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Executive Summary   

Rapid and partially-planned/unplanned urbanisation over the last two decades has contributed to increasing 

pressures on public city infrastructure, especially in the developing world. Amongst other challenges that this 

urbanisation brings, urban water scarcity is an ever-growing challenge facing a majority of our cities. Effective 

recycling and efficient reuse of waste water is widely viewed as a sustainable solution towards enhanced urban 

water security. However, sludge management is increasingly becoming a crucial challenge towards ensuring 

100% water treatment and reuse. This challenge is accentuated in a large, dense and rapidly burgeoning city like 

Bangalore, India with the city`s water distribution and treatment infrastructure being pushed to its limits amidst 

great environmental and societal concern about the dilapidated state of the city`s lakes and rivers.  

This research project intends to address this aforementioned challenge through creating additional value streams 

(economic and non-economic) for all involved stakeholders, through smart and circular use of resources from 

treated waste water sludge, thereby promoting and incentivising growth and effective operation of waste water 

recycling and reutilisation. Economic, societal and environmental challenges of involved stakeholders are 

considered while presenting an overview of technological possibilities, optimised use-cases, related financial 

models and business models for resource revalorisation from sludge at municipal scale waste water plants in 

Bangalore. Amongst other technological possibilities, anaerobic digestion of sludge from waste water treatment 

is chosen with adequate reasoning as the base technology of choice for resource revalorisation. Therefore, the 

research question that this project answers to is ‘What anaerobic digester design configuration is most suited for 

resource recovery from sludge at municipal scale waste water treatment plants in Bangalore, India? What factors 

influence the feasibility?’ 

Theoretical methods and a numerical design and sizing tool from ‘HOST Bio-Energy Systems’, Enschede are 

used in combination for designing a system for bio-gas generation and utilization at 5 municipal plants operated 

by the BWSSB in Bangalore using locally sourced data. Single stage and Two-stage digestion are explored as 

the two possible design configurations at each of these plants. Additionally, 3 specifically designed bio-gas use 

case scenarios, through a combination of bio-gas upgrading and power generation are used to optimize and arrive 

at the best possible system design. A market study, based in Bangalore for bio-methane (upgraded bio-gas) and 

electricity along with capital costs for equipment and operational and maintenance costs decided together with 

‘HOST’ are the basis for subsequent financial calculations.  

An evaluation of the results of these economic calculations show that the choice of the waste water treatment 

plant, design configuration and bio-gas use case greatly determines the financial feasibility of the proposed 

system. Payback periods of the investment of under 6 years can be obtained in large plants (>20MLD influent), 

with single stage digestion and a smart combination of bio-gas use for power generation and upgrading for bio-

methane, while other use scenarios, design configurations at different plants result in lesser financially promising 

feasibilities, with pay back periods in the range of 7-15 years. Possible effects of changes in key design and 

market elements on this feasibility are analysed; with dry matter content present in sludge greatly influencing 

feasibility while sufficiently large enough fluctuations in the expected market prices for bio-methane and 

electricity can be accounted for/exploited with smart use, though they by themselves do not greatly affect the 

viability of the project.  

In addition to project being financially feasible, there are other values that this project creates for both existing 

and new stakeholders, which need to emphasised in order to boost the adoption of such a project in Bangalore. 

Socio-economic business models incorporating these societal and ecological benefits the project can offer can 

be used as a key tool. In addition, Stake-holder engagement strategies presented in this report can be used to 

boost the prospects of the adoption of the project in Bangalore.  
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1. Introduction     

1.1 Background         

1.1.1 Sustainability, Energy Transition and the Developing World    

Due to the enormous scale of impacts human processes and activities can have, many treat sustainable 

development as an abstract, unreal and unachievable concept blinded by the world we see around us, 

full of shocking images of polluted water bodies and plumes of black smoke from a nearby factory. 

This combined with other, seemingly more pressing factors especially in developing countries, such 

as the need for making food, clean water and energy accessible for all, brings about a hopelessness in 

many a minds about the idea of sustainability and sustainable development. (INFY, 2019) 

Nevertheless, a thorough understanding of how sustainability can be imbibed into our processes and 

the challenges it faces, is quite necessary in our current environment. While the idea behind the 

transformation towards greater sustainability is to make existing sociotechnical systems greener and 

more inclusive (Newig, Voβ, & Monstadt, 2007), there is a need to ask the questions of for whom; by 

whom? and why?, when it comes to bringing about the actual push for sustainability into a particular 

socio technical system or even across sectors (Scoones, Newell, & Leach, 2015). 

These questions acquire added importance in the developing world, where there exists a mix of 

properly and ill-functioning institutions. These ill-functioning institutions are what characterize a 

‘developing country’ in the context of bringing about sustainability. (Mejíaa, M-LF-Garciaa, & MJ-

Beckerb, 2018) (Grin, Rotmans, & Schot, 2010). Additionally, sustainability transitions scholars 

across the years have focused solely on the environmental sustainability of human activities, processes 

and systems, while their ‘socio-institutional’ sustainability is overlooked. (Romijn, Raven, & Visser, 

2010).  

Importantly, the sustainability transition of our energy system will largely determine the success of 

not just global sustainable development, but also to a specific challenge, a challenge on an 

unprecedented scale we as a global society face today; one of how to meet ever-increasing energy 

needs while reducing carbon emissions. In 2010, the energy supply sector was responsible for 

approximately 35% of total Green-House Gas (GHG) emissions. Annual GHG-emissions growth in 

the global energy supply sector accelerated from 1.7% per year from 1990–2000 to 3.1% per year from 

2000–2010. The number is expected to reach 4.5% in 2020. (IPCC, 2018) The main contributors to 

this trend were a higher energy demand associated with rapid economic growth and an increase of the 

share of coal in the global fuel mix  

Solar and Wind have emerged as energy sources with immense potential, with large scale deployment 

achieved in many parts of the world. However, there still remain problems to be solved. Modern needs 

demand an energy system that is reliable, widely available and affordable; throughout the day and 

throughout the year. This has brought into sources of energy that produce relatively clean power when 

the sun isn't shining and the wind isn't blowing into the spotlight. Additionally, several cities across 

the world are facing grid capacity shortage due to increases in energy demand within a concentrated 

area at a rate faster than the development of the power networks. This then acts as a bottleneck and 
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limits the power that can be brought into the cities from sources located farther away. The combination 

of these factors has meant that local generation of reliable and relatively clean power is highly valued.  

Further, energy and water are inextricably linked. Water is a vital resource in the development of 

energy resources and access to energy is a prerequisite for the provision of water services. It has been 

estimated that 15% of the world's total water consumption, around 4000 × 109 m3 (4000 billion cubic 

meters), is withdrawn for energy production. (Killingtveit, 2019) 

Energy, on the other hand is needed to extract, treat, and distribute water and to 

clean the used and polluted water. (Killingtveit, 2019) This so called energy-water nexus, is important 

to understand due to increasing energy demands and decreasing freshwater supplies in many regions. 

Owing to this close interrelationship, the design and operation of water and wastewater systems should 

take the energy aspect into consideration  

1.1.2 Water Security, Scarcity and Waste Water Treatment in India  

Water security in the new world is increasingly becoming an arduous challenge for most countries 

across the world today. Water security, is defined by the United Nations Water program as the 

“capacity of a population to safeguard sustainable access to adequate quantities of acceptable quality 

water for sustaining livelihoods, human well-being, and socio-economic development, for ensuring 

protection against water-borne pollution and water-related disasters, and for preserving ecosystems in 

a climate of peace and political stability.”  (Brusseau, Ramirez-Andreotta, L, & Maximillian, 2019)  

‘Clean water and sanitation’ comprises Goal 6 of the 17 Sustainable Development Goals (SDGs) 

proposed by the United Nations in 2015, highlighting the vital importance of achieving water security 

to economic and societal growth just as much to day to day life within countries.  

India is no different. Rapid agricultural growth, industrialization and urbanisation in the previous few 

decades have forced moderate to severe water shortages in most parts of the country. India being an 

economy in transition, is experiencing g large but haphazard and unplanned growth. This problem is 

exacerbated in its cities. On one hand there is a lack of urban water infrastructure amidst ever growing 

needs and on the other hand is the dwindling urban water resources with improper management of 

surface runoff and over exploitation of ground-water amongst the major causes. As of 2017, the 

country accounts for 2.45% of land area and 4% of fresh water resources of the world but represents 

17.85% of the world's population. Due to rapid urbanisation this population is being increasingly 

concentrated in Tier-1 and Tier-2 cities. The urban population in India has leaped from 25.8 million 

in 1900 to about 387 million in 2011, a 1500% growth. It is estimated that by 2050, more than 50 per 

cent of India’s population will live in Tier-1 and Tier-2 cities (Kamyotra & Bhardwaj, 2011) and thus 

the demand for urban infrastructure facilities is expected to rise sharply, posing a challenge to urban 

planners and policymakers. This challenge is made up of two self-perpetuating problems, shortage of 

fresh water and sewage overload within urban areas.   

The per capita average annual urban freshwater availability has been reducing since 1951 from 5177 

to 1869 m3 in 2001 and 1588 m3 in 2010. It is expected to further reduce to 1341 and 1140 m3 in 2025 

and 2050 respectively (Kaur, Wani, Singh, & Lal., 2014). Current and future urban fresh water demand 

can only be met by enhancing water use efficiency and smart water management. One of the key issues 

in urban water management is the reuse of locally produced wastewater (viz sewage and effluents) for 

drinking water supply or for industrial or agricultural purposes. As per Central Public Health and 

https://paperpile.com/c/yJHq7s/GhID
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Environmental Engineering Organisation (CPHEEO, 2016) estimates, about 70-80% of total water 

supplied for domestic use gets generated as wastewater. Treating such large proportions of waste water 

is a challenge but also an opportunity that can be viewed as a major step towards achieving urban 

water security and sustainability. 

1.2  Problem Identification and Research Aim   

With the city of Bangalore, (located in Karnataka, India with a population in excess of 12.3 million)  

facing water scarcity today and the problem expected to  grow in the future, waste water treatment is 

viewed by authorities and experts alike as a key part of the solution, (BWSSB, 2015), (Japan 

International Co-operation Agency(JICA), 2017) perpetually using the city`s water resources smartly, 

in the absence of new sources of water from elsewhere. This has led to the doubling of the city`s 

wastewater treatment capacity within the past decade and the growth is expected to continue as 

Bangalore aims to have 100% of its waste water treated. While this partly helps solving the fresh water 

scarcity problem, another problem arises; that of treated waste water sludge. In the absence of an 

economic incentive for the proper management and resource reutilization, it ends up getting dumped 

into the local water bodies and eventually into the rivers. Costs of drying and landfilling are mounting 

with space constraints within city limits and long transport distances to the landfill. Wastewater 

agriculture, while seemingly an option, doesn’t project itself as an alternative because of the lack of 

agriculture in the fringes of the burgeoning city and the lack of a regulated and established management 

structure.  

This project, thus focusses on possible resource extraction and reuse from waste water sludge, with 

the aim to provide additional revenue channels for waste water treatment plants, helping them better 

manage their treated sludge and thereby avoiding excessive pollution of water bodies in and around 

the city, benefitting inhabitants both in the city and in downstream areas.       

1.2.1 Primary research question 

What anaerobic digester design configuration is most suited for resource recovery from sludge at 

municipal scale waste water treatment plants in Bangalore, India? What factors influence the 

feasibility? 

1.2.2 Secondary/ Guiding research Questions (SRQ) 

1. What does the socio-technical system of a Wastewater treatment plant in India comprise of?  

(a) Who are the actors involved in the current and the proposed system and what are their interests, 

challenges and capacities to affect change in the system? 

(b) What value-streams can the proposed bio-gas digester provide to each of these actors? 

2. What is the optimised design of the sludge treatment process, at existing WWTPs in Bangalore 

considering local data and Context? 

3. What is the optimal use-case of the resources produced (Bio-gas, Bio methane, Electricity, CO2) 

to maximize revenues for the plant operator? 

4. What possible business models and engagement strategies can be adapted to ensure adoption and 

feasible operations of the proposed system?  
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1.3  Outline of the Thesis  

Table 1 Outline of the Thesis Report presents a brief outline of the contents of this thesis report.   

Table 1 Outline of the Thesis Report 

Number Chapter   Description 

1 Introduction This chapter presents the background behind the project, the 

problem the project aims to solve and the research question 

2 Research 

Methodology 

This chapter presents a brief overview of the structure of the 

research and the research methods used. 

3 Sludge 

Management : 

Processes and 

Circumstances  

This chapter presents details of the technological processes behind 

sludge management with a particular focus on circumstances and 

challenges in sludge management in Bangalore and a brief over 

view of the technological options process options available  

4 Waste Water 

System in 

Bangalore  

This chapter presents a detailed picture of the present water system in 

Bangalore and the challenges it faces, thereby also identifying and 

describing the problem that this project intends to address.  

5 System Design  This chapter presents a detailed iterative design of the resource 

recovery system from sludge for each of the 5 selected WWTPs 

with multiple use-cases and configurations  

6 Financial 

Analysis and 

Assessment  

This chapter presents the local market for the identified resources, 

and a comparative in depth financial feasibility study of the 

different identified scenarios and design configurations, together 

with a cash flow plan and a sensitivity analysis, 

7. Sustainable 

Business Models 

and Stakeholder 

Engagement 

This chapter presents the possible business model of the proposed 

technological solution and possible ways to boost its adoption in 

Bangalore through Stakeholder Engagement.   

 

8. Future Work This chapter presents the possibilities for future work as a 

continuation of this project towards the adoption of anaerobic 

digestion and subsequent resource and energy recovery from 

municipal waste sludge in Bangalore 
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2. Research Methodology 

This chapter presents a brief overview of the structure of the research and the research methods used. 

2.1 Research Design 

Principles of System Architecture form the platform upon which this research is built, with a twin-

pronged goal; Firstly, to assess the feasibility of resource recovery from sludge and second, to arrive 

at the most feasible potential option within the socio-technical boundary conditions. Principles from 

systems architecture, therefore are used to combine seemingly different research methods and design 

processes. A Flowchart in Figure 1 shows the framework of the research, working together with 

constant feedback from stakeholders, leading to a research design that is suitable for the twin pronged 

goal.  

As seen in (Peffers, 2007),  researches using this methodology don't have to always start from the first 

step, (as is usual in the conventional design process) but mostly go through all of the steps in a way or 

another at certain times during the project, moving outward from the point of entry of the research. 

The point of entry for this research was the perception of the possibility of using HoSt Bioenergy’s 

bio-gas digesters for efficient energy recovery and to help in resource recovery from sludge at 

wastewater treatment plants in India, following example cases of operational plants in the Netherlands.  

Further, the approach used in this project greatly focuses on iteration, evaluation and feedback cycle. 

This will also form the core of the project with multiple options, scenarios and technologies being 

looked at with subsequent reviewing, refining and retesting at each stage, before arriving at potentially 

the most feasible technological option for energy and resource recovery from sludge for a wastewater 

treatment plant in Bangalore.  

One other key area of importance for the project is its focus on user-centred design. Inputs from the 

end user through the course of the project through the regular involvement of CDD Society and 

BWSSB in the design process are critical in this aspect.  

Figure 1 Flowchart- Systems Architecture- Core Research Platform 
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2.1.1 Research Structure 

With a specific goal to understand and establish a comprehensive overview including existing practices 

and challenges in wastewater treatment, effective sludge management and anaerobic digestion, a 

scoping literature study was carried out with primarily academic sources. Subsequently, peripheral 

factors surrounding the project such as environmental degradation, irrigation and agriculture were 

explored, with a similar scoping literature study derived mainly from grey literature.  

Qualitative tools for managing emerging technologies, such as stakeholder analysis and value mapping 

have been used to understand the socio technical context surrounding waste water treatment 

specifically in Bangalore, using semi structured interviews and meetings with relevant stakeholders 

primarily during the field trip, and during the course of the project. Grey literature, including reports 

published by the stakeholders and governmental organisations is used to fill gaps in understanding.  

Through a validative combination of design and sizing methods from ‘HoSt’ and standard academic 

bio-gas digester design literature and using sludge specification data obtained from five municipal 

plants in Bangalore, the energy recovery system from sludge is optimally designed for each plant with 

multiple use-cases and configurations possible. An iterative approach is followed through the design 

process, with the goal being not just to objectively assess the feasibility, but also to arrive at the most 

feasible design configuration.    

A market study for key resources is performed taking into consideration factors like size, price, 

fluctuations, alternatives etc.  Three use case scenarios are generated for the use of the bio-gas 

produced from each of the plants. A comparative technical and financial study including a sensitivity 

analysis considering costs and associated revenues is then used for each of these scenarios at each of 

the plants thereby arriving at the most feasible design option.  

Principles of both classical and new business models are used to design the economic and business 

case for the integrated system, together with suggested strategies for stakeholder engagement. Finally, 

a critical objective assessment of the idea of energy generation and resource recovery from wastewater 

sludge is presented.  

2.2 Literature Study- Technological Possibilities and Feasibility.  

A scoping literature study focusing on new and established technologies in the fields of waste water 

treatment with a focus on effective sludge management was carried out in order to better understand 

and analyse the technological possibilities, thereby forming the base of the project. Academic literature 

obtained through a Google Scholar search for ‘Activated sludge waste water treatment’ and subsequent 

study of recent technology review journal articles was studied to obtain an understanding of the 

fundamentals of the treatment process and sludge production.  Reports sourced from reputed waste 

water treatment technology providing firms like SUEZ, Veolia and GE water and grey literature 

including recent conference proceedings and student theses are used to understand advances in 

activated sludge method of waste water treatment. They together bring in the technological constraints 

a waste water plant functions and a deeper understanding of sludge production in the process. 

Characteristics of the sludge are better understood through a comparison of data acquired from the 

waste water plant and corresponding expected data obtained from published case studies of similarly 

sized waste water treatment plants. (Sections 3.1 and 3.2) 
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Additionally, an explorative academic technology review study together with examples of case studies 

of existing ‘resource from sludge’ technologies is used to explore the theoretically possible options 

available for energy and resource recovery from sludge; The search, is subsequently narrowed down 

to ‘anaerobic digestion of waste water sludge’ with reasoning. To better understand the process of 

anaerobic digestion, a study of scientific theoretical textbook sections with a sharp focus on digestion 

involving sewage sludge is undertaken, leading to a comprehension of the types of digestion and 

options available to the project. (Sections 3.3 to 3.7)  

Further, insights from existing non-academic literature (a published conference proceeding focussing 

on bio-gas upgrading obtained through a web search for ‘advances in bio-gas upgrading’, and 

information from websites of technology providers such as HoSt) are used to obtain clarity on both 

the technical and economic feasibilities of niche technologies such as bio-methane production through 

upgrading of bio-gas and the production of CO2. (Sections 3.8 and 3.9) 

2.3 Understanding the Socio-Technical system in Bangalore. 

2.3.1 Stakeholder Mapping. 

A municipal wastewater treatment plant by itself is multi-sectoral, with multiple values being created 

for the society through an interlinked combination of several organisations, governments, beneficiaries 

while it being an important part of the urban water system. Analysing the potential of energy and 

resource recovery in such a multi-sectoral environment incorporating various technological 

innovations makes the object of this project a ‘multi-sector’ innovation. This is especially true because 

of the relevance of a wide range of organisations or ‘Stakeholders’ influencing the success of the 

innovation.  

While the scope and impact of multi-sector innovations is irrefutable, the most efficient business 

development approach remains unclear making it a challenge for a business-to-business technology 

development firm (in the case of this project, HoSt Bio-energy systems) to understand the dynamics 

of stakeholder influences that shape the potential opportunity. (Bunn, Savage, & Holloway, 2002) A 

detailed stakeholder analysis is hence an essential first step to factor-in the importance and nature of 

various stakeholder groups and their impact on market development.   

A detailed Stakeholder Mapping, backed by semi structured interviews and meetings with relevant 

stakeholders and experts is used to explore the intricacies of the current system in Bangalore. 

Interviews and meetings with HoSt, Project Managers from CDD society, engineer and manager from 

BWSSB, professor from University of Agricultural Sciences, Bangalore and other local businesses 

form key sources of understanding behind the presented stakeholder analysis along with insights and 

iterative feedback on the stages of the project. These interviews were primarily held in the visit to 

Bangalore in Jan 2020. 

While keeping a strong focus on resource extraction from waste water sludge, stakeholder mapping is 

used to understand the broader system of water management in Bangalore. Key Strengths and 

challenges of these stakeholders in the current system and how they will possibly be impacted with 

the adaption of this project is detailed through this stakeholder mapping, in addition to identifying the 

most influential stakeholders through an impact v/s interest analysis.       
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2.3.2 Value Mapping 

Value mapping is used in this project, as an extension of the stakeholder mapping with the aim to 

integrate the three dimensions of sustainability – social, environmental, and economic – in a manner 

that generates shared value creation for all stakeholders including the environment and society, in a 

complex system involving multiple stakeholders, the value of the project for each different stakeholder 

is perceived differently. This difference in perception of value of the project is primarily because each 

of the stakeholder groups have their own sets of challenges and pressures which is understood through 

the aforementioned stake holder mapping.  

By identifying values captured, missed and destroyed by the current system for each stakeholder and 

by identifying new value opportunities that the project can potentially offer, value mapping in this 

project helps analyse and assess what is needed and what isn’t in the given context.  Thereby, helping 

build the design boundaries for the project as per what has been identified as being of value, avoiding 

wasteful steps or processes. Additionally, with the help of certain guiding questions a value map of 

the system is created which can be used as a key tool in stakeholder engagement.  

A Value mapping tool proposed in (N.M.P. Bocken, 2015) is used to analyse and map the existing 

water system in Bangalore specifically in the context of this project.   

This exercise in value mapping helps the project in the following manners, apart from listing down the 

values already captured and/or destroyed by the existing system for each individual stakeholder and 

subsequently listing out opportunities for value creation.   

1. Understanding the positive and negative aspects of each value in the existing network of 

stakeholders 

2. Identifying conflicting values within the system if any (i.e. where one stakeholder benefit 

creates a negative for another stakeholder). 

3. Identifying potential opportunities for sustainable business model design based on qualitative 

value judgments. 

2.4 System Design, Sizing and Economic Feasibility Assessment 

2.4.1 Design and Sizing Theoretical Calculations     

As a continuation of the technological literature review mentioned in Section 2.2, Bio-gas digester 

design and sizing methods were studied from standard scientific textbooks with a goal to use it used 

as an initial step to process the sludge data obtained from the waste water treatment plants. This study 

and subsequent calculations contributed to the project through three benefits, Firstly, it helped 

understand the process governing the design of a bio-gas digester and secondary components, Second, 

it was used to analyse initial feasibility, helping tighten the design boundaries by ruling out plants with 

unsuitable capacities and sludge characteristics. Lastly, this study of theoretical design and sizing 

methods acted as a validation for results that were obtained through the subsequent use of the HoSt 

design and sizing tool. (Section 5.2) 
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2.4.2 HoSt Bio-gas design and Sizing Tool 

A proprietary Excel tool, which is designed and used by HoSt (Host BioEnergy Systems , 2020) for 

conceptual design and sizing of bio-gas digesters is used within this project with the support of 

expertise from HoSt to size the system for each of the selected plants appropriately.  

It is a comprehensive design tool, where technological components and design parameters can be 

optimised to have the multiple configurations and resource use case scenarios which can then be used 

to arrive at key conclusions about the system’s feasibility. It uses data which is based upon ‘HoSt’s’ 

previous experiences with design and operation of plants in the Netherlands and in India. The plant 

specific inputs needed for use of the tool are quantity of primary and secondary sludge produced per 

year, dry matter content in both the sludge, organic matter content in both the sludge and average 

temperature of the input stream. This input empirical data used, is obtained through granted access to 

data through BWSSB portals based on measurements carried out by the BWSSB from 2017 to 2019 

(Varies from plant to plant). The scale of the numbers obtained from BWSSB are cross-verified before 

use, with numbers expected from a typical activated sludge WWTP of similar capacity through 

literature as mentioned in the previous section(2.4.1).  

Design decisions are choices of digester configuration and multiple resource use case scenarios 

whereby its further helps in the calculation of design systems in different use cases at the same plant 

and to analyse the possibilities associated with two stage digestion compared to a single stage digester. 

(Section 5.3). Additionally, the tool is also used to design and size the bio-gas upgrading equipment 

which converts the bio-gas into natural gas grid injectable quality of bio-methane, as per HoSt 

specifications in relevant use-cases. (Section 5.4) 

Outputs of the model thus, include size of the bio digesters, conversion efficiencies, recommended 

detention periods and specifics of resource use equipment such as the CHP engine and/or the bio-gas 

upgrading equipment.      

Results obtained through the tool are also cross validated through results obtained through theoretical 

calculations as detailed in Section 2.4.1 and analysed for key determining factors of final design and 

feasibility through a sensitivity analysis as presented in Section 6.6.  

2.4.3 Financial Analysis   

A Financial analysis of the costs and revenues proposed system in each of the uses cases and each of 

the plants gives the clear numerical picture of the actual costs and profits involved helping the decision 

process.  

Capital costs and operational and maintenance costs for each equipment are obtained primarily from 

‘HoSt’. They are cross verified for scale with prevailing market rates before use, of such equipment in 

the Indian context through a continuation of the literature study as mentioned in Section 2.2. A market 

study based on empirical data obtained from variedly sourced literature specific to Bangalore 

(Published rate cards for resources, newspaper articles and market projections by external 

organisations) and interviews and meetings with the BWSSB is used to account for the revenues 

possible from each use-case, configuration and plants.  
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Cash flows and pay back periods rates are also calculated for each design configuration and use-case 

scenario helping in quantification of economic feasibility and easing decision making regarding 

selection of plant, configuration and technology.   

Subsequently, a sensitivity analysis (Section 6.4) helps analyse key parameters influencing economic 

feasibility and how changes to these key parameters could affect it. A comparative analysis and 

assessment(Section 6.5) of  the financial viability of different design configurations and resource use 

case scenarios at each of the chosen waste water treatment plants helps provide a comprehensive 

outlook into the economic circumstances governing the possible adoption of this project.  

2.5 Business Models and Stakeholder Engagement  

As a logical extension of the aforementioned stakeholder analysis, an ‘Influence vs Interest’ map is 

used to depict the relative importance of each stakeholder to the successful adoption of the project in 

Bangalore. Further, in accordance with stakeholder engagement literature, engagement strategies for 

each stakeholder are formulated. This acts as an apt pre-cursor to business model development. 

Together with a technical study and a financial plan, a business model is used to present all the key 

learnings, in order to manage the business behind the proposed technology smoothly and profitably. 

A Business Model Canvas, which in essence is a management template for strategizing approaches 

and developing and documenting business models is presented to help understand the proposed 

business model in a structured and organised way. It assists in aligning the project`s activities most 

suited to successful adoption by describing potential trade-offs. A Traditional business model canvas 

with the “nine building blocks” as we know first used in 2004 in (Osterwalder, 2004)  The tool 

described in (Osterwalder, Pigneur, & Clark, 2010) and in (Osterwalder, 2004) is used in this research 

to present concepts including the finances behind the adoption of the project in Bangalore answering 

questions like, what problem is it solving and for whom?; how does it create customer value?; how 

does the business get to the customers?; how does it remain competitive?; and all revenue and costs 

than can be anticipated. 

While businesses around the world are increasingly employing sustainable practices, aiming to 

improve environmental and social responsibilities while remaining profitable, the traditional business 

model despite all its unique benefits, acts as the major constraint impeding progress in sustainability. 

(Upward & Jones, 2015). These key values of this project that are missed by the classical business 

model are captured with the help of a flourishing business model canvas, which  in essence is an 

extension of the traditional business model developed by Flourishing Enterprise Innovation, Canada 

as described in (Upward & Jones, 2015) and (Fath-Kolmes, 2018). This flourishing business model 

canvas is used in this project to methodologically represent the economic social and environmental 

values linking them to people, outcomes, values and processes. Value creation through this project is 

thus no longer purely monetary and it helps measure the social and ecological benefits the project can 

offer.    
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3. Sludge Management : Processes and Circumstances  

This chapter presents details of the technological processes behind sludge management with a 

particular focus on circumstances and challenges in sludge management in Bangalore and a brief 

over view of the technological options process options available  

3.1 Activated Sludge Wastewater Treatment Process 

The activated sludge process is the predominant type of wastewater treatment process worldwide 

especially in colder climates, for treating sewage suitably by using a combination of aeration and a 

bio-chemical floc composed of bacteria and protozoa. It is the treatment system of choice for municipal 

scale plants in Bangalore as in the Netherlands. All the five plants that have been shortlisted for the 

project use the Activated Sludge Wastewater Treatment process.  

The process makes use of aerobic microorganisms that can digest organic matter in sewage. These 

microorganisms clump together (by flocculation) as they digest the organic matter. The process 

thereby produces a liquid effluent that is relatively free from suspended solids and organic material, 

and flocculated particles that will readily settle out and can be removed (National Smaill flows 

Cleaning House, 2003) 

The Activated Sludge Process follows an initial primary treatment involving mechanical filters for 

objects, silt, sand and a sedimentation process where most of the organic matter within the sludge is 

collected. This is known as ‘Primary Sludge’.  The typical ordering of processes using activated sludge 

includes the following steps: Firstly, an aeration tank where air (or oxygen) is injected into the influent. 

A settling tank (usually referred to as "final clarifier" or "secondary settling tank") follows as the next 

step which allows the biological flocs (the sludge blanket) to settle, thereby isolating the biological 

sludge from the clear treated water. Figure 2 is a schematic description of the above process. 

Activated sludge is the name given to the active biological material produced by activated sludge 

plants. Excess sludge is called "surplus activated sludge" or "waste activated sludge" and is removed 

Figure 2 Schematic Diagram explaining the Activated Sludge Process (Britannica Encyclopedia , 2020) 
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from the treatment process to keep the ratio of biomass to food supplied in the wastewater in balance. 

This sludge is the ‘secondary sludge’. 

3.2 Characteristics of Sewage Sludge. 

Treatment plants using the Activated Sludge process thus produce the above mentioned two types of 

sludge. This project looks into energy and resource recovery from both these types of sludge. 

Typically, primary sludge consists of the material which settles out of wastewater in the primary 

sedimentation tanks, after the screen and the grit chamber. Primary sludge can be thickened, digested 

and mechanically dewatered much easier alone than secondary sludge. (Britannica Encyclopedia , 

2020) Primary sludge treatments are typically aimed at energy recovery and cost-effective transport 

and efficient incineration. Primary sewage sludge contains substantial quantities of easy settling 

organic matter (which is how it is produced). 

Secondary sludge, poorer in pollutants than primary sludge is, in fact, much more rich in nitrogen and 

phosphorus with consequent better utility for crops which need lesser amount of sludge for balancing 

nutrients requirement. Separate treatment of secondary sludge can be impaired by its poor 

characteristics in terms of biodegradability and thicken ability thus requiring some pre-treatments 

(ultrasound or ozone) with the aim to increase anaerobic digestion performance (bio-gas production 

for electric energy use), improving at the same time the quality in term of organic contaminants and 

pathogens destruction and nutrient conservation and/or recovery. (IRSA ; NEERI, 2011) 

The amount of sewage sludge produced from the activated sludge process is directly proportional to 

the amount of wastewater treated. The total sludge production consists of the sum of primary sludge 

from the primary sedimentation tanks as well as waste activated sludge from the bioreactors. The 

activated sludge process produces about 70–100 kg/ML of waste activated sludge (that is kg of dry 

solids produced per ML of wastewater treated; one mega litre (ML) is 103 m3). A value of 80 kg/ML 

is regarded as being typical. In addition, about 110–170 kg/ML of primary sludge is produced in the 

primary sedimentation tanks. (Eddy, 2003) 

3.3 Sludge Management 

The effective management of sludge from wastewater treatment plants in an economically and 

environmentally acceptable manner is a matter of prime importance in today’s system primarily due 

to the very fast increase in sludge production fuelled by the increase in fraction of wastewater being 

treated. This together with challenges in adhering to stronger legislation on waste management across 

countries (such as the Directive 1999/31 for landfilling and Directive 2000/76 for incineration in the 

European Union) aggravates the problem.  

Additionally, the use of sewage sludge in agriculture is also treated with scepticism with evident health 

hazards to both the farmer and the end consumer if not managed properly. Additional Challenges to 

effective sludge management are caused by dynamic variations in organic and hydraulic load to the 

WWTP due to seasonal variations and to new connections to sewerage system. Moreover, challenges 

in sludge management may have a knock-on negative effect on the water system.  
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3.4 Options for Energy Recovery from Sludge 

Advances in technology, along with Waste Water Treatment Plants (WWTPs) typically being located 

with sub-urban limits has meant that they can be viewed as potential sources of locally generated, 

reliable and clean energy. The sludge, leftover after wastewater is treated, has high organic fractions 

and can be used for energy recovery. This recovered energy can be suitably stored locally and used 

when demanded by the needs of the local urban energy system   

While traditional methods of energy recovery from sludge involve combustion of pre-dried sludge, 

more clean and efficient technologies now exist.  Anaerobic digestion, combustion, pyrolysis and 

gasification represent commercially viable organic matter to energy conversion processes. Most of 

these energy recovery technologies are not new as they have been developed commercially for other 

fuel types, however differences in the physical and chemical properties of sludge presents unique 

technical challenges which influences the energy recovery process and reactions. This is particularly 

relevant to thermochemical processes used for solid fuels such as coal and biomass with lower 

moisture, nitrogen and heavy metal content than the typical sewage sludge.  

This research project primarily focuses on anaerobic digestion to produce bio-gas as the technology 

of choice. ( Oladejo, Shi, Luo, & Yang, 2018) presents a detailed techno-economic review of the 

advancements in and the suitability of all the above mentioned technologies in the context of energy 

recovery from sewage sludge.  Combustion, pyrolysis and gasification offer higher reaction 

efficiencies, shorter reaction times and lesser adverse impact of the leftovers (in these cases, ash) on 

the environment when compared to anaerobic digestion. However these technologies also require 

energy-intensive drying, expensive emission control, ash disposal or reuse strategies, and further 

downstream gas treatment for pollutant mitigation with the high amounts of energy required for initial 

drying being the major drawback. These drawbacks increase the complexities, investment costs and 

reduce the energy conversion efficiency of these technologies. Anaerobic digestion on the other hand 

has long reaction times which could be more than 60 days in some conditions, poor efficiency 

especially in smaller digesters and still needs formulation of cost-effective and efficient ways of 

disposal of the digestate. 

3.5 Anaerobic Digestion of  wastewater sludge 

Anaerobic digestion however, still remains the most promising of these listed technologies for energy 

recovery from sewage sludge due to its low capital costs, lack of drying requirements and simpler 

emission management in addition to the added value of bio-gas production. The scale of available 

energy from wastewater sludge worldwide (with a special focus on Turkey) and the potential impacts 

on the environment are presented in (Berkatay & Nas, 2007). This journal article is an early publication 

primarily focussing on the scale of impact through large-scale use of anaerobic digestion of sewage 

sludge. Though technological improvements over the years can`t be ignored, it acts as a useful 

indicator of the sheer scale of potential impacts if adopted widely. 

(Chua, Cheah, Tan, & Leong, 2013) studies the potential amount of bio-gas generation and the effects 

of variation in digester temperature on bio-gas generation with the help of a simulations in a lab scale 

reactor. The paper also identifies the drastic benefits of mixing food waste in the ratio of 30:70 to the 



 

 

14 

 

Sukrit Aravind Patil (1506862) | Thesis report-Graduation Report | MSc Sustainable Energy Technology  

wastewater sludge in the reactor with almost 400% improvement in the quantity of bio-gas (ml/kg) 

produced.  

(Shen, Linvelle, Urgun-Demirtas, Mintz, & Synder, 2015) identifies barriers, gaps, and challenges in 

deploying anaerobic digesters at WWTPs in the USA.  Issues are classified as economic, technical, 

social or regulatory issues. Additionally, important challenges to the economics of digester operations 

alongside a WWTP are listed and include the slow rate of bio-gas generation, the low energy content 

of the bio-gas, and the costs to upgrade the bio-gas to natural gas. 

(Arthur & Hammond, 2010) present the possibility of constructing a bio-gas plant at the KNUST 

sewage treatment plant in Ghana. It is of value to this research because of the specificity of looking at 

a single plant and for bringing in the social barriers in the developing world. Detailed technical design 

of the digester and energy calculations are presented.  

An assessment based on the Environment-Energy-Economics Nexus is presented for bio-gas 

production and subsequent methane capture for the case of a sewage treatment plant in  Xiangyang 

city, China (Fu, Zhong, Jagannathan, & Fang, 2017) It is of value to this research because of the 

similarities in challenges faced by Xiangyang and Bangalore and for bringing in a comprehensive 

approach considering the economics and environmental impacts. Key challenges and risks for such a 

plant are listed, a detailed technical model of the system is presented.  Potential uses of the digestate 

in such a society are identified and ownership and contractual models are presented. The flowchart of 

different components of the sludge along the process is presented.  

As detailed in the IEA-Bioenergy`s Outlook (IEA Bioenergy, 2015) on sustainable practices and 

technologies focussing on efficiency of bio-gas production and utilization the concept of seeing 

wastewater as a resource of nutrients, energy and clean water, rather than a waste product has emerged. 

The outlook also details how this ‘focus on sewage sludge as an energy and nutrient resource’  will 

lead to a shift in the orientation of a WWTP from primarily a supplier of recycled water to that of an 

energy and key resource producer with clean water as a secondary product.  (Makiksha & Semenova, 

2018) in their published conference proceedings also second this argument while listing the rising 

profitability of resource recovery and conducive regulatory frameworks in several countries listed as 

the key drivers. 

A methodology to analyse different use cases of the bio-gas produced from wastewater sludge is 

presented in (Kiselev, et al., 2019). Multiple uses cases of the bio-gas including bio-gas combustion 

to produce heat and electricity, only electricity, injection into the natural gas grid and use as a transport 

fuel in the context of a newly operational plant in Ekaterinburg, Russia is also presented. The 

methodology can be used for the purposes of this research to evaluate different use-cases of the 

produced bio-gas. 

In most new plants, sludge digestion takes place in two tanks. The first or primary digester is mixed 

and sometimes the feed sludge is preheated and rapid digestion takes place along with most of the gas 

production.   

3.6 Types of Digestion: Mesophilic and Thermophilic 

Anaerobic digesters (not necessarily with sewage sludge) are usually operated in mesophilic (35°C) 

or thermophilic (55-60°C) conditions. Mesophilic anaerobic digestion is however the more adapted 

https://paperpile.com/c/yJHq7s/rQRS
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technology worldwide thanks to lower specific energy requirements (primarily because of the absence 

or minimal presence of external heating; depending on location specific ambient conditions) and due 

to higher stability  of  the  process. However, the efficiencies of conversion of the organic matter 

present is typically low in mesophilic digestion.  Therefore, the digestate is not suited for ready use in 

agriculture due to residual presence of pathogens. (Braguglia Camila, Agata, Gianco Andrea, Mascolo 

Giuseppe, & Mininni Giuseppe, 2014) 

On the other hand, Thermophilic digestion, which is at a much higher temperature of about 55 °C 

compared to a conventional, mesophilic digestion process, is more efficient in terms of organic matter 

removal, subsequent methane production and hygienization with a much greater fraction of the 

pathogens removed. More heat is however used for process needs to heat the sludge to the predefined 

temperature, but this leads to an increased bio-gas production. 

3.7 Key Characteristics of HoSt Digesters. 

With a twin pronged aim, firstly to reduce the leftover sludge amount and to increase the bio-gas 

output, HoSt in its plants in the Netherlands uses a combination of the aforementioned technologies. 

A combination of a thermophilic digester and a mesophilic after-digester increases the conversion by 

about 25% which is the design case with a two stage digester configuration presented in Chapter 5.  

Furthermore, Thermal Pressure Hydrolysis is typically implemented as a pre-step before the first stage 

of anaerobic digestion.  This helps in achieving a further increased bio-gas production by 15%, a 

reduction of sludge, and an improved dewater ability. (HoSt Bio Energy Systems, 2020). A patented 

heat recovery system designed by HoSt ensures that there is a positive energy balance. 

A Thermal Pressure Hydrolysis (TPH) system is used to improve the biodegradability of organic 

material in the sludge. By using thermal pressure hydrolysis, organic structures that are normally hard 

to convert through the use of bacteria, such as cells in sludge can be converted efficiently. This 

breakdown step before digestion makes the organic matter more available for the bacteria within the 

digester. Because of TPH, the organic material conversion rate is improved leading to increased bio-

gas production. Additionally, the TPH process leads to a reduction of the sludge and an improved 

dewater ability, which leads to considerably lesser sludge management costs at a WWTP 

Additionally, the sludge at the WWTP contains valuable raw materials that can be recovered and re-

used. One of this materials is Struvite, which can be used in agriculture as a fertilizer for example. 

Section 8.2 presents an insight on the other resource recovery possibilities.  

3.8 Bio-gas Upgrading  

The bio-gas generated from anaerobic digestion of waste water sludge consists of approximately 55%–

65% of methane (CH4) and 35%–45% Carbon Dioxide (CO2). Alongside CH4 and CO2, which are the 

main components, bio-gas typically contains other gasses in small percentages. (e.g., H2S, water 

vapour, etc.). The calorific value of the bio-gas, thus is then mainly dependent on the percentage of 

CH4 content. CO2 although is inert, is not desired as it lowers the calorific value of the fuel as a whole. 

Bio-gas in this form is a suitable replacement for cooking fuel at best. In order to use bio-gas as a 

vehicle fuel or to add it to the natural gas grid, it needs to be valorised; by increasing its methane 

content and removing potential contaminants. This specific need has led to the development of several 
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technologies aiming treating of bio-gas to achieve specific composition. (Angelidaki, XieGang, & et 

al, 2019)  

In India, the input gas content for natural gas grid are mandated needing a minimum of 97% by volume 

content of methane. This thereby sets the benchmark for bio-gas upgrading. Multiple different 

technologies for bio-gas upgrading have been developed to date. They can be broadly classified into 

physiochemical methods and biological methods.  

Methods based on physicochemical removal of CO2 are more mature technologies and more 

commonly used. These physicochemical processes include physical absorption (water scrubbing, 

organic solvent scrubbing), chemical absorption, adsorption and pressure swing adsorption, cryogenic 

separation, membrane technology, and chemical hydrogenation processes. Some of them are currently 

commercially available. (Angelidaki, Treu, & et al, 2018)  

Different methods for biological bio-gas upgrading based on the chemoautotrophic or autotrophic 

microorganisms and microbial electrochemical technologies (METs) have also emerged due to 

advances in biotechnology and the potential to combine biological processes by including anaerobic 

digestion. It is of note that photosynthetic upgrading is currently under validation at semi-industrial 

scale in the context of wastewater and urban solid waste treatment within the European Commission 

projects INCOVER and URBIOFIN.  While these are emerging and promising technologies, upscaling 

of the process needs to be tested for commercialization; the energy efficiency is still low that results 

in the economic limitation. (Angelidaki, XieGang, & et al, 2019).  

3.8.1 Bio-gas Upgrading from ‘Bright Biomethane’ 

HoSt through its divested company, ‘Bright Biomethane’ provides bio-gas upgrading together with its 

digesters when needed for all process steps from engineering to commissioning and final acceptance, 

with previous experience of having worked with the Indian regulations (mandated 97% methane 

content as mentioned previously). The technology being used is a three stage variation the previously 

mentioned membrane technology. This method is used as the standard for all design calculations in 

this project.    

The bio-gas is cooled and dehumidified as it enters the system. The cooled gas is transported to the 

active carbon filters, where Volatile Organic Compounds (VOCs) and H2S are removed from the gas 

stream. It is then compressed to around 12-16 bar as needed by the membrane system. The membrane 

surface has a higher selectivity for CO2 than methane. Stage 1 of this membrane system separates the 

gas into a methane rich gas and a CO2 rich gas. The methane rich gas is fed into the second stage where 

it is purified to get the desired (97%) methane concentration. The CO2 rich gas is transported to the 

third stage to recover as much of the methane as possible. The pure CO2 obtained then optionally 

liquefied and the permeate of Stage 2 and 3 are recycled to achieve high efficiency of bio methane 

production.  The gas is then ready to be injected into the natural gas grid after the injection of a 

Tetrahydrothiophene (THT) gas giving the gas a typical pungent odour. (Bright Biomethane, 2020)
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4. Waste Water System in Bangalore  

This chapter presents a detailed picture of the present water system in Bangalore and the challenges it faces, 

thereby also identifying and describing the problem that this project intends to address.  

4.1 Bangalore and its present day Water Situation 

Bangalore (also called Bengaluru) is a mega-city with an area of 800 sq.km in the southern Indian state 

of Karnataka with a rapidly growing economy fuelled by growth in the light industrial and service 

sectors. During the past 20 years, it has emerged as the IT hub of India, with it also widely regarded 

as the Silicon Valley of Asia. The population of the city doubled in the first decade of this century 

(from 4.2 million in 2001 to 8.4 million in 2011). A 2019 revision of the United Nations World 

Urbanisation Prospects (Prospects, 2019) pegs the current population in excess of 12.3 million. As can 

be seen in Figure 3, this high annual growth rate is expected to continue for the next 15 years at least, 

with the 2035 population nearing 20 million. (MacroTrends, 2020), though a part of this increase has 

come from expanding Bangalore’s boundaries to include neighbouring towns which have now become 

the suburbs. The attraction of jobs in this booming economy has driven unprecedented immigration 

into the city.  

 

Figure 3 Historic and Predicted Population in Bangalore over the years 1950 to 2034. Source (MacroTrends, 2020) 

The city previously used to be self-reliant on water with water sources within the region. Collected 

Rainwater was harvested using a network of natural and man-made lakes. With rapid unplanned 

urbanisation, these lakes and water bodies have disappeared over time. According to the (Gazetteer, 

Government of Karnataka, 1990), there were 260 lakes and 170 tanks till 1970 which had been reduced 

to a total of 264 in 1990s with just a few utilizable lakes and tanks left today, in 2020 

The consequent growing water demand of the ever growing population, however has been met by 

increasing water imports from the Kaveri river, and increased groundwater extraction. This river + 

groundwater strategy for water supply has more than its fair share of problems. The city has now 

become dependent on river Kaveri, with more than 70% of the water sourced from it. (Grönwall, 2008) 

The River is located at a distance of 100 kms from Bangalore and 500 m below its average altitude 

making it energy intensive to pump in water from the river, adding greatly to the costs of fresh water. 
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Moreover the river is surrounded with a number of water-sharing disputes with neighbouring states, 

adding to the water stress especially in the summer months. On the Groundwater front, with about 570 

MLD(Million litres per day) extracted from an estimated 150 thousand ground water abstraction 

structures (AusAID, 2011), the limits of sustainable utilization have long been exceeded. This 

excessive utilization and mounting reliance on groundwater has led to its exploitation.  This 

exploitation has reached a level where it is unsustainable even in the short run, with water use being 

estimated by the (Central Ground Water Board, 2011) as 142% of average annual replenishment with 

some areas especially in North Bangalore, which have seen rapid and large scale construction already 

being classified as “Over exploited regions in terms of underground water table”.        

Hence present day Bangalore stands at a disadvantage both in terms of Surface water and Groundwater, 

at a time when the population and the consequent water demand is burgeoning. There is an ever 

widening gap between water supply and demand. This gap can be seen with the following 

quantification. The Centre for Planning, Health and Environmental Engineering Organisation 

(CPHEEO) after studying the changing urban Indian lifestyle revised its estimates for Ideal water 

demand in 2012 to 150 LPCD (Litres per capita per day) for cities with a population in excess of 10 

million. As shown in Figure 4(a) the amount of water supplied per capita has been decreasing 

constantly through the years and is much below the CPHEEO norm in 2015. Figure 4(b) shows the 

growing gap (deficit) between water demand and the water supplied over the years with a deficit in 

excess of 200 MLD in 2015.  

 

All the above scenarios put together present a bleak water security picture for Bangalore in the near 

future. This puts additional pressure on the wastewater treatment system in the city, to not just act as 

a medium for cleaning water for discharge into surface water bodies, but to provide for this growing 
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deficit in water supply. The Bengaluru Water Supply and Sewerage Board (BWSSB), an independent 

governmental utility is in charge of both of these sectors. In fact, it sees waste water treatment as one 

of “Bangalore’s Three Water taps” (BWSSB, 2015) and hence the city's wastewater system forms a 

core part of its water security today and will be more so in the future. Figure 5 is a schematic of the 

present day water supply and waste water handling system in Bangalore. The other two ‘water taps’ 

for the city are pumped in water from surface water resources, outside the city's boundaries(primarily 

river Kaveri) and rain water harvested from the city limits, through the aforementioned chain of lakes 

and tanks. The water from these three ‘taps’ is supplied to a vast majority of the residents through a 

purification unit, which typically includes filtration and chlorination. Sewage is collected through an 

underground sewerage network. Typically this is sent to a centralised wastewater treatment plant, 

though over 1000 decentralised units are also in operation. The treated effluent along with partial re-

utilisation for water supply, is sent back into the tributaries of the river that flow in the city. 

However several problems persist in the existing system itself. Due to an incomplete underground 

sewerage network coverage, a vast majority of the centralised plants work at partial capacity estimated 

to be around 63% (Times of India, 2014). Water treatment efficiency (defined as the percent reduction 

in pollutant concentration that occurs during the treatment process (Jamwal, A., & Mouchel, 2009)) 

and efficacy (defined as whether the water treatment plant eventually achieves its goal of producing 

clean water, and whether the water of the rivers that emerge from cities meets regulatory environmental 

standards (CPCB, 2014)) is critical to reutilization of waste water. The treatment system as a whole 

lacks in both of these fronts, with several varied factors contributing, some of which will be discussed 

in this study. This has in turn led to agricultural downstream dependent on the nutrient rich water. All 

these interlinked complications lead to two disconcerting outcomes. First, a large part of the water 

flows untreated/partially treated into surface water bodies, polluting them; more so during the 

monsoons and storms. Second, in a water scarce city, ironically a very small fraction of the treated 

water is reused with most of it being let back into the surface water bodies. 

Figure 5 Schematic Diagram of the Present Day Water Supply and Sewerage System, Bangalore 
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4.2 Current Stakeholders and their interests, goals and concerns 

4.2.1 Bangalore Water Supply and Sewerage Board. (BWSSB). 

The Bangalore Water Supply and Sewerage Board was set up in the early 1960s, as India's first ‘Water 

Utility’ when the population of the city was 1.2 million. According to the division of powers as 

mentioned in the Constitution of India, tasks such as distribution of fresh water, maintenance of supply 

and distribution assets, and collection of water charges and taxes would normally fall to the local self-

government, thus the Corporation (Bruhat Bengaluru MahaNagara Palike. (BBMP) in Bangalore`s 

case) itself. However, these responsibilities, in Bangalore are vested with the water board, specifically 

set up for that. BWSSB is now an entity directly under the Government of Karnataka and is responsible 

for overall water management within the city from water source point to water’s safe disposal point. 

It thus owns and operates all the Municipal scale sewage water treatment plants in the city  BWSSB 

is semi-autonomous in terms of decision-making: a change in the tariff for fresh water supply, for 

instance, is ultimately a matter which the Government has to agree on, but full accountability lies 

within the board itself. 

The board currently operates 39 wastewater treatment plants together capable of handling 1185 MLD 

(Million litres per day) of sewage. A further 13 plants totalling to 523MLD are presently in 

construction. A detailed table mentioning each of the above plants and their capacities is found in 

Appendix A.  The stated vision of the board is to have an operational treatment capacity of 2000 MLD 

by 2035 and 2725 MLD by 2050. 

● Operations and Present Challenges of BWSSB especially within  wastewater treatment  

While the BWSSB aims to ensure quality and adequate quantity of water to each citizen, while 

managing waste water in an efficient and environmentally friendly way, its present day operations 

face several challenges. However, with its position of strength in society today with its monopoly 

over services, support from the government and financial independence bring it opportunities to 

have large scale positive societal impact. The challenges it faces are diverse, from ensuring water 

security to an ever growing population to diversifying its water resources, reducing dependence 

on river Kaveri, while moving towards efficient water management in the city.  It also faces the 

challenges of restoring the city's waterscape of rivers, lakes and groundwater, while making the 

water system in the city less susceptible to the effects of climate change. Also challenging is 

managing the always evolving consumer expectations from quality and quantity of water to the 

local environmental impact of its operations or lack of operation. Compounding these challenges 

is the rising costs in pumping in water and an aging asset base with some of the distribution 

infrastructure more than 50 years old.  The operational scenario on the waste treatment side is also 

challenging to say the least.  Currently only up to 75% of the wastewater generated is being 

collected and treated. (BWSSB, 2015) Some of the existing wastewater treatment plants do not 

have the capability to remove nutrients. An effective collection system is the need of the hour 

along with upgrading existing secondary treatment systems for efficient treatment of wastewater. 

Collecting, conveying, treating and safely disposing all of the generated wastewater is imperative 

for Bengaluru’s waterscape longevity and environmental sustainability, and an important step 

towards resource recovery. 
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The BWSSB is thus paying at each step to run its operations from collection of rainwater to 

collection and management of wastewater. The main source of revenue for the BWSSB is by the 

way of collecting the water charges from consumers which also has the component of wastewater 

management in the case of commercial establishments. The utility is operated on a no profit-no 

loss arrangement, with the tariff acting as the principal revenue source for BWSSB helping it meet  

expenses for the operation and maintenance of its infrastructure, improvement works and to pay 

for its staff. To develop and build new infrastructure, (as it will be the case if the proposed solution 

in this project is adopted) BWSSB borrows money from the government and international funding 

agencies which are to be repaid over a period of time. It is also critically important that BWSSB, 

though it has relative freedom on water pricing,  prices its services appropriately and judiciously, 

considering affordability for all of its customers, while parallely aiming towards full cost recovery.   

● Expectations of the Proposed Solution of BWSSB as a Primary Customer.  

Expectations of the BWSSB of the sludge energy recovery system are diverse. Firstly, since the 

BWSSB operates a large number of plants with capacities ranging from 1 MLD to 200 MLD, the 

utility expects the proposed solution to be easily scalable.  Scalability and Modularity of the 

solution are important. Operation at partial loads and operation during the wet weather phase (with 

storm water) are other critical aspects which need to be met to be considered as a feasible solution. 

Though the BWSSB has a skilled man force, it expects the operations and periodic maintenance 

of the bio digester and allied technologies to have low man-hour requirements. Additionally, the 

BWSSB would want an adequate end-use scenario of the bio-gas/electricity/other resources, in a 

way that is economically beneficial in the longer run. Since availability of land area within the 

premises/vicinity of the wastewater plant is limited in most cases especially at existing plants, 

compact solutions and/or freedom in shape will be seen as an advantage. This is an important 

consideration that needs to be taken into account while designing the digester and other allied 

bulky technological components if any for sludge management.  These are initial requirements 

which can potentially be apprehensions for the adoption of such a technology that were highlighted 

in an interview with Sr.Operating Engineer at BWSSB.  It is important to note that neither is this 

list exhaustive nor is it objective. Feasibility which will determine adoption of the technology will 

be a combination of all the above several other factors. 

4.2.2 Consumers:-  

Consumers form a core part of the stakeholder grouping. The BWSSB`s customer base forms almost 

the entirety of this stakeholder grouping. The BWSSB by itself has a customer base of approximately 

10 million as in 2018.  

As mandated within the rules, all residential users of water only pay the BWSSB on a quarterly/yearly 

basis for the supply of water according to a contract which is either a combination of a fixed charge 

and an amount proportional to the water-use or a fixed monthly/yearly charge entirely. However, 

commercial establishments within the city pay for both fresh water supply and for the collection and 

management of used water. These commercial establishments include schools, offices, shops and 

shopping malls, micro-and mini enterprises, factories etc.  



 

 

22 

 

Sukrit Aravind Patil (1506862) | Thesis report-Graduation Report | MSc Sustainable Energy Technology  

Since the water supply, used water collection and treatment of used water are largely combined in the 

case of Bangalore, the consumers for the considerations of this project includes  

1. The section of the society that is partially or completely dependent on BWSSB for regular 

supply of freshwater and for collection and treatment of used water. (Type A) 

2. The section of the society that is partially or completely dependent on the BWSSB solely 

for collection and treatment of used water. (Type B) 

3. The section of the society that is partially or completely dependent on the BWSSB for the 

supply of fresh water but either independently manages used water suitably or is 

dependent on a third party to do so. (Type C)  

4. The section of the society that is not directly dependent on the BWSSB. (Type D) 

The above listed 4 Types together make up all residential and commercial water users within the city.  

Consumers of Type A form the greater majority with about 70-80% of all consumers (The Hindu, 

2017) in this category and consist primarily of individual homeowners, some commercial 

establishments, shops, factories etc. Typically they are situated well within the city limits, have zero 

or very limited access to other sources of freshwater and are connected to the sewerage system of the 

BWSSB.  Consumers of type B include all groups listed in type A but typically have their own sources 

of freshwater. Most commonly, this source is groundwater through independently dug bore wells. 

However, with diminishing groundwater resources, the number of such consumers within the core city 

limits is in a decline.  

The KSPCB (Karnataka State Pollution Control Board), in 2016 made it mandatory for all residential 

projects with more than 20 units and commercial projects with over 2000 sq-m built-up area to have 

their own in-house sewage treatment plants in an effort to minimize the load on the municipal-scale 

water treatment plants it operates. The rules were later in March 2017 relaxed for existing buildings, 

making in house STPs mandatory for  more than 50 units and 5000 sq-m built-up area respectively. 

All New buildings (constructed after March 2017) are however required to comply with the original 

laws of mandatorily having an in- house STP if they are over the limit of 20 residential units or 2000 

commercial sq-m area. With hefty penalties for non-compliance, 3,729 such apartments were noted 

and fines totalling to ₹1.6 Cr (~200 thousand euros) collected in just the two months (Oct-Dec 2016). 

(The Hindu, 2017) This has resulted in new consumer dynamics in the city. Several third party 

technical service providers are now building STPs at such apartments with each STP costing ₹10-15 

lakh (12-18 thousand euros). All these ‘new’ consumers can now be listed as Type C. With well-

defined rules and seemingly strict enforcement, the number of Type C consumers are on the rise. 

Consumers of Type D form a small minority of the current system but with the ever increasing 

coverage of the water supply and sewerage network, even in the far suburbs, the number of Type D 

consumers are further expected to dwindle in the coming few years. A parallel increase is also seen in 

other means of disposal such as a centralised faecal sludge management with a local septic tank, in 

places that are too far to be connected to the main sewerage network.   

● Challenges within current system 

While the entire system seems to be designed with the consumer in mind, several diverse challenges 

do exist for the consumer. Some of these challenges are typical to more than one type of consumer as 



 

 

23 

 

Sukrit Aravind Patil (1506862) | Thesis report-Graduation Report | MSc Sustainable Energy Technology  

classified in the previous section, like health hazards and odour from foul smell in vicinities near 

polluted lakes and water bodies due to improper/insufficient waste water management. Overflowing 

drains leading to flooding on the roads is also common during the monsoon season affecting all sectors 

of the society.  

Some other challenges are also specific to the different types of consumers.  Consumers of Type A are 

inconvenienced by the irregularity in water supply. Additionally, since the quality of the water 

supplied is not fit for human consumption, most households need additional purification systems at 

home. Quantity of water supplied is also a concern especially during the summer months with 

consumers forced to opt for external water sources such as with a water tanker at additional and 

sometimes exorbitant expenses. Type B consumers face potentially overpriced services of waste water 

treatment, especially in commercial establishments. This typically leads to illegal direct inflow of 

untreated sewage into water bodies further compounding the problem. 

While Type C consumers share challenges regarding water supply with Type A, multiple other 

problems exist with respect to the waste water treatment. The high investment costs of a in-house 

treatment plant as mentioned in the previous section, combined with the need for plumbing in existing 

apartments to be redone for the use of treated water are the two biggest challenges. Additionally several 

existing apartments face space constraints for the in-house treatment plant.  Adding to it the fact that 

most apartments cant reuse all of the recycled water makes the case for such a plant challenging. Infact, 

in a research paper, the Ashoka Trust for Research in Ecology and Environment (ATREE) (Srinivasan 

& Roy, 2019) estimates that more than two-thirds of the treated water let out into the drains. Thus 

undoing the very objective of the rule. It is also interesting to note here that there is a potential business 

case in such large enough buildings for the proposed solution in this project. This is also subjectively 

assessed within this research. Consumers of type D types are usually located away from the sewage 

network and typically depend on other types of sewage disposal and treatment such as a septic tank 

and/or a faecal sludge management plant. While there possibly exists a potential business opportunity 

for sludge energy recovery with a technological solution similar to the one proposed in this research, 

it is not a part of this research since several other factors are involved and it merits a similar study of 

its own.  

4.2.3 Government and the Society 

The Government as referred to here is a collective term for the Government of Karnataka and the 

Bruhat Bengaluru Mahanagara Palike (BBMP) which is the municipal authority for the Bangalore 

metropolitan region. Both these arms of governance are not directly involved neither in fresh water 

distribution nor in wastewater collection and management. However, they still manage and operate 

several allied services of the urban water system, such as pollution control, roads and city infrastructure 

directly. They are also both legislative bodies which are empowered to make laws even concerning 

the water system. BWSSB in essence is the independent arm of the government responsible for 

Bangalore`s water system.  Additionally, the two arms of the government ideally carry the voices of 

the society to the BWSSB, which is solely an executive body with no elected representatives.  This in 

turn means that the society looks upon the Government and not the BWSSB for all the challenges it 

faces.  Some of these challenges that the society faces include the fast disappearing lakes in the city 

with excessive pollution and illegal land annexation due to insufficient/inefficient operations of the 

BWSSB.  This includes the detrimental impacts on health and well-being of the society as a whole. 
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Flooding during storms is another major challenge that the society as a whole in Bangalore faces that 

both the government and the BWSSB are responsible for and needs collaborative work. Of interest for 

the purposes of this project is the emphasis that the society puts on the cleanliness of the ecosystem 

through the government on the BWSSB. Efficient water treatment and proper sludge management is 

crucial to the local ecosystem’s health. The society as a whole on the whole has a vital role in pushing 

for a more sustainable water system with the government, which in turn will make the adoption of the 

proposed energy and resource recovery systems.    

4.2.4 Karnataka State Pollution Control Board (KPSCB)  

While the KPSCB is essentially an executive body within the Government of Karnataka and 

establishes standards and makes laws which are intended to protect the environment from exploitation 

and restrict resource use within regenerative limits.  The KPSCB on its part, intends to bring forth 

more stringent laws and effective enforcement upon all polluting individuals/establishments including 

the BWSSB.  This will effectively mean stronger focus on circularity of the entire urban water system, 

promoting efficient resource recovery and treatment of a higher fraction of the total wastewater 

produced and penalizing improper sludge management. All of these factors will facilitate the adoption 

of the resource and energy recovery processes proposed in the project.     

4.2.5  Farmers and Waste Water Agriculture  

Farmers using nutrient rich water in their farms generally seem to benefit with higher yields owing to 

both organic and inorganic nutrients including vital ones such as potassium and nitrogenous 

compounds greatly benefiting the growth of crops.  According to a recent scientific assessment (Thebo, 

Drechsel, Lambin, & Nelson, 2017), nearly 30 million hectares (which is about 65% of the total 

irrigated area in the world) are now using untreated water within 40km of an urban centre with 86% 

of such lands located in 5 countries, with India having the second largest wastewater (treated and 

untreated together) irrigated land area after China. Importantly for the purposes of this study, that looks 

at the waste water that enters the rivers and streams, where it gets diluted to some extent but it is still 

tremendously rich with nutrients and is potentially hazardous when it comes to farmers' fields which 

is largely the case in Bangalore. Many farmers around the city use this water for irrigation because it 

is the only source of water available to them. Farmers obtain irrigation water from streams/rivers that 

are polluted with effluent from the city and its treatment plants. In the case of a lack of a structured, 

strategic utilization of such water, several challenges including risks to the long term health of the soil, 

the farmer and subsequently the consumer arise.  

However, a complete withdrawal from the use of such water is expected to do more harm than good 

especially in a water scarce country like India when typically such water is the only form of water 

available. (Sengupta, 2015). According to a research (Alka, 2013) by People in Centre Consulting, an 

Ahmedabad-based consultancy, about 73,000 ha of peri-urban agriculture in India is dependent on 

wastewater for irrigation. In these areas farmers usually adopt round-the-year intensive vegetable 

production system. The yield under this system is 200-300 per cent more than usual. Increase in costs 

of pesticide and labour, however partially offset the big decreases in fertilizer and energy costs 

(primarily to pump in freshwater from farther distances/ground) as compared to freshwater irrigation. 

In a sense, farmers using untreated wastewater provide a public service by removing effluent from 

polluted streams and applying it to soil, thus reducing the pollutant load downstream. Compared to 
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freshwater, sewage water irrigation increases the earnings by up to four times. In fact, experiments in 

the past as recently as 2015 in Madhya Pradesh to restrict/ban the use of wastewater in agriculture 

have resulted in farmer unrest and protests for “farmer rights” citing the over 40 years of usage of 

untreated and treated waste water since the 1980s. What is ideally needed is a periodic monitoring to 

ensure that the water used does not have toxic elements or heavy metals in high concentrations. An 

explorative policy research report (Gupta, Ravindra, & Palrecha, 2015)by the ‘IWMI(International 

Water Management Institute)-Tata Water Policy Program’ on Wastewater Irrigation in Karnataka 

concludes that “Productive use of wastewater in agriculture can be sustainable if key economic actors 

like municipalities work with farmers to meet their needs. Doing so would strengthen wastewater 

dependent agri–livelihoods as well as protect degradation of land and water resources taking place due 

to incessant disposal of untreated wastewater” 

The FAO (Food and Agriculture Organisation) of the UN in its report (FAO, 2019) on Irrigation with 

Wastewater suggests the use of wastewater for agriculture but  states that “Success in using treated 

wastewater for crop production will largely depend on adopting appropriate strategies aimed at 

optimizing crop yields and quality, maintaining soil productivity and safeguarding the environment”.  

It also recommends in the same report farm strategies for using wastewater as a combination of proper 

crop selection, selection of the right irrigation method, adoption of appropriate management practices 

also suggesting strategies to overcome salinity hazards, toxicity hazards and health hazards.   

Considering all the factors and circumstances mentioned above it can be safely said that while there is 

potential for higher yields with a structured and controlled use of wastewater, the present system seems 

to be doing more harm than good. Additionally, sludge disposal will still remain a concern even after 

the implementation of bio-digesters and other resource recovery techniques. Hence a solution that aims 

to extract resources from waste water sludge wouldn’t hurt the farmer but neither does it seem to have 

positive influences as long as other key factors plaguing the system don’t change.   

4.3 Sludge Management in India 

4.3.1.1 Legislations 

In India, sludge management is governed by Municipal Solid Waste (MSW) Handling Rules, 2000 if 

the sludge is categorized as non-hazardous. Sludge from the municipal wastewater treatment plants 

mostly falls in this category. In the odd case of the sludge being categorised as hazardous for any 

specific reason, the disposal and management is expected to be in compliance with the Hazardous 

Waste Handling and Management rules, 2003. These regulations are regularized by the Ministry of 

Environment and Forests (MoEF), Government of India. 

4.3.1.2 Challenges 

These challenges are exemplified in India making efficient sludge management even more arduous. 

Booming urban jungles like Bangalore, effective sludge management within the city limits challenging 

due to costs and distances involved. Water Treatment being treated as a secondary and complimentary 

service to fresh water supply makes a financially viable and environmentally innocuous sludge 

management model seem very far-fetched. Many types of highly loaded wastewaters (Faecal Sludge 

from septic tanks from areas of the city not directly connected to the sewerage system) containing 

recalcitrant contaminants are conveyed by trucks to the urban WWTPs, even when the plant is not 

specifically authorized for such service. Lack of an underground sewerage network in catchment areas 
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force plants to take water directly for river sources including the Vrishabhavathi River Valley WWTP 

which is a part of our study1.  This leads to large variations in quantity and quality of sludge that can 

be expected making coming up with an effective sludge management plan near impossible. Difficulty 

in building new plants due to financial and space constraints within the city and lack of effective 

decision making structures and reliable infrastructure that aim to optimize existing facilities compound 

these challenges. 

4.3.1.3 Sludge Disposal and Costs.  

The Central Public Health & Environmental Engineering Organisation (CPHEEO) in its manual for 

Sewerage and Sewage Treatment of 2013 (CPHEEO, 2013) recommends the following as the methods 

for final disposal of sludge in the decreasing order of preference.  

1) Dewatered sludge is processed and used in agricultural land as fertilizer; sludge is dried in 

granular form by mechanical drying or solar drying or by composting to improve safety and 

handling ability. Subsequently, it is recommended to be used for agricultural land applications.  

2) Dewatered sludge is incinerated or fused, and ash or slag is effectively used as building 

material, etc., or used as landfills.  

3) Thermal or solar dried sludge can be used as low-grade fuel  

4) Dewatered sludge reused as it is in agricultural land or in landfills. 

However, with the challenges listed previously, present day adoption of the above recommendations 

is low. Most of the sludge typically ends up being improperly dumped after dewatering into nearby 

drains which ultimately enter water sources partly defeating the benefits of wastewater treatment in 

the first place. WTPs also in some cases dispose off the sludge on nearby open lands (CPCB, 2011) .  

The World Bank estimates that about 60% of the final sludge in India is improperly dumped including 

its use in agriculture. A large fraction of the rest is used in landfills. (Dr. Konrad Buchaner, World 

Bank, 2019) 

In particular, the situation in Bangalore is grimmer. The Bengaluru Water Supply And Sewerage 

Project by JICA (Japan International Co-operation Agency(JICA), 2017) estimates in its report that 

sludge disposal accounts for 16% of the total operational costs of a WWTP. This figure rises to about 

21% if we consider the sludge dewatering costs. While landfilling is the preferred option as of now, 

with transport distances of dewatered sludge increasing with the city`s fringes seeing unprecedented 

growth, costs are increasing and are further expected to increase in what is already an expensive 

process. While the BWSSB sees the use of dewatered and processed sludge as an organic fertilizer as 

recommended by the CPHEEO, with the ever growing dense metropolis, there is hardly any 

agricultural activity near the city’s waste treatment plants.  

Additionally, agricultural use of bio solids (including sewage sludge) on land is majorly dependent on 

the prospect of improving the quality of sludge to make it suitable for use, in addition to increasing 

                                                      
1  Vrishabhavathi River Valley WWTP is designed to treat 180 MLD of sewage. However, due to the lack of an 

Under Ground Drainage system in many parts of its catchment, the VVTP receives only 26 MLD via the 

sewerage network, and so it takes in another 104 MLD directly from the Vrishabhavathi River. Ironically, while 

Bangalore faces water stress, 3 MLD of the tertiary-treated water is sold to industry, with the rest released back 

to the Vrishabhavathi river.  
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public confidence in the idea of safe use of sludge especially in agriculture involving food crops. 

(Braguglia Camila, Agata, Gianco Andrea, Mascolo Giuseppe, & Mininni Giuseppe, 2014) 

4.4 Value Map of the existing system  

The Value Map was a result of answering the following questions, in the perspective of each of the 

stakeholders. 

1. Why is the stakeholder present here in the first place?  

2. What is the product or service offered by each of them?  

3. What value is created for different types of stakeholders and by whom? 

4. Is the created value positive or negative and do the stakeholders mitigate negative values 

effectively in the current system? 

5. What is the value destroyed or missed or negative outcomes in the current system for each of 

the stakeholders?  

6. Are any of the stakeholders missing an opportunity to capture value or wasting value in their 

existing operations? Are their capacities and capabilities underutilized?  

Lastly the focus shifts to smartly turning the negative values into positive values using the 

opportunities listed for all stakeholders involved into a win-win situation for all involved. This is 

answered through the following set of questions.  

1. What new positive value might the system taken together in the future create for its 

stakeholders through introduction of new technologies and collaborations?  

2. What can be learnt from similar projects elsewhere, customers or even other industries to 

further enhance stakeholder alignment and common values?  

Table 2 presents a value map of the existing system 
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Table 2 Value Map of the Current System 

Stake Holder  Value Captured  Value Destroyed  Value Missed  New Value Opportunities 

BWSSB -Large list of permanent Costumers, 
-Existing Monopoly in services 

-Existing Distribution, Collection and  

WWTP network 
-Relative freedom to function as a utility 

- Economic Loss 
- Stranded Assets 

- Fresh water shortage leading to expensive 

and inefficient ways of water procurement  

-Profitability 
-Failing to utilize full assets and capabilities 

- Failing to convince the society of the value  

-Resource Recovery to increase Profitability through 
new revenue streams  

-Improve perspectives among the general public 

through ecologically sound and sustainable 
operations 

Domestic Consumers -Fresh Clean Water 
-Effective drainage of sewage 

-Ease of Use(Single Monthly fixed Bill) 

-Potentially overpriced. 
-Lack of Alternatives 

 

-Regularity 
-Need for additional Purification for potable 

water  

-Regular and Reliable Clean Water Supply 
- 

Commercial Consumers ( typically 

industries and commercial 

establishments) 

-Established system for waste disposal -Potentially Overpriced 

-Exclusion from Benefits 

-Compromised Use 

-Capture of full value for services provided 

/goods sold. 

-underinvestment in growth/development 
opportunities  

-Reduced Waste Management costs 

-Strategic Investments in Technology 

- New Revenue Mechanisms  

Government  - Effective Designation of Tasks to BWSSB -Ineffective control on losses to society, 

environment  

- Blamed for losses to society, environment, 

and inefficiencies in operation and pricing of 
BWSSB 

- Strategic Investments in Technologies to lead to 

decrease in inefficiencies and losses to society and 
environment.   

Farmers  -Nutrient Rich Water drawn from surface 

Water sources leading to higher yields  

- Land Degradation in the long term  

- Detrimental health hazards to self and 
food consumers   

- Appropriate fertilizers suitable for the 

particular crop and the soil without 
detrimental impacts 

-Lower fertilizer costs than present if nutrients are 

extracted and used 
-Higher yields   

Environment  -Waste levels lesser than expected for the 

population. 
-Lessened demand on Natural water sources 

(Surface water and Groundwater)  

-Toxic emissions and waste to landfill and 

surface water bodies 
-depletion of biodiversity, -depletion of 

water resource bases 

-Resource use within regeneration rates 

-emissions and waste levels within 
metabolism limits; -biodiversity protection 

-Closed loop reuse of waste 

- Renewable Materials and Processes. 
- Net Positive Contributions to Biodiversity 

Society -Community Development. Meeting of 
Basic needs.. 

-Inclusion of all societal segments in access 

to clean water and Drainage   

-Detrimental impact on health/ wellbeing  
-Abuse of monopoly position. 

-Distortion of Ecosystem leading to 

everyday challenges   

-Failure to capture entire growth potential  
-Higher Quality of Everyday life 

-Introduction of societally beneficial 
products/services 

-Extend product/service to broader segments of 

society, community investment and development 
initiatives 

HOST or other Technology Providers N/A N/A N/A Potential Market for bio digesters and upgradation 

technology 
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5. System Design  

This chapter presents a detailed iterative design of the resource recovery system from sludge for each 

of the 5 selected WWTPs with multiple use-cases and configurations  

5.1 Selected WWTPs and Sludge Quality Data.  

To explore the feasibility at multiple levels and sizes, plants with great variations in the capacity were 

chosen from those already operational/ commissioned and to be operational shortly in the city. Table 

3 is a list of 5 selected different plants owned by the BWSSB. The plants use the aforementioned 

Activated Sludge Waste Water Treatment Process.  

Table 3 List of Selected WWTPs for the purpose of this study in Bangalore 

Name of the chosen Plant  Size (in Million Liters of influent/Day)  

Cubbon Park WWTP  1.5 

Malathalli New WWTP  5 

Yelahanka WWTP  10 

Billishivalli WWTP 17 

Raja Canal WWTP 40 

All of these plants typically have a high capacity factor i.e. that are operated/ planned to be operated 

almost through the year. Data relating to the amount of sludge generated and the constituents of the 

sludge, obtained through the help of the BWSSB is as summarised in Table 4 

Table 4 Sludge quality and quantity data 

  Volume of 

Sludge(Liters/Day) 

Mass of Sludge 

(Tonnes of Suspended

 Solids/Day) 

Dry solids 

Content in 

Sludge (%) 

  From To From To From To 

Cubbon Park  
      

Primary Sludge   8300 13,700 1.56 1.63 6.9 7.3 

Secondary/activated Sludge  5500 10,600 1.35 1.49 3.9 4.5 

Total  13,800 24,300 2.90 3.11 5.5 6.2 

Malathalli New WWTP  
      

Primary Sludge  27,000 50,000 3.8 4.0 6.2 7.2 

Secondary/activated Sludge  18,000 39,500 3.1 6.6 3.5 3.8 

Total  45,000 89,500 6.9 10.7 5.0 5.8 

Yelahanka WWTP  
      

Primary Sludge  70,000 105,000 6.7 7.1 6.5 7.4 

Secondary/activated Sludge  45,000 68,000 5.3 6.2 3.1 3.8 

Total  135,000 173,000 12.0 13.4 5.2 5.9 
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Table 4 continued from previous 

page 

Volume of 

Sludge(Liters/Day) 

Mass of Sludge 

(Tonnes of Suspended

 Solids/Day) 

Dry solids 

Content in 

Sludge (%) 

 From To From To From To 

Billishivalli WWTP 
      

Primary Sludge  150,000 176,000 10.5 14.5 6.3 7.1 

Secondary/activated Sludge  72,000 95,000 8.0 11.0 3.4 4.0 

Total  222,000 271,000 18.5 25.5 5.4 6.0 

Raja Canal WWTP  
      

Primary Sludge  300,000 350,000 23.0 31.0 6.4 7.2 

Secondary/activated Sludge  190,000 235,000 19.0 25.0 4.5 5.5 

Total  490,000 585,000 42.0 56.0 5.8 6.3 

 

5.2 Theoretical Design and Sizing of Bio-Gas Digester.  

To have a basic understanding of the scale of bio-gas production possible at these plants, a detailed 

theoretical design and sizing of one of the plants was performed. The objective behind this theoretical 

calculation is three fold.  

1) To understand the process governing the design of a bio-gas digester and secondary 

components,  

2) To analyse initial feasibility, helping tighten the design boundaries  

3) To act as validation for design results that are obtained through the subsequent use of the HoSt 

design and sizing tool.  

 A system design configuration with a two stage digester was designed in accordance with standard 

design and sizing literature.  Both the primary and the Secondary sludge are combined together (Mixed 

Sludge) and form the influent sludge for the Primary digester, which is responsible for fast stabilisation 

of organic matter. The secondary digester is fed with digested sludge from the primary. It is also where 

the separation of solid or liquid phases prevails. Figure 66 is a schematic diagram of the process.  
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Figure 6 Schematic Diagram of a Two Stage Anaerobic Digester Configuration (Luduvice, 2007) 

Detailed Design Calculations for the Cubbon Park and Billishivalli WWTP from Table 3 using data 

from Table 4 are presented in Appendix B. These calculations are primarily based on sizing 

calculations as described in (Luduvice, 2007) and (Canziani & Spinosa, 2019). Calculations for the 

other WWTPs can be deduced through a similar process.   

The results from these calculations are summarised in Table 5. Using this design method, it was seen 

that while digesters can be built at the larger Billishivalli plant to produce about 6200 m3 of Bio-gas 

a day, potential digesters at the smaller Cubbon Park plant can only produce a maximum of about 

900m3 of Bio-gas a day as can be seen in Appendix B. While the results from the Billishivalli plant, 

seem worthy of further investigation for feasibility, with low detentions periods and high relative 

yields of bio-gas, the Cubbon Park WWTP suffers from high detention periods and low yields of bio-

gas. With just over 900m3 of bio-gas a day, it is hard to justify any investment into the project. 

Additionally, with economies of scale greatly applicable for both capital and operational and 

maintenance costs, feasibility of the Cubbon Park WWTP is further unjustifiable. Most of these results 

are attributable to its low influent capacity.  Hence, the Cubbon Park WWTP is excluded from further 

analysis in this project primarily because of its size (capacity). 

Table 5 Summary of Results- Theoretical Design Sizing Calculations 

 Cubbon Park WWTP 

 (1.5 MLD) 

Billishivalli WWTP 

(17 MLD) 

Total bio-gas generation per day(m3) 902.87 6248.25 

Total bio-gas generation over a year (m3)(SCM) 329,547 2,280,611 

Retention period for complete stabilisation(days) 119 48 

Total digester volume (m3) 3,318 12,604 

Yearly bio-gas yield per m3 of digester volume.  99.32 180.94 

It is to be noted here that, these theoretical calculations are closely co-related with the results found using the HoSt Bio-gas 

sizing tool, for a two-stage digestion configuration as described in Section 5.3.3. They are hence mutually validating.  
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5.3 System Sizing using the HoSt bio-gas Sizing tool. 

The HoSt bio-gas sizing tool is a proprietary Excel tool, designed and used by HoSt for the sizing of 

bio-gas digesters, based upon previous experiences and other sizing literature. This tool was used with 

the support of expertise from HoSt to size the system components for each of the selected plants 

appropriately.  

In order, to compare the feasibility and to arrive at the most optimal system configuration with both 

single stage and two-stage digestion, the system was designed and sized for both the configurations 

for each of the plants.  

5.3.1 System Design and Sizing- Single Stage Digestion. 

In a single stage digestion configuration, both the primary and the secondary sludge are mixed before 

ingestion into the digester (or a set of digesters simultaneously) and subsequently, the digestate is 

managed (disposed) using conventional processes. Apart from plant specific data from Table 4 Sludge 

quality and quantity data, other data such as m3 of bio-gas generation possible per kg of organic matter 

in the sludge and tonnes of digestate per tonne of input sludge were assigned pre-set values from the 

tool based on previous experiences with digestion of municipal waste water sludge. An Ambient 

Temperature of 250 C was assumed at all times in the year 

A brief summary of the system design parameters for each of the four plants in presented in Table 6 

Table 6 Summary of Calculated Design Parameters- Single Stage Digester Configuration  

 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD)  

Raja Canal 

(40MLD) 

Total Liquid materials Input 

(Tonnes/yr)  
23,725 52,500 90,250 191,000 

Number of Digesters 1 1 2 2 

Diameter (m) 22 32 32 36 

Height (m) 6 6 6 8 

Total Digester Volume(m3) 2,015 4,263 8,525 14,861 

Total bio-gas Production 

(m3/yr)(SCM) 
574,660 1,291,313 2,327,388 4,801,940 

Organic Load (Kg OS/m³*d) 1.6 1.6 1.4 1.9 

Retention time(Days) 31 30 34 28 

Conversion Efficiency  78.3% 77.4 80.4 76.6 

Total Digestate(Tonnes/yr) 22,972 50,809 87,200 184,719 
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Dry-Matter content in Digestate (%) 2.6 2.7 2.6 3.1 

 

5.3.2 System Design and Sizing- Two Stage Digestion. 

In a two stage digester configuration, in addition to the single stage configuration, a secondary digester 

is employed for “After-Digestion”. This is done preliminarily to increase the conversion efficiency, to 

reduce organic matter in the digestate and also in some instances to ensure the retention time is 

sufficiently high such that the digestate is relatively free from disease causing pathogens, whereby it 

can be dried and used directly in agriculture.  

The effluent digestate from the primary stage is input into the secondary stage and the digestate from 

the secondary digester is then dried and managed using conventional means, while bio-gas is collected 

from both these stages. This two stage digestion process is the same as the one for which theoretical 

calculations were performed and a schematic diagram of the process is shown in Figure 6.  

Table 7  shows a brief summary of the design parameters for the two stage digester function for each 

of the plants.  

Table 7 Summary of Calculated Design Parameters- Two stage digester Configurations 

 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD)  

Raja Canal  

( 40MLD) 

Total Liquid materials Input 

(Tonnes/yr )  
23,725 52,500 90,250 191,000 

Number of Digesters 1+1 1+1 2+1 2+1 

Diameter (m) 22 32 32 36 

Height (m) 6 6 6 8 

Total Digester Volume(m3) 3,916 8,284 12,535 21,986 

Total bio-gas Production 

(m3/yr)(SCM) 
686,249 1,550,147 2,674,459 5,641,011 

Organic Load (Kg OS/m³*d) 1.6 1.6 1.4 1.9 

Retention time(Total) 61 59 51 43 

Conversion Efficiency  95.0% 94.6 93.2 90.9 

Total Digestate(Tonnes/yr) 22,827 50,470 86,746 183,624 

Dry-Matter content in Digestate (%) 2.0 2.1 2.1 2.6 
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5.3.3 Mutual Validation of Theoretical and Sizing tool methods.  

As stated in the third objective in section 5.2, the results from these two mutually independent methods 

of bio-gas system sizing can be used for mutual validation. A comparative table showing the calculated 

design parameters using both these methods for the Billishivalli WWTP in a two stage configuration 

is presented in Table 8. 

Table 8 Mutual Validation. Independent Methods 

 Theoretical design and sizing  Design using HoSt sizing tool 

                 (% variation) 

Total Digester Volume(m3) 12,604 12,535        (-0.54%) 

Total bio-gas generation over a 

year (m3)(SCM) 

2,674,459 2,280,611       (-14.72%) 

With the relatively low variation in final design parameters and considering the myriad different 

factors that might affect these calculations, it can be reasoned that the calculations are mutually 

validative. Results from the HoSt sizing tool will be used as the reference hence forth. 

5.4 Bio-gas Use Case Scenarios. 

The key resource from the proposed digester system is Bio-gas. With varying quantities of bio-gas 

possible from each plant and multiple uses possible it becomes interesting to assess what is potentially 

the most feasible alternative in the local context, not just economically but also technically and 

socially.  

5.4.1 Direct Bio-gas use.  

Bio-gas can be used directly with no further processing required. . It is a proven and cheaper alternative 

to cooking gas fuels such as Liquefied Petroleum Gas (LPG) and Natural Gas typically in use today. 

Additionally, it can be used as a cheaper alternative for industries in the city depending on natural gas 

/oil as fuel for process needs.  

However, this does have its own set of challenges. Firstly, Bio-gas by itself, without upgrading into 

bio-methane, is technically infeasible to liquefy or bottle (compressed) since it is a largely mixture of 

methane and carbon di-oxide, with different condensing points and compression behaviour for both 

these gases. Additionally, in order for it to be used as a cooking fuel, H2S (Hydrogen Sulphide) 

concentration in the bio-gas has to be maintained at a minimum and monitored continuously. 

Furthermore, there are societal concerns primarily originating from hygiene about the use of gas 

originating from a waste water treatment plant in the kitchen, which may further hamper adoption.  

These difficulties leave out only potential industries in the close vicinity of the waste-water plant which 

depend on natural gas/ oil as fuels for their process needs, where a bio-gas piped supply is possible 

and feasible. Over longer distances, with its inability to be liquefied or bottled, the possibilities for 

bio-gas are very limited. In any case, a deeper study of possible industrial customers for this bio-gas 
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around each individual plant is necessary, in order to proceed with the direct use of bio-gas as resource 

with no further processing. 

5.4.2 Proposed Bio-gas Use Case Scenarios 

Two-other possibilities arise which need further processing of this bio-gas, for converting it into a 

higher and more readily usable form of energy and other resources of value. Firstly, Bio-gas can be 

upgraded into bio-methane using the process described in Section 3.8 which can then be input into 

existing natural gas grid. CO2 is a by-product of this process and potentially a valuable resource. 

Secondly, a Combined Heat and Power (CHP) engine can be used to convert the bio-gas into electricity 

and useful heat. In order for the digestion to be the most efficient, there is a heat requirement that can 

potentially be met with useful heat from the CHP engine.  

Using a combination of the above two options, three use case scenarios are proposed. Each of these 

scenario will be used to assess the feasibility at each of the four plants and the two digester 

configurations. Use-case Scenarios listed in Table 9 are identified as technically feasible and 

potentially financially feasible in different circumstances.  

 

Table 9 Proposed Bio-Gas Use Case Scenarios 

 Process Description End Resources 

 

Scenario 1 

Use of a combination of a CHP engine and a Bio-Gas 

Upgrading system such that the bio-gas used with the CHP 

engine produces enough that is heat required for the digestion 

process. All other unused bio-gas is upgraded into Bio 

methane.  

Electricity 

Bio-Methane  

CO2 

 

Scenario 2 

All of the produced Bio-gas is used for upgrading to methane. 

There is no use of a CHP. An Electric heat pump is used in 

addition to provide the heat required for the digestion process.  

Bio- Methane 

CO2 

 

Scenario 3  
All of the produced Bio-gas is fed into a CHP engine. No 

upgrading to Bio-Methane  

Electricity 

Excess Heat 
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5.5 Process and Equipment Specifications: Different Use Cases 

5.5.1 Single Stage Digester Configuration 

The designed process and equipment specifications for each of the three bio-gas use case scenarios 

listed in Table 9 in a single stage digester configuration is listed in Table 10, Table 11 and Table 12 

respectively  

 

 

Table 11  Process and Equipment Specifications, Single Stage, Scenario 2 

 

Table 10 Process and Equipment Specifications, Single Stage, Scenario 1 

Scenario 1 
Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal  

(40MLD) 

Bio-gas used for CHP (m3/yr) 165,000 370,000 665,000 1,247,000 

Bio-gas used for Upgrading (m3/yr) 409,660 921,313 1,662,388 3,554,940 

Net Electricity (MWH/yr) 95 237 502 768 

Net Heat (MWH/yr) 0 0 0 0 

Total Upgraded Methane (Nm3/yr) 227,257 495,031 892,577 2,087,967 

CHP unit(KWe) 65 100 200 330 

Operational time(hrs/yr) 4744 7127 6734 7701 

Electrical efficiency CHP (%) 35.3 36.6 38.9 39 

Thermal efficiency CHP (%) 48.6 44.9 41 43.5 

Scenario 2 
Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal  

(40MLD) 

Bio-gas used for Upgrading (m3/yr) 574,660 1,291,313 2,327,388 4,801,940 

Net Electricity (MWH/yr) -370 -801 -1407 -2237 

Net Heat (MWH/yr) 0 0 0 0 

Total Upgraded Methane (Nm3/yr) 336,699 693,837 1,249,632 2,,587,775 

Electricity Consumed by heat 

pump(MWh/year) -125 -161 -418 -841 

Heat Produced by heat 

pump(MWh/yr) 376 755 1,254 2,522 
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Table 12 Process and Equipment Specifications, Single Stage, Scenario 3 

 

5.5.2 Two stage Digester Configuration 

The designed process and equipment specifications for each of the three bio-gas use case scenarios 

listed in Table 9 in a Two stage digester configuration (with After Digestion)  is listed in Table 13, 

Table 14 and Table 15 respectively.  

Table 13 Process and Equipment Specifications, Two Stage, Scenario 1 

 

 

 

Scenario 3 
Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal  

(40MLD) 

Bio-gas used for CHP (m3/yr) 574,660 1,291,313 2,327,388 4,801,940 

Net Electricity (MWH/yr) 1,045 2,355 4,653 10,589 

Net Heat (MWH/yr) 708 1,849 3,363 7,118 

CHP unit(KWe) 200 330 600 1,560 

Operational time(hrs/yr) 6,711 7,951 8,563 6,788 

Electrical efficiency CHP(%) 38.9 39 42.4 42.2 

Thermal efficiency CHP(%) 41 43.5 42.9 43.2 

Scenario 1 
Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal  

(40MLD) 

Bio-gas used for CHP (m3/yr) 241,000 435,000 671,000 1,240,000 

Bio-gas used for Upgrading (m3/yr) 445,249 1,115,147 2,003,459 4,401,011 

Net Electricity (MWH/yr) 204 700 368 396 

Net Heat (MWH/yr) 0 0 0 0 

Total Upgraded Methane (Nm3/yr) 239,480 599,469 1,076,017 2,372,740 

CHP unit(KWe) 65 100 200 330 

Operational time(hrs/yr) 6933 8383 6797 7661 

Electrical efficiency CHP (%) 35.3 36.6 38.9 39 

Thermal efficiency CHP (%) 48.6 44.9 41 43.5 
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Table 14 Process and Equipment Specifications, Two Stage, Scenario 2 

 

Table 15 Process and Equipment Specifications, Two Stage, Scenario 3 

5.6 Key factor influencing design/choice of technology: Usefulness vs Cost. 

The Choice amongst the six technically feasible options presented above for each of the 4 WWTPs 

depends majorly on the finances behind the models.  

The key factor influencing the choice of technology or the extent of technology adoption especially in 

India is the value the technology brings to the system as measured against the economic costs to a 

stakeholder. This is especially the case in regard to looking at the “Common Good” (viz Environment) 

(USEPA, 2020). Wastewater treatment literature details two approaches to technology selection: Best 

Available Technology (BAT) and Best Practicable Technology (BPT) (US Environment Protection 

Agency, 2020). Generally, these approaches are used in tandem with discharge standards set by 

regulatory authorities. These however can be extended to the Sludge management within a wastewater 

treatment system as well.   BAT which is defined as the “very best control and treatment measures that 

Scenario 2 
Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal  

(40MLD) 

Bio-gas used for Upgrading (m3/yr) 686,249 1,550,147 2,674,459 5,641,011 

Net Electricity (MWH/yr) -351 -944 -1,137 -2,472 

Net Heat (MWH/yr) 0 0 0 0 

Total Upgraded Methane (Nm3/yr) 369,103 833,312 1,436,397 3,041,268 

Electricity Consumed by heat 

pump(MWh/year) 

152 285 442 837 

Heat Produced by heat 

pump(MWh/yr) 

455 854 1325 2510 

Scenario 3 
Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal  

(40MLD) 

Bio-gas used for CHP (m3/yr) 686249 1550147 2674459 5641011 

Net Electricity (MWH/yr) 1249 2780 5376 11265 

Net Heat (MWH/yr) 841 2193 3954 3934 

CHP unit(KWe) 200 430 800 1560 

Operational time(hrs/yr) 6961 7216 7417 7978 

Electrical efficiency CHP(%) 38.9 38.4 42.6 42.2 

Thermal efficiency CHP(%) 41 42.5 42.7 43.2 
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have been or are capable of being achieved” is the governing criteria in the developed world where 

treatment technology costs are more affordable and are also helped by more stringent discharge 

standards. BPT is characterised by “least total cost of applying the control technology in relation to 

the effluent benefits” (US Environment Protection Agency, 2020) is accepted and followed in the 

developing world where the contextual factors play a crucial role. (Rodas, 2019). It is particularly 

important to distinguish between them especially when we are considering adaptations of a technology 

to the demands of the developing world as is the case in our project. The Central Pollution Control 

Board recommends the ALARA (As Low As Reasonably Achievable) principle (CPCB, 2009)as the 

key in the BPT paradigm when it comes to location specific pollutant discharge standards and 

environmental risks.   

In accordance, this principle thus forms a key part of the design in this project, from choosing adequate 

detention times (and thereby the size) in the digester to setting digestate discharge standards. The 

subsequent chapter presents a fair numerical assessment of the costs and the revenues involved, 

thereby helping choose the right design configuration and resource use-case scenario for each of the 

plants.  
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6. Financial Analysis and Assessment  

This chapter presents the local market for the identified resources, and a comparative in depth 

financial feasibility study of the different identified scenarios and design configurations, together with 

a cash flow plan and a sensitivity analysis, 

6.1 Market in Bangalore for Bio-Methane (Natural Gas) 

The market for Bio-Methane (Natural Gas) in Bangalore is relatively nascent compared to other major 

cities in India like Mumbai or Delhi or cities in the Netherlands  

The City Gas Distribution Project is a nascent (4 Year Old) network for supplying Liquefied Natural 

Gas (LNG) to domestic, commercial, industrial and transport sectors. GAIL Gas Ltd, a subsidiary of 

GAIL (India) Ltd, a central public sector undertaking, won the bid in 2015 from the Petroleum and 

Natural Gas Regulatory Board (PNGRB) to implement the city gas distribution project in Bangalore. 

The two stated objectives are: First, to distribute Piped Natural Gas (PNG) to domestic, commercial 

and industrial users; Second, to supply Compressed Natural Gas (CNG) for city transport.  

As of 1st Jan 2020, the market price of piped natural gas for domestic use is ₹ 24.5 per Standard Cubic 

Metre (SCM), ₹ 35.4 per SCM for Industrial Use and ₹ 43 per SCM for commercial use. The Cost of 

CNG is ₹ 44 per kg.  With Natural gas working out considerably cheaper than existing LPG supply, 

large scale adoption is expected and is observed in the few areas of the city with already functional 

distribution. GAIL intends to connect at least 250,000 homes by the end of 2020, with the pipeline 

construction work underway in large parts of the city.  With Commercial and Industrial connections 

being more profitable than residential connections, and as the demand is already high, GAIL intends 

to prioritize them over domestic connections. It is already supplying Piped Natural Gas to several of 

the city’s major establishments including Bosch, Bharat Heavy Electricals Limited (BHEL), Intel Inc 

and Biocon. More than 20 CNG stations are operational with the number expected to only grow with 

Bengaluru Metropolitan Transport Corporation (BMTC) planning to use CNG city buses in the near 

future. 

GAIL draws Natural Gas from the 1000 km long Dabhol-Bengaluru Pipeline, which was constructed 

in 2013, with a gas tapping station in the city. While there is no established grid feed in tariff for 

natural gas, with the internal costs per SCM exceeding the subsidised price for domestic use, the feed 

in price for locally available natural gas (to be decided on a contractual basis) is expected to be around 

₹ 28-32. For the purposes of financial calculations in this project, a feed in price of ₹ 29/SCM 

(0.34EUR) is assumed. A part of the Sensitivity Analysis in Section 6.8 focusses on the possible 

implications of a change in this tariff.  

Additionally, a piped network of reliable natural gas supply to industries and commercial 

establishments in the vicinity of the waste water plant can be established independent of the city gas 

grid with the price for Industrial and commercial uses established by GAIL being much higher than 

the assumed grid feed in price. A deeper study is needed in the case of each individual plant to explore 

this possibility and assess its feasibility.      

From a broader perspective, the market for natural gas in Bangalore for the purposes of this project 

appears to be promising and growing though is still relatively very embryonic with a few notes of 
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caution. With GAIL having a monopoly in supplying of Natural Gas the feed in tariff isn’t expected 

to be very competitive and guaranteeing reliability of supply is going to be of primary importance if 

the option of independent commercial and industry supply is chosen.  

6.2 Market in Bangalore for Electricity 

Electric Power distribution in Bangalore is controlled by a government controlled utility, Bangalore 

Electricity Supply Company (BESCOM). The BWSSB incurs energy costs and pays BESCOM for its 

needs for its conveyance, distribution and treatment of water in the city adding up more than a ₹ 1 

crore a day (~117,750 EUR). (The New Indian Express, 2016). A large majority (70-75%) of this 

electricity expenditure is on conveyance of the water from river Kaveri to Bangalore. On a per m3 

basis, BWSSB incurs a cost of ₹ 16 per m3 of water. (Haque, 2014). The costs of electricity thus for 

BWSSB are very large and make up more than two thirds of all of BWSSB`s revenue. BWSSB, thus 

has to depend on the state government financially for new infrastructure or coverage extension.  

The potential thus for savings through in-house electricity generation is large. The situation thus 

presents two independent opportunities. First, a power purchase agreement can be established with 

BESCOM. A premium pricing can be negotiated especially considering the multitude of advantages 

to the BESCOM even within the fixed priced (not dynamically priced with respect to demand) 

electricity market in Bangalore as is the case in most other parts of India. With the ever growing share 

of renewables in the electricity market, there is an added and an ever growing incentive for power 

generation when the sun isn’t shining, which also happens to coincide with the period of maximum 

demand for power in most cities, Bangalore included (late evenings from 6pm to 9pm). Thus a 

premium can be charged for reliable, flexible (rampable) power generation, especially within the city 

which will lower the strain on distribution network bringing power into the city at peak hours.   

Secondly, the power production can be viewed as energy savings and redirected towards use for 

process needs such as pumping, aeration etc. within the waste water treatment plant. As previously 

mentioned, BWSSB incurs large expenses on its energy bills and the power production from the CHP 

plant can be used to substantially cut these expenses. The choice among the two options depends 

largely on the price per unit of power that can negotiated with BESCOM with the help of BWSSB. 

In order to calculate potential revenue/savings a fixed price of ₹5.4 is assumed within the calculations 

for the purposes of this project given that each unit (kWh) sold to the BWSSB is priced at ₹4.5 to ₹6 

plus taxes by BESCOM. A sensitivity analysis presented in Section 6.4 details the possible 

ramifications of a change in this price.   

6.3 Financial assessment  

6.3.1 Capital Costs 

Fixed, onetime expenses incurred at the start of the project comprise the costs for construction and 

procurement of Bio digester equipment, Equipment used for Bio-gas Upgrading and necessary 

auxiliary equipment such as the CHP Engine and Heat Pump as and when required. Each of these costs 

greatly depend on the sourcing supply chain in addition to technical specifications such as capacity 

and rating. Land acquisition costs are not considered for the purposes of calculation in this project 

since they vary widely.  
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Capital Costs will also greatly vary on the Use-case scenarios of Bio-gas as described in Table 9, in 

addition to the system configuration. The Numerical value of the costs  presented  are decided together 

with ‘HoSt Bio-Energy Systems’, as an estimation to analyse the feasibility considering local 

circumstances in Bangalore and technical specifications specific to ‘HoSt’ and are not be considered 

as an official quotation for the equipment.    

Figure 77(a) and 7(b) and Appendix C show the details of the capital costs for the two design 

configurations and three resource use case scenarios at each of the plants.  

6.3.2 Operational and Maintenance Costs 

Operational and Maintenance costs used in the calculations are estimates for annually recurring costs 

of operation based on known and partly unknown factors. They majorly include estimated annual 

maintenance costs for each equipment, fixed yearly costs, cost of process expendables, labour and 

insurance costs. The Numerical value of the costs presented in following sections are decided together 

with ‘HoSt Bio-Energy Systems’, as an estimation considering local circumstances in Bangalore and 

few technical specifications specific to ‘HoSt’. These costs also depend greatly on the use case scenario 

of the bio-gas and system configuration.   

Figure 88(a) and 8(b) and Appendix D present the details of Operational and Maintenance costs for 

the two design configurations and three resource use case scenarios at each of the plants. 
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Figure 7(a) and 7(b): Capital Costs in different configurations and Bio-Gas use case Scenarios 



  

43 

 

Sukrit Aravind Patil (1506862) | Thesis report-Graduation Report | MSc Sustainable Energy Technology  

 

6.3.3 Expected Revenues 

Expected revenues presented in this report are estimates of market value for the amount of resources 

generated with use of the proposed system. The market study provides the basis to estimate this market 

value. It is important here to note that the value for these resources is a approximation of the present 

market for bio-methane and electricity in Bangalore but the valuation can change greatly in the future. 

A sensitivity analysis presented in Section 6.4 provides a glimpse at how the variations in the market 

affect the expected revenues 

6.3.4 Annual Operational Profit 

As a consequence of the operational and maintenance costs incurred each year, the total expected 

operational profit is the remainder of the expected revenues after accounting for such annual costs.  

Figure 99(a) and 9(b) and Appendix E present the details of expected revenues and annual operational 

and maintenance costs for the two design configurations and three resource use case scenarios at each 

of the plants. 
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Figure 8(a) and 8(b) Annual Operational and Maintenance costs at different plants with the two configurations and bio-gas 

use case scenarios 
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6.3.5 Payback Periods 

Payback period refers to the amount of time it takes to recover the capital costs through cash inflows 

generated by the operation of the proposed plant. Payback period is thus a good measure of the 

economic feasibility of the project and is thus a suitable investment appraisal technique. The net cash 

inflow in the case of this project is the annual operational profit. Thus, the payback period is equal to 

the amount of time in the future when the cumulative operational profit exceeds the capital costs.  

Figure 1010(a) and 10(b) present the estimated payback period for the two design configurations and 

three resource use case scenarios at each of the plants. 

● Discounted Payback Period 

One of the biggest disadvantages of using a simple payback period to assess the economic feasibility 

of this project is that it ignores the time value of money.  To counter this limitation, a discounted 

payback period which discounts future cash flows by a suitable discount rate can be used.  However, 

since the future discount rate cannot be mathematically established, a rate estimated through a past 

study of the rate specific to a country is used in calculations. As per estimations from (Trading 

Economics, 2020) and (Focus Economics, 2020) among others, the interest rate is forecast to be around 

4% in India post the COVID-19 pandemic for the nest 3-5 years. A constant discount rate of 4%is 
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Figure 9(a) and 9(b) Annual Expected Operational Profit at the plants with different configurations and bio-gas use case 

scenarios. 
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hence used within the calculations for this project.  Appendix F presents a discounted payback period 

comparative study amongst the different configurations and bio-gas use case scenarios  

 

6.4 Sensitivity Analysis 

6.4.1 Sensitivity to Changes in Dry Matter Content of the Sludge.  

Dry matter content in both the primary and secondary sludge is a crucial input data in the calculations 

of anaerobic digestion, because ultimately the dry matter % content in the sludge largely determines 

the amount of organic matter available for digestion, given that over 80% of the dry matter content in 
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Figure 10(a) and 10(b) Estimated Payback periods: Different Configurations and bio-gas use case scenarios 
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both primary and secondary sludge is organic. Therefore, Dry Matter content is directly proportional 

to the bio -gas produced thereby affecting other use scenario calculations. 

Figure 12 Sensitivity Analysis Dry Matter Content in Sludge- Raja Canal Plant: 

It can be seen from Figure 11 and Figure 12, that dry matter content is largely inversely proportional 

to the payback period in both the plant and all three use case scenarios. It is also important to note 

from the above graphs that as the dry matter content of sludge increases the relative feasibility of the 

Scenario 3 decreases compared to the other two in both the plants. This is largely due to the high 

economies of scale factor with bio-gas upgrading compared to CHP engines, whereby revenues 

relative to costs increase at a much faster rate. This trend is also consistent with comparisons between 

scenario 1 and Scenario 2.  It can hence be concluded that while dry matter content is inversely 

proportional to the payback period in all scenarios, bio-gas upgrading becomes an increasingly feasible 

option with increase in dry matter content compared to using bio-gas with CHP engines.   

6.4.2 Sensitivity to Changes in Unit Price of Bio-Methane/Natural Gas.  

As detailed in Section 406.1, variations in unit price of bio-methane/natural gas (price/SCM) are 

expected due to the uncertain nature of negotiations and contract that can be established with the local 

natural gas supplier and grid operator- GAIL India, in the absence of a standard input tariff. 

Additionally variations in price are expected with independent supply to industries and commercial 

establishments also as seen in Section 6.1. It is hence important to analyse possible effects on economic 

feasibility of the project due to price changes.  

It can be seen from Figure 13, that there is a gradual change in pay back periods for upto 25% changes 

in the price of Biomethane. Scenario 2 is most largely affected by such price changes closely followed 

by Scenario 1, due to their large dependencies on bio-methane sale as a source of revenue. Scenario 3 

with the use of CHP engines is unaffected by these price changes. The relative feasibility of Scenario 

3 compared to Scenarios 1 and 2 greatly depends on this price. However, looking at the larger picture 

it can be concluded that while changes upto 3 years of payback period can be noticed, small changes 
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in the unit price of the bio-methane do not largely affect the economic feasibility of the project as a 

whole.  

6.4.3 Sensitivity to Changes in Unit Price of Electricity.  

While the valuation for locally available bio-gas as a source of  flexible electricity and energy storage 

is expected to increase over the years with higher peaks in power demand and a need for source of 

power during periods of the day and the year when energy production from the ever-growing 

renewables (solar PV and wind) isn`t possible. However with falling electricity prices also due to the 

same reason, the revenues are expected to take a hit as units of electricity are valued lesser and lesser 

over the years.  Inflation in the general economy is also expected to contribute to the uncertainty in 
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Figure 13 Sensitivity Analysis: Price of Bio-methane/ Natural Gas 
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the future.  It is hence important to assess the possible effects of change in electricity prices on the 

economic feasibility of the project.  

Figure 14 shows that Scenario 3, with its revenues largely dependent on electricity savings is greatly 

effected by potential changes in unit price of electricity. Its relative feasibility compared to the other 

two scenarios continues to steadily rise with increase in unit price. However, a price below the existing 

levels will push the payback period higher greatly. Use-case Scenario 1 with its balanced use of bio-

gas upgrading and CHP engines is largely unaffected with very minimal changes to its overall 

feasibility. Payback periods in Scenario 2 are slightly dependent on the unit price of electricity even 

without any use of CHP engines due to its dependence on electric heat pumps for process heating 

needs. Looking at the larger picture, it can be concluded that while the effects of electricity prices can 

be neglected in use case scenarios 1 and 2, greater care needs to be adopted when choosing scenario 

3. However small changes in the unit electricity prices do not largely affect the economic feasibility 

of the project as a whole.  

6.5 Comparison and Assessment 

6.5.1 Comparison and Assessment: Different Waste water treatment plants 

Bio-gas Production is very specific to each plant and varies greatly with the quality of sludge especially 

with the percentage of dry matter content as seen in Section 6.4.1. Other site specific factors such as 

cost of land acquisition if any, proximity to natural gas grid, presently available sludge management 

equipment etc. influence economic feasibility greatly ,Additionally, feasibility is also influenced by 

the customisations in size possible to the equipment. (E.g. Lack of smaller capacity bio-gas upgrading 

systems affects feasibility at small WWTPs while similarly low capacity factors for equipment also at 

some of the larger plants due to modularity in available equipment, from digesters, to CHP engines 

and Bio-gas upgrading equipment)  

However, a strong co-relation can be drawn from Figure 10Figure 10, where the plant capacity 

(capacity of water treated per day) is inversely proportional to the payback period.  This is because 

larger plants benefit from lower capital and operational costs per unit revenue achieved. This is because 

of the economies of scale factor which greatly reduces equipment costs and operational costs making 

a larger plant better suited for economic profitability than a smaller plant.   

However larger plants also suffer from other problems such as low organic content in sludge due to 

very dilute sewage water, sometimes even directly from the river as in a few cases in Bangalore such 

as the Vrishabhavathi River Valley WWTP, which results in low specific bio-gas production leading 

to revenue losses. Availability of enough land area, suitable for a large digester/digesters is another 

potential problem at large WWTPs within the city limits. Additionally, sufficiently large market for 

the resources (Biomethane and electricity primarily) has to be ensured to make maximum use of the 

large installed equipment.  Also, the economies of scale factor isn’t as effective at very large plants 

with them needing multiple similar equipment rather to ensure efficiency than a large one thus tapering 

off the feasibility scale.  Thus a feasibility study specific to each plant, along with a smart choice of 

use-case scenario though sufficiently large plants (>15MLD) hold a clear advantage over plants od 

smaller capacities.    
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6.5.2 Comparison and Assessment: Different Design Configurations 

While there is an increase in revenue with the use of two stage digestion compared to the single stage, 

it is overshadowed by the increase in related costs, as can be seen in Figure 15. This trend is consistent 

across all the four plants studied and three bio-gas use case scenarios studied. This is largely because 

of the increased capital cost of the additional digester and its operational expenses. No correlation 

could be established on the relative economic feasibilities among the two digester configurations on 

the basis of plant capacity.   

However, two stage digestion especially with a thermophilic second stage offers other benefits such 

as increased organic matter and pathogen removal from sludge. Reduced organic matter in the 

digestate helps in meeting COD and BOD discharge standards, while also helping reduce the risk of 

eutrophication of water bodies. Higher detention periods and higher temperatures in the second stage 

help reduce the disease causing pathogen content (like E.coli) making the digestate safer for land 

application and agricultural use. These benefits of a two stage configuration, over a single stage is 

however hard to quantify directly into economic profits. However, the existence and stricter 

enforcement of strong discharge standards and sludge management pre-requisites by the KSPCB will 

act as a boost, not just for two-stage digestion but for the project as a whole since additional focus and 

resources will then need to be allocated to urban sludge management in addition to guaranteeing water 

security. It can therefore be concluded that while single stage digester configuration, clearly makes 

more economic sense than a two stage digester configuration, existence of certain systemic factors 

(strict regulations, societal pressure etc.) can bridge the economic feasibility gap between the two 

design configurations 

Figure 15 Comparative Chart: Different Design Configurations 
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6.5.3 Comparison and Assessment: Different Use-Case Scenarios 

The choice of bio-gas case use case scenario plays a pivotal role in determining the overall economic 

feasibility of the project.  As can be seen from {Figure 10(a) and 10(b) Estimated Payback periods: 

Different Configurations and bio-gas use case scenarios}, none of the three presented use cases is 

suitable in all cases (different plants and different configuration). The three Use-case scenarios 

presented are intended to include all possible use cases of generated bio-gas amongst their bounds. 

Scenario 3, with the sole use of CHP engines as a source of electricity from the bio-gas proves to be 

the system of choice for smaller plants in a single stage digester configuration. Its advantage over other 

scenarios is primarily due to the large capital costs at smaller capacities of the bio-gas upgrading 

equipment compared to a CHP engine. The advantage is most prevalent in the smallest WWTP with 

more than 33% lesser payback period for Scenario 3 over other scenarios. Its advantages diminishes 

in larger plants and it has the highest payback period in 4 out of the 8 total cases, with two stage 

configuration not favouring Scenario 3 in 3 out the 4 plants. It can thus be concluded that with larger 

amounts of bio-gas production, bio-gas upgrading has a clear economic advantage against CHP 

engines as the system of choice.  

Scenario 2 benefits from the absence of capital and operational costs of the CHP engine, though some 

of the advantage is cut back in different amounts in different plants due to the use of a heat pump for 

process heat needs. In addition it is the use-case scenario of choice in plants with the large bio-gas 

generation because of the relatively high revenues from bio-methane are able to offset high capital 

costs of the upgrading equipment and the heat pump. It is also the use-case scenario with the lowest 

operational and maintenance costs across the 8 cases, guaranteeing higher profits in the long run once 

the capital costs are met. The use of bio-gas solely for upgrading to and subsequent sale of bio-methane 

thus, presents itself as a suitable option, especially for plants with large bio-gas generation capacities.  

Scenario 1, with its mixed use of bio-gas for upgrading and with CHP engines presents itself as the 

most suitable option in a few cases (2 out of 8) under suitable circumstances in both single and two 

stage digester configuration.  It is greatly influenced by the differing economies of scale factors of bio-

gas upgrading and CHP engines. It fits into the spot between scenario 2 and 3 as the most feasible 

option with suitably sized equipment in plants with neither large nor small bio-gas generational 

capacities. With all existing infrastructure, it is also the most flexible of the three use use-case scenarios 

which can be potentially used to great advantage in the existence of a variable price contract and 

provides opportunities for optimisation of use to maximize financial gains..  

In a broader perspective, the three use-scenarios are competitive in different circumstances providing 

possibilities for smart choice based on the WWTP and the design configuration of choice. The choice 

of use-case scenario is also greatly dependent on variations in sludge quality and prices for bio-

methane and electricity as seen in the sensitivity analysis in Section 6.4 and can greatly determine the 

project`s total economic feasibility and its appeal to stakeholders thereby determining the successful 

adoption of the project.  
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7. Sustainable Business Models and Stakeholder Engagement  

This chapter presents the possible business model of the proposed technological solution and possible 

ways to boost its adoption in Bangalore through Stakeholder Engagement.   

7.1 A Stakeholder ‘Influence vs Interest’ map in the context of the project 

We need principles of stakeholder theory to account for a stakeholder’s importance (who matters) as 

well as technology acceptance and behavioural constructs to account for the direction of the 

stakeholder salience (how do they matter in relation to innovation implementation outcomes). In other 

words, both a stakeholder’s capacity (Influence) as well as their intentions need to be considered in 

conjunction for the evaluation of the impact of a stakeholder on innovation adoption processes. The 

Influence v/s Impact grid, which is also known as the Influence v/s Impact matrix, is a tool that helps 

understand which stakeholders have the most influence and the impact they can make on project 

success. With success in the case of this project deemed as the adoption of the technological solution 

proposed in this research, an Influence V/s Impact map is constructed. Figure 165 is an Interest V/s 

Influence map for potentially feasible energy and resource recovery from sludge at a wastewater 

treatment plant.  

 

Figure 16 Interest vs Influence Map 

The framework and Guiding questions used in the construction of this Interest v/s Influence map are 

presented in Appendix G 
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7.2 Key Takeaways and Stakeholder Engagement.  

The aforementioned influence v/s interest map together with the stakeholder analysis (Section 4.2) and 

value map (Table 2) can be used to form key takeaways about the existing system in Bangalore and 

stakeholder perceptions and possible implications of the proposed design in Bangalore. Subsequently 

techniques and from Stakeholder Engagement literature can be used to devise frameworks keeping 

each stakeholder in mind to better help with the adoption of this project.  

1. BWSSB  

Suggested Engagement Strategy: Collaborate, Involve and manage closely 

The BWSSB with its role as the primary customer, sole decision maker and operator is of the 

plant is the most influential of all stakeholders and in many ways is the determining factor for 

the success of this project. While there is a stated desire to make its WWTPs more efficient 

both in terms of energy and in circularity of resources, the BWSSB is plagued by challenges 

of its own as described in Section 4.2.1, most important of which are guaranteeing water 

security and improving coverage of water distribution and the sewage network. The BWSSB 

is also the subject of great criticism for its handling of the city`s water bodies and ineffective 

implementation of its policies.  However, the BWSSB is greatly interested changing this image 

by projecting itself as a responsible, sustainable utility, and the implementation of this project 

could help boost that image. During the interviews and in the stated vision for the next 10-15, 

it was clear that the BWSSB would be interested in such a project, but a lot would depend on 

the financial and physical space constraints at its existing and planned plants within the city. 

As can be seen with the calculations, financial models vary greatly from plant to plant, because 

of their capacities, mode of operation and quality of sludge, but with smart choices, financial 

feasibility and profitability in the long term can be established and risk can be mitigated. Space 

constraints will have to be studied on a specific to each plant and most suitable plants can be 

chosen to start with on a step by step basis. Addressing these two main issues will be of crucial 

importance in engaging closely with BWSSB.  

2. Potential Resource Buyer 

Suggested Engagement Strategy: Monitor, Consult and Keep Informed  

The major revenue streams for the resources are either from sale of Bio-Methane or through 

savings on the electricity usage. The key stakeholder in this sector thus is GAIL India Ltd, 

with its monopoly over distribution of gas in the city. It is thus important to closely monitor 

the gas market in Bangalore regularly for any particular threats or opportunities (in terms of 

price fluctuations, regulation changes etc.) that might arise. Additionally, the existing and 

planned coverage of the distribution grid with respect to proximity from the WWTP needs to 

be monitored. It is also important to keep them informed of the capacity and reliability of the 

gas that can be supplied, in order to help them plan their distribution better. Furthermore, it is 

important to explore and monitor the market for bio-methane (Industrial and Commercial 

establishments who use Natural Gas) in the vicinity of the WWTP and should be kept informed 

about their options  
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3. Government  

Suggested Engagement Strategy: Advocate, Keep Informed, Use Influence 

While the two arms of the Government (GOK and BBMP) may not have a direct influence in 

decision making, they are still largely influential due to their inherently mutually affecting 

relationship with the BWSSB. Since the BWSSB is a executive body appointed by the 

government, the government is responsible to the society (voters). The positive impact 

ecological and social benefit of the project can ideally be pitched to the government in the 

same way the financial benefit is pitched to BWSSB. Subsequently this influence can be used 

to push for the adoption of the projects recommendations 

4. KSPCB 

Suggested Engagement Strategy: Monitor, Advocate.  

A three pronged monitoring of the potential changes KSPCB makes to both the emission 

(atmospheric), discharge (into water bodies) and landfilling standards need to be in place as 

these can have largely beneficial or largely detrimental effects on the adoption of this project. 

Additionally, a push has to be made advocating the KPSCB to make proper and responsible 

sludge management post WWTP mandatory also advocating for its effective execution.   

5. Society 

Suggested Engagement Strategy: Inform, Empower 

The ecological and social benefits of the project on the larger society can be used to push for 

creating an environment conducive for and advocating the implementation of the project. This 

engagement can be done with through the help of NGOs, Community Organisations, 

Mainstream and Social Media. Special additional focus can be adopted on sections of the 

society living in direct vicinity of polluted water bodies and/or landfills.     

6. Consumers 

Suggested Engagement Strategy: Remain Passive  

Individual consumers are not directly affected by the adoption of this project. The project 

through increased water security, fairer pricing of sanitation services and better city 

infrastructure affects the consumers in a small, indirect but positive manner. In addition their 

influence on the project low. Thus, while specific engagement initiatives aimed at the 

consumer are deemed unnecessary and not suggested, they are a part of the society that will 

need to be informed and empowered as suggested previously 

7. Farmers 

Suggested Engagement Strategy: Remain Passive 

While farmers relying on waste water for irrigation of crops might be affected because of the 

possible lack of nutrients in waste water, the implementation of the project, promoting proper 

sludge mitigates also largely mitigates great damages to soil and wellbeing of people closely 

involved. It is to be noted that, waste water is used by such farmers for irrigation largely 

because there is no other option, rather than out of choice.   
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7.3 Business Model- Traditional Business Model Canvas 

In order to understand and describe the rationale of how the adoption of this project, creates, captures 

and delivers value to the involved stakeholders, a business model, specific to this project is necessary. 

This is in addition to the business model acting as a key tool to attract investment, convince key 

stakeholders (like the BWSSB) of the feasibility and recruit talent.  

This business model is also intended to act as a key internal tool to decide on the framework that needs 

to be followed of further actions to push for this project`s adoption in Bangalore. As described in 

section 2.2.3 a business model canvas is used to help understand the proposed business model in an 

organised and structured manner.  

7.3.1 Framework and Canvas 

The Osterwalder Business Model Canvas (Osterwalder, Pigneur, & Clark, 2010) was used primarily 

because of its simplicity, comprehensiveness in arriving at the way to operate a profitable business 

and its popularity (acceptability)2  

For the purposes of depiction, the most financially viable case (bio-gas use case scenario-1 at the Raja 

Canal WWTP with a single stage configuration) is used. The proposed business model for this 

particular case is depicted in the Osterwalder Business Model Canvas in Table 10.  

Guiding questions used for filling in each of the 9 elements in the canvas, in the context of this project 

are reported in Appendix H

                                                      
2 This widely referenced approach to business model definition and presentation was developed by Osterwalder and Pigneur in 2009 

(Osterwalder, Pigneur, & Clark, 2010) based on the earlier PhD thesis work on ontology of business models. (Osterwalder, 2004). The 

two works put together show over 16,000 citations in Google Scholar and has “generated more impact than most other dissertations” 

according to (Alt & Zimmermann, 2014). Additionally, through the visual works and designer tools (over 1 million books sold, 5 

million downloads of the canvas template), the Osterwalder reference has attained considerable social proof. The widely known 

business model canvas (BMC), derived from the ontology, is a de facto reference standard and is taught in management and 

entrepreneurship education worldwide, almost like a shared language among businesses, start-ups, investors, financial institutions etc.    
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Table 16 Business Model Canvas for the selected case 
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7.4 Sustainable Business Model – ‘Flourishing Business Model’  

7.4.1 Need for a Sustainable Business Model 

The typical definition of successful business is an important starting point, when a business model is 

being designed, as the business model is essentially a conceptual model of the best possible means for 

achieving desired outcomes. Since business is a significant part of society, more so in the case of this 

project with its adaption directly or indirectly affecting all of Bangalore`s citizens and many more lives 

living downstream, it is worth considering what the definitions of business success are, and what 

desirable and undesirable consequences from the project (business), act towards supporting a 

sustainable society? For over 7 decades, business success has been broadly and largely defined by 

monetary returns to shareholders via a share of profits and increases in firm valuation (Handy, 2002).  

But, this definition of a successful business is untenable in the long term, with current social and 

environmental challenges questioning institutional arrangements that have been carefully built over 

time. This definition of a successful business and hence the business model based on it thus has eroded 

in value over time since it focusses only on monetary transactions, while treating resources as 

unlimited, while not accounting for externalities, e.g. damage to the environment, while being linear 

with large amounts of waste production and are being able to adequately value ‘the commons’. This 

is highlighted in “Firms & companies still largely focus on reducing their unsustainable conduct rather 

than on increasing the sustainability of the whole system through radical change across actors & 

levels” (Ehrenfield, 2005) and “Many companies remain trapped in an outdated approach to value 

creation that does not take into account the depletion of natural resources vital to their business” (Porter 

& Kramer, 2011). This thus brings about the need to include along with a traditional business model, 

a ‘New/Sustainable Business Model’ which adequately caters to the aforementioned exclusions of the 

traditional business model and the traditional definition of a ‘successful business’. This need is 

extenuated in a multi-sectoral project like this with many directly involved stakeholders, but also many 

seemingly uninvolved but greatly affected values, processes and people 

7.4.2 Choice Of the Flourishing Business Model 

To fill in the aforementioned need, many sustainable business models or frameworks to analyse a 

business exist in different sectors, areas and levels; with the main principle being identification and 

fostering of multiple, shared and collective values rather than a singular financial value with more 

types of benefit for the society other than profit and an emphasis on community centric services rather 

than organisation centric products. One such profoundly popular approach is the ‘Clover Leaf’ 

approach (Jonker, 2015) with a focus on changing the nature of value creation, adding social and 

environmental values as well as monetising new resources.  

(Upward & Jones, 2015) present a new business modelling approach named the ‘Flourishing business 

model’ which is based on the widely referenced and popular and generally used (Osterwalder, Pigneur, 

& Clark, 2010) approach. It has focus on changing the nature of resources used and linking people, 

process and outcomes to environmental, societal and economic values. This ‘Flourishing Business 

Model’ canvas was chosen for this project preliminarily because of its similar structure to the 

traditional Osterwalder canvas presented in Section 7.3, making it easier to compare what is missing 
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in the traditional approach; thereby presenting a comprehensive business model which incorporates all 

values and benefits needed of a ‘sustainable business model’ within the same structure.  

7.4.3 Flourishing business model- Framework and Canvas.  

The ‘Flourishing Business Model’ is broadly grouped into four sections to answer the following 

elements of the business (Flourishing Enterprise Institute, 2020)3 

1. Process: How, where and with what does this project co-create its value to achieve its Goals? 

2. Value: What value is co-created and co-destroyed now and / or in the future between this 

project/business and all the Stakeholders involved? 

3. People: Who are all the people involved in this business: the people this project business does 

it to, for and with? 

4. Outcomes: What outcomes demonstrate whether this project/business has achieved its Goals, 

achieving its Stakeholder’s definition of success over time? How does this business measure 

the benefits and costs to determine whether or not these outcomes are achieved (in applicable 

environmental, social and monetary units)? 

Table 11 presents a Flourishing Business model Canvas created using the framework described above. 

(Flourishing Enterprise Institute, 2020) (Upward & Jones, 2015). For the purposes of depiction in the 

flourishing business canvas, the most financially viable case (bio-gas use case scenario-1 at the Raja 

Canal WWTP with a single stage configuration) is used. 

Guiding questions used for filling in each of the 16 elements in the flourishing business model, in the 

context of this project are reported in Appendix I

                                                      
3 The Flourishing Business Canvas is a Visual Design tool developed for use by businesses, academia and start-ups by 

the Flourishing Enterprise Institute based in Canada. It is based on peer reviewed research undertaken at York University’s 

Faculty of Environmental Studies and Schulich School of Business. The Flourishing Business Canvas is conceptually 

powered by the peer-reviewed Strongly Sustainable Business Model Ontology (Upward & Jones, 2015). 
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Table 17 Flourishing Business Model Canvas 
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8. Future Work  

This chapter presents the possibilities for future work as a continuation of this project towards the 

adoption of anaerobic digestion and subsequent resource and energy recovery from municipal waste 

sludge in Bangalore 

8.1 Site Specific Studies 

This research acts as a broad study of the possibilities of resource recovery from waste water sludge 

in Bangalore. Using this as a base, a specific study restricted to an individual waste water treatment 

plant is necessary to establish the feasibility of anaerobic digestion and subsequent resource recovery 

along social, technological, ecological and financial lines.  

Starting with preliminary site specific understanding on ease and costs of land acquisition for the 

project an analysis of the existing infrastructure and operations especially sludge management needs 

to be carried out. By conducting chemical sludge quality (both primary and secondary) tests at the 

chosen WWTP over regular intervals of time in a year, dynamic data of the sludge contents over a 

typical year  (including both the dry weather season and wet weather season) will need to be accounted 

for in subsequent design and sizing calculations.  To comprehensively establish feasibility a deeper 

understanding of the market, together with reliable price negotiations with both BESCOM and GAIL 

India, is needed.   

8.2 Additional Revenues - CO2  

In addition to the production of Biomethane, the use of bio-gas upgrading, can be used to recover and 

liquefy Carbon Dioxide (CO2) to create an extra source of revenue helping boost the prospects for the 

project. The use of bio-gas upgrading systems from HoSt (through Bright Biomethane) doesn’t need 

additional equipment for CO2 separation with the 3 stage upgrading system already extracting CO2 

that can be  compressed, filtered and cooled to reach the required purity and liquid state.  

With this in mind, a future study focussing on maximising possible revenues through sale CO2 needs 

to be carried out focussing specially on the local context, employing a in-depth market study, ideally 

in the context of the plant depending on the amount of CO2 extracted. Potential uses are in the food 

and beverage industry, in greenhouses, industrial chemicals, refrigeration and slaughter houses.  

Potential calculated revenues from these sources can be added to the pre-existing financial model 

together presenting a comprehensive and more viable resource recovery solution.  

8.3 Digestate Enhancement and New Value Streams  

Digestate is a by-product of anaerobic digestion and is the effluent or digested substrate which is 

removed from the digester after the recovery of recovery of bio-gas. The constituents and the properties 

exhibited by the digestate are dependent on the substrate (sludge) used and the retention period in the 

digester.  
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In order to add to the feasibility of the project and to add value to each of the stakeholders involved, a 

deeper study aimed along the following lines is needed and will enhance the appeal of the project as a 

whole.  

(a) Increase the value of the digestate; 

(b) Create new markets for digestate products; 

(c) Reduce the dependence on land filling and land application eliminating disposal costs ; 

(d) Ensure more secure and sustainable outlets for digestate products; and 

(e) Potentially reduce the operating cost of the project. 

Appendix J presents a detailed overview of currently commercially operating and new potentially 

viable digestate processing options.     
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9. Conclusion 

While anaerobic digestion of waste water sludge is a suitable, well established  method for extracting useful 

resources from waste water sludge, its technological and financial feasibilities are governed by a multitude of 

generic and site specific factors such as the quality of the sludge, local sludge disposal regulations and 

practices, seasonal changes in the sludge and weather etc. Anaerobic digestion does present a horde of other 

subsequent value streams for the operator, without affecting any of the existing value streams in the water 

treatment system adversely.  

The BWSSB, in its quest to guarantee water security for a rapidly growing city, places great importance on the 

future of waste water treatment and sees reutilisation of treated water as a key source of fresh water, thereby 

reducing/not increasing its dependence on water pumped in from river which is unreliable and is becoming 

increasingly expensive. However, to achieve its goal of 100% treatment of water, it faces several key 

challenges, most prominently, effective disposal of treated sludge. BWSSB also struggles with its unique 

position as a independently operating governmental utility, making it hard for itself to price its services 

adequately. Hence, there exists a niche opportunity for a value enhancing project within BWSSB`s operations 

with new revenue streams which also helps it move towards it goals and streamline its operations. The eco-

system for such an opportunity to prosper can be made more conducive through collaborated efforts with all 

involved stakeholders, while focussing on shared value creation, like in this project.   

While the designed system presented in this project does have an established technology at heart and 

reasonably acceptable payback periods for projects of its type, a large part of the acceptability of the project to 

key stakeholders will depend on site specific factors such as costs of land acquisition, resource market in the 

vicinity etc. This research is thus, only a broad overview of the technological and economic prospects available 

for resource revalorisation from sludge while deeper analysis needs to be carried in the perspective of each 

individual plant. While this project describes the challenges and interests of each stakeholder, in the context 

of this project, the stakeholder analysis needs to be expanded to comprehensively include the apprehensions 

and confidences of key stakeholders upon completion of focussed plant specific studies and finalised 

technological solution suited to each plant. While preliminary data from the plants is used in the case of this 

project, sludge data from specially carried out periodic tests over the year is needed to arrive at more accurate 

estimates of value created. As of the system, larger plants with single stage digestion and smart systems 

encompassing both power production and bio-methane generation are more financially viable than smaller 

plants with two stage digestion and singular use cases. However, these conclusions can greatly be affected 

when other non-(purely)economic factors are considered.  

In this context, for a technology provider like ‘HoSt’ it is important to note that while the project seemingly is 

financially viable, its adoption can be hindered by several other factors, most importantly the ambivalent nature 

of key stakeholders and market players. It is thus crucial to have the right engagement strategy with each 

stakeholder even before the project is established. Furthermore since it is a relatively niche idea especially in 

the given context, the initiative to not just convince stakeholders of its technological and financial feasibility, 

but also to show the need for such a project also rests with the technology provider/ project developer. 

Collaborations with local and international financing organisations together offering a clear structured 

financial plan will be greatly beneficial.  Additionally, deep collaborations with local small scale manufacturers 

and businesses especially in the case of non-critical equipment and system components would further greatly 

boost the economic case for the project.  
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11. Appendix 

Appendix A: List of WWTPs in Bangalore.  

The following table presents a list of currently existing and planned waste water treatment plants operated by 

the BWSSB by 2025. Capacities listed are in MLD units suggesting million litres of influent waste water per 

day.  

 
Existing Commissioned Construction CWSS V Stage 

Miscellane

ous 

 Name 
Capacity 

(MLD) 
Name 

Capacity 

(MLD) 
Name 

Capacity 

(MLD) Name 
Capacity 

(MLD) 

Proposed 

STPS at 

BDA 

layouts 

and STPs 

at  BDA/ 

BBMP 

maintaine

d lakes 

1 K &C 

Valley 
248 Bellandur 90 

K&C 

Valley 
150 Varthur 15 

2 
V.Valley 180 

K&C 

Valley 
60 V.Valley 150 

Hemmigep

ura 
13 

3 Mailasand

ra 
75 Kengeri 60 Hebbal 100 

Kariobavan

halli 
10 

4 
Hebbal 60 

Raja 

Canal 
40 

Doddabe

le 
40 Nagasandra 9 

5 Kadabesa

nahalli 
50 

Nagasand

ra 
20 Agaram 35 Somapura 8 

6 Raja 

Canal 
40 

Doddabel

e 
20 

K R 

Puram 
20 Jakkur 7 

7 Nagasand

ra 
20 

Horamavu 

Kere 
20 

Hulimav

u 
10 

Doddabetta

halli 
7 

8 
K. R. 

Puram 
20 

Yellamap

pa Chetti 

kere 

15 Jakkur 5 
Yelahanka 

kere 
6 

9 Billishival

li 
17 Kadugodi 6 Sarakki 5 Hosahalli 6 

10 Yelahank

a 
10 

Chikbana

vara 
5 

Chikkabr

gur 
5 

Talaghattap

ura 
5 

11 
Jakkur 10   Halagur 2 

Pillanganha

lli 
4 

12 
Madivala 4   Hennur 1 

Chikkbanav

ara 
4 

13 Lalbagh 1.5     Herohalli 3 
14 Cubbon 

Park 
1.5     

  

15 Kempabu

dhi 
1 

       

  738  336  523  97 111 

Total Water Treatment Capacity (MLD) operated by the BWSSB by 2030 1805  
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Appendix B Preliminary Theoretical Design of Bio-Digestor   

Nomenclature   

TS – Total solids   

VS – Volatile solids (Total organic solids)  

 FS – Fixed Solids (Inorganic solids that don’t take part in digestion)  

 

B.1.    Billishivalli WWTP 

The following is the design for the aforementioned Billishivalli WWTP.  

(a)Primary Digester Volume  

Mixed Sludge load to the Digester = 12000 kg TS/day  

Influent sludge Volume =162 m3/day  

VS/TS ratio in typical Primary Sludge =0.77  

Volatile Solids loading rate =1.4kg VS/m3 day.  

  

Now Volatile solids load = 0.77*12000 = 9240kg VS/day  

Digester volume = Volatile solid load / Volumetric Organic loading rate = 9240/1.4 = 6,600m3  

Typical Volume reserved for the bio-gas in the digester =20%  

Therefore, Total volume = 6600+0.20*6600 = 7,920 m3.  

  

(b) Detention time   

Hydraulic Detention time = Volume of the digester/Influent flow to the digester  

=7920/162 = 48.8 days   

A detailed economic assessment of the digester can suggest higher loading rates and thus the detention 

period can be reduced to around 25 days  

  

(c) Primary Digester Effluent Sludge (To be later used as a influent into the secondary digester)  

Influent Volatile Solids =9240 kg VS/day  

Influent Fixed Solids = (1-VS/TS)* Influent Total solids =0.23*12000= 2760 kg FS/day  

Effluent Volatile Solids = 0.5*9240(Typical stabilization of organic solids in Mesophilic digestion is 

50%) =4620 Kg VS/Day   

Effluent Total Solids = 2760+4620= 7380 kg TS/d   

(d) Energy Balance in the  Primary Digester  

Bio-gas Production = 0.8m3/kg VS destroyed  

Bio-gas Calorific Power= 23.3MJ/m3  

Volatile Solids Destroyed = 4620 kg VS/day  

  

Hence Bio-gas Volume = 4620*0.8= 3696 m3/day or 3,696,000 liters /Day  

Total Calorific Power of the Bio-gas Produced = 3696*23.3 MJ = 86,116 MJ/day  

  

(e) Secondary digester Volume  

Total solids in Sludge inflow to the digester= Primary Effluent Sludge+ Secondary influent sludge  

=7380 kg TS/day + 9500 kg TS/day =16880 kg TS/day  
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Influent sludge Volume= Primary Effluent +Secondary Influent =162+80 = 242 m3/day  

Typical VS/TS of Secondary Sludge =40%  

VS/TS of Primary Effluent= 4620/7380 =62%  

Cumulative VS/TS of Secondary influent Sludge = (0.62*7380)+(0.49*9500)/16880 = 0.5468  

Volume of Digester = Detention period* Influent flow= 48.8*80 =3904 m3  

Typical Volume reserved for the bio-gas in the digester =20%  

Therefore, Total volume = 3904+0.20*3904 = 4684.8 m3.  

 

(f) Energy Balance in the Secondary Digester   

VS destroyed= 0.35*0.54*16880 (Since Volumetric loading rate of organic solids has decreased from 

1.4 kg VS/m3 to 0.79kg VS/m3 the digestion is efficient with typical conversion rates around 30-35% 

of organic matter)  = 3190.32 kg VS/day  

Hence Bio-gas Volume = 3190.32*0.8 = 2552.25 m3/day or 2552250 liters/day  

Total Calorific Power of Bio-gas produced = 2552.25*23.3 MJ = 59467.56 MJ/ day  

  

(g) Overall Bio-Gas Produced   

Total Bio-gas produced = 3696+2552.25 = 6248.25 m3/day  

Total Calorific Power of Bio-gas Produced = 86116+59468= 145584 MJ/day.  

 

B.2     Cubbon Park WWTP 

The following is the design for the aforementioned Cubbon Park WWTP.  

(a) Primary Digester Volume  

Mixed Sludge load to the Digester = 1800 kg TS/day  

Influent sludge Volume =10m3/day  

VS/TS ratio in typical Primary Sludge =0.77  

Volatile Solids loading rate =1.4kg VS/m3 day.  

  

Now Volatile solids load = 0.77*600 = 1386 kg VS/day  

Digester volume = Volatile solid load / Volumetric Organic loading rate = 1386/1.4 = 990m3  

Typical Volume reserved for the bio-gas in the digester =20%  

Therefore, Total volume = 990+0.20*990 = 1188 m3.  

  

(b) Detention time   

Hydraulic Detention time = Volume of the digester/Influent flow to the digester  

=1188/10 = 118.8 days   

 (c) Primary Digester Effluent Sludge (To be later used as a influent into the secondary digester)  

Influent Volatile Solids =1386 kg VS/day  

Influent Fixed Solids = (1-VS/TS)* Influent Total solids =0.23*600= 414kg FS/day  

Effluent Volatile Solids = 0.5*1386 (Typical stabilization of organic solids in Mesophilic digestion is 

50%) =693 Kg VS/Day   

Effluent Total Solids = 414+693= 1107 kg TS/d  

(d) Energy Balance in the Primary Digester  

Bio-gas Production = 0.8m3/kg VS destroyed  
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Bio-gas Calorific Power= 23.3MJ/m3  

Volatile Solids Destroyed =693 kg VS/day  

  

Hence Bio-gas Volume = 693*0.8= 554m3/day or 554000 litres/Day  

Total Calorific Power of the Bio-gas Produced = 554*23.3 MJ = 12917.52 MJ/day  

 (e) Secondary digester Volume  

Total solids in Sludge inflow to the digester= Primary Effluent Sludge+ Secondary influent sludge  

=1107 kg TS/day + 1400 kg TS/day = 2507 kg TS/day  

Influent sludge Volume= Primary Effluent +Secondary Influent =10+5 = 15m3/day  

Typical VS/TS of Secondary Sludge =40%  

VS/TS of Primary Effluent= 693/1107 =62%  

Cumulative VS/TS of Secondary influent Sludge = (0.4*1400)+(0.62*1107)/2507 = 0.4972   

Volume of Digester = Detention period* Influent flow= 118.35*15 =1775 m3  

Typical Volume reserved for the bio-gas in the digester =20%  

Therefore, Total volume = 1775+0.20*1775 = 2130.3m3.  

  

(f) Energy Balance in the Secondary Digester   

VS destroyed= 0.35*0.497*2507 (Since Volumetric loading rate of organic solids has decreased from 

1.4 kg VS/m3 to 0.79kg VS/m3 the digestion is inefficient with typical conversion rates around 30-

35% of organic matter)  = 436.09 kg VS/day  

Hence Bio-gas Volume = 436.09*0.8 = 348.87 m3/day or 348870 litres/day  

Total Calorific Power of Bio-gas produced = 348.87*23.3 MJ = 8128.76 MJ/ day  

  

(g) Overall Bio-Gas Produced   

Total Bio-gas produced = 554+348.87 = 902.87 m3/day  

Total Calorific Power of Bio-gas Produced = 12917+8128= 21036 MJ/day.  
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Appendix C: Capital Costs, Different Configurations and Use-Cases.  

C.1     Single Stage Digester Configuration 

The following tables present the capital costs of Equipment in different proposed bio-gas use case 

scenarios as listed in Table 9 while using a single stage digester configuration 

Scenario 1 

Capital Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Bio-gas Digester and Equipment 452,250 789,450 1,428,750 2,529,150 

CHP Unit  71,500 110,000 220,000 363,000 

Bio-gas Upgrading 602,600 602,600 729,000 1,014,000 

Total Capital Costs 1,126,350 1,502,050 2,377,750 3,906,150 

 

Scenario 2 

Capital Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Bio-gas Digester and Equipment 452,250 789,450 1,428,750 2,529,150 

CHP Unit  0 0 0 0 

Heat Pump 11,415 14,703 38,173 76,803 

Bio-Gas Upgrading 602,000 602,000 848,000 1,200,000 

Total Capital Costs 1,065,665 1,406,153 2,314,923 3,805,953 

 

Scenario 3 

Capital Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Bio-gas Digester and Equipment 452,250 789,450 1,428,750 2,529,150 

CHP Unit  220,000 363,000 660,000 1,716,000 

Bio-gas Upgrading 0 0 0 0 

Total Capital Costs 672,250 1,152,450 2,088,750 4,245,150 
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C.2    Two Stage Digester Configuration 

The following tables present the capital costs of Equipment in different proposed bio-gas use case 

scenarios as listed in Table 9 while using a two stage digester configuration 

Scenario 1 

Capital Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Bio-gas Digester and Equipment 8,87,400 15,42,600 21,80,250 35,97,900 

CHP Unit  71,500 1,10,000 2,20,000 3,63,000 

Bio-gas Upgrading 6,02,000 6,02,000 8,18,000 12,00,000 

Total Capital Costs 15,60,900 22,54,600 32,18,250 51,60,900 

 

Scenario 2 

Capital Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Bio-gas Digester and Equipment 887,400 1,542,600 2,180,250 3,597,900 

CHP Unit  0 0 0 0 

Heat Pump 13,881 26,027 40,365 76,438 

Bio-Gas Upgrading 602,000 729,000 868,000 1,402,000 

Total Capital Costs 1,503,281 2,297,627 3,088,615 5,076,338 

 

Scenario 3 

Capital Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Bio-gas Digester and Equipment 887,400 1,542,600 2,180,250 3,597,900 

CHP Unit  220,000 473,000 880,000 1,716,000 

Bio-gas Upgrading 0 0 0 0 

Total Capital Costs 1,107,400 2,015,600 3,060,250 5,313,900 
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Appendix D Operational and Maintenance (O&M) Costs  

D.1    Single stage Digester Configuration: Operational and Maintenance Costs 

The following tables present the operational and maintenance costs in different proposed bio-gas use 

case scenarios as listed in Table 9 while using a single stage digester configuration 

Scenario 1 

O&M  Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Maintenance Costs /Yearly 

    

Bio-gas Digester 2298.64 5165.25 9309.55 19,207.76 

CHP  2275.00 3500.00 7000.00 11,550.00 

Gas Upgrading  374.12 841.38 1518.16 3246.52 

Yearly Costs      

Natural Gas Grid Entry Yearly 

Costs 

600.00 600.00 600.00 600.00 

Insurance  5631.75 7510.25 11,888.75 19,530.75 

Unforeseen 5000.00 5000.00 6000.00 8000.00 

Costs in Upgrading      

Iron Water 

Consumption(tonne/year) 

153.37 344.91 622.35 1330.87 

Activated Carbon Consumption 

(kg/year) 

137.22 308.61 556.84 1190.78 

Cost IW  468.53 1053.71 1901.29 4065.82 

Cost Activated Carbon 332.08 746.83 1347.56 2881.69 

Man Power      

Hours 4992.00 4992.00 7488.00 7488.00 

Cost 5491.20 5491.20 8236.80 8236.80 

Total Annual O&M costs 22,471.32 29,908.63 47,802.11 77,319.34 
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Scenario 2 

O&M  Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Maintenance Costs /Yearly 

    

Bio-gas Digester 2298.64 5165.25 9309.55 19,207.76 

CHP  0.00 0.00 0.00 0.00 

Gas Upgrading  524.80 1179.28 2125.47 4385.33 

Yearly Costs      

Natural Gas Grid Entry Yearly 

Costs 

600.00 600.00 600.00 600.00 

Insurance  5328.33 7030.77 11,574.62 19,029.77 

Unforeseen 5000.00 5000.00 6000.00 8000.00 

Costs in Upgrading      

Iron Water 

Consumption(tonne/year) 

215.14 483.43 871.31 1797.72 

Activated Carbon Consumption 

(kg/year) 

192.49 432.55 779.59 1608.48 

Cost IW  657.24 1476.89 2661.86 5492.03 

Cost Activated Carbon 465.83 1046.76 1886.62 3892.53 

Man Power      

Hours 2496.00 2496.00 7488.00 7488.00 

Cost 2745.60 2745.60 8236.80 8236.80 

     

Total Annual O&M costs 17,620.44 24,244.55 42,394.91 68,844.22 
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Scenario 3 

O&M  Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Maintenance Costs /Yearly 

    

Bio-gas Digester 2298.64 5165.25 9309.55 19207.76 

CHP  7000.00 11550.00 21000.00 54600.00 

Gas Upgrading  0.00 0.00 0.00 0.00 

Yearly Costs      

Natural Gas Grid Entry Yearly 

Costs 

0.00 0.00 0.00 0.00 

Insurance  3361.25 5762.25 10443.75 21225.75 

Unforeseen 5000.00 5000.00 6000.00 8000.00 

Costs in Upgrading      

Iron Water 

Consumption(tonne/year) 

0.00 0.00 0.00 0.00 

Activated Carbon Consumption 

(kg/year) 

0.00 0.00 0.00 0.00 

Cost IW  0.00 0.00 0.00 0.00 

Cost Activated Carbon 0.00 0.00 0.00 0.00 

Man Power      

Hours 2496.00 2496.00 2496.00 4992.00 

Cost 2745.60 2745.60 2745.60 5491.20 

     

Total Annual O&M costs 20,405.49 30,223.10 49,498.90 108,524.71 



  

76 

 

Sukrit Aravind Patil (1506862) | Thesis report-Graduation Report | MSc Sustainable Energy Technology  

 

 

D.2    Two stage Digester Configuration: Operational and Maintenance Costs 

The following tables present the operational and maintenance costs in different proposed bio-gas use 

case scenarios as listed in Table 9 while using a Two stage digester configuration 

Scenario 1 

O&M  Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Maintenance Costs /Yearly 

    

Bio-gas Digester 2745.00 6200.59 10,697.84 22,564.04 

CHP  2275.00 3500.00 7000.00 11,550.00 

Gas Upgrading  406.62 1018.40 1829.64 4019.19 

Yearly Costs      

Natural Gas Grid Entry Yearly 

Costs 

600.00 600.00 600.00 600.00 

Insurance  7804.50 11,273.00 16,091.25 25,804.50 

Unforeseen 5000.00 5000.00 6000.00 8000.00 

Costs in Upgrading      

Iron Water 

Consumption(tonne/year) 

166.69 417.48 750.04 1647.62 

Activated Carbon Consumption 

(kg/year) 

149.14 373.54 671.09 1474.19 

Cost IW  509.24 1275.40 2291.38 5033.48 

Cost Activated Carbon 360.93 903.96 1624.04 3567.53 

Man Power      

Hours 4992.00 4992.00 7488.00 7488.00 

Cost 5491.20 5491.20 8236.80 8236.80 

Total Annual O&M costs 25,192.48 35,262.55 54,370.94 89,375.54 
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Scenario 2 

O&M  Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Maintenance Costs /Yearly 

    

Bio-gas Digester 2745.00 6200.59 10697.84 22564.04 

CHP  0.00 0.00 0.00 0.00 

Gas Upgrading  626.71 1415.66 2442.43 5151.61 

Yearly Costs      

Natural Gas Grid Entry Yearly 

Costs 

600.00 600.00 600.00 600.00 

Insurance  7516.41 11488.14 15443.08 25381.69 

Unforeseen 5000.00 5000.00 6000.00 8000.00 

Costs in Upgrading      

Iron Water 

Consumption(tonne/year) 

256.91 580.33 1001.25 2111.84 

Activated Carbon Consumption 

(kg/year) 

229.87 519.25 895.85 1889.54 

Cost IW  784.87 1772.92 3058.81 6451.68 

Cost Activated Carbon 556.28 1256.57 2167.96 4572.70 

Man Power      

Hours 2496.00 2496.00 7488.00 7488.00 

Cost 2745.60 2745.60 8236.80 8236.80 

     

Total Annual O&M costs 20574.87 30479.48 48646.91 80958.52 
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Scenario 3 

O&M  Costs in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Maintenance Costs /Yearly 

    

Bio-gas Digester 2745.00 6200.59 10,697.84 22,564.04 

CHP  7000.00 15,050.00 28,000.00 54,600.00 

Gas Upgrading  0.00 0.00 0.00 0.00 

Yearly Costs      

Natural Gas Grid Entry Yearly 

Costs 

0.00 0.00 0.00 0.00 

Insurance  5537.00 10,078.00 15,301.25 26,569.50 

Unforeseen 5000.00 5000.00 6000.00 8000.00 

Costs in Upgrading      

Iron Water 

Consumption(tonne/year) 

0.00 0.00 0.00 0.00 

Activated Carbon Consumption 

(kg/year) 

0.00 0.00 0.00 0.00 

Cost IW  0.00 0.00 0.00 0.00 

Cost Activated Carbon 0.00 0.00 0.00 0.00 

Man Power      

Hours 2496.00 2496.00 2496.00 4992.00 

Cost 2745.60 2745.60 2745.60 5491.20 

     

Total Annual O&M costs 23,027.60 39,074.19 62,744.69 117,224.74 
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Appendix E:  Revenues and Operating Profits 

E.1     Expected Revenues: Single Stage Digester Configuration 

The following table present the expected revenues in different proposed bio-gas use case scenarios as 

listed in Table 9 while using a single stage digester configuration 

Scenario 1 

Expected Annual Revenue in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Bio Methane into grid 77,267.38 168,310.54 303,476.18 709,908.78 

Electricity into the grid 6650.00 16,590.00 35,140.00 53,760.00 

Total Expected Revenue/yr 83,917.38 184,900.54 338,616.18 763,668.78 

Scenario 2 

Expected Annual Revenue in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Bio Methane into grid 114,477.66 235,904.58 424,874.88 879,843.50 

Electricity Consumption  -25,900.00 -56,070.00 -98,490.00 -156,590.00 

Heat 0.00 0.00 0.00 0.00 

Total Expected Revenue/yr 88,577.66 179,834.58 326,384.88 723,253.50 

Scenario 3 

Expected Annual Revenue in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Electricity into the grid 73,150.00 164,850.00 325,710.00 741,230.00 

Total Expected Revenue/yr 73,150.00 164,850.00 325,710.00 741,230.00 

 

E.2      Expected Revenues: Two Stage Digester Configuration 

The following table presents the expected revenues in different proposed bio-gas use case scenarios 

as listed in Table 9 while using a two stage digester configuration 

Scenario 1 

Expected Annual Revenue in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Bio Methane into grid 81,423.20 203,819.46 365,845.78 806,731.60 

Electricity into the grid 14,280.00 49,000.00 25,760.00 27,720.00 

Total Expected Revenue/yr 95,703.20 252,819.46 391,605.78 834,451.60 
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Scenario 2 

Expected Annual Revenue in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Bio Methane into grid 125,495.02 283,326.08 488,374.98 1,034,031.12 

Electricity Consumption  -24,570.00 -66,080.00 -79,590.00 -173,040.00 

Heat 0.00 0.00 0.00 0.00 

Total Expected Revenue/yr 100,925.02 217,246.08 408,784.98 860,991.12 

Scenario 3 

Expected Annual Revenue in Euros 

Malathalli 

(5MLD) 

Yelahanka 

(10MLD) 

Billishivalli 

(17MLD) 

Raja Canal 

(40MLD) 

Electricity into the grid 87,430.00 194,600.00 376,320.00 788,550.00 

Total Expected Revenue/yr 87,430.00 194,600.00 376,320.00 788,550.00 
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Appendix F: Discounted Payback Periods. 

The following figure displays the discounted payback period of the project using the aforementioned 

discount rate of 4% with the two different design configurations and different bio-gas use case 

scenarios  

 

A simple payback period calculation presented in Section 446.3.5 is however a preferred method for 

a preliminary analysis of feasibility, since the discounted payback period calculation discounts future 

cash inflows but doesn’t account for possible changes in tariffs and thereby revenues due to inflation 

and many other factors especially in the case of pay back periods exceeding 10 years. It however does 

provide a clearer picture of relative feasibilities amongst the plants with larger plants having much 

lesser effects of future cash inflow discounting with smaller pay back periods, while discounted 

payback periods for smaller plants are prohibitive for adoption.    
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Appendix G: Guiding Questions - Interest v/s Influence Map 

The following guiding questions were used during the construction of the matrix.  

1. What are the responsibilities and challenges of the stakeholders in the current water system in 

Bangalore? 

2. What do stakeholders expect from this project and the proposed solution and how do they 

stand to benefit? 

3. Are there any conflicting interests that the stakeholder may have with the project? If so how 

will they impact the stakeholder’s interests towards the project 

4. How committed is the stakeholder to this project and to its outcome? Are they willing to 

commit tangible resources to put into practice the project’s recommendations? 

5. What are the consequences of not managing this stakeholder? Alternatively, why does this 

stakeholder need to be managed effectively? 

6. Can the stakeholder influence other stakeholders? (for example, while the government can 

influence the BWSSB, it by itself is relatively uninvolved), Who are the dominant 

stakeholders? 

7. Are there any threats to the success of the project posed by stakeholders? 
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Appendix H: Guiding Questions - Osterwalder Business Model Canvas 

The following guiding questions were used during the construction of Osterwalder Business Model 

Canvas. 

1. Customer Segment 

Which classes of the society is the project creating values for? Who is the project`s  most 

important customer? 

2. Value Proposition 

What core values are being delivered to each customer? Which customer needs is the project 

satisfying?  

3. Key Partners 

Who are this project`s key partners/suppliers? What are the motivations for each of the 

stakeholder partnerships? 

4. Value Proposition 

What core values are being delivered to each customer? Which customer needs is the project 

satisfying?  

5. Key Activities 

What key activities have to be performed so the promised value proposition can be delivered? 

What activities are important the most in distribution channels, customer relationships, 

revenue stream? 

6. Customer Relationships 

What relationship that the target customer (BWSSB) expects of the project to establish? How 

can the project integrate that into business in terms of cost and format? 

7. Key Resources  

What key resources does the project require in order to deliver the value proposition? What 

resources are important the most in distribution channels, customer relationships, revenue 

stream…? 

8. Channels 

Through which channels are the project`s customers engaged with? Which channels work 

best? How much do they cost? How can they be integrated into the project and the customers` 

(ex BWSSB) routines? 

9. Cost Structure 

What are the major costs involved in the project? Which key resources/ activities are most 

expensive? 

10. Revenue Stream 

For what value are the project`s customers willing to pay? What and how do they recently 

pay? How would they prefer to pay? How much does every revenue stream contribute to the 

overall revenues?  
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Appendix I: Guiding Questions - Flourishing Business Model  

Guiding Questions for each of the 16 elements fro the Flourishing Business model 

1. Process  

How, where and with what does this business co-create its value to achieve its Goals? 

1. Resources: What tangible and intangible resources are required in order to execute this 

project’s/business’s Activities and so achieve its Goals? 

2. Partnerships: Which Stakeholders are formal partners of this business? To which 

Resources do these partners enable this business to gain preferred access? Which 

Activities do these partners undertake for this business? 

3. Activities: What value adding work, organized into business processes, is required to 

achieve this business’s goals? 

4. Governance: Which Stakeholders get to make decisions about: who is a legitimate 

Stakeholder, the Goals of this business, its value propositions and its Processes? What are 

the Governance arrangements for this business? 

5. Biophysical Stocks: What tangible materials are moved, flow, and / or transformed during 

the Activities that achieve this business’s Goals? (Assuming all materials remain 

biophysical stocks somewhere on our single shared planet irrespective of this business’s 

Activities.) 

6. Eco-system Services: Eco-system services are processes powered by the sun that use 

Biophysical Stocks to create flows of benefits humans need: clean water, fresh air, vibrant 

soil, plant and animal growth etc. Which flows of these benefits are required by, harmed 

or improved by this business’s Activities?  

2. Value 

How, where and with what does this business co-create its value to achieve its Goals? 

7. Value Co-creations: What are the (positive) value propositions of this business? What 

value is co-created with each Stakeholder, satisfying the Needs of the associated Eco-

System Actor, from their perspective (world-view), now and / or in the future? 

8. Value Co-destructions: What are the (negative) value propositions of this business? What 

value is co-destroyed for each Stakeholder, hindering the satisfaction of the Needs of the 

associated Eco-System Actor, from their perspective (world-view), now and / or in the 

future? 

3. People 

Who are all the people involved in this business: the people this business does it to, for 

and with? 
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9. Relationships: What Relationships with each Stakeholder must be established, cultivated 

and maintained by this business via its Channels? What is the function of each 

Relationship in each Value co-Creation or Value Co-destruction relevant for each 

Stakeholder? 

10. Stakeholders: How is each Eco-System Actor involved in this business? What roles does 

each eco-system actor take?  

11. Channels: What Channels will be used by this firm to communicate and develop 

Relationships with each Stakeholder (and vice versa)?  

12. Ecosystem Actors: Who and what may have an interest in the fact that this business 

exists? 

13. Needs: What fundamental Needs of the Eco-System Actors is this business intending to 

satisfy or may hinder?  

4. Outcomes  

What outcomes demonstrate whether this business has achieved its Goals, achieving its 

Stakeholder’s definition of success over time? How does this business measure the 

benefits and costs to determine whether or not these outcomes are achieved? (in 

applicable environmental, social and monetary units)? 

14. Benefits : How does this business choose to measure the Benefits that result from its 

business model ?(Environmentally, Socially, Economically) 

15. Goals: What are the Goals of this business that its Stakeholders have agreed? What is this 

business’s definition of success: (Environmentally, Socially and Economically?) 

16. Costs: How does this business choose to measure the Costs incurred by its business model 

(Environmentally, Socially, and economically)? 
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Appendix J: Future Work- Additional value streams and resources from digestate 

Amongst digestate processing options, both Pre-treatment (before the digester) and Post-treatment 

(post digestion) methods can be explored along the five aforementioned aims.  Thermal Pressure 

Hydrolysis as described in Section 3.7 is one of the most commonly used pre-digestion enhancement 

techniques which is already considered in the calculations involved in this project. Other commercially 

operational pre-treatment methods are  

Figure 17 Schematic overview of viable options for digestate processing. 

(a) Auto Clave Systems: Autoclaving is a similar process to Thermal Pressure Hydrolysis in a 

pressure vessel that steam subjects the sludge to a constant temperature and pressure, thereby 

pasteurising, cleaning and break-down of organic matter in the sludge; resulting in a more 

effective digestion, increased bio-gas production and improved digestate quality. 

(Aerothermal Group, 2008) 

(b) Enzymatic Liquefaction: A system developed by DONG Energy A/S, called the REnescience 

process, comprises three process stages to breakdown and separate the organic matter from 

the sludge feedstock before digestion. The first stage is a non-pressurised thermal treatment, 

making the sludge feedstock accessible to enzymes. Enzymes are added to liquefy and further 

breakdown organic cells in the sludge in the second stage. Post digestion, in the third stage, 

component fractions are separated such that an organic rich liquid for use in agricultural land 

is be easily separable from inorganic material and physical contaminants in the digestate. 

(c) In-Digester Cleaning: In-digester cleaning systems can be used to good effect to remove 

contaminants from the digester, improving both digestate quality and preventing the build-up 

of inorganic material in the digester and hence also in the digestate.  
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Several Post Digestion techniques and methods for digestate enhancement and resource recovery 

adding value streams to the project as a whole.  Figure 18 presents a broad overview of post digestion 

enhancement and treatment techniques.  

Figure 18 Schematic diagram: Post Digestion Processing Options 

Of the mentioned methods, struvite production and use as a fertilizer is an effective circular and 

sustainable process with a great potential of adding value to the system. Struvite is a slow-release 

valuable fertilizer that reduces the cost of production in agriculture. HoSt has previously used struvite 

extraction in some of its facilities at waste water treatment facilities in the Netherlands. Struvite 

extraction is through a crystallization process that removes and recovers Phosphorous and Nitrogen 

from wastewater sludge. The hazardous inorganic fractions in the sludge (largely NH4 and PO4) can 

potentially be converted to a valuable resource through this process. About 90–94% Phosphorous and 

half of the Nitrogen are recovered as struvite during the aforementioned process. (Rahman, 

Mohd.Salleh, & et al, 2014) The process has multiple values for different stakeholders such as reduced 

risk of eutrophication in the water bodies in the city by removing N and P before discharge and is a an 

effective alternate and sustainable source for Phosphorus that is becoming increasing scarce but is vital 

to agriculture and food production on this planet.      

Of all the aforementioned processes and methods, a study focusing solely on enhancing value of the 

project, considering the system, circumstances and stakeholders in each of the waste water treatment 

plant needs to be carried out greatly boosting the feasibility of resource and energy recovery and its 

attractiveness to stakeholders helping its adoption.    

 


