 5780.00 5780.00 

Average BOD load  kg/d 886.40 1036.40 1186.40 1336.40 1486.40 1636.40 

Number of reactor basins  number 2 2 2 2 2 2 

Aerobic solids residence time  - design value  d 5.00 5.00 5.00 5.00 5.00 5.00 

Total volume of each reactor basin  m^3 271.22 318.57 365.92 413.27 460.62 507.97 

Hydraulic detention time of each reactor basin  h 2.25 2.65 3.04 3.43 3.83 4.22 

MLSS (XMLSS)  g TSS/m^3 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 

MLVSS (XMLVSS)  g VSS/m^3 3439.71 3427.09 3417.74 3410.53 3404.80 3400.14 

F/M 
 (g BOD/d)/g 

bVSS    
0.48 0.47 0.47 0.47 0.47 0.47 

Volumetric BOD loading 
 (kg 

BOD/d)/m^3 
1.63 1.63 1.62 1.62 1.61 1.61 

Total sludge (TSS) purged per day  kg TSS/d 867.91 1019.43 1170.94 1322.46 1473.97 1625.49 

Observed yield based on VSS 
 g b VSS/g 

bCOD 
0.29 0.29 0.29 0.29 0.29 0.29 

  
 g b VSS/g 

BOD 
0.46 0.46 0.47 0.47 0.47 0.47 

Observed yield based on TSS 
 g TSS/g 

bCOD 
0.62 0.62 0.62 0.62 0.62 0.62 

   g TSS/g BOD 0.99 0.99 0.99 0.99 1.00 1.00 

Overall oxygen demand  kg oxygen/h 36.65 42.89 49.13 55.37 61.62 67.86 

Air flow rate at average wastewater flow rate  m^3/min 31.24 36.56 41.88 47.20 52.52 57.84 

RAS recycle ratio - 1.96 1.96 1.95 1.94 1.94 1.93 

Concentration of BOD of effluent  g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 

Concentration of TSS of effluent  g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of cost response study for 5 mld capacity of WWTP with MBR (continued) 

EQUIPMENT SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM - 5 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

AEROBIC REACTOR BASINS & ACCESSORIES 

Number of reactor basins   2 2 2 2 2 2 

Length of each reactor basin m 7.28 8.56 9.83 11.10 12.37 13.64 

Width of each reactor basin m 9.14 9.14 9.14 9.14 9.14 9.14 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm headers of each reactor basin   3 3 4 4 4 5 

MEMBRANE CHAMBERS & ACCESSORIES 

Number of membrane chambers   2 2 2 2 8 2 

Length of each membrane chamber m 8.29 8.29 8.29 8.29 8.29 8.29 

Width of each membrane chamber m 3.26 3.26 3.26 3.26 3.26 3.26 

Depth of each membrane chamber m 4.57 4.57 4.57 4.57 4.57 4.57 

Number of membrane modules provided for membrane 

chambers 
  528 528 528 528 528 528 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE 

Total number of pumps required   2 2 2 2 2 2 

Capacity of each pump m^3/h 480.00 480.00 480.00 480.00 480.00 480.00 

Area required for pump house m ^2 66.00 66.00 66.00 66.00 65.00 65.00 

BLOWERS AND BLOWER BUILDING 

Total number of blowers required   2 2 2 2 2 2 

Capacity of each blower scfm 1382.00 1575.00 1768.00 1961.00 2154.00 2347.00 

Area required for blower building m ^2 76.00 79.00 81.00 83.00 85.00 87.00 
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Summary of cost response study for 5 mld capacity of WWTP with MBR (continued) 

ESTIMATED COST SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM - 5 MLD  

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

AEROBIC REACTOR BASINS & ACCESSORIES 

Total bare construction cost ₹ 11,00,93,718.71 11,06,01,348.05 11,12,11,170.83 11,17,26,614.07 11,22,45,370.05 11,28,65,200.61 

Levelized cost for 25 years of life of reactor basins ₹ 5,44,34,034.97 5,75,88,528.04 6,07,54,671.39 6,38,74,720.81 6,69,82,223.98 7,01,10,017.95 

Overall cost ₹ 16,45,27,753.69 16,81,89,876.08 17,19,65,842.22 17,56,01,334.88 17,92,27,594.03 18,29,75,218.56 

MEMBRANE CHAMBERS & ACCESSORIES 

Total bare construction cost ₹ 10,86,32,693.69 10,86,32,693.69 10,86,32,693.69 10,86,32,693.69 10,86,32,693.69 10,86,32,693.69 

Levelized cost for 25 years of life of membrane 

chambers 
₹ 4,25,82,519.65 4,25,82,519.65 4,25,82,519.65 4,25,82,519.65 4,25,82,519.65 4,25,82,519.65 

Overall cost ₹ 15,12,15,213.34 15,12,15,213.34 15,12,15,213.34 15,12,15,213.34 15,12,15,213.34 15,12,15,213.34 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE  

Total bare construction cost ₹ 1,14,40,988.56 1,14,40,988.56 1,14,40,988.56 1,14,40,988.56 1,14,32,067.31 1,14,32,067.31 

Levelized cost for 25 years of life of pumps and pump-

house 
₹ 1,49,48,677.39 1,49,21,773.48 1,48,94,868.11 1,48,67,961.25 1,48,40,439.51 1,48,13,529.69 

Overall cost ₹ 2,63,89,665.95 2,63,62,762.04 2,63,35,856.66 2,63,08,949.81 2,62,72,506.82 2,62,45,597.00 

BLOWERS AND BLOWER BUILDING  

Total bare construction cost ₹ 2,10,68,902.67 2,25,01,298.69 2,38,61,877.68 2,51,50,495.25 2,63,90,112.69 2,75,77,364.59 

Levelized cost for 25 years of life of blowers and 

blower building 
₹ 0.00 0.00 0.00 0.00 0.00 0.00 

Overall cost ₹ 2,10,68,902.67 2,25,01,298.69 2,38,61,877.68 2,51,50,495.25 2,63,90,112.69 2,75,77,364.59 

ESTIMATED CONSOLIDATED COSTS 

Total bare construction cost ₹ 25,12,36,303.63 25,31,76,328.99 25,51,46,730.76 25,69,50,791.57 25,87,00,243.75 26,05,07,326.20 

Levelized cost for 25 years of life ₹ 11,19,65,232.02 11,50,92,821.17 11,82,32,059.15 12,13,25,201.71 12,44,05,183.14 12,75,06,067.29 

Consolidated cost ₹ 36,32,01,535.65 36,82,69,150.16 37,33,78,789.91 37,82,75,993.28 38,31,05,426.88 38,80,13,393.49 

COST OF LAND  

Cost of land ₹ 1,09,91,766.17 1,15,21,889.53 1,20,49,012.90 1,25,71,636.26 1,30,91,259.63 1,36,09,382.99 

OVERALL COST 

Overall cost Crore ₹ 37.42 37.98 38.54 39.08 39.62 40.16 

Overall cost Million USD 4.68 4.75 4.82 4.89 4.95 5.02 
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Summary of cost response study for 5 mld capacity of WWTP with MBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE 

BOD REMOVAL 

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Predicted value (as per exponential cost function) Crore ₹ 37.55 38.12 38.70 39.28 39.87 40.48 

Value of R^2   0.9996 

Absolute percentage error   0.36 0.37 0.40 0.50 0.64 0.78 

Mean absolute percentage error (MAPE)   0.51 

        

Predicted value (as per linear cost function) Crore ₹ 37.43 37.97 38.52 39.07 39.61 40.16 

Value of R^2   0.9999 

Absolute percentage error   0.02 0.02 0.06 0.05 0.02 0.01 

Mean absolute percentage error (MAPE)   0.03 

        

Predicted value (as per logarithmic cost function) Crore ₹ 37.27 38.05 38.67 39.19 39.62 40.00 

Value of R^2   0.9848 

Absolute percentage error   0.39 0.20 0.34 0.26 0.01 0.40 

Mean absolute percentage error (MAPE)   0.26 

        

Predicted value (as per polynomial cost function) Crore ₹ 37.42 37.99 38.54 39.09 39.63 40.17 

Value of R^2  1.0000 

Absolute percentage error  0.01 0.02 0.00 0.02 0.03 0.01 

Mean absolute percentage error (MAPE)   0.02 
               

Predicted value (as per power cost function) Crore ₹ 37.28 38.04 38.65 39.17 39.61 40.00 

Value of R^2   0.9872 

Absolute percentage error   0.37 0.17 0.29 0.22 0.02 0.39 

Mean absolute percentage error (MAPE)   0.24 
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Summary of cost response study for 5 mld capacity of WWTP with MBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 0.02 0.02 0.06 0.05 0.02 0.01 

MAPE % 0.03 

Standard deviation % 0.02 

Alpha value for 95% confidence level  0.05 

Confidence  0.02 

Upper limit of MAPE % 0.05 

Lower limit of MAPE % 0.01 
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Summary of cost response study for 50 mld capacity of WWTP with MBR 

DESIGN SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM - 50 MLD 

BOD REMOVAL 

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Average wastewater flow rate  m^3/d 50000.00 50000.00 50000.00 50000.00 50000.00 50000.00 

Influent flow rate to reactor basins  m^3/d 57800.00 57800.00 57800.00 57800.00 57800.00 57800.00 

Average BOD load  kg/d 8864.00 10364.00 11864.00 13364.00 14864.00 16364.00 

Number of reactor basins  number 6 6 6 6 6 6 

Aerobic solids residence time  - design value  d 5.00 5.00 5.00 5.00 5.00 5.00 

Total volume of each reactor basin  m^3 904.07 1061.90 1219.73 1377.56 1535.39 1693.22 

Hydraulic detention time of each reactor basin  h 2.25 2.65 3.04 3.43 3.83 4.22 

MLSS (XMLSS)  g TSS/m^3 8000.00 8000.00 8000.00 8000.00 8000.00 8000.00 

MLVSS (XMLVSS)  g VSS/m^3 3439.71 3427.09 3417.74 3410.53 3404.80 3400.14 

F/M  (g BOD/d)/g bVSS    0.48 0.47 0.47 0.47 0.47 0.47 

Volumetric BOD loading  (kg BOD/d)/m^3 1.63 1.63 1.62 1.62 1.61 1.61 

Total sludge (TSS) purged per day  kg TSS/d 8679.11 10194.27 11709.42 13224.58 14739.73 16254.88 

Observed yield based on VSS  g b VSS/g bCOD 0.29 0.29 0.29 0.29 0.29 0.29 

   g b VSS/g BOD 0.46 0.46 0.47 0.47 0.47 0.47 

Observed yield based on TSS  g TSS/g bCOD 0.62 0.62 0.62 0.62 0.62 0.62 

   g TSS/g BOD 0.99 0.99 0.99 0.99 1.00 1.00 

Overall oxygen demand  kg oxygen/h 366.53 428.93 491.34 553.74 616.15 678.56 

Air flow rate at average wastewater flow rate  m^3/min 312.42 365.62 418.81 472.01 525.20 578.40 

RAS recycle ratio - 1.96 1.96 1.95 1.94 1.94 1.93 

Concentration of BOD of effluent  g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 

Concentration of TSS of effluent  g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of cost response study for 50 mld capacity of WWTP with MBR (continued) 

EQUIPMENT SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM - 50 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

AEROBIC REACTOR BASINS & ACCESSORIES 

Number of reactor basins   6 6 6 6 6 6 

Length of each reactor basin m 24.28 28.52 32.76 37.00 41.24 45.47 

Width of each reactor basin m 9.14 9.14 9.14 9.14 9.14 9.14 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm headers of each reactor basin   8 10 11 12 14 15 

MEMBRANE CHAMBERS & ACCESSORIES 

Number of membrane chambers   6 6 6 6 6 6 

Length of each membrane chamber m 16.97 16.97 16.97 16.97 16.97 16.97 

Width of each membrane chamber m 3.26 3.26 3.26 3.26 3.26 3.26 

Depth of each membrane chamber m 4.57 4.57 4.57 4.57 4.57 4.57 

Number of membrane modules provided for membrane 

chambers 
  3312 3312 3312 3312 3312 3312 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE 

Total number of pumps required   2 2 2 2 2 2 

Capacity of each pump m^3/h 4760.00 4750.00 4740.00 4730.00 4720.00 4710.00 

Area required for pump house m ^2 115.00 115.00 115.00 115.00 115.00 115.00 

BLOWERS AND BLOWER BUILDING 

Total number of blowers required   3 3 4 4 4 5 

Capacity of each blower scfm 6446.00 7410.00 5583.00 6226.00 6869.00 5635.00 

Area required for blower building m ^2 135.00 140.00 144.00 148.00 152.00 155.00 
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Summary of cost response study for 50 mld capacity of WWTP with MBR (continued) 

ESTIMATED COST SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM - 50 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

AEROBIC REACTOR BASINS & ACCESSORIES 

Total bare construction cost ₹ 69,93,70,739.42 70,46,13,708.58 70,95,01,146.09 71,43,52,722.95 71,94,59,765.32 72,42,38,581.99 

Levelized cost for 25 years of life of reactor 

basins 
₹ 29,33,53,342.86 32,27,35,081.13 35,19,90,677.71 38,11,87,024.65 41,03,82,929.48 43,94,84,140.75 

Overall cost ₹ 99,27,24,082.28 1,02,73,48,789.71 1,06,14,91,823.80 1,09,55,39,747.60 1,12,98,42,694.80 1,16,37,22,722.74 

MEMBRANE CHAMBERS & ACCESSORIES  

Total bare construction cost ₹ 67,33,94,493.63 67,33,94,493.63 67,33,94,493.63 67,33,94,493.63 67,33,94,493.63 67,33,94,493.63 

Levelized cost for 25 years of life of membrane 

chambers 
₹ 16,07,57,872.36 16,07,57,872.36 16,07,57,872.36 16,07,57,872.36 16,07,57,872.36 16,07,57,872.36 

Overall cost ₹ 83,41,52,366.00 83,41,52,366.00 83,41,52,366.00 83,41,52,366.00 83,41,52,366.00 83,41,52,366.00 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE 

Total bare construction cost ₹ 5,11,44,013.07 5,10,37,321.55 5,09,30,662.96 5,08,15,116.11 5,07,08,523.54 5,06,01,964.08 

Levelized cost for 25 years of life of pumps and 

pump-house 
₹ 12,54,22,377.10 12,51,48,041.69 12,48,73,703.95 12,49,67,430.22 12,46,96,397.48 12,44,25,361.06 

Overall cost ₹ 17,65,66,390.17 17,61,85,363.25 17,58,04,366.91 17,57,82,546.32 17,54,04,921.02 17,50,27,325.14 

BLOWERS AND BLOWER BUILDING 

Total bare construction cost ₹ 6,74,07,496.05 7,28,20,770.71 8,04,34,090.70 8,55,00,716.04 9,03,51,303.16 9,88,27,037.38 

Levelized cost for 25 years of life of blowers and 

blower building 
₹ 0.00 0.00 0.00 0.00 0.00 0.00 

Overall cost ₹ 6,74,07,496.05 7,28,20,770.71 8,04,34,090.70 8,55,00,716.04 9,03,51,303.16 9,88,27,037.38 
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Summary of cost response study for 50 mld capacity of WWTP with MBR (continued) 

ESTIMATED COST SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM - 50 MLD (continued) 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

ESTIMATED CONSOLIDATED COSTS  

Total bare construction cost ₹ 1,49,13,16,742.18 1,50,18,66,294.47 1,51,42,60,393.38 1,52,40,63,048.73 1,53,39,14,085.66 1,54,70,62,077.09 

Levelized cost for 25 years of life ₹ 57,95,33,592.32 60,86,40,995.19 63,76,22,254.03 66,69,12,327.24 69,58,37,199.33 72,46,67,374.17 

Consolidated cost ₹ 2,07,08,50,334.50 2,11,05,07,289.67 2,15,18,82,647.41 2,19,09,75,375.97 2,22,97,51,284.98 2,27,17,29,451.26 

COST OF LAND  

Cost of land ₹ 5,14,03,618.08 5,60,49,952.14 6,06,87,286.20 6,53,18,620.26 6,99,45,454.32 7,45,69,288.38 

OVERALL COST  

Overall cost ₹ 2,12,22,53,952.59 2,16,65,57,241.81 2,21,25,69,933.61 2,25,62,93,996.23 2,29,96,96,739.30 2,34,62,98,739.64 

Overall cost Crore ₹ 212.23 216.66 221.26 225.63 229.97 234.63 

Overall cost 
Million 

USD 
26.53 27.08 27.66 28.20 28.75 29.33 
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Summary of cost response study for 50 mld capacity of WWTP with MBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE  

BOD REMOVAL  

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 
               

Predicted value (as per exponential cost function) Crore ₹ 213.08 217.60 222.21 226.93 231.75 236.66 

Value of R^2   0.9997 

Absolute percentage error   0.40 0.43 0.43 0.58 0.77 0.87 

Mean absolute percentage error (MAPE)   0.58 

              

Predicted value (as per linear cost function) Crore ₹ 212.24 216.71 221.17 225.64 230.11 234.58 

Value of R^2   0.9999 

Absolute percentage error   0.01 0.02 0.04 0.01 0.06 0.02 

Mean absolute percentage error (MAPE)   0.03 
               

Predicted value (as per logarithmic cost function) Crore ₹ 210.95 217.31 222.35 226.52 230.07 233.17 

Value of R^2   0.9823 

Absolute percentage error   0.60 0.30 0.49 0.39 0.04 0.62 

Mean absolute percentage error (MAPE)   0.41 
               

Predicted value (as per polynomial cost function) Crore ₹ 212.20 216.63 221.06 225.49 229.91 234.33 

Value of R^2   0.9999 

Absolute percentage error   0.01 0.01 0.09 0.06 0.03 0.13 

Mean absolute percentage error (MAPE)   0.06 
               

Predicted value (as per power cost function) Crore ₹ 211.17 217.29 222.26 226.46 230.11 233.33 

Value of R^2   0.9860 

Absolute percentage error   0.50 0.29 0.45 0.37 0.06 0.55 

Mean absolute percentage error (MAPE)   0.37 
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Summary of cost response study for 50 mld capacity of WWTP with MBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 0.01 0.02 0.04 0.01 0.06 0.02 

MAPE % 0.03 

Standard deviation % 0.02 

Alpha value for 95% confidence level  0.05 

Confidence  0.02 

Upper limit of MAPE % 0.04 

Lower limit of MAPE % 0.01 
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Summary of cost response study for 150 mld capacity of WWTP with MBR 

DESIGN SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM - 150 MLD 

BOD REMOVAL  

    BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Average flow rate for wastewater  m^3/d 150000.00 150000.00 150000.00 150000.00 150000.00 150000.00 

Flow rate to MBRs  m^3/d 173400.00 173400.00 173400.00 173400.00 173400.00 173400.00 

Average BOD load  kg/d 26592.00 31092.00 35592.00 40092.00 44592.00 49092.00 

Average TKN load  kg/d 4930.37 5932.16 6933.95 7935.97 8937.76 9939.55 

Number of MBRs  number 12 12 12 12 12 12 

Aerobic solids residence time  - 

design value 
 d 5.00 5.00 5.00 5.00 5.00 5.00 

Total volume of each MBR  m^3 1356.11 1592.85 1829.60 2066.34 2303.08 2539.83 

Hydraulic detention time of each 

MBR 
 h 2.25 2.65 3.04 3.43 3.83 4.22 

MLVSS (XMLVSS)  g VSS/m^3 3439.71 3427.09 3417.74 3410.53 3404.80 3400.14 

Food to mass ratio  (g BOD/d)/g bVSS    0.48 0.47 0.47 0.47 0.47 0.47 

Volumetric BOD loading  (kg BOD/d)/m^3 1.63 1.63 1.62 1.62 1.61 1.61 

TSS purged per day  kg TSS/d 26037.34 30582.80 35128.27 39673.73 44219.19 48764.65 

Observed yield (based on VSS)  g b VSS/g bCOD 0.29 0.29 0.29 0.29 0.29 0.29 

   g b VSS/g BOD 0.46 0.46 0.47 0.47 0.47 0.47 

Observed yield (based on TSS)  g TSS/g bCOD 0.62 0.62 0.62 0.62 0.62 0.62 

   g TSS/g BOD 0.99 0.99 0.99 0.99 1.00 1.00 

Overall oxygen demand  kg oxygen/h 1099.58 1286.80 1474.02 1661.23 1848.45 2035.67 

Flow rate of air  m^3/min 937.27 1096.85 1256.44 1416.02 1575.61 1735.19 

BOD   g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 

TSS   g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of cost response study for 150 mld capacity of WWTP with MBR (continued) 

EQUIPMENT SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM - 150 MLD 

BOD REMOVAL  

    BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

MBRs AND ACCESSORIES 

Number    12 12 12 12 12 12 

Length (each) m 36.42 42.78 49.14 55.49 61.85 68.21 

Width (each) m 9.14 9.14 9.14 9.14 9.14 9.14 

Depth (each) m 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm headers (each 

MBR) 
  12 14 16 18 20 22 

MEMBRANE CHAMBERS & ACCESSORIES 

Number    12 12 12 12 12 12 

Length (each) m 25.65 25.65 25.03 25.03 25.03 25.03 

Width (each) m 3.26 3.26 3.26 3.26 3.26 3.26 

Depth (each) m 4.57 4.57 4.57 4.57 4.57 4.57 

Number of membrane modules (each 

MBR) 
  10080 10080 9792 9792 9792 9792 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE 

Number of pumps required   2 2 2 2 2 2 

Capacity (for each pump) m^3/h 14270.00 14240.00 14210.00 14180.00 14150.00 14120.00 

Area required for pump house m ^2 226.00 225.00 225.00 225.00 224.00 224.00 

BLOWERS AND BLOWER BUILDING 

Number of blowers required   4 4 4 5 5 5 

Capacity (for each pump) scfm 12913.00 14842.00 16726.00 13992.00 15439.00 16886.00 

Area required for blower building m ^2 178.00 185.00 190.00 196.00 201.00 205.00 
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Summary of cost response study for 150 mld capacity of WWTP with MBR (continued) 

ESTIMATED COST SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM - 150 MLD 

BOD REMOVAL  

    BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

MBRs AND ACCESSORIES 

Capital Expenditure (CAPEX) ₹ 2,11,01,74,723.08 2,12,35,23,038.33 2,07,91,89,133.19 2,09,23,01,110.56 2,10,53,19,012.44 2,11,82,71,723.00 

Operation expenditure for 25 years 

(OPEX) 
₹ 77,81,44,593.05 86,41,19,909.41 94,25,00,245.17 1,02,82,31,329.85 1,11,38,69,503.35 1,19,94,30,190.80 

Overall cost inclusive of CAPEX & 

OPEX 
₹ 2,88,83,19,316.13 2,98,76,42,947.74 3,02,16,89,378.36 3,12,05,32,440.41 3,21,91,88,515.79 3,31,77,01,913.80 

MEMBRANE CHAMBERS & ACCESSORIES 

Capital Expenditure (CAPEX) ₹ 2,04,38,57,037.83 2,04,38,57,037.83 1,98,56,87,435.91 1,98,56,87,435.91 1,98,56,87,435.91 1,98,56,87,435.91 

Operation expenditure for 25 years 

(OPEX) 
₹ 39,46,09,805.70 39,46,09,805.70 38,35,90,358.73 38,35,90,358.73 38,35,90,358.73 38,35,90,358.73 

Overall cost inclusive of CAPEX & 

OPEX 
₹ 2,43,84,66,843.53 2,43,84,66,843.53 2,36,92,77,794.64 2,36,92,77,794.64 2,36,92,77,794.64 2,36,92,77,794.64 

MIXED LIQUOR RECIRCULATION PUMPS AND PUMP-HOUSE 

Capital Expenditure (CAPEX) ₹ 16,50,29,871.27 16,46,44,548.18 16,42,59,342.92 16,38,74,255.71 16,34,89,286.75 16,31,04,436.26 

Operation expenditure for 25 years 

(OPEX) 
₹ 37,37,01,111.07 37,28,75,821.63 37,20,50,534.39 37,12,25,249.35 37,03,99,966.51 36,95,74,685.88 

Overall cost inclusive of CAPEX & 

OPEX 
₹ 53,87,30,982.34 53,75,20,369.81 53,63,09,877.31 53,50,99,505.06 53,38,89,253.27 53,26,79,122.14 

BLOWERS AND BLOWER BUILDING 

Capital Expenditure (CAPEX) ₹ 15,26,11,901.39 16,49,44,606.07 17,63,56,933.80 19,66,75,539.38 20,78,79,371.40 21,86,54,512.47 

Operation expenditure for 25 years 

(OPEX) 
₹ 0.00 0.00 0.00 0.00 0.00 0.00 

Overall cost inclusive of CAPEX & 

OPEX 
₹ 15,26,11,901.39 16,49,44,606.07 17,63,56,933.80 19,66,75,539.38 20,78,79,371.40 21,86,54,512.47 
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Summary of cost response study for 150 mld capacity of WWTP with MBR (continued) 

ESTIMATED COST SUMMARY FOR MEMBRANE BIOLOGICAL REACTOR BASED SYSTEM - 150 MLD (continued) 

BOD REMOVAL  

    BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

ESTIMATED CONSOLIDATED COSTS 

Capital Expenditure (CAPEX) ₹ 4,47,16,73,533.58 4,49,69,69,230.41 4,40,54,92,845.82 4,43,85,38,341.56 4,46,23,75,106.50 4,48,57,18,107.64 

Operation expenditure for 25 years 

(OPEX) 
₹ 1,54,64,55,509.82 1,63,16,05,536.74 1,69,81,41,138.28 1,78,30,46,937.93 1,86,78,59,828.59 1,95,25,95,235.41 

Overall cost inclusive of CAPEX & 

OPEX 
₹ 6,01,81,29,043.40 6,12,85,74,767.15 6,10,36,33,984.10 6,22,15,85,279.48 6,33,02,34,935.09 6,43,83,13,343.05 

COST OF LAND 

Cost of land ₹ 13,01,14,303.55 14,29,78,106.94 15,52,92,867.67 16,81,40,171.07 18,09,79,974.47 19,38,15,277.87 

OVERALL COST 

                

Overall cost ₹ 6,14,82,43,346.95 6,27,15,52,874.09 6,25,89,26,851.77 6,38,97,25,450.55 6,51,12,14,909.56 6,63,21,28,620.92 

Overall cost Crore ₹ 614.82 627.16 625.89 638.97 651.12 663.21 

Overall cost Million USD 76.85 78.39 78.24 79.87 81.39 82.90 
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Summary of cost response study for 150 mld capacity of WWTP with MBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE  

BOD REMOVAL  

  BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

  100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

Overall cost (as per exponential 

cost function) 
Crore ₹ 614.55 623.84 633.27 642.84 652.55 662.42 

R^2   0.9547 

Absolute percentage error   0.04 0.53 1.18 0.61 0.22 0.12 

Mean absolute percentage 

error (MAPE) 
  0.45 

 

Overall cost (as per linear cost 

function) 
Crore ₹ 613.51 622.85 632.19 641.53 650.87 660.21 

R^2   0.9528 

Absolute percentage error   0.21 0.69 1.01 0.40 0.04 0.45 

Mean absolute percentage 

error (MAPE) 
  0.47 

 

Overall cost (as per logarithmic 

cost function) 
Crore ₹ 611.30 624.37 634.71 643.27 650.57 656.94 

R^2   0.9026 

Absolute percentage error   0.57 0.44 1.41 0.67 0.08 0.95 

Mean absolute percentage 

error (MAPE) 
  0.69 
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Summary of cost response study for 150 mld capacity of WWTP with MBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE (continued)  

BOD REMOVAL  

  BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

  100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

Overall cost (as per polynomial 

cost function) 
Crore ₹ 616.22 621.53 628.65 637.56 648.27 660.79 

R^2   0.9733 

Absolute percentage error   0.23 0.90 0.44 0.22 0.44 0.37 

Mean absolute percentage 

error (MAPE) 
  0.43 

 

Overall cost (as per power cost 

function) 
Crore ₹ 611.58 624.24 634.45 643.02 650.43 656.95 

R^2   0.9070 

Absolute percentage error   0.53 0.46 1.37 0.63 0.11 0.94 

Mean absolute percentage 

error (MAPE) 
  0.67 
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Summary of cost response study for 150 mld capacity of WWTP with MBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 0.21 0.69 1.01 0.40 0.04 0.45 

MAPE % 0.47 

Standard deviation % 0.35 

Alpha value for 95% confidence level  0.05 

Confidence  0.28 

Upper limit of MAPE % 0.74 

Lower limit of MAPE % 0.19 
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Summary of cost response study for 5 mld capacity of WWTP with MBBR 

DESIGN SUMMARY FOR MOVING BED BIOFILM REACTOR BASINS – 5 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Average wastewater flow rate m^3/d 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 

Influent flow rate to reactor basins m^3/d 5757.50 5750.75 5744.00 5737.25 5730.50 5723.75 

Average BOD load  kg/d 711.40 808.90 906.40 1003.90 1101.40 1198.90 

MLSS (XMLSS) g TSS/m^3 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 

MLVSS (XMLVSS)  g VSS/m^3 2670.83 2718.60 2756.24 2786.64 2811.67 2832.63 

F/M  (g BOD/d)/g VSS    1.35 1.33 1.31 1.30 1.28 1.27 

Volumetric BOD loading  (kg BOD/d)/m^3 3.61 3.61 3.61 3.61 3.61 3.61 

Total sludge (TSS) purged per day  kg TSS/d 685.53 777.64 869.68 961.66 1053.57 1145.43 

Observed yield based on VSS g bVSS/g bCOD 0.33 0.33 0.34 0.34 0.34 0.34 

   g bVSS/g BOD 0.52 0.53 0.54 0.54 0.55 0.55 

Observed yield based on TSS  g TSS/g bCOD 0.61 0.61 0.61 0.61 0.61 0.61 

   g TSS/g BOD 0.98 0.98 0.97 0.97 0.97 0.97 

Overall oxygen demand  kg oxygen/h 27.31 30.98 34.64 38.31 41.98 45.65 

Air flow rate at average wastewater flow 

rate 
 m^3/min 23.28 26.40 29.53 32.66 35.79 38.92 

RAS recycle ratio number 0.70 0.69 0.69 0.69 0.69 0.69 

Internal recycle ratio number Not applicable Not applicable Not applicable Not applicable Not applicable Not applicable 

  

Concentration of BOD of effluent g/m^3 10.05 10.03 10.02 10.01 10.00 9.99 

Concentration of TSS of effluent  g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of cost response study for 5 mld capacity of WWTP with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM – 5 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

PRIMARY CLARIFIERS 

Number of primary clarifiers number 2 2 2 2 2 2 

Diameter of each primary clarifier m 10.00 10.00 10.00 10.00 10.00 10.00 

Side water depth of each primary clarifier m 4.00 4.00 4.00 4.00 4.00 4.00 

PRIMARY CLARIFIER SLUDGE SUMP 

Number of sludge sumps number 1 1 1 1 1 1 

Length of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 

Width of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 

Depth of each sludge sump m 3.10 3.10 3.10 3.10 3.10 3.10 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE 

Nunber of pump-houses number 1 1 1 1 1 1 

Total number of pumps provided in each 

pump-house 
number 2 2 2 2 2 2 

Design capacity for each pump m^3/h 10.00 10.00 10.00 10.00 10.00 10.00 

Head to be developed by each pump mlc 20.00 20.00 20.00 20.00 20.00 20.00 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Number of reactor basins number 2 2   2 2 2 

Length of each reactor basin m 4.20 4.50 4.80 5.00 5.30 5.50 

Width of each reactor basin m 3.50 3.80 4.00 4.20 4.50 4.60 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 
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Summary of cost response study for 5 mld capacity of WWTP with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM – 5 MLD (continued) 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Number of reactor basins number 2 2 2 2 2 2 

Length of each reactor basin m 4.10 4.30 4.60 4.80 5.00 5.30 

Width of each reactor basin m 3.50 3.80 4.00 4.20 4.50 4.60 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 

SECONDARY CLARIFIERS 

Number of secondary clarifiers number 2 2 2 2 2 2 

Diameter of each secondary clarifier m 21.00 21.00 21.00 20.90 20.90 20.90 

Side water depth of each secondary 

clarifier 
m 4.50 4.50 4.50 4.50 4.50 4.50 

SECONDARY CLARIFIER SLUDGE SUMP 

Number of sludge sumps number 1 1 1 1 1 1 

Length of each sludge sump m 11.13 11.10 11.08 11.05 11.02 10.99 

Width of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 

Depth of each sludge sump m 3.10 3.10 3.10 3.10 3.10 3.10 

SECONDARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE 

Number of pump-houses number 1 1 1 1 1 1 

Total number of pumps provided in each 

pump-house 
number 2 2 2 2 2 2 

Design capacity for each pump m^3/h 170.00 170.00 170.00 170.00 170.00 170.00 

Head to be developed by each pump mlc 20.00 20.00 20.00 20.00 20.00 20.00 
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Summary of cost response study for 5 mld capacity of WWTP with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM – 5 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

PRIMARY CLARIFIERS 

Total bare construction cost ₹ 1,04,99,042.47 1,04,99,042.47 1,04,99,042.47 1,04,99,042.47 1,04,99,042.47 1,04,99,042.47 

Levelized cost for 25 years of life of 

primary clarifiers 
₹ 30,59,649.07 30,59,649.07 30,59,649.07 30,59,649.07 30,59,649.07 30,59,649.07 

Overall cost ₹ 1,35,58,691.54 1,35,58,691.54 1,35,58,691.54 1,35,58,691.54 1,35,58,691.54 1,35,58,691.54 

PRIMARY CLARIFIER SLUDGE SUMP 

Total bare construction cost ₹ 5,33,974.40 5,33,974.40 5,33,974.40 5,33,974.40 5,33,974.40 5,33,974.40 

Levelized cost for 25 years of life of 

primary clarifiers 
₹ 14,03,054.76 14,03,054.76 14,03,054.76 14,03,054.76 14,03,054.76 14,03,054.76 

Overall cost ₹ 19,37,029.16 19,37,029.16 19,37,029.16 19,37,029.16 19,37,029.16 19,37,029.16 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE 

Total bare construction cost ₹ 66,72,066.57 66,72,066.57 66,72,066.57 66,72,066.57 66,72,066.57 66,72,066.57 

Levelized cost for 25 years of life of 

primary clarifiers 
₹ 20,56,860.23 20,56,860.23 20,56,860.23 20,56,860.23 20,56,860.23 20,56,860.23 

Overall cost ₹ 87,28,926.80 87,28,926.80 87,28,926.80 87,28,926.80 87,28,926.80 87,28,926.80 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Total bare construction cost ₹ 36,82,519.43 38,88,518.49 42,43,725.14 45,21,636.01 48,29,572.63 50,98,539.12 

Levelized cost for 25 years of life of 

primary clarifiers 
₹ 1,64,74,366.50 1,83,29,390.79 2,02,19,919.49 2,20,76,556.12 2,39,34,471.12 2,57,73,049.43 

Overall cost ₹ 2,01,56,885.93 2,22,17,909.28 2,44,63,644.63 2,65,98,192.13 2,87,64,043.75 3,08,71,588.55 
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Summary of cost response study for 5 mld capacity of WWTP with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM – 5 MLD (continued) 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Total bare construction cost ₹ 24,57,026.42 26,03,747.50 27,57,905.06 28,96,787.21 30,47,090.44 31,93,920.82 

Levelized cost for 25 years of life of 

primary clarifiers 
₹ 7,72,530.74 8,18,912.25 8,67,661.91 9,11,634.36 9,59,229.37 10,05,760.22 

Overall cost ₹ 32,29,557.16 34,22,659.75 36,25,566.97 38,08,421.57 40,06,319.82 41,99,681.04 

BLOWERS AND BLOWER-BUILDING 

Total bare construction cost ₹ 1,65,31,715.68 1,75,71,901.07 1,85,66,161.61 1,95,18,322.06 2,04,27,148.05 2,13,00,975.25 

Levelized cost for 25 years of life of 

blowers and blower-building 
₹ 0.00 0.00 0.00 0.00 0.00 0.00 

Overall cost ₹ 1,65,31,715.68 1,75,71,901.07 1,85,66,161.61 1,95,18,322.06 2,04,27,148.05 2,13,00,975.25 

SECONDARY CLARIFIERS 

Total bare construction cost ₹ 2,22,23,578.32 2,22,23,578.32 2,22,23,578.32 2,21,13,094.51 2,21,13,094.51 2,21,13,094.51 

Levelized cost for 25 years of life of 

secondary clarifiers 
₹ 60,13,927.88 60,13,927.88 60,13,927.88 59,83,385.55 59,83,385.55 59,83,385.55 

Overall cost ₹ 2,82,37,506.21 2,82,37,506.21 2,82,37,506.21 2,80,96,480.06 2,80,96,480.06 2,80,96,480.06 

SECONDARY CLARIFIER SLUDGE SUMP 

Total bare construction cost ₹ 7,79,196.38 7,77,824.72 7,76,453.60 7,75,082.98 7,73,712.84 7,72,343.17 

Levelized cost for 25 years of life of 

secondary clarifier sludge sump 
₹ 14,27,141.88 14,27,007.15 14,26,872.47 14,26,737.84 14,26,603.26 14,26,468.72 

Overall cost ₹ 22,06,338.26 22,04,831.87 22,03,326.06 22,01,820.81 22,00,316.09 21,98,811.88 
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Summary of cost response study for 5 mld capacity of WWTP with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM – 5 MLD (continued) 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

SECONDARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE 

Total bare construction cost ₹ 91,95,516.62 91,95,516.62 91,95,516.62 91,95,516.62 91,95,516.62 91,95,516.62 

Levelized cost for 25 years of life of 

secondary clarifier sludge transfer pumps 

& pump-house 

₹ 68,72,289.48 68,72,289.48 68,72,289.48 68,72,289.48 68,72,289.48 68,72,289.48 

Overall cost ₹ 1,60,67,806.10 1,60,67,806.10 1,60,67,806.10 1,60,67,806.10 1,60,67,806.10 1,60,67,806.10 

ESTIMATED CONSOLIDATED COSTS 

Total bare construction cost ₹ 7,25,74,636.30 7,39,66,170.16 7,54,68,423.78 7,67,25,522.83 7,80,91,218.53 7,93,79,472.93 

Levelized cost for 25 years of life of 

WWTP 
₹ 3,80,79,820.54 3,99,81,091.61 4,19,20,235.29 4,37,90,167.41 4,56,95,542.83 4,75,80,517.45 

Overall cost ₹ 11,06,54,456.84 11,39,47,261.77 11,73,88,659.07 12,05,15,690.24 12,37,86,761.36 12,69,59,990.38 

COST OF LAND 

Cost of land ₹ 3,55,41,187.20 3,59,01,362.51 3,62,13,242.80 3,63,53,204.31 3,67,33,218.49 3,69,53,715.71 

OVERALL COST 

Overall cost ₹ 14,61,95,644.04 14,98,48,624.28 15,36,01,901.88 15,68,68,894.55 16,05,19,979.85 16,39,13,706.09 

Overall cost Crore ₹ 14.62 14.98 15.36 15.69 16.05 16.39 

Overall cost Million USD 1.83 1.87 1.92 1.96 2.01 2.05 
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Summary of cost response study for 5 mld capacity of WWTP with MBBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE 
BOD REMOVAL 

  BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 
               

Predicted value (as per exponential cost function) Crore ₹ 14.70 15.06 15.42 15.80 16.18 16.57 

Value of R^2   0.9990 

Absolute percentage error   0.55 0.48 0.41 0.71 0.81 1.12 

Mean absolute percentage error (MAPE)   0.68 
               

Predicted value (as per linear cost function) Crore ₹ 14.63 14.98 15.34 15.69 16.05 16.40 

Value of R^2   0.9997 

Absolute percentage error   0.07 0.01 0.14 0.03 0.04 0.05 

Mean absolute percentage error (MAPE)   0.06 
               

Predicted value (as per logarithmic cost function) Crore ₹ 14.53 15.03 15.43 15.76 16.05 16.29 

Value of R^2   0.9855 

Absolute percentage error   0.63 0.32 0.47 0.49 0.04 0.61 

Mean absolute percentage error (MAPE)   0.43 
               

Predicted value (as per polynomial cost function) Crore ₹ 14.63 15.00 15.36 15.72 16.07 16.42 

Value of R^2   0.9998 

Absolute percentage error   0.05 0.08 0.00 0.20 0.12 0.17 

Mean absolute percentage error (MAPE)   0.10 
               

Predicted value (as per power cost function) Crore ₹ 14.54 15.03 15.42 15.75 16.04 16.30 

Value of R^2   0.9892 

Absolute percentage error   0.53 0.27 0.38 0.42 0.06 0.56 

Mean absolute percentage error (MAPE)   0.37 
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Summary of cost response study for 5 mld capacity of WWTP with MBBR (continued) 

 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 0.07 0.01 0.14 0.03 0.04 0.05 

MAPE % 0.06 

Standard deviation % 0.05 

Alpha value for 95% confidence level  0.05 

Confidence  0.04 

Upper limit of MAPE % 0.09 

Lower limit of MAPE % 0.02 
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Summary of cost response study for 50 mld capacity of WWTP with MBBR 

DESIGN SUMMARY FOR MOVING BED BIOFILM REACTOR BASINS – 50 MLD 

BOD REMOVAL   
BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

Average flow rate for wastewater m^3/d 50000.00 50000.00 50000.00 50000.00 50000.00 50000.00 

Flow rate to MBBRs m^3/d 57575.00 57507.50 57440.00 57372.50 57305.00 57237.50 

Average BOD load  kg/d 7114.00 8089.00 9064.00 10039.00 11014.00 11989.00 

Number of tanks in stage – 1   number 6 6 6 6 6 6 

Volume of each tank in stage – 1 m^3 197.61 224.69 251.78 278.86 305.94 333.03 

Effluent BOD (stage – 1) mg/l 27.80 31.65 35.50 39.37 43.24 47.13 

Number of tanks in stage – 2   number 6 6 6 6 6 6 

Volume of each tank in stage – 2 m^3 193.32 219.81 246.30 272.80 299.29 325.79 

Effluent BOD (stage – 2) mg/l 1.76 2.00 2.25 2.49 2.74 2.98 

MLVSS (XMLVSS)  g VSS/m^3 2670.83 2718.60 2756.24 2786.64 2811.67 2832.63 

Food to mass ratio  (g BOD/d)/g VSS    1.35 1.33 1.31 1.30 1.28 1.27 

Volumetric BOD loading  (kg BOD/d)/m^3 3.61 3.61 3.61 3.61 3.61 3.61 

TSS purged per day  kg TSS/d 6855.34 7776.42 8696.82 9616.58 10535.73 11454.30 

Observed yield (based on VSS) g bVSS/g bCOD 0.33 0.33 0.34 0.34 0.34 0.34 

   g bVSS/g BOD 0.52 0.53 0.54 0.54 0.55 0.55 

Observed yield (based on TSS)  g TSS/g bCOD 0.61 0.61 0.61 0.61 0.61 0.61 

   g TSS/g BOD 0.98 0.98 0.97 0.97 0.97 0.97 

Overall oxygen demand  kg oxygen/h 273.06 309.75 346.44 383.14 419.84 456.55 

Flow rate of air  m^3/min 232.76 264.03 295.31 326.59 357.87 389.16 

BOD  mg/l 10.05 10.03 10.02 10.01 10.00 9.99 

TSS  mg/l 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of cost response study for 50 mld capacity of WWTP with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOFILM REACTOR BASINS – 50 MLD 

BOD REMOVAL   
BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

PRIMARY CLARIFIERS  

Number  number 4 4 4 4 4 4 

Diameter (each)  m 21.40 21.40 21.40 21.40 21.40 21.40 

Liquid depth (each) m 4.00 4.00 4.00 4.00 4.00 4.00 

PRIMARY CLARIFIER SLUDGE SUMP 

Number  number 1 1 1 1 1 1 

Length (each) m 6.10 6.10 6.10 6.10 6.10 6.10 

Width (each) m 6.10 6.10 6.10 6.10 6.10 6.10 

Depth (each) m 3.10 3.10 3.10 3.10 3.10 3.10 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS AND PUMP-HOUSE 

Number of pump-houses number 1 1 1 1 1 1 

Total number of pumps provided (in each 

pump-house) 
number 2 2 2 2 2 2 

Design capacity (for each pump) m^3/h 10.00 20.00 20.00 20.00 30.00 30.00 

Head to be developed (for each pump) mlc 20.00 20.00 20.00 20.00 20.00 20.00 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Number of reactor basins number 6 6   6 6 6 

Length (each) m 7.70 8.20 8.70 9.10 9.50 10.00 

Width (each) m 6.50 6.90 7.30 7.60 8.00 8.40 

Depth  (each) m 4.57 4.57 4.57 4.57 4.57 4.57 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Number of reactor basins number 6 6 6 6 6 6 

Length (each) m 7.40 7.90 8.30 8.90 9.20 9.60 

Width (each) m 6.50 6.90 7.30 7.60 8.00 8.40 

Depth  (each) m 4.57 4.57 4.57 4.57 4.57 4.57 

SECONDARY CLARIFIERS 

Number  number 4 4 4 4 4 4 

Diameter (each)  m 44.60 44.60 44.50 44.50 44.50 44.50 

Liquid depth (each) m 4.50 4.50 4.50 4.50 4.50 4.50 
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Summary of cost response study for 50 mld capacity of WWTP with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOFILM REACTOR BASINS – 50 MLD (continued) 

BOD REMOVAL   
BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

SECONDARY CLARIFIER SLUDGE SUMP 

Number  number 2 2 2 2 2 2 

Length (each) m 55.66 55.52 55.38 55.24 55.10 54.96 

Width (each) m 6.10 6.10 6.10 6.10 6.10 6.10 

Depth (each) m 3.10 3.10 3.10 3.10 3.10 3.10 

CLARIFIER SLUDGE TRANSFER PUMPS AND PUMP-HOUSE 

Number of pump-houses number 1 1 1 1 1 1 

Total number of pumps provided (in each 

pump-house) 
number 2 2 2 2 2 2 

Design capacity (for each pump) m^3/h 1700.00 1700.00 1690.00 1690.00 1680.00 1680.00 

Head to be developed (for each pump) mlc 20.00 20.00 20.00 20.00 20.00 20.00 
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Summary of cost response study for 50 mld capacity of WWTP with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOFILM REACTOR BASINS – 50 MLD 

BOD REMOVAL   
BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

PRIMARY CLARIFIERS 

Capital Expenditure (CAPEX) ₹ 4,44,17,444.72 4,44,17,444.72 4,44,17,444.72 4,44,17,444.72 4,44,17,444.72 4,44,17,444.72 

Operation expenditure for 25 years (OPEX) ₹ 1,00,81,523.56 1,00,81,523.56 1,00,81,523.56 1,00,81,523.56 1,00,81,523.56 1,00,81,523.56 

Overall cost inclusive of CAPEX & OPEX ₹ 5,44,98,968.28 5,44,98,968.28 5,44,98,968.28 5,44,98,968.28 5,44,98,968.28 5,44,98,968.28 

PRIMARY CLARIFIER SLUDGE SUMP 

CAPEX ₹ 5,33,974.40 5,33,974.40 5,33,974.40 5,33,974.40 5,33,974.40 5,33,974.40 

OPEX ₹ 14,03,054.76 14,03,054.76 14,03,054.76 14,03,054.76 14,03,054.76 14,03,054.76 

Overall cost inclusive of CAPEX & OPEX ₹ 19,37,029.16 19,37,029.16 19,37,029.16 19,37,029.16 19,37,029.16 19,37,029.16 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS AND PUMP-HOUSE 

CAPEX ₹ 66,72,066.57 70,18,201.15 70,18,201.15 70,18,201.15 72,77,725.70 72,77,725.70 

OPEX ₹ 20,56,860.23 24,65,890.39 24,65,890.39 24,65,890.39 28,19,150.94 28,19,150.94 

Overall cost inclusive of CAPEX & OPEX ₹ 87,28,926.80 94,84,091.54 94,84,091.54 94,84,091.54 1,00,96,876.64 1,00,96,876.64 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

CAPEX ₹ 2,83,29,660.29 3,16,83,836.99 3,47,84,726.95 3,75,96,009.53 4,04,45,018.79 4,30,48,125.47 

OPEX ₹ 13,47,75,537.15 15,21,86,791.07 16,95,21,967.30 18,67,79,333.06 20,40,19,075.67 22,11,95,069.16 

Overall cost inclusive of CAPEX & OPEX ₹ 16,31,05,197.44 18,38,70,628.06 20,43,06,694.25 22,43,75,342.59 24,44,64,094.45 26,42,43,194.63 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

CAPEX ₹ 1,47,49,123.40 1,60,43,634.12 1,72,96,814.77 1,86,20,267.05 1,98,38,542.17 2,11,21,122.17 

OPEX ₹ 25,47,253.41 27,71,668.29 29,89,078.74 32,18,770.40 34,30,416.70 36,53,316.50 

Overall cost inclusive of CAPEX & OPEX ₹ 1,72,96,376.81 1,88,15,302.41 2,02,85,893.51 2,18,39,037.46 2,32,68,958.87 2,47,74,438.67 

BLOWERS AND BLOWER-BUILDING 

CAPEX ₹ 5,34,45,647.86 5,72,43,859.72 6,08,63,712.64 6,43,32,776.12 6,76,65,368.38 7,08,72,442.05 

OPEX ₹ 0.00 0.00 0.00 0.00 0.00 0.00 

Overall cost inclusive of CAPEX & OPEX ₹ 5,34,45,647.86 5,72,43,859.72 6,08,63,712.64 6,43,32,776.12 6,76,65,368.38 7,08,72,442.05 
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Summary of cost response study for 50 mld capacity of WWTP with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOFILM REACTOR BASINS – 50 MLD (continued) 

BOD REMOVAL   
BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

SECONDARY CLARIFIERS 

CAPEX ₹ 10,52,45,523.14 10,52,45,523.14 10,49,45,835.20 10,49,45,835.20 10,49,45,835.20 10,49,45,835.20 

OPEX ₹ 2,41,40,177.57 2,41,40,177.57 2,40,73,466.11 2,40,73,466.11 2,40,73,466.11 2,40,73,466.11 

Overall cost inclusive of CAPEX & OPEX ₹ 12,93,85,700.72 12,93,85,700.72 12,90,19,301.31 12,90,19,301.31 12,90,19,301.31 12,90,19,301.31 

SECONDARY CLARIFIER SLUDGE SUMP 

CAPEX ₹ 52,45,373.36 52,33,204.41 52,21,040.25 52,08,880.58 51,96,725.17 51,84,573.89 

OPEX ₹ 37,38,162.46 37,32,032.14 37,25,899.29 37,19,763.73 37,13,625.36 37,07,484.07 

Overall cost inclusive of CAPEX & OPEX ₹ 89,83,535.82 89,65,236.56 89,46,939.54 89,28,644.31 89,10,350.53 88,92,057.96 

SECONDARY CLARIFIER SLUDGE TRANSFER PUMPS AND PUMP-HOUSE 

CAPEX ₹ 1,97,63,998.76 1,97,63,998.76 1,96,72,182.23 1,96,72,182.23 1,95,80,444.14 1,95,80,444.14 

OPEX ₹ 4,66,35,930.35 4,66,35,930.35 4,63,75,525.06 4,63,75,525.06 4,61,15,098.77 4,61,15,098.77 

Overall cost inclusive of CAPEX & OPEX ₹ 6,63,99,929.11 6,63,99,929.11 6,60,47,707.29 6,60,47,707.29 6,56,95,542.91 6,56,95,542.91 

ESTIMATED CONSOLIDATED COSTS 

CAPEX ₹ 27,84,02,812.51 28,71,83,677.43 29,47,53,932.31 30,23,45,570.99 30,99,01,078.67 31,69,81,687.74 

OPEX ₹ 22,53,78,499.51 24,34,17,068.14 26,06,36,405.22 27,81,17,327.07 29,56,55,411.86 31,30,48,163.86 

Overall cost inclusive of CAPEX & OPEX ₹ 50,37,81,312.02 53,06,00,745.57 55,53,90,337.53 58,04,62,898.06 60,55,56,490.53 63,00,29,851.61 

COST OF LAND 

Cost of land ₹ 21,38,68,124.48 21,59,40,798.71 21,74,90,241.87 21,93,75,140.43 22,13,62,745.57 22,36,01,084.19 

OVERALL COST 

Overall cost inclusive of CAPEX, OPEX & 

land 
₹ 71,76,49,436.49 74,65,41,544.28 77,28,80,579.40 79,98,38,038.49 82,69,19,236.11 85,36,30,935.79 

Overall cost inclusive of CAPEX, OPEX & 

land 
Crore ₹ 71.76 74.65 77.29 79.98 82.69 85.36 

Overall cost inclusive of CAPEX, OPEX & 

land 
Million USD 8.97 9.33 9.66 10.00 10.34 10.67 

 

  



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

  

Appendix- XIV | Page 6 of 7 

 

 

Summary of cost response study for 50 mld capacity of WWTP with MBBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – 50 MLD  

BOD REMOVAL 

    BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) BOD (mg/l) 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 
 

Overall cost (as per exponential cost function) Crore ₹ 72.35 75.00 77.75 80.60 83.55 86.62 

R^2   0.9988 

Absolute percentage error    0.81 0.46 0.60 0.77 1.04 1.47 

Mean absolute percentage error (MAPE)   0.86 
 

Overall cost (as per linear cost function) Crore ₹ 71.85 74.56 77.27 79.98 82.69 85.40 

R^2   0.9999 

Absolute percentage error    0.12 0.13 0.03 0.01 0.01 0.04 

Mean absolute percentage error (MAPE)   0.05 
 

Overall cost (as per logarithmic cost function) Crore ₹ 71.07 74.93 77.99 80.52 82.68 84.56 

R^2   0.9845 

Absolute percentage error    0.97 0.37 0.91 0.67 0.02 0.94 

Mean absolute percentage error (MAPE)   0.65 
 

Overall cost (as per polynomial cost function) Crore ₹ 71.76 74.50 77.20 79.86 82.49 85.08 

R^2   0.9999 

Absolute percentage error    0.00 0.21 0.11 0.15 0.24 0.33 

Mean absolute percentage error (MAPE)   0.17 
 

Overall cost (as per power cost function) Crore ₹ 71.26 74.87 77.86 80.42 82.67 84.69 

R^2   0.9902 

Absolute percentage error    0.70 0.29 0.74 0.55 0.02 0.79 

Mean absolute percentage error (MAPE)   0.52 
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Summary of cost response study for 50 mld capacity of WWTP with MBBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 0.12 0.13 0.03 0.01 0.01 0.04 

MAPE % 0.05 

Standard deviation % 0.05 

Alpha value for 95% confidence level  0.05 

Confidence  0.04 

Upper limit of MAPE % 0.10 

Lower limit of MAPE % 0.01 
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Summary of cost response study for 150 mld capacity of WWTP with MBBR 

DESIGN SUMMARY FOR MOVING BED BIOFILM REACTOR BASINS - 150 MLD  

BOD REMOVAL  

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Average wastewater flow rate m^3/d 150000.00 150000.00 150000.00 150000.00 150000.00 150000.00 

Influent flow rate to reactor basins m^3/d 172725.00 172522.50 172320.00 172117.50 171915.00 171712.50 

Average BOD load  kg/d 21342.00 24267.00 27192.00 30117.00 33042.00 35967.00 

Number of tanks for stage - 1 (for preliminary BOD 

removal) 
 number 12 12 12 12 12 12 

Volume of each tank for stage - 1 (for preliminary BOD 

removal) 
m^3 296.42 337.04 377.67 418.29 458.92 499.54 

Concentration of BOD in effluent from stage - 1  g/m^3 27.80 31.65 35.50 39.37 43.24 47.13 

Number of tanks for stage - 2 (for final BOD removal)  number 12 12 12 12 12 12 

Volume of each tank for stage - 2 (for final BOD 

removal) 
m^3 289.97 329.71 369.46 409.20 448.94 488.68 

Concentration of BOD in effluent from stage - 2  g/m^3 1.76 2.00 2.25 2.49 2.74 2.98 

MLSS (XMLSS) g TSS/m^3 5000.00 5000.00 5000.00 5000.00 5000.00 5000.00 

MLVSS (XMLVSS)  g VSS/m^3 2670.83 2718.60 2756.24 2786.64 2811.67 2832.63 

F/M  (g BOD/d)/g VSS    1.35 1.33 1.31 1.30 1.28 1.27 

Volumetric BOD loading  (kg BOD/d)/m^3 3.61 3.61 3.61 3.61 3.61 3.61 

Total sludge (TSS) purged per day  kg TSS/d 20566.01 23329.25 26090.45 28849.74 31607.20 34362.91 

Observed yield based on VSS g bVSS/g bCOD 0.33 0.33 0.34 0.34 0.34 0.34 

   g bVSS/g BOD 0.52 0.53 0.54 0.54 0.55 0.55 

Observed yield based on TSS  g TSS/g bCOD 0.61 0.61 0.61 0.61 0.61 0.61 

   g TSS/g BOD 0.98 0.98 0.97 0.97 0.97 0.97 

Overall oxygen demand  kg oxygen/h 819.19 929.25 1039.33 1149.43 1259.53 1369.65 

Air flow rate at average wastewater flow rate  m^3/min 698.27 792.09 885.92 979.76 1073.61 1167.48 

RAS recycle ratio number 0.70 0.69 0.69 0.69 0.69 0.69 

Concentration of BOD of effluent g/m^3 10.05 10.03 10.02 10.01 10.00 9.99 

Concentration of TSS of effluent  g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of cost response study for 150 mld capacity of WWTP with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM - 150 MLD  

BOD REMOVAL  

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

PRIMARY CLARIFIERS  

Number of primary clarifiers number 8 8 8 8 8 8 

Diameter of each primary clarifier m 26.20 26.20 26.20 26.20 26.20 26.20 

Side water depth of each primary clarifier m 4.00 4.00 4.00 4.00 4.00 4.00 

PRIMARY CLARIFIER SLUDGE SUMP               

Number of sludge sumps number 1 1 1 1 1 1 

Length of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 

Width of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 

Depth of each sludge sump m 3.10 3.10 3.10 3.10 3.10 3.10 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Number of pump-houses number 1 1 1 1 1 1 

Total number of pumps provided in each pump-house number 2 2 2 2 2 2 

Design capacity for each pump m^3/h 30.00 40.00 50.00 60.00 70.00 80.00 

Head to be developed by each pump mlc 20.00 20.00 20.00 20.00 20.00 20.00 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES  

Number of reactor basins number 12 12 12 12 12 12 

Length of each reactor basin m 9.40 10.00 10.60 11.20 11.70 12.20 

Width of each reactor basin m 7.90 8.40 8.90 9.40 9.80 10.20 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES  

Number of reactor basins number 12 12 12 12 12 12 

Length of each reactor basin m 9.10 9.70 10.20 10.70 11.30 11.80 

Width of each reactor basin m 7.90 8.40 8.90 9.40 9.80 10.20 

Depth of each reactor basin m 4.57 4.57 4.57 4.57 4.57 4.57 
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Summary of cost response study for 150 mld capacity of WWTP with MBBR (continued) 

EQUIPMENT SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM - 150 MLD  (continued) 

BOD REMOVAL  

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

SECONDARY CLARIFIERS  

Number of secondary clarifiers number 8 8 8 8 8 8 

Diameter of each secondary clarifier m 51.70 51.70 51.60 51.60 51.60 51.50 

Side water depth of each secondary clarifier m 4.50 4.50 4.50 4.50 4.50 4.50 

SECONDARY CLARIFIER SLUDGE SUMP  

Number of sludge sumps number 5 5 5 5 5 5 

Length of each sludge sump m 66.79 66.62 66.45 66.29 66.12 65.95 

Width of each sludge sump m 6.10 6.10 6.10 6.10 6.10 6.10 

Depth of each sludge sump m 3.10 3.10 3.10 3.10 3.10 3.10 

SECONDARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Number of pump-houses number 1 1 1 1 1 1 

Total number of pumps provided in each pump-house number 3 3 3 3 3 3 

Design capacity for each pump m^3/h 2550.00 2540.00 2540.00 2530.00 2520.00 2520.00 

Head to be developed by each pump mlc 20.00 20.00 20.00 20.00 20.00 20.00 
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Summary of cost response study for 150 mld capacity of WWTP with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM - 150 MLD  (continued) 

BOD REMOVAL  

  BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

  100.00 130.00 160.00 190.00 220.00 250.00 

 Unit Value Value Value Value Value Value 

PRIMARY CLARIFIERS  

Total bare construction cost ₹ 11,02,97,041.24 11,02,97,041.24 11,02,97,041.24 11,02,97,041.24 11,02,97,041.24 11,02,97,041.24 

Levelized cost for 25 years of life of primary 

clarifiers 
₹ 2,18,73,563.87 2,18,73,563.87 2,18,73,563.87 2,18,73,563.87 2,18,73,563.87 2,18,73,563.87 

Overall cost ₹ 13,21,70,605.12 13,21,70,605.12 13,21,70,605.12 13,21,70,605.12 13,21,70,605.12 13,21,70,605.12 

PRIMARY CLARIFIER SLUDGE SUMP  

Total bare construction cost ₹ 5,33,974.40 5,33,974.40 5,33,974.40 5,33,974.40 5,33,974.40 5,33,974.40 

Levelized cost for 25 years of life of primary 

clarifiers 
₹ 14,03,054.76 14,03,054.76 14,03,054.76 14,03,054.76 14,03,054.76 14,03,054.76 

Overall cost ₹ 19,37,029.16 19,37,029.16 19,37,029.16 19,37,029.16 19,37,029.16 19,37,029.16 

PRIMARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Total bare construction cost ₹ 72,77,725.70 75,02,556.82 76,91,097.54 78,60,463.10 80,15,459.34 81,68,106.37 

Levelized cost for 25 years of life of primary 

clarifiers 
₹ 28,19,150.94 31,48,187.61 34,62,207.43 37,66,709.00 40,64,401.14 43,57,566.78 

Overall cost ₹ 1,00,96,876.64 1,06,50,744.43 1,11,53,304.97 1,16,27,172.10 1,20,79,860.48 1,25,25,673.15 

STAGE - 1 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES  

Total bare construction cost ₹ 7,43,62,388.93 8,20,64,148.50 9,03,26,458.03 9,79,63,028.53 10,53,64,757.95 11,27,45,927.41 

Levelized cost for 25 years of life of primary 

clarifiers 
₹ 38,77,88,319.08 43,84,77,360.00 48,91,84,428.24 53,97,62,824.96 59,02,69,199.69 64,07,36,242.01 

Overall cost ₹ 46,21,50,708.01 52,05,41,508.50 57,95,10,886.27 63,77,25,853.49 69,56,33,957.65 75,34,82,169.43 

STAGE - 2 OF DOUBLE STAGE BOD REMOVAL REACTION BASINS & ACCESSORIES 

Total bare construction cost ₹ 3,83,18,232.56 4,20,53,002.11 4,57,18,411.20 4,94,14,324.32 5,31,28,515.15 5,67,58,033.42 

Levelized cost for 25 years of life of primary 

clarifiers 
₹ 49,72,381.72 54,58,691.60 59,36,293.98 64,18,152.10 69,02,681.76 73,76,505.97 

Overall cost ₹ 4,32,90,614.28 4,75,11,693.71 5,16,54,705.18 5,58,32,476.42 6,00,31,196.91 6,41,34,539.39 
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Summary of cost response study for 150 mld capacity of WWTP with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM - 150 MLD  (continued) 

BOD REMOVAL  

  BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

  100.00 130.00 160.00 190.00 220.00 250.00 

 Unit Value Value Value Value Value Value 

BLOWERS AND BLOWER-BUILDING  

Total bare construction cost ₹ 10,55,79,934.64 11,34,30,777.40 13,18,64,285.01 13,94,40,605.56 15,30,42,206.93 16,03,76,580.52 

Levelized cost for 25 years of life of blowers 

and blower-building 
₹ 0.00 0.00 0.00 0.00 0.00 0.00 

Overall cost ₹ 10,55,79,934.64 11,34,30,777.40 13,18,64,285.01 13,94,40,605.56 15,30,42,206.93 16,03,76,580.52 

SECONDARY CLARIFIERS  

Total bare construction cost ₹ 25,51,92,137.41 25,51,92,137.41 25,45,33,054.58 25,45,33,054.58 25,45,33,054.58 25,38,74,847.55 

Levelized cost for 25 years of life of secondary 

clarifiers 
₹ 5,01,03,771.63 5,01,03,771.63 4,99,80,695.26 4,99,80,695.26 4,99,80,695.26 4,98,57,728.10 

Overall cost ₹ 30,52,95,909.04 30,52,95,909.04 30,45,13,749.84 30,45,13,749.84 30,45,13,749.84 30,37,32,575.65 

SECONDARY CLARIFIER SLUDGE SUMP  

Total bare construction cost ₹ 1,43,61,130.14 1,43,27,406.99 1,42,93,697.09 1,42,59,999.63 1,42,26,314.01 1,41,92,639.79 

Levelized cost for 25 years of life of secondary 

clarifier sludge sump 
₹ 76,73,904.75 76,61,001.58 76,48,093.87 76,35,181.28 76,22,263.56 76,09,340.51 

Overall cost ₹ 2,20,35,034.89 2,19,88,408.57 2,19,41,790.97 2,18,95,180.91 2,18,48,577.56 2,18,01,980.31 

SECONDARY CLARIFIER SLUDGE TRANSFER PUMPS & PUMP-HOUSE  

Total bare construction cost ₹ 4,05,81,174.47 4,04,30,634.08 4,04,30,634.08 4,02,71,256.01 4,01,20,883.03 4,01,20,883.03 

Levelized cost for 25 years of life of secondary 

clarifier sludge transfer pumps & pump-house 
₹ 13,34,12,823.04 13,28,95,230.12 13,28,95,230.12 13,23,77,014.21 13,18,59,402.08 13,18,59,402.08 

Overall cost ₹ 17,39,93,997.51 17,33,25,864.20 17,33,25,864.20 17,26,48,270.22 17,19,80,285.12 17,19,80,285.12 
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Summary of cost response study for 150 mld capacity of WWTP with MBBR (continued) 

ESTIMATED COST SUMMARY FOR MOVING BED BIOLOGICAL REACTOR BASED SYSTEM - 150 MLD  (continued) 

BOD REMOVAL  

  BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

  100.00 130.00 160.00 190.00 220.00 250.00 

 Unit Value Value Value Value Value Value 

ESTIMATED CONSOLIDATED COSTS  

Total bare construction cost ₹ 64,65,03,739.49 66,58,31,678.96 69,56,88,653.19 71,45,73,747.39 73,92,62,206.65 75,70,68,033.75 

Levelized cost for 25 years of life of WWTP ₹ 61,00,46,969.80 66,10,20,861.18 71,23,83,567.53 76,32,17,195.43 81,39,75,262.12 86,50,73,404.08 

Overall cost ₹ 1,25,65,50,709.29 1,32,68,52,540.13 1,40,80,72,220.72 1,47,77,90,942.82 1,55,32,37,468.77 1,62,21,41,437.83 

COST OF LAND  

Cost of land ₹ 56,48,36,601.25 57,06,83,960.34 57,54,08,600.66 58,14,86,612.52 58,69,47,482.72 59,12,09,721.16 

OVERALL COST  

Overall cost ₹ 1,82,13,87,310.54 1,89,75,36,500.47 1,98,34,80,821.38 2,05,92,77,555.34 2,14,01,84,951.50 2,21,33,51,159.00 

Overall cost Crore ₹ 182.14 189.75 198.35 205.93 214.02 221.34 

Overall cost Million USD 22.77 23.72 24.79 25.74 26.75 27.67 
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Summary of cost response study for 150 mld capacity of WWTP with MBBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – 150 MLD 

BOD REMOVAL  

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Predicted value (as per exponential cost function) Crore ₹ 182.51 189.77 197.31 205.16 213.32 221.80 

Value of R^2   
0.9982 

Absolute percentage error   0.20 0.01 0.52 0.37 0.33 0.21 

Mean absolute percentage error (MAPE)   0.27 
               

Predicted value (as per linear cost function) Crore ₹ 182.18 190.08 197.97 205.87 213.76 221.66 

Value of R^2   0.9996 

Absolute percentage error   0.02 0.17 0.19 0.03 0.12 0.15 

Mean absolute percentage error (MAPE)   0.11 
               

Predicted value (as per logarithmic cost function) Crore ₹ 179.89 191.15 200.07 207.45 213.74 219.23 

Value of R^2   
0.9846 

Absolute percentage error   1.23 0.74 0.87 0.74 0.13 0.95 

Mean absolute percentage error (MAPE)   0.78 
               

Predicted value (as per polynomial cost function) Crore ₹ 181.96 190.10 198.12 206.01 213.77 221.41 

Value of R^2   
0.9997 

Absolute percentage error   0.10 0.18 0.12 0.04 0.12 0.03 

Mean absolute percentage error (MAPE)   0.10 
               

Predicted value (as per power cost function) Crore ₹ 180.49 190.92 199.59 207.08 213.68 219.61 

Value of R^2   
0.9906 

Absolute percentage error   0.91 0.61 0.63 0.56 0.16 0.78 

Mean absolute percentage error (MAPE)   0.61 
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Summary of cost response study for 150 mld capacity of WWTP with MBBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 0.02 0.17 0.19 0.03 0.12 0.15 

MAPE % 0.11 

Standard deviation % 0.07 

Alpha value for 95% confidence level  0.05 

Confidence  0.06 

Upper limit of MAPE % 0.17 

Lower limit of MAPE % 0.06 

 

 



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

 

 

 

 

 

 

 

Appendix- XVI



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

  

 Appendix- XVI | Page 1 of 6 
 

 

 

Summary of cost response study for 5 mld capacity of WWTP with SBR 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – 5 MLD  

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Influent flow rate m^3/d 5780.00 5780.00 5780.00 5780.00 5780.00 5780.00 

Average BOD load  kg/d 886.40 1036.40 1186.40 1336.40 1486.40 1636.40 

Number of reaction basins  number 2 2 2 2 2 2 

Fill time h 3.00 3.00 3.00 3.00 3.00 3.00 

Reaction time h 2.00 2.00 2.00 2.00 2.00 2.00 

Design time selected for aeration h 2.00 2.00 2.00 2.00 2.00 2.00 

Settlement time h 0.50 0.50 0.50 0.50 0.50 0.50 

Decantation time h 0.50 0.50 0.50 0.50 0.50 0.50 

Total cycle time h 6.00 6.00 6.00 6.00 6.00 6.00 

Solids residence time  - design value d 33.73 27.86 23.65 20.49 18.04 16.10 

Total volume of each reaction basin m^3 2890.00 2890.00 2890.00 2890.00 2890.00 2890.00 

Fill volume per cycle per reaction basin m^3 722.50 722.50 722.50 722.50 722.50 722.50 

Selected value for (fill volume/total volume of 

reaction basin) 
 ratio 0.25 0.25 0.25 0.25 0.25 0.25 

Decant depth m 1.02 1.02 1.02 1.02 1.02 1.02 

Total liquid depth when full m 4.07 4.07 4.07 4.07 4.07 4.07 

Mixed liquor suspended solids (XMLSS) g/m^3 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 

Mixed liquor volatile suspended solids 

(XMLVSS) 
g/m^3 1452.82 1521.77 1576.86 1621.83 1659.17 1690.64 

F/M (g BOD/d)/g VSS    0.11 0.12 0.13 0.14 0.15 0.17 

Volumetric BOD loading (kg BOD/d)/m^3 0.31 0.36 0.41 0.46 0.51 0.57 

Decant pumping rate m^3/min 24.08 24.08 24.08 24.08 24.08 24.08 

Total TSS purged per day kg MLSS/d 685.45 829.84 977.75 1128.41 1281.26 1435.86 
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Summary of cost response study for 5 mld capacity of WWTP with SBR (continued) 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – 5 MLD (continued)  

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Observed yield based on VSS  g VSS/g BOD 0.28 0.31 0.33 0.34 0.36 0.37 

Observed yield based on TSS  g TSS/g BOD 0.77 0.80 0.83 0.85 0.86 0.88 

Oxygen demand per reaction basin  kg oxygen/d 553.04 632.12 709.08 784.36 858.33 931.24 

Total aeration time per day per reaction basin  h 8.00 8.00 8.00 8.00 8.00 8.00 

Average oxygen transfer rate per reaction 

basin 
 kg oxygen/h 69.13 79.02 88.63 98.05 107.29 116.41 

Concentration of BOD in effluent g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 

Concentration of TSS in effluent  g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of cost response study for 5 mld capacity of WWTP with SBR (continued) 

EQUIPMENT SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190 220 250 

Description Unit Value Value  Value Value Value Value 

REACTION BASINS & ACCESSORIES 

Number of reaction basins   2 2 2 2 2 2 

Length of each reaction basin m 77.62 77.62 77.62 77.62 77.62 77.62 

Width of each reaction basin m 9.14 9.14 9.14 9.14 9.14 9.14 

Depth of each reaction basin m 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm headers of each reaction 

basin 
  9 11 12 13 14 15 

REACTION BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE 

Total number of pumps required   2 2 2 2 2 2 

Capacity of each pump m^3/h 6.00 6.00 6.00 6.00 6.00 6.00 

Area required for pump-house m ^2 60.00 60.00 60.00 60.00 60.00 60.00 

BLOWERS AND BLOWER BUILDING 

Total number of blowers required   2 2 2 2 2 2 

Capacity of each blower scfm 2138.00 2443.00 2741.00 3031.00 3317.00 3599.00 

Area required for blower building m ^2 85.00 88.00 91.00 93.00 95.00 97.00 
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Summary of cost response study for 5 mld capacity of WWTP with SBR (continued) 

ESTIMATED COST SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM  

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190 220 250 

Description Unit Value Value  Value Value Value Value 

REACTION BASINS & ACCESSORIES  

Total bare construction cost ₹ 3,03,26,408.09 3,09,57,247.10 3,14,86,197.40 3,20,09,538.30 3,25,31,127.54 3,30,48,751.31 

Levelized cost for 25 years of life of reaction 

basins 
₹ 4,47,82,543.86 4,96,04,153.63 5,42,50,947.13 5,87,90,964.30 6,33,01,524.00 6,77,38,245.87 

Overall cost ₹ 7,51,08,951.96 8,05,61,400.74 8,57,37,144.53 9,08,00,502.60 9,58,32,651.53 10,07,86,997.18 

REACTOR BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE 

Total bare construction cost ₹ 64,81,764.04 64,81,764.04 64,81,764.04 64,90,685.29 64,90,685.29 64,90,685.29 

Levelized cost for 25 years of life of pumps 

and pump-house 
₹ 20,74,332.29 21,67,072.30 22,56,814.64 23,44,823.38 24,30,314.18 25,14,219.00 

Overall cost ₹ 85,56,096.33 86,48,836.34 87,38,578.68 88,35,508.67 89,20,999.47 90,04,904.29 

BLOWERS AND BLOWER BUILDING  

Total bare construction cost ₹ 2,62,87,296.55 2,81,47,990.72 2,98,82,654.88 3,14,85,219.67 3,30,02,624.70 3,44,50,894.04 

ESTIMATED CONSOLIDATED COSTS  

Total bare construction cost ₹ 6,30,95,468.68 6,55,87,001.86 6,78,50,616.33 6,99,85,443.25 7,20,24,437.52 7,39,90,330.64 

Levelized cost for 25 years of life ₹ 4,68,56,876.15 5,17,71,225.93 5,65,07,761.77 6,11,35,787.68 6,57,31,838.17 7,02,52,464.87 

Consolidated cost ₹ 10,99,52,344.83 11,73,58,227.80 12,43,58,378.09 13,11,21,230.93 13,77,56,275.70 14,42,42,795.51 

COST OF LAND 

Cost of land ₹ 3,49,90,940.98 3,50,37,440.98 3,50,80,940.98 3,51,19,940.98 3,51,54,440.98 3,51,87,440.98 

OVERALL COST 

Overall cost ₹ 14,49,43,285.82 15,23,95,668.78 15,94,39,319.08 16,62,41,171.91 17,29,10,716.68 17,94,30,236.49 

Overall cost Crore ₹ 14.49 15.24 15.94 16.62 17.29 17.94 

Overall cost Million USD 1.81 1.90 1.99 2.08 2.16 2.24 
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Summary of cost response study for 5 mld capacity of WWTP with SBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – 5 MLD  

BOD REMOVAL  

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Description Unit Value Value Value Value Value Value 

Predicted value (as per exponential cost 

function) 
Crore ₹ 14.55 15.18 15.83 16.51 17.22 17.95 

Value of R^2  0.9970 

Absolute percentage error   0.41 0.41 0.72 0.70 0.44 0.06 

Mean absolute percentage error (MAPE)  0.46 
               

Predicted value (as per linear cost function) Crore ₹ 14.53 15.22 15.91 16.59 17.28 17.97 

Value of R^2  0.9994 

Absolute percentage error   0.27 0.13 0.23 0.18 0.06 0.14 

Mean absolute percentage error (MAPE)  0.17 
               

Predicted value (as per logarithmic cost 

function) 
Crore ₹ 14.33 15.32 16.09 16.74 17.29 17.77 

Value of R^2  0.9881 

Absolute percentage error   1.11 0.50 0.94 0.69 0.02 0.98 

Mean absolute percentage error (MAPE)  0.71 
               

Predicted value (as per polynomial cost 

function) 
Crore ₹ 14.52 15.27 16.00 16.71 17.40 18.08 

Value of R^2  1.0000 

Absolute percentage error   0.18 0.19 0.33 0.50 0.64 0.74 

Mean absolute percentage error (MAPE)  0.43 
               

Predicted value (as per power cost function) Crore ₹ 14.39 15.30 16.05 16.71 17.29 17.81 

Value of R^2  0.9939 

Absolute percentage error   0.70 0.38 0.70 0.51 0.01 0.74 

Mean absolute percentage error (MAPE)  0.51 
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Summary of cost response study for 5 mld capacity of WWTP with SBR (continued 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 0.27 0.13 0.23 0.18 0.06 0.14 

MAPE % 0.17 

Standard deviation % 0.08 

Alpha value for 95% confidence level  0.05 

Confidence  0.06 

Upper limit of MAPE % 0.23 

Lower limit of MAPE % 0.11 
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Summary of cost response study for 50 mld capacity of WWTP with SBR 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – 50 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Influent flow rate m^3/d 57800.00 57800.00 57800.00 57800.00 57800.00 57800.00 

Average BOD load  kg/d 8864.00 10364.00 11864.00 13364.00 14864.00 16364.00 

Average TKN load  kg/d 1672.47 2007.57 2342.13 2676.13 3009.91 3343.37 

Number of reaction basins  number 14 14 14 14 14 14 

Fill time h 3.00 3.00 3.00 3.00 3.00 3.00 

Reaction time h 2.00 2.00 2.00 2.00 2.00 2.00 

Design time selected for aeration h 2.00 2.00 2.00 2.00 2.00 2.00 

Settlement time h 0.50 0.50 0.50 0.50 0.50 0.50 

Decantation time h 0.50 0.50 0.50 0.50 0.50 0.50 

Total cycle time h 6.00 6.00 6.00 6.00 6.00 6.00 

Solids residence time  - design value d 33.73 27.86 23.65 20.49 18.04 16.10 

Total volume of each reaction basin m^3 4128.57 4128.57 4128.57 4128.57 4128.57 4128.57 

Fill volume per cycle per reaction basin m^3 1032.14 1032.14 1032.14 1032.14 1032.14 1032.14 

Selected value for (fill volume/total volume of 

reaction basin) 
 ratio 0.25 0.25 0.25 0.25 0.25 0.25 

Decant depth m 1.02 1.02 1.02 1.02 1.02 1.02 

Total liquid depth when full m 4.07 4.07 4.07 4.07 4.07 4.07 

Mixed liquor suspended solids (XMLSS) g/m^3 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 

Mixed liquor volatile suspended solids (XMLVSS) g/m^3 1452.82 1521.77 1576.86 1621.83 1659.17 1690.64 

F/M 
(g BOD/d)/g 

VSS    
0.11 0.12 0.13 0.14 0.15 0.17 

Volumetric BOD loading 
(kg 

BOD/d)/m^3 
2.15 2.51 2.87 3.24 3.60 3.96 

Decant pumping rate m^3/min 34.40 34.40 34.40 34.40 34.40 34.40 

Total TSS purged per day kg MLSS/d 6854.48 8298.41 9777.48 11284.13 12812.62 14358.59 
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Summary of cost response study for 50 mld capacity of WWTP with SBR (continued) 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – 50 MLD (continued) 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Observed yield based on VSS  g VSS/g BOD 0.28 0.31 0.33 0.34 0.36 0.37 

Observed yield based on TSS  g TSS/g BOD 0.77 0.80 0.83 0.85 0.86 0.88 

Oxygen demand per reaction basin  kg oxygen/d 790.06 903.03 1012.97 1120.52 1226.19 1330.35 

Total aeration time per day per reaction basin  h 8.00 8.00 8.00 8.00 8.00 8.00 

Average oxygen transfer rate per reaction basin  kg oxygen/h 98.76 112.88 126.62 140.06 153.27 166.29 

Concentration of BOD in effluent g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 

Concentration of TSS in effluent  g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of cost response study for 50 mld capacity of WWTP with SBR (continued) 

EQUIPMENT SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – 50 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190 220 250 

Description Unit Value Value  Value Value Value Value 

REACTION BASINS & ACCESSORIES 

Number of reaction basins   14 14 14 14 14 14 

Length of each reaction basin m 110.88 110.88 110.88 110.88 110.88 110.88 

Width of each reaction basin m 9.14 9.14 9.14 9.14 9.14 9.14 

Depth of each reaction basin m 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm headers of each reaction basin   64 73 82 91 99 108 

REACTION BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE  

Total number of pumps required   2 2 2 2 2 2 

Capacity of each pump m^3/h 6.00 6.00 6.00 6.00 6.00 6.00 

Area required for pump-house m ^2 61.00 61.00 61.00 61.00 62.00 62.00 

BLOWERS AND BLOWER BUILDING 

Total number of blowers required   4 4 4 4 5 5 

Capacity of each blower scfm 5089.00 5816.00 6524.00 7217.00 5923.00 6426.00 

Area required for blower building m ^2 141.00 145.00 150.00 154.00 157.00 161.00 
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Summary of cost response study for 50 mld capacity of WWTP with SBR (continued) 

ESTIMATED COST SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – 50 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190 220 250 

Description Unit Value Value  Value Value Value Value 

REACTION BASINS & ACCESSORIES  

Total bare construction cost ₹ 32,11,35,685.19 33,30,70,981.31 34,48,22,744.76 35,64,32,152.90 36,72,07,382.42 37,85,53,008.13 

Levelized cost for 25 years of life of reaction basins ₹ 28,61,00,296.14 32,02,39,081.52 35,34,31,377.59 38,58,80,972.55 41,76,16,975.69 44,89,94,376.10 

Overall cost ₹ 60,72,35,981.34 65,33,10,062.83 69,82,54,122.35 74,23,13,125.44 78,48,24,358.11 82,75,47,384.23 

REACTOR BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE 

Total bare construction cost ₹ 65,53,134.01 65,70,976.50 65,88,818.99 66,06,661.48 66,24,503.97 66,51,267.71 

Levelized cost for 25 years of life of pumps and 

pump-house 
₹ 41,48,044.02 45,99,602.84 50,55,090.66 55,13,654.09 59,74,578.51 64,37,910.26 

Overall cost ₹ 1,07,01,178.02 1,11,70,579.34 1,16,43,909.65 1,21,20,315.57 1,25,99,082.49 1,30,89,177.97 

BLOWERS AND BLOWER BUILDING 

Total bare construction cost ₹ 7,63,80,712.71 8,22,93,342.90 8,77,73,757.10 9,29,03,341.47 10,16,54,626.87 10,64,71,850.72 

ESTIMATED CONSOLIDATED COSTS 

Total bare construction cost ₹ 40,40,69,531.91 42,19,35,300.72 43,91,85,320.85 45,59,42,155.85 47,54,86,513.27 49,16,76,126.56 

Levelized cost for 25 years of life ₹ 29,02,48,340.16 32,48,38,684.37 35,84,86,468.25 39,13,94,626.63 42,35,91,554.20 45,54,32,286.35 

Consolidated cost ₹ 69,43,17,872.07 74,67,73,985.08 79,76,71,789.10 84,73,36,782.48 89,90,78,067.47 94,71,08,412.91 

COST OF LAND 

Cost of land ₹ 27,86,53,383.54 27,87,34,383.54 27,88,07,883.54 27,88,73,883.54 27,89,33,883.54 27,89,92,383.54 

OVERALL COST 

Overall cost 
₹ 97,29,71,255.60 

1,02,55,08,368.6

2 

1,07,64,79,672.6

4 

1,12,62,10,666.0

2 

1,17,80,11,951.0

1 

1,22,61,00,796.4

5 

Overall cost Crore ₹ 97.30 102.55 107.65 112.62 117.80 122.61 

Overall cost Million USD 12.16 12.82 13.46 14.08 14.73 15.33 

 

  



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

  

 Appendix- XVII | Page 5 of 5 
 

 

 

Summary of cost response study for 50 mld capacity of WWTP with SBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – 50 MLD 

BOD REMOVAL  

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 
               

Predicted value (as per exponential cost function) Crore ₹ 97.38 101.86 106.55 111.46 116.59 121.95 

Value of R^2  0.9981 

Absolute percentage error   0.09 0.67 1.02 1.04 1.03 0.54 

Mean absolute percentage error (MAPE)  0.73 
               

Predicted value (as per linear cost function) Crore ₹ 97.42 102.48 107.55 112.61 117.68 122.74 

Value of R^2  0.9999 

Absolute percentage error   0.13 0.07 0.09 0.01 0.11 0.11 

Mean absolute percentage error (MAPE)  0.08 
               

Predicted value (as per logarithmic cost function) Crore ₹ 95.96 103.18 108.90 113.64 117.67 121.19 

Value of R^2  0.9848 

Absolute percentage error   1.38 0.62 1.16 0.90 0.11 1.15 

Mean absolute percentage error (MAPE)  0.89 
               

Predicted value (as per polynomial cost function) Crore ₹ 97.29 102.47 107.59 112.63 117.59 122.49 

Value of R^2  1.0000 

Absolute percentage error   0.01 0.08 0.06 0.00 0.18 0.10 

Mean absolute percentage error (MAPE)  0.07 
               

Predicted value (as per power cost function) Crore ₹ 96.42 103.02 108.56 113.37 117.65 121.51 

Value of R^2  0.9919 

Absolute percentage error   0.90 0.46 0.85 0.67 0.13 0.90 

Mean absolute percentage error (MAPE)  0.65 
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Summary of cost response study for 50 mld capacity of WWTP with SBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 0.13 0.07 0.09 0.01 0.11 0.11 

MAPE % 0.08 

Standard deviation % 0.04 

Alpha value for 95% confidence level  0.05 

Confidence  0.03 

Upper limit of MAPE % 0.12 

Lower limit of MAPE % 0.05 
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Summary of cost response study for 150 mld capacity of WWTP with SBR 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – 150 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Influent flow rate m^3/d 173400.00 173400.00 173400.00 173400.00 173400.00 173400.00 

Average BOD load  kg/d 26592.00 31092.00 35592.00 40092.00 44592.00 49092.00 

Average TKN load  kg/d 5017.42 6022.72 7026.38 8028.40 9029.73 10030.11 

Number of reaction basins  number 40 40 40 40 40 40 

Fill time h 3.00 3.00 3.00 3.00 3.00 3.00 

Reaction time h 2.00 2.00 2.00 2.00 2.00 2.00 

Design time selected for 

aeration 
h 2.00 2.00 2.00 2.00 2.00 2.00 

Settlement time h 0.50 0.50 0.50 0.50 0.50 0.50 

Decantation time h 0.50 0.50 0.50 0.50 0.50 0.50 

Total cycle time h 6.00 6.00 6.00 6.00 6.00 6.00 

Solids residence time  - 

design value 
d 33.73 27.86 23.65 20.49 18.04 16.10 

Total volume of each 

reaction basin 
m^3 4335.00 4335.00 4335.00 4335.00 4335.00 4335.00 

Fill volume per cycle per 

reaction basin 
m^3 1083.75 1083.75 1083.75 1083.75 1083.75 1083.75 

Selected value for (fill 

volume/total volume of 

reaction basin) 

 ratio 0.25 0.25 0.25 0.25 0.25 0.25 

Decant depth m 1.02 1.02 1.02 1.02 1.02 1.02 

Total liquid depth when full m 4.07 4.07 4.07 4.07 4.07 4.07 

Mixed liquor suspended 

solids (XMLSS) 
g/m^3 4000.00 4000.00 4000.00 4000.00 4000.00 4000.00 

Mixed liquor volatile 

suspended solids (XMLVSS) 
g/m^3 1452.82 1521.77 1576.86 1621.83 1659.17 1690.64 

F/M (g BOD/d)/g VSS    0.11 0.12 0.13 0.14 0.15 0.17 

 

 



SELECTION OF APPROPRIATE BIOREACTOR TECHNOLOGY BASED ON SPACE SAVING ECONOMY FOR WASTEWATER TREATMENT 

  

  

Appendix- XVIII | Page 2 of 7 
 

 

 

Summary of cost response study for 150 mld capacity of WWTP with SBR (continued) 

DESIGN SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – 150 MLD (continued) 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

Volumetric BOD loading (kg BOD/d)/m^3 6.13 7.17 8.21 9.25 10.29 11.32 

Decant pumping rate m^3/min 36.13 36.13 36.13 36.13 36.13 36.13 

Total TSS purged per day kg MLSS/d 20563.44 24895.23 29332.43 33852.38 38437.86 43075.76 

Observed yield based on 

VSS 
 g VSS/g BOD 0.28 0.31 0.33 0.34 0.36 0.37 

Observed yield based on 

TSS 
 g TSS/g BOD 0.77 0.80 0.83 0.85 0.86 0.88 

Oxygen demand per 

reaction basin 
 kg oxygen/d 829.56 948.18 1063.61 1176.55 1287.50 1396.86 

Total aeration time per day 

per reaction basin 
 h 8.00 8.00 8.00 8.00 8.00 8.00 

Average oxygen transfer 

rate per reaction basin 
 kg oxygen/h 103.70 118.52 132.95 147.07 160.94 174.61 

Concentration of BOD in 

effluent 
g/m^3 9.66 9.66 9.66 9.66 9.66 9.66 

Concentration of TSS in 

effluent 
 g/m^3 10.00 10.00 10.00 10.00 10.00 10.00 
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Summary of cost response study for 150 mld capacity of WWTP with SBR (continued) 

EQUIPMENT SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – 150 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

REACTION BASINS & ACCESSORIES 

Number of reaction basins   40 40 40 40 40 40 

Length of each reaction basin m 116.42 116.42 116.42 116.42 116.42 116.42 

Width of each reaction basin m 9.14 9.14 9.14 9.14 9.14 9.14 

Depth of each reaction basin m 4.57 4.57 4.57 4.57 4.57 4.57 

Number of swing arm headers of each 

reaction basin 
  187 214 240 266 291 315 

REACTION BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE 

Total number of pumps required   2 2 2 2 2 2 

Capacity of each pump m^3/h 6.00 6.00 6.00 6.00 6.00 6.00 

Area required for pump-house m ^2 63.00 63.00 64.00 64.00 65.00 65.00 

BLOWERS AND BLOWER BUILDING 

Total number of blowers required   4 4 5 5 5 2 

Capacity of each blower scfm 14960.00 17099.00 14386.00 15913.00 17413.00 75569.00 

Area required for blower building m ^2 185.00 192.00 197.00 202.00 207.00 211.00 
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Summary of cost response study for 150 mld capacity of WWTP with SBR (continued) 

ESTIMATED COST SUMMARY FOR SEQUENTIAL BATCH REACTOR BASED SYSTEM – 150 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190 220 250 

Description Unit Value  Value Value Value Value Value 

REACTION BASINS & ACCESSORIES 

Total bare construction cost ₹ 1,30,55,77,625.54 1,39,47,95,842.13 1,48,09,89,124.20 1,56,62,85,285.12 1,64,89,35,321.83 1,72,90,83,504.07 

Levelized cost for 25 years 

of life of reaction basins 
₹ 83,22,09,441.04 93,69,51,617.50 1,03,87,03,779.23 1,13,83,00,229.92 1,23,59,36,793.32 1,33,19,53,233.52 

Overall cost ₹ 2,13,77,87,066.58 2,33,17,47,459.64 2,51,96,92,903.43 2,70,45,85,515.03 2,88,48,72,115.15 3,06,10,36,737.59 

REACTOR BASIN WASTE TRANSFER PUMPS AND PUMP-HOUSE 

Total bare construction cost ₹ 67,22,637.68 67,76,165.15 68,29,692.63 68,83,220.10 69,36,747.58 69,90,275.05 

Levelized cost for 25 years 

of life of pumps and pump-

house 

₹ 81,50,686.36 93,91,190.86 1,06,53,327.43 1,19,32,399.08 1,32,24,764.01 1,45,27,625.04 

Overall cost ₹ 1,48,73,324.04 1,61,67,356.01 1,74,83,020.06 1,88,15,619.18 2,01,61,511.59 2,15,17,900.09 

 BLOWERS AND BLOWER BUILDING 

Total bare construction cost ₹ 16,56,76,313.46 17,85,45,252.76 19,97,74,109.75 21,14,56,117.61 22,24,86,497.20 54,38,57,052.70 

ESTIMATED CONSOLIDATED COSTS 

Total bare construction cost ₹ 1,47,79,76,576.69 1,58,01,17,260.05 1,68,75,92,926.58 45,59,42,155.85 1,87,83,58,566.61 2,27,99,30,831.83 

Levelized cost for 25 years 

of life 
₹ 84,03,60,127.40 94,63,42,808.36 1,04,93,57,106.66 39,13,94,626.63 1,24,91,61,557.33 1,34,64,80,858.56 

Consolidated cost ₹ 2,31,83,36,704.08 2,52,64,60,068.41 2,73,69,50,033.24 2,93,48,57,251.83 3,12,75,20,123.94 3,62,64,11,690.38 

COST OF LAND 

Cost of land ₹ 80,53,22,992.56 80,54,35,492.56 80,55,37,492.56 80,56,28,992.56 80,57,14,492.56 80,57,93,992.56 

OVERALL COST 

Overall cost Crore ₹ 312.37 333.19 354.25 374.05 393.32 443.22 

Overall cost 
Million 

USD 
39.05 41.65 44.28 46.76 49.17 55.40 
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Summary of cost response study for 150 mld capacity of WWTP with SBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – 150 MLD 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 
 

Predicted value (as per exponential 

cost function) 
Crore ₹ 310.77 331.97 354.62 378.82 404.66 432.27 

Value of R^2   0.9790 

Absolute percentage error   0.51 0.36 0.11 1.28 2.88 2.47 

Mean absolute percentage 

error (MAPE) 
  1.27 

 

Predicted value (as per linear cost 

function) 
Crore ₹ 307.37 331.78 356.20 380.61 405.03 429.44 

Value of R^2   0.9630 

Absolute percentage error   1.60 0.42 0.55 1.75 2.98 3.11 

Mean absolute percentage 

error (MAPE) 
  1.74 

 

Predicted value (as per logarithmic 

cost function) 
Crore ₹ 301.56 335.74 362.79 385.18 404.28 420.94 

Value of R^2   0.9135 

Absolute percentage error   3.46 0.77 2.41 2.98 2.79 5.03 

Mean absolute percentage 

error (MAPE) 
  2.90 

 

Predicted value (as per polynomial 

cost function) 
Crore ₹ 315.17 329.42 348.52 372.49 401.32 435.01 

Value of R^2   0.9840 

Absolute percentage error   0.90 1.13 1.62 0.42 2.03 1.85 

Mean absolute percentage 

error (MAPE) 
  1.32 
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Summary of cost response study for 150 mld capacity of WWTP with SBR (continued) 

REGRESSION ANALYSIS AND DETERMINATION OF MAPE – 150 MLD (continued) 

BOD REMOVAL 

    BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 BOD in g/m^3 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 
 

Predicted value (as per power cost 

function) 
Crore ₹ 305.30 334.97 360.49 383.06 403.44 422.09 

Value of R^2   0.9424 

Absolute percentage error   2.26 0.54 1.76 2.41 2.57 4.77 

Mean absolute percentage 

error (MAPE) 
  2.38 
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Summary of cost response study for 150 mld capacity of WWTP with SBR (continued) 

95 % CONFIDENCE INTERVAL FOR MEAN OF ABSOLUTE PERCENTAGE ERROR AS PER SELECTED COST FUNCTION 

BOD REMOVAL 

    BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l BOD in mg/l 

    100.00 130.00 160.00 190.00 220.00 250.00 

Design parameter Unit Value Value Value Value Value Value 

(as per linear cost function) 

Absolute percentage error % 1.60 0.42 0.55 1.75 2.98 3.11 

MAPE % 1.74 

Standard deviation % 1.15 

Alpha value for 95% confidence level  0.05 

Confidence  0.92 

Upper limit of MAPE % 2.65 

Lower limit of MAPE % 0.82 
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Sensibility analysis for WWTPs with MBR – small range: Co-efficients for item-wise unit costs 

BOD removal: Co-efficients for item-wise unit costs 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Items Unit Value Value Value Value Value Value Value Value Value Value 

Total earthwork required  ft^3 28163.25 31872.51 34688.45 37802.17 41511.43 44327.37 47441.08 51150.35 53956.87 57070.58 

Total quantity of RCC  ft^3 11500.51 13202.61 14399.65 15765.04 17467.14 18664.18 20029.57 21731.67 22928.71 24294.10 

Total quantity of handrails  ft 345.44 402.40 439.02 482.42 539.38 576.00 619.40 676.36 712.97 756.37 

Total area of house or 

building 
ft^2 1347.78 1461.50 1540.78 1604.51 1659.35 1707.52 1750.13 1790.52 1825.29 1860.13 

Blower   0.95 1.42 1.80 2.14 2.45 2.74 3.00 3.26 3.50 3.73 

Installation man-hour  MH 55.56 55.56 111.11 111.11 166.67 166.67 222.22 222.22 222.22 277.78 

Crane requirement for 

installation 
 hour 5.56 5.56 11.11 11.11 16.67 16.67 22.22 22.22 22.22 27.78 

Pumps   1.48 2.01 2.41 2.67 2.96 3.22 3.41 3.62 3.83 4.02 

Diffusers   22.00 44.00 66.00 85.56 107.56 129.56 151.56 171.11 193.11 215.11 

Swing arm diffuser headers   2.44 2.44 4.89 4.89 7.33 7.33 9.78 9.78 9.78 12.22 

Membrane modules   234.67 352.00 469.33 586.67 704.00 821.33 938.67 1056.00 1173.33 1290.67 

Air piping   1400.20 1623.54 1780.03 1903.83 2061.83 2393.62 2729.21 3068.35 3410.86 3756.54 

Operation and maintenance 

material costs 
₹ (in lakh) 25.44 31.04 36.68 42.10 47.42 52.51 57.50 62.34 67.02 71.63 

Requirement of energy for 

operation 
 kwhr/year 81639.72 157752.34 233839.88 309911.16 385970.37 462019.94 538061.52 614096.25 690125.00 766148.43 

Requirement of operation 

& maintenance manpower 
 MH/year 1840.60 2230.53 2515.25 2747.52 2947.13 3123.98 3283.87 3430.53 3566.50 3693.64 

Requirement of chemicals 

for maintenance 
                      

Sodium hypochlorite  kg/year 1339.55 2115.24 2609.51 3197.58 3973.27 4467.53 5055.61 5831.30 6325.56 6913.64 

Citric acid  kg/year 215.46 365.55 403.07 478.12 628.21 665.73 740.78 890.87 928.40 1003.44 
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Sensibility analysis for WWTPs with MBR – medium range: Co-efficients for item-wise unit costs 

BOD removal: Co-efficients for item-wise unit costs 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Items Unit Value Value Value Value Value Value Value Value Value Value 

Total earthwork required  ft^3 57070.58 86696.64 131246.71 161221.74 191196.76 223585.26 245852.33 274329.13 303577.21 329740.17 

Total quantity of RCC  ft^3 24294.10 38535.89 60360.03 73114.29 85868.56 99969.64 113094.01 125332.80 138016.13 148921.29 

Total quantity of 

handrails 
 ft 756.37 1185.56 1759.65 2154.32 2548.99 2997.90 3282.18 3657.25 4050.41 4371.25 

Total area of house or 

building 
ft^2 1860.13 2121.76 2323.40 2495.03 2650.00 2792.68 2927.65 3054.84 3178.69 3296.99 

Blower   3.73 5.63 7.19 8.38 9.61 10.77 12.28 13.33 14.35 16.02 

Installation man-hour  MH 277.78 500.00 777.78 1000.00 1222.22 1555.56 1833.33 2000.00 2333.33 2500.00 

Crane requirement for 

installation 
 hour 27.78 50.00 77.78 100.00 122.22 155.56 183.33 200.00 233.33 250.00 

Pumps   4.02 5.42 7.62 10.62 13.74 16.97 20.28 23.67 27.12 20.62 

Diffusers   215.11 429.00 645.33 855.56 1070.67 1285.78 1496.00 1716.00 1928.67 2141.33 

Swing arm diffuser 

headers 
  12.22 22.00 34.22 44.00 53.78 68.44 80.67 88.00 102.67 110.00 

Membrane modules   1290.67 1936.00 2581.33 3285.33 3989.33 4928.00 5632.00 6336.00 7392.00 8096.00 

Air piping   3756.54 7295.75 11062.27 14992.59 18773.79 21635.20 24481.02 27311.34 30182.10 32902.48 

Operation and 

maintenance material 

costs 

₹ (in lakh) 71.63 90.24 109.21 129.01 147.85 173.62 190.64 207.14 233.69 248.12 

Requirement of energy for 

operation 
 kwhr/year 766148.43 1501601.64 2236805.56 2974578.00 3712230.29 4460707.85 5198184.87 5935593.81 6689324.74 7426621.33 

Requirement of operation 

& maintenance 

manpower 

 MH/year 3693.64 4688.95 5580.81 6371.35 7069.13 7728.79 8308.20 8848.28 9389.14 9868.25 

Requirement of chemicals 

for maintenance 
                      

Sodium hypochlorite  kg/year 6913.64 10370.45 13827.27 17543.32 21259.38 26526.81 30124.85 34216.14 39790.22 43037.23 

Citric acid  kg/year 1003.44 1505.16 2006.89 2532.21 3057.53 3883.04 4361.16 5036.58 5824.57 6162.28 
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Sensibility analysis for WWTPs with MBR – large range: Co-efficients for item-wise unit costs 

BOD removal: Co-efficients for item-wise unit costs 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Items Unit Value Value Value Value Value Value Value Value Value Value Value 

Total earthwork 

required 
 ft^3 329740.17 385913.08 436827.83 489326.35 542752.30 593756.29 646452.37 699157.85 747453.75 800761.63 851540.99 

Total quantity of 

RCC 
 ft^3 148921.29 172954.31 198471.00 220686.99 243455.36 268676.18 291196.45 313716.72 333596.12 359841.91 381301.92 

Total quantity of 

handrails 
 ft 4371.25 5103.32 5761.16 6419.39 7100.23 7735.47 8405.45 9075.43 9636.93 10301.70 10926.78 

Total area of house 

or building 
ft^2 3296.99 3522.42 3740.13 3947.84 4149.93 4347.65 4539.74 4729.67 4916.27 5099.48 5280.52 

Blower   16.02 17.91 21.77 24.69 26.49 28.18 29.83 33.11 34.69 36.28 37.78 

Installation man-

hour 
 MH 2500.00 3000.00 3555.56 4000.00 4444.44 5000.00 5555.56 5833.33 6388.89 7000.00 7333.33 

Crane requirement 

for installation 
 hour 250.00 300.00 355.56 400.00 444.44 500.00 555.56 583.33 638.89 700.00 733.33 

Pumps   20.62 25.45 30.42 35.50 40.68 38.28 42.70 47.33 51.87 56.62 54.82 

Diffusers   2141.33 2566.67 2992.00 3422.22 3852.44 4277.78 4705.56 5133.33 5561.11 5984.00 6424.00 

Swing arm diffuser 

headers 
  110.00 132.00 156.44 176.00 195.56 220.00 244.44 256.67 281.11 308.00 322.67 

Membrane modules   8096.00 9504.00 11264.00 12672.00 14549.33 15840.00 17600.00 19360.00 20533.33 22528.00 23936.00 

Air piping   32902.48 38211.74 43480.54 48523.93 53610.41 58426.31 63312.82 68132.09 72698.81 77478.29 82013.51 

Operation and 

maintenance 

material costs 

₹ (in lakh) 248.12 277.88 315.93 343.36 381.68 404.08 437.60 470.20 488.84 525.63 548.09 

Requirement of 

energy for 

operation 

 kwhr/year 7426621.33 8901076.26 
10391753.8

4 

11865913.9

9 

13361797.3

2 

14830272.6

6 

16320495.0

8 

17810631.2

6 

19273385.9

5 

20774291.2

1 

22247826.3

1 

Requirement of 

operation & 

maintenance 

manpower 

 MH/year 9868.25 10730.43 11703.73 12595.73 13472.96 14279.72 15108.99 15908.26 16641.09 17428.02 18181.55 

Requirement of 

chemicals  
                        

Sodium 

hypochlorite 
 kg/year 43037.23 50938.38 60485.73 67917.84 77327.01 84897.30 94187.44 103477.57 108889.26 119518.95 127138.68 

Citric acid  kg/year 6162.28 7400.54 8816.74 9867.39 11068.13 12334.23 13647.55 14960.86 15523.71 17052.47 18178.17 
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Sensibility analysis for small range WWTPs with MBBR: Co-efficients for item-wise unit costs 

BOD removal: Co-efficients for item-wise unit costs 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Item Unit Value Value Value Value Value Value Value Value Value Value 

Total earthwork 

required 
 ft^3 51251.70 68364.85 85091.27 102246.84 119063.98 121757.32 136768.02 151791.49 166846.54 182539.04 

Total quantity of RCC  ft^3 20672.01 25096.98 28861.74 32357.63 35500.15 36346.11 39108.92 41767.39 44366.11 46960.39 

Total quantity of 

handrails 
 ft 353.22 381.65 405.71 425.40 442.90 460.39 473.52 486.64 499.76 512.89 

Total area of house or 

building 
 ft^2 2017.32 2118.63 2187.65 2239.93 2285.69 2323.59 2358.17 2389.41 2419.61 2445.23 

Clarifier mechanism   1.33 1.78 2.12 2.40 2.64 2.65 2.82 2.99 3.14 3.28 

Blower   0.66 1.01 1.30 1.55 1.78 1.99 2.19 2.38 2.56 2.73 

Installation man-hour   224.06 293.35 346.89 448.12 487.49 489.06 574.54 602.89 628.08 653.28 

Crane requirement for 

installation 
  22.41 29.34 34.69 44.81 48.75 48.91 57.45 60.29 62.81 65.33 

Pumps   1.72 2.07 2.34 2.45 2.65 2.83 2.91 3.06 3.21 3.27 

Diffusers   14.67 29.33 44.00 58.67 73.33 88.00 102.67 117.33 129.56 144.22 

Swing arm diffuser 

headers 
  2.44 2.44 2.44 4.89 4.89 4.89 7.33 7.33 7.33 7.33 

Carrier media   19.33 38.65 57.98 77.30 96.63 115.95 135.28 154.60 173.93 193.25 

Air piping   755.14 901.33 999.63 1075.81 1138.88 1193.14 1241.03 1428.94 1633.07 1840.27 

Operation and 

maintenance material 

costs 

 ₹ (in lakh) 4.32 4.76 5.15 5.56 5.89 5.98 6.28 6.59 6.88 7.16 

Requirement of energy 

for operation 
 kwhr/year 61912.42 104585.80 147712.42 186447.56 229355.99 271957.17 310525.88 353305.48 396057.88 434580.39 

Requirement of 

operation & 

maintenance 

manpower 

 mh/year 3995.66 4371.09 4650.68 4894.30 5154.74 5279.58 5497.29 5708.54 5901.12 6081.64 
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Sensibility analysis for medium range WWTPs with MBBR: Co-efficients for item-wise unit costs 

BOD removal: Co-efficients for item-wise unit costs 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Item Unit Value Value Value Value Value Value Value Value Value Value 

Total earthwork 

required 
 ft^3 182539.04 319628.60 500469.30 673606.16 858182.71 1049189.47 1131017.54 1302030.40 1482594.14 1670735.02 

Total quantity of RCC  ft^3 46960.39 71262.17 103693.37 123636.36 143138.52 161863.79 201329.75 224711.58 243569.64 262558.58 

Total quantity of 

handrails 
 ft 512.89 774.95 1027.71 1113.52 1199.32 1272.00 1579.81 1646.65 1713.50 1774.51 

Total area of house or 

building 
 ft^2 2445.23 2646.60 2790.20 2908.30 3009.67 3099.93 3182.42 3259.35 3331.83 3401.05 

Clarifier mechanism   3.28 4.23 5.04 5.68 6.25 6.75 9.51 11.37 11.96 12.51 

Blower   2.73 4.18 5.37 6.42 7.36 8.06 8.86 9.63 10.35 11.05 

Installation man-hour   653.28 988.45 1360.28 1594.23 1926.68 2135.43 2736.75 3188.45 3468.50 3742.26 

Crane requirement for 

installation 
  65.33 98.85 136.03 159.42 192.67 213.54 273.67 318.85 346.85 374.23 

Pumps   3.27 4.18 4.86 5.41 6.13 6.56 7.14 8.18 9.37 10.45 

Diffusers   144.22 289.67 435.11 576.89 723.56 865.33 1012.00 1151.33 1298.00 1444.67 

Swing arm diffuser 

headers 
  7.33 14.67 24.44 29.33 39.11 44.00 51.33 58.67 66.00 73.33 

Carrier media   193.25 386.51 579.76 773.01 966.26 1159.52 1352.77 1546.02 1739.27 1932.53 

Air piping   1840.27 4037.92 6394.30 8860.04 11410.45 14030.41 16709.68 18691.54 20558.99 22387.05 

Operation and 

maintenance material 

costs 

₹ (in lakh) 7.16 9.81 12.77 14.70 16.62 18.38 22.48 25.28 27.00 28.69 

Requirement of energy 

for operation 

 

kwhr/year 
434580.39 849307.42 1264410.66 1679848.32 2095008.13 2509842.82 2924515.63 3339043.73 3753470.46 4167761.83 

Requirement of 

operation & 

maintenance 

manpower 

 mh/year 6081.64 7393.21 8877.36 10077.34 11253.78 12284.83 13267.17 14206.20 15129.52 15979.52 
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Sensibility analysis for large range WWTPs with MBBR: Co-efficients for item-wise unit costs 

BOD removal: Co-efficients for item-wise unit costs 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Item Unit Value Value Value Value Value Value Value Value Value Value Value 

Total earthwork 

required 
 ft^3 

1670735.0

2 

2050285.4

0 

2461422.7

5 

2569515.3

8 

2939069.6

3 

3295193.5

2 

3322812.2

7 

3678163.4

0 

4039606.5

8 
4415783.25 4779338.81 

Total quantity of rcc  ft^3 262558.58 298571.61 344776.95 405199.64 442072.93 501116.76 512950.36 547702.33 582099.52 627738.67 660546.59 

Total quantity of 

handrails 
 ft 1774.51 1890.71 2269.74 2377.18 2477.34 2863.66 2965.27 3049.39 3142.26 3534.41 3621.44 

Total area of house or 

building 
 ft^2 3401.05 3529.35 3648.82 3761.63 3867.71 3970.52 4067.71 4162.68 4255.49 4346.01 4436.73 

Clarifier mechanism   12.51 13.50 14.42 20.13 21.17 25.01 25.24 26.20 27.13 27.99 28.81 

Blower   11.05 12.83 14.12 16.04 17.25 18.41 21.57 22.71 24.97 26.09 27.18 

Installation man-hour   3742.26 4270.87 4897.99 6024.15 6673.32 7484.51 7800.09 8544.62 9005.07 9397.38 9894.49 

Crane requirement for 

installation 
  374.23 427.09 489.80 602.41 667.33 748.45 780.01 854.46 900.51 939.74 989.45 

Pumps   10.45 12.66 15.02 17.34 19.78 22.19 24.69 27.18 29.73 22.24 24.07 

Diffusers   1444.67 1730.67 2014.22 2307.56 2591.11 2884.44 3165.56 3458.89 3740.00 4033.33 4326.67 

Swing arm diffuser 

headers 
  73.33 88.00 107.56 117.33 136.89 146.67 158.89 183.33 195.56 205.33 220.00 

Carrier media   1932.53 2319.03 2705.54 3092.04 3478.55 3865.05 4251.56 4638.06 5024.57 5411.07 5797.58 

Air piping   22387.05 25942.68 29386.06 32736.16 36006.81 39208.44 42349.23 45435.74 48473.32 51466.43 54418.85 

Operation and 

maintenance material 

costs 

 ₹ (in lakh) 28.69 31.87 35.47 42.41 45.57 51.43 52.90 55.88 58.75 61.04 63.70 

Requirement of energy 

for operation 
 kwhr/year 4167761.8 4996504.5 5825368.5 6653924.0 7482318.2 8310484.5 9135978.6 9963726.3 

10791409.9

3 
11618856.36 12450439.42 

Requirement of 

operation & 

maintenance 

manpower 

 mh/year 15979.52 17560.62 19068.40 20463.93 21808.78 23074.02 23754.52 24896.02 26015.08 27067.49 27990.01 
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Sensibility analysis for small range WWTPs with SBR: Co-efficients for item-wise unit costs 

BOD removal: Co-efficients for item-wise unit costs 

    Capacity in mld 

    0.5 1 1.5 2 2.5 3 3.5 4 4.5 5 

Item Unit Value Value Value Value Value Value Value Value Value Value 

Total earthwork 

required 
 ft^3 31695.07 45700.54 59706.00 73720.87 87726.34 101731.80 115737.27 129752.14 143757.60 157763.07 

Total quantity of RCC  ft^3 11151.75 17004.34 22856.93 28709.51 34562.10 40414.68 46267.27 52119.86 57972.44 63825.03 

Total quantity of 

handrails 
 ft 308.10 477.86 647.62 817.39 987.15 1156.91 1326.68 1496.44 1666.20 1835.97 

Total area of house or 

building 
ft^2 1396.34 1520.78 1605.23 1670.85 1724.18 1770.85 1811.96 1849.80 1883.14 1914.25 

Blower   1.17 1.80 2.31 2.76 3.17 3.55 3.90 4.24 4.55 4.86 

Installation man-hour  MH 111.11 166.67 277.78 333.33 444.44 500.00 611.11 666.67 777.78 833.33 

Crane requirement for 

installation 
 hour 11.11 16.67 27.78 33.33 44.44 50.00 61.11 66.67 77.78 83.33 

Pumps   0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 

Diffusers   73.33 146.67 220.00 293.33 366.67 440.00 513.33 586.67 660.00 733.33 

Swing arm diffuser 

headers 
  4.89 7.33 12.22 14.67 19.56 22.00 26.89 29.33 34.22 36.67 

Decanters   353.22 706.44 1059.67 1412.89 1766.11 2119.33 2472.56 2825.78 3179.00 3532.22 

Air piping   958.97 1144.61 1358.08 1881.77 2423.45 2979.90 3548.95 4129.00 4718.85 5317.55 

Operation and 

maintenance material 

costs 

  ₹ (in lakh) 3.38 4.28 5.19 6.11 7.02 7.86 8.70 9.48 10.28 11.02 

Requirement of energy 

for operation 
 kwhr/year 87902.38 175801.56 263699.53 351596.72 439493.33 527389.48 615285.25 703180.68 791075.83 878970.72 

Requirement of 

operation & 

maintenance manpower 

 mh/year 1393.07 1748.76 2004.50 2211.57 2388.73 2545.26 2686.51 2815.89 2958.28 3104.31 
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Sensibility analysis for medium range WWTPs with SBR: Co-efficients for item-wise unit costs 

BOD removal: Co-efficients for item-wise unit costs 

    Capacity in mld 

    5 10 15 20 25 30 35 40 45 50 

Item Unit Value Value Value Value Value Value Value Value Value Value 

Total earthwork 

required 
 ft^3 157763.07 280167.90 455655.41 561229.81 680183.58 797581.55 914025.86 1024985.76 1141046.83 1256802.41 

Total quantity of RCC  ft^3 63825.03 114667.48 188592.26 233084.06 282604.49 331459.74 379882.23 426505.15 474712.01 522746.14 

Total quantity of 

handrails 
 ft 1835.97 3224.68 5318.08 6343.68 7625.13 8879.64 10116.18 11216.08 12441.19 13658.39 

Total area of house or 

building 
ft^2 1914.25 2003.20 2296.86 2250.13 2448.24 2469.35 2486.08 2589.61 2604.05 2729.93 

Blower   4.86 5.80 9.36 8.71 12.11 12.48 12.77 14.63 14.91 18.19 

Installation man-hour  MH 833.33 1666.67 5000.00 6666.67 12638.89 15111.11 17500.00 26888.89 30000.00 41888.89 

Crane requirement for 

installation 
 hour 83.33 166.67 500.00 666.67 1263.89 1511.11 1750.00 2688.89 3000.00 4188.89 

Pumps   0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 

Diffusers   733.33 1466.67 4400.00 5866.67 11002.44 13200.00 15400.00 23460.56 26400.00 36655.67 

Swing arm diffuser 

headers 
  36.67 73.33 220.00 293.33 556.11 664.89 770.00 1183.11 1320.00 1843.11 

Decanters   3532.22 7064.44 10596.67 14128.89 17661.11 21193.33 24725.56 28257.78 31790.00 35322.22 

Air piping   5317.55 7368.09 18025.69 16167.11 24050.83 25018.52 25765.07 30794.27 31570.00 38593.68 

Operation and 

maintenance material 

costs 

  ₹ (in lakh) 11.02 16.45 26.14 29.71 37.57 41.88 45.97 54.03 58.15 67.25 

Requirement of energy 

for operation 
 kwhr/year 878970.72 1171952.15 2636836.53 2343861.89 3766874.31 3955213.00 4101698.48 5113776.53 5273577.82 6760953.49 

Requirement of 

operation & 

maintenance manpower 

 mh/year 3104.31 3546.18 5217.29 4928.16 6211.37 6362.58 6477.88 7227.02 7338.73 8311.36 
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Sensibility analysis for large range WWTPs with SBR: Co-efficients for item-wise unit costs 

BOD removal:Co-efficients for item-wise unit costs 

    Capacity in mld 

    50 60 70 80 90 100 110 120 130 140 150 

Design parameter Unit Value Value Value Value Value Value Value Value Value Value Value 

Total earthwork 

required 
 ft^3 1256802.41 1486098.29 1717081.73 1948240.78 2179452.92 2412365.94 2646438.53 2878731.35 3114369.15 3347434.76 3584612.78 

Total quantity of 

RCC 
 ft^3 522746.14 618349.05 714048.11 810200.40 905773.74 1002424.88 1099430.52 1195152.26 1292576.35 1388440.19 1486272.10 

Total quantity of 

handrails 
 ft 13658.39 16002.75 18412.96 20764.92 23159.12 25516.73 27880.61 30263.19 32629.61 35006.53 37375.07 

Total area of 

house or building 
ft^2 2729.93 2814.64 2834.71 2909.35 3005.29 3066.60 3124.64 3200.52 3251.90 3263.07 3312.22 

Blower   18.19 22.11 22.59 25.64 28.20 29.93 33.30 35.67 37.28 37.66 39.23 

Installation man-

hour 
 MH 41888.89 60000.00 70000.00 93333.33 120111.11 150222.22 183666.67 220444.44 260666.67 280000.00 325000.00 

Crane requirement 

for installation 
 hour 4188.89 6000.00 7000.00 9333.33 12011.11 15022.22 18366.67 22044.44 26066.67 28000.00 32500.00 

Pumps   0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 0.58 

Diffusers   36655.67 52780.44 61578.00 82107.67 105557.22 131973.11 161272.22 193536.44 228721.78 246312.00 285904.67 

Swing arm diffuser 

headers 
  1843.11 2640.00 3080.00 4106.67 5284.89 6609.78 8081.33 9699.56 11469.33 12320.00 14300.00 

Decanters   35322.22 42386.67 49451.11 56515.56 63580.00 70644.44 77708.89 84773.33 91837.78 98902.22 105966.67 

Air piping   38593.68 43817.18 45124.68 50269.04 57227.03 62073.18 66837.79 73387.65 77955.25 79030.88 83564.56 

Operation and 

maintenance 

material costs 

₹ (in lakh)  67.25 80.79 89.43 104.09 119.77 136.02 153.05 170.99 189.56 199.41 218.98 

Requirement of 

energy for 

operation 

 kwhr/year 6760953.4 7910283.2 8203248.9 9375109.1 11005517.0 12169530.3 13335162.4 14969750.2 16130475.0 16406202.4 17578042.5 

Requirement of 

operation & 

maintenance 

manpower 

 mh/year 8311.36 8996.18 9163.22 9805.30 10639.82 11201.11 11738.91 12457.92 12946.77 13060.50 13534.35 
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