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Abstract 
This study was conducted as a bachelor thesis at KTH Royal Institute of Technology in 
Stockholm in the spring of 2016. The study was carried out as a Minor Field Study (MFS) 
funded by the Swedish public authority Sida - Swedish International Development 
Cooperation Agency.  
 
The aim of the study is to provide an overview of the elements of the Municipal Solid Waste 
Management (MSWM) system in the city of Mumbai and Navi Mumbai, India. The main 
current challenges were identified and discussed with focus on social and political aspects 
such as waste management planning, strategies and legislations. The data for this research 
were gathered from literature studies and in-depth interviews with officer level stakeholders 
responsible for MSWM in Mumbai. The results show that the MSWM in Mumbai is facing 
many challenges and that there is a lack of coordination and a system approach on all levels. 
Further, a deeply rooted negative attitude towards the field of MSW could be observed. The 
main problems were shown to be related to politics and lack of awareness. The overall 
conclusion is that it is not enough that a small fraction of the society, with partially 
contradictory interests, is taking initiatives to improve the MSWM in Mumbai. In order to 
achieve a sustainable long-term solution, coordination and a more holistic system approach is 
necessary. 
 
Keywords: Municipal Solid Waste Management (MSWM), Mumbai, Urban Planning, 
System Approach 
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Sammanfattning 
Denna studie genomfördes som ett kandidatexamensarbete på Kungliga Tekniska Högskolan i 
Stockholm våren 2016. Studien utfördes som en fältstudie med finansiellt stöd från den 
svenska myndigheten Sida – Swedish International Development Cooperation Agency. 
 
Målet med denna studie är att ge en överblick över systemet för kommunal avfallshantering 
(MSWM) i staden Mumbai och Navi Mumbai, Indien. Med fokus på sociala och politiska 
aspekter såsom övergripande planering, strategier och lagstiftningar kommer de mest centrala 
utmaningarna och hindren att identifieras och analyseras. Den data och information som 
användes i studien samlades in genom grundliga litteraturstudier samt djupgående intervjuer 
med högt uppsatta tjänstemän involverade i den kommunala avfallshanteringen i Mumbai. För 
att få en omfattande förståelse för de aktuella problemen och dess kontext identifierades fyra 
sektorer av särskilt intresse: statliga myndigheter och organisationer, allmänheten, akademin 
samt privata företag. Resultaten av studien visade att den nuvarande avfallshanteringen i 
Mumbai står inför flera betydande utmaningar. Generellt sett råder en avsaknad av 
koordination mellan de involverade intressenterna och det saknas ett systemtänk. Vidare 
observerades en genomgående negativ attityd gentemot avfallshantering som yrkesområde. 
Slutsatsen drogs att den negativa attityden främst är relaterad till politiska frågor och sociala 
strukturer. Den övergripande slutsatsen är att det krävs ett systemtänk och koordinering 
mellan de involverade enheterna för att få fram en lösning som är hållbar på lång sikt. Det är 
inte tillräckligt att endast vissa fraktioner av samhället tar initiativ för att skapa bestående 
förändring. 
 
Nyckelord: Municipal Solid Waste Management (MSWM), Mumbai, Stadsplanering, 
Systemtänk 
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1. Introduction 

1.1. Solid Waste Management – Of increasing global and Indian concern 
One of the main current challenges in many urban areas of the world, both in mega cities and 
in smaller villages, is considered to be municipal solid waste management (UN Habitat, 2010: 
1). Due to rapid urbanization, economic development and population growth, the waste 
generation rates are increasing in several cities of the world, leading to diverse challenges. 
The ways in which solid wastes generated by human activities are handled, stored, collected 
and disposed of can pose different levels of risks to the environment and to the public health 
(Zhu et al., 2008: 1). Solid waste is therefore a vital municipal responsibility, yet municipal 
authorities in rapidly urbanized cities find it hard to cope with the accelerating pace of waste 
generation (UNDESA, 2012: 1). 
 
India, with a population of more than 1.2 billion people, is the second most populous country 
in the world. The country seems to be on the verge of future sustainability pioneering and has 
emerged as a regional and global power during the last few decades. However, India is also 
facing some great challenges due to e.g. poverty and a rapid increase of population that is 
overstraining the natural resources of the country (CIA, 2013).  
 
Typically, lower income countries like India have a lower rate of per capita waste generation 
compared to the higher income countries. However, there are low levels of formal waste 
collection, and the municipal wastes often end up together with fecal matter, infectious wastes 
and other hazardous materials (UN Habitat, 2010: 88). The waste accumulates in the streets, 
offering good conditions for the propagation of germs, rats and animal vectors of diseases. In 
the city of Mumbai, the uncollected solid waste causes the extensive problem of clogged 
drains and sewage pipes, which causes flooding during the monsoon season (UN Habitat, 
2010: 89). The geographical location of the city, close to the sea and several lakes, poses extra 
environmental risks through water contamination and waterborne diseases (The World Bank, 
2006: 11). 
 
According to the United Nations Department of Economic and Social Affairs (UNDESA), 
urban managers in developing countries should focus on a more holistic and system-oriented 
approach to solid waste management. The highest priority should be on waste prevention, 
waste reduction, and waste recycling instead of just trying to cope with the constantly 
increasing amount of waste through treatment and disposal (UNDESA, 2012: 13). 

1.2. Mumbai – A rapidly growing city with increasing waste challenges 
The city of Mumbai is located in western India and is the capital of the State of Maharashtra. 
Mumbai and its neighboring suburbs, together constituting the Greater Mumbai Metropolitan 
area, inhabits more than 20,7 million people on an area total of 437.71 square kilometers (UN, 
2014: 26; PEARL, 2015: 23; Government of Maharashtra, 2007: 5). 
 
Geographically, Mumbai is a peninsular city separated from the mainland by the Thane creek 
and Harbour bay in the east, facing the Arabian Sea to the west and south (Government of 
Maharashtra, 2007: 5). The city initially originated as a group of seven islands that were 
connected by massive land reclamation projects (Surjan & Shaw, 2009: 421). Hence, the city 
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is low lying with an above sea level height of hardly 10-15 meters, at some places just above 
sea level (Government of Maharashtra, 2007: 5). 
 
Due to rapid urbanization and economic growth, the city has over the last decades faced great 
challenges of providing basic services like adequate housing and infrastructure (The World 
Bank, 2006: 3; Hoornweg et al., 2016: 11). Population density in some areas exceeds 100 000 
people per square kilometer. Furthermore, many people live in slum areas with inadequate 
sanitation facilities and poorly maintained waste management (Surjan & Shaw, 2009: 421). 
This causes serious public health problems and environmental risks that affect the entire 
population of Mumbai (The World Bank, 2006: 3).  

1.2.1. Urban Local Governance in Mumbai 
The Municipal Corporation of Greater Mumbai (MCGM), formed in 1873, is the local 
administrative body responsible for the urban local governance in the city of Mumbai (Surjan 
& Shaw, 2009: 422; PEARL, 2015: 23). Based on revenue and functional responsibilities, the 
MCGM is the largest urban local body of India. The functional responsibilities of MCGM are 
divided into smaller subdivisions for administrative purposes, so called wards (Surjan & 
Shaw, 2009: 422; Rathi, 2007: 116). In total, there are 24 wards in Greater Mumbai, 9 in the 
city districts and 15 in the suburban districts (Government of Maharashtra, 2007: 5; PEARL, 
2015: 24). The wards are highly diversified, e.g. in terms of cost of land and labor (Rathi, 
2007: 120). 
 
The municipal solid waste management (MSWM) including collection, treatment and 
disposal of solid waste is under the responsibility of MCGM. For this purpose, there is a Solid 
Waste Management (SWM) Department in charge. The SWM Department is further divided 
into two wings - the Conservancy Wing and the Transport Wing. However, all SWM 
activities in Mumbai are being undertaken at ward level (PEARL, 2015: 24). 

1.2.2. Increasing environmental and waste related challenges 
The current MSWM system in the state of Maharashtra is acknowledged as highly improper 
and inefficient, particularly in major cities like Mumbai (Planning Commission, 2014a: 337). 
The rapidly increasing amounts of municipal solid waste (MSW) being produced in Mumbai 
in combination with poor management planning and insufficient financial resources makes 
today’s situation a severe problem (Srivastava et al., 2015: 321). The problem with MSWM 
results in diverse negative impacts on the environment, human health, and safety that result in 
economic, environmental and biological losses (Gupta et al., 2015: 207; Sharholy et al. 2008: 
466). The shortcomings of the SWM thus contribute to serious environmental degradation and 
pollution (Rathi, 2007: 105; Sharholy et al. 2008: 463; Kumar et al. 2009: 885). The situation 
strains natural resources and causes ecological imbalances with respect to the land, water, and 
air (Rathi, 2007: 105; Kumar et al. 2009: 888; Srivastava et al., 2015: 322). 
 
The most severe problems regarding the environment and human health consist of infiltration 
of leachate along with air pollution. During the monsoon and in the rainy seasons that last 
from June to September, the heavy rainfalls percolates through the waste and soil strata, 
resulting in increased concentration of heavy metals causing the remaining groundwater 
resources to face critical stress in quality (Kumar et al. 2009: 885; Srivastava et al., 2015: 
323). Mumbai, being a coastal city, faces greater infiltration of leachate as a result of the 
sandy soil strata. The location near the sea also results in waste tending to end up in the sea 
due to disposal sites near the shores (Kumar et al., 2009: 892). 
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The waste accumulates in the city due to poor handling causing drains to clog. This can result 
in stagnant water creating favorable breeding places for insects and mosquitoes spreading 
malaria, dengue fever and other diseases (Kumar et al. 2009: 885; Srivastava et al., 2015: 
322). This poses great health risks along with severe air pollution due to the burning of 
wastes, both unauthorized burning carried out by rag pickers as well as the self-kindled fires 
caused by the flammable landfill gases (Kumar et al. 2009: 885). 
 
In the future, the problems regarding the MSWM in Mumbai risk to become even more severe 
as the urbanization and economic growth continues to boom. The population density in 
Mumbai is already twice as high compared to New York and the population of the city is 
expected to increase with another 7 million people until year 2030 (Sperling et al., 2016: 20; 
UN, 2014: 26). Studies have indicated that for every 1000 Rs. (15 US$) increase in monthly 
income, the Indian solid waste generation will increase by one kilogram per month (Chatri & 
Aziz, 2012: 20). To take action against the problems addressing the MSWM in the megacity 
of Mumbai is therefore an urgent matter.  

1.3. Aim and objectives 
The aim of this thesis is to study qualitative and quantitative aspects of MSWM in Mumbai in 
relation to sustainable urban development. The focus is on social and political challenges such 
as waste management planning, strategies and legislations. Also, potential future solutions 
will be identified and discussed. Since waste is one of the most vital municipal 
responsibilities, we aim to highlight the benefits of an integrated and holistic approach of the 
MSWM. The objectives are stated as follows: 
 

i. To describe the current waste management situation, inter alia waste amounts, sorting 
and collection practices, treatment methods and main current challenges. 

 
ii. To make an inventory of current waste management planning divided into an 

operational (1-3 years), tactical (2-5 years) and strategic (5-25 years) perspective. 
 
iii. To discuss to what extent waste management planning is integrated to urban planning. 

 
iv. To suggest future solutions, methods and possibilities for a more sustainable waste 

management in Mumbai. 

1.4. Limitations 
This report provides an overview of Mumbai’s MSWM system limited to the management 
level – looking over social, financial and institutional challenges. Technical aspects such as 
different methods for processing, treatment and disposal of wastes were only studied briefly.  
 
The scope of this report is confined to municipal solid waste (MSW) and excludes other 
forms of wastes like industrial and biomedical wastes. 

2. Municipal Solid Waste Management 
The following chapter presents background and essential information about the problem 
treated in this thesis. The purpose of this chapter is to give a brief introduction to the field of 
SWM and to provide key definitions. 
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A working definition of MSW is “wastes generated by households, and wastes of a similar 
nature generated by commercial and industrial premises, by institutions such as schools, 
hospitals, care homes and prisons, and from public spaces such as streets, markets, 
slaughterhouses, public toilets, bus stops, parks and gardens” (UN Habitat, 2010: 6). This 
definition is including most commercial and business wastes, excluding only industrial 
process and hazardous waste.  
 
Management of MSW consists of several important steps, mainly segregation and storage of 
waste at source, primary collection, street sweeping, secondary storage, transportation, 
treatment, recycling and final disposal of waste (Chatri & Aziz, 2012: 19).  
 
There are several driving forces to make the solid waste management in the world’s cities 
more sustainable. UN Habitat addresses the main three driving forces to be public health, 
protection of the environment and the resource value of waste (UN Habitat, 2010: 19). These 
driving forces are strongly related to the three pillars of sustainable development: social, 
ecological and economical. MSWM is therefore a highly relevant issue globally - affecting 
human civilization, global economy as well as the environment.  

Composting 
Composting signifies biological decomposition of organic material. Microorganisms 
decompose the organic material to a stabilized product, i.e. compost. The end product can be 
used as soil conditioner (Srivastava et al., 2015: 325). 

Dumping ground 
In general, there are various kinds of dumping grounds for MSW. In this report, the term is 
used to describe locations where significant amounts MSW is dumped without any processing 
or treatment. 

Landfill 
The term landfilling refers to the practice where waste is being disposed and stored under 
more or less controlled conditions. Principles of landfilling include compaction, leveling of 
waste and final covering by earth, leachate collection system and landfill gas extraction 
(Sharholy, M. et al., 2008: 463). 

Refuse Derived Fuel (RDF) 
A fuel produced by shredding and dehydrating combustible MSW. RDF can be used for 
industrial purposes instead of coal.  

Waste to Energy (WTE) 
Refers to method of generating energy in the form of electricity and/or heat from waste, 
usually through combustion. 

Public Private Partnerships (PPPs) 
The PPP model is used to operate a business through partnership between the public sector 
and a private party. PPP involves a contract between a public sector authority such as the 
government or a municipality, and a private company.  

3. Methodology 
The base for this study is located at the Indian Institute of Technology Bombay (IIT Bombay) 
in Mumbai, India. Through the channeling of the project as a MFS it is our hope and 
expectation to add a depth and breadth to the thesis that would otherwise be difficult to obtain 
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through other means. The study is based on literature studies and interviews in order to 
capture viewpoints of the academia, communities and local officials as well as the civic 
society of Mumbai. Information were collected from various sources such as reports, 
documents obtained from official websites of municipalities and city authorities as well as 
personal communication with stakeholders responsible for MSWM. 

3.1. Case study 
This study is a case study of the MSWM system operating in the city of Mumbai. The twin 
city Navi Mumbai was chosen as a point of reference since the cities are geographically 
similar. However, the conditions for implementing a more sustainable MSWM are different in 
Navi Mumbai since it is a planned city constructed on a previously undeveloped area. By 
studying Mumbai and Navi Mumbai in relation, conclusions can be made regarding the 
importance of urban planning and governance as well as the influence of factors such as 
population density. The two cases are of particular interest since they both represent an urban 
context that is most likely to become more common in the future – coastal megacities facing 
diverse environmental, social and economic challenges due to rapid urbanization and 
economic growth. 

3.1.1. Navi Mumbai 
Navi Mumbai is located east of Mumbai, facing the Thane creek to the west. Just like 
Mumbai, Navi Mumbai is a coastal city with a mean height above sea level of just 3,25 
meters (NMMC, 2015: 20).  
 
Navi Mumbai is a planned twin city of Mumbai, meaning that land use and infrastructure 
could be well though out. The city was designed in the early 1970s by the City and Industrial 
Development Corporation (CIDCO) in order to decongest Mumbai. The aim was to attract 
population by developing an industrial belt, giving raise to employment opportunities 
(NNMC, 2015: 20). In combination with the close connectivity to Mumbai, the concept was 
successful and Navi Mumbai is today one of the largest planned cities in India. The city is 
growing rapidly – last decade the recorded growth was more than 51 % (NMMC, 2015: 10). 

Table 1: Demographic data on Mumbai and Navi Mumbai 

There are in total 14 wards in Navi Mumbai, but the Navi Mumbai Municipal Corporation 
(NMMC) is only maintaining 8 of these 14 wards; Digha, Airoli, Ghansoli, Kopherkhairane, 
Vashi, Turbhe, Nerul and Belapur (NMMC, 2015: 20). In this report, these 8 wards under the 
NMMC management are being referred to as Navi Mumbai. In 2011, Navi Mumbai inhabited 
1,1 million people on a total area of 108,63 square kilometers (NMMC, 2015: 20).  
 
When the city was developed, a lot of emphasis was given to sustainability management and 
the environment. The visions regarding the environment and sustainability in Navi Mumbai is 
therefore high (NMMC, 2015: 10).  

 Mumbai Navi Mumbai 
Population (millions) 20,7 1,1 
Area (sq.km) 437,71 108,63 
Population density (people /sq.km) 47 291,59 10 126,12 
MSW generation/day (MT) 7000 675 
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3.2. Data collection 
The following methods were used in order to collect data and information. Besides these 
methods, it was considered important to participate in the daily life in Mumbai, communicate 
with citizens and to make observations of the MSWM in the city. 

3.2.1. Literature study 
Literature study and review was the fundamental method in order to collect information about 
the current MSWM situation. The literature study covered essential information about general 
aspects of the MSWM such as collecting methods, efficiency, waste quality, treatment 
methods and main current challenges. The main sources of information were scientific reports 
and journals as well as information provided by authorities, departments and waste 
management companies in Mumbai and Navi Mumbai. 
 
To ensure that the information is valid and reliable, the principle of source triangulation was 
used. Triangulation refers to the use of more than one approach to investigate a research 
question, i.e. by examining the consistency of information provided by different sources, at 
different points in time and from different points of view. 

3.2.2. Interviews 
Interviews with involved people such as waste management facility operators and municipal 
corporation officers were conducted in order to collect information and knowledge about the 
current solid waste management situation in Mumbai and Navi Mumbai. The interviews gave 
an important insight into the solid waste management in the city. A greater perception about 
the general societal attitudes towards the current and future situation of solid waste 
management was also achieved from the interviews. 
 
To get a comprehensive and holistic understanding of the waste management situation in 
Mumbai, four main sectors were studied: the government, the academia, the public and 
private companies. In total, 6 interviews were conducted with representatives from each 
sector. All of the interviewees were officer level stakeholders including inter alia 
representatives from NGOs and private companies, professors and engineers. 
 
The interviews were in-depth, semi structured and were conducted using a questionnaire with 
certain questions and topics that need to be covered. Open-ended questions in combination 
with ranking questions allowed freedom for both interviewer and interviewees, which also 
gave the opportunity to explore additional points, change direction of the conversation and to 
expand and add depth to the answers. This was also suitable when interviewing people with 
experience that are highly related to the subject. The decision was made to only interview 
experts within the field in order to get access to reliable overall knowledge and information as 
well as valuable reflections. 

4. Literature review – The current waste management 
situation 
Municipal solid waste management is one of the major problems in India and especially in 
urban areas (Sharholy et al., 2008: 459). Due to rapid industrialization and intense population 
growth, more and more people migrate from villages to cities (Gupta et al., 2015: 206; 
Sharholy et al., 2008: 460). These growing cities generate large amounts of MSW daily and 
the amount keeps increasing (Gupta et al., 2015: 206). 
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MSW consists of a combination of different kinds of refuse generated from the living 
community. MSW contains several different fractions, e.g. compostable organic matter, 
recyclables and non-recyclables (Gupta et al., 2015: 209). The quantity and composition of 
the waste depends on various factors like average income level, standards of living, 
population size, social behavior, climate, industrial production etc. (Gupta et al., 2015: 208; 
Sharholy et al., 2008: 460; Kumar et al., 2009: 890). In India, the major fraction of MSW in 
urban areas consists of compostable organic materials, about 40-60% (Gupta et al., 2015: 208; 
Sharholy et al., 2008: 460). 
 
A comprehensive and integrated MSWM system is according to the United Nations 
Environment Programme (UNEP) supposed to involve the following activities: 

• Setting policies 
• Developing and enforcing regulations 
• Planning and evaluating municipal MSWM activities by system designers, users, and 

other stakeholders 
• Using waste characterization studies to adjust systems to the types of waste generated; 
• Physically handling waste and recoverable materials, including separation, collection, 

composting, incineration, and landfilling 
• Marketing recovered materials to brokers or to end-users for industrial, commercial, or 

small- scale manufacturing purposes 
• Establishing training programs for MSWM workers 
• Carrying out public information and education programs 
• Identifying financial mechanisms and cost recovery systems 
• Establishing prices for services, and creating incentives 
• Managing public sector administrative and operations units 
• Incorporating private sector businesses, including informal sector collectors, 

processors, and entrepreneurs. 
(UNEP, 2005: 7) 
 
However, many actors and policymakers have lately recognized the need for a more system-
orientated and holistic approach on SWM. The globalized production and consumption 
system of today can be seen as a part of a bigger societal system (Singh, 2016: 15). Singh 
(2016) argues that this requires a transition from the traditional linear waste management 
approaches to a global “physical resource management paradigm” (Singh, 2016: 55). 
 
Current sustainability issues are related to massive resource consumption and waste 
production beyond natural limits, and an absence of flows from waste to resources (Agudelo-
Vera et al., 2011: 2995). The current waste management system mainly focuses on removing 
and treating the generated waste rather than addressing the root causes of unsustainable 
production and consumption patterns (Singh et al., 2014: 807). Broader sustainability 
initiatives have started to be widely introduced lately and a shift from a linear to a circular 
resource consumption model is needed (Epstein & Buhovac, 2014: 210; Singh, 2016: 57). 
 
A broader systems approach can be approached by the following objectives:  

• Reduction of residues/wastes/emissions throughout the system of production and 
consumption and waste management 

• Maintaining resource quality throughout the life cycle of the resource 
• Establishing a worldwide shared vision among businesses and society 

(Singh et al., 2014: 809-810) 
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4.1. Mumbai 
The current MSWM system in the state of Maharashtra is acknowledged to be highly 
improper and inefficient, particularly in major cities like Mumbai (Planning Commission, 
2014a: 337). The rapidly increasing amounts of municipal solid waste being produced in 
Mumbai in combination with poor management planning and insufficient financial resources, 
makes today’s situation a severe problem (Srivastava et al., 2015: 321). Mumbai, being a 
coastal city, faces several additional problems as a consequence of the inadequate MSWM 
(Kumar et al., 2009: 892). 

 

4.1.1. Waste amounts and composition 
The generation of MSW in Mumbai is very high comparing to other metropolitan cities in 
India as well as in Maharashtra. The city alone generates about 7000 Metric Tons (MT) of 
MSW per day (PEARL, 2015: 1). In the district of Maharashtra 0.45 kg/capita/day was being 
generated in the year 2004, which were slightly higher than the average amount for the whole 
country, 0.37 kg/capita/day (Sharholy et al., 2007: 462). 
 
The composition of the MSW generated in Mumbai consisted according to data from the year 
2004-2005 of 62% organic materials, 17% recyclables and 21% other materials (Srivastava et 
al., 2014: 323). The highest amount of organic waste in India was by the year of 2005 
reported in Mumbai at 62 % (Srivastava et al., 2015: 321). The moisture content was 54% and 
the calorific value (CV) was 1786 kcal/kg (Srivastava et al., 2015: 323). 

Figure 2: MSW characteristics, Mumbai 

Figure 1: Flowchart of MSWM system in Mumbai (Sudhir et al., 1997) 
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4.1.2. Collection and sorting practices 
The waste collection in Mumbai is managed through a combination of community bins and 
door-to-door collection (PEARL, 2015: 24). The collection bins that are being used are often 
not properly designed. There are no separate compartments for segregation, and the bins are 
in many cases not optimally located or maintained, resulting in poor collection efficiency 
(Gupta et al., 2015: 211). The average collection efficiency for MSW in the cities of India is 
stated to be about 70% and in Maharashtra the collection efficiency is stated to be 72 % 
(Gupta et al., 2015: 211; Sharholy et al., 2008: 462). Efforts to further organize the house-to-
house collection have started in several megacities such as Mumbai with the help of NGOs 
(Sharholy et al., 2008: 462). 
 
In Mumbai, the MSW tends to be strewn around and householders tend to throw their waste 
into the roadside gutters for later clearance by street sweeping crews, even in areas where 
storage arrangements are located (Kumar et al., 2009: 884). This is due to both lack of 
discipline and inadequate placements of the storage arrangements, but also partly as a result 
of scavenging by rag pickers and stray animals (Kumar et al., 2009: 884). The MCGM is 
responsible of regular sweeping of 2000 km of streets in Mumbai (PEARL, 2015: 25). 
 
Currently, almost no segregation of the waste is being done in Mumbai since there are 
generally no separate bins exclusively for collection of different materials (Kumar et al., 
2009: 886). The segregation carried out is almost exclusively done by the informal sector. 
Materials like paper, plastics, metal and glass are being segregated by rag pickers and 
thereafter sold to different industries for reuse and recycling (Kumar et al., 2009: 885). By the 
time the remaining waste after the rag pickers’ procedures reaches the collecting bins, it 
therefore contains very little recyclable material and consists mainly of fractions like organic 
matter, remnants of soiled paper, hygienic and medical waste (Kumar et al., 2009: 885).  

4.1.3. Transportation  
After the MSW has been collected, it should be transported to a processing or disposal site. In 
most Indian cities, the transportation of MSW is carried out by vehicles of different size 
(Sharholy et al., 2007: 462). The MCGM operates a fleet of in total 983 municipal and private 
vehicles of different kind for this purpose (MCGM, n.d.a). 
 
Insufficient transportation causes some of the MSW to accumulate in the city once again after 
collection (Sharholy et al., 2008: 459; Gupta et al., 2015: 206). It has also been observed that 
many of the vehicles used for transportation of MSW have outlived their normal economic 
life spans, resulting in high fuel consumption, low efficiency and higher expenditure on 
repairs (Kumar et al., 2009: 884, 892). 
 
In Mumbai, transfer stations are being used (Sharholy et al., 2008: 462; Kumar et al., 2009: 
892; PEARL, 2015: 24). A transfer station is a centralized facility where waste is transferred 
from smaller vehicles to larger ones in order to facilitate the transportation to landfills or 
dumpsites, since landfills and dumpsites often are located at some distance from the collection 
sites (UNEP, 2005: 127). There are in total three transfer stations at Mahalaxmi, Kurla and 
Versova that support transfer of waste from surrounding areas to the landfills (MCGM, n.d.a). 
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4.1.4. Treatment and disposal methods 
The following treatment and disposal methods are being practiced in Mumbai. 

Dumping grounds and landfills 
Presently there are three major landfills in Mumbai. The two dumping sites Deonar and 
Mulund, and the scientific landfill Gorai. MCGM is responsible for operating the landfills and 
has emphasized on implementing a PPP framework for the landfill maintenance (MCGM, 
n.d.b). 
 
Deonar is the largest and oldest dumping ground in Mumbai. It has an area of about 132 Ha 
and is operating since 1927. The site receives 4000 tons of MSW daily that is being dumped 
without any treatment. Deonar dumping ground is bordering the Thane creek in three 
directions, and a slum in the fourth direction (MCGM, n.d.b).  

Mulund is a smaller landfill located in the eastern suburbs of Mumbai. The dumping site has a 
total area of 25 Ha along the Thane creek and is operating since 1968. The site receives 
around 600 tons of MSW per day (MCGM, n.d.b). 
 
 
 
 
 
 
 
 
 
 
 
Kanjur is the newest landfill in Mumbai, with a developed bioreactor landfill facility. It is also 
located along the Thane creek and has an area of 141 Ha. The site was handed over to the 
MCGM in 2003 and is operating since 2015 (MCGM, n.d.b).  
 
 

 

 

 
 

Picture 1: Deonar dumping ground (Google maps, 2016) 

Picture 2: Mulund dumping ground (Google Maps, 2016) 

Picture 3: Kanjur dumping ground (Google Maps, 2016) 
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Composting 
Composting is mainly being used on a small scale, at local level. India’s first large-scale 
composting plant was set up 1992 in Mumbai by Excel Industries Ltd (Sharholy et al., 2008: 
464). The facility has the capacity to handle 500 tons of MSW per day, however the utilized 
capacity was by the year of 2007 reported to be 300 tons per day due to certain issues 
(Sharholy et al., 2008: 464). 

4.2. Navi Mumbai 
Navi Mumbai Municipal Corporation (NMMC) is the administrative body responsible for the 
MSWM in the area, including collection, transportation and disposal (NMMC, 2015: 99). 
However, the waste collection is completely outsourced and is carried out by private 
contractors. Collection and transportation practices are presently being outsourced to the 
private company Antony Waste on a seven-years contract (NMMC, 2015: 99). 
 
Since Navi Mumbai is a planned city, sustainable development and management of resources 
have been prioritized matters from the very beginning. Several actions in terms of 
sustainability have been taken with the ambition to develop Navi Mumbai into India’s first 
“Eco city” (NMMC, 2015: 18). NMMC has together with The Energy and Resource Institute 
(TERI) launched the “Eco City Program” with one of the main objectives to better utilize and 
preserve the natural resources within the municipal area and to promote a sustainable 
development. NMMC has also designed a specific strategy for SWM in order to reduce 
environmental impact (NMMC, 2015: 10, 14). 

4.2.1. Waste amounts and composition 
In Navi Mumbai, 675 MT of solid waste is being generated each day. This translates into 0,47 
kg per capita and day (NMMC, 2015: 14). The main source of MSW is residential areas, e.g. 
households and commercial areas, which accounts for 87% (590 MT) of the total waste 
collected in the NMMC area each day (NMMC, 2015: 99). The waste generated from 
residential, commercial and industrial areas mainly consists of biodegradable fractions 
(NMMC, 2015: 14). 

 

 

 

 

4.2.2. Collection and sorting practices 
In Navi Mumbai, the collection procedures are outsourced and are being carried out 
completely by private contractors (NMMC, 2015: 100). Household waste is mainly collected 
through door-to-door collection and to a small extent through facilities like public trash bins 
and containers (NMMC, 2015: 100). The bins and containers are in different sizes varying 
from 80 L to 1.1 m3, and there are currently 2100 of them placed out on various locations 
across the NMMC area (NMMC, 2015: 14, 100). In total, 221 776 out of 277 622 households 

Figure 3: MSW characteristics Navi Mumbai (NMMC, 2015: 100) 
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are being covered by the door-to-door collection and the rest is stated to be provided SWM 
services through public trash bins (NMMC, 2015: 100). 
 
MSW from the roads is collected through mechanical street sweeping vehicles on a daily 
basis (NMMC, 2015: 100). Biomedical waste from hospitals and other medical facilities is 
collected through private contractors (NMMC, 2015: 14). 

4.2.3. Transportation 
The transportation is carried out by different kinds of vehicles for different purposes, mainly 
by larger trucks but also by smaller vehicles and carriages (NMMC, 2015: 100). The smaller 
vehicles are able to reach more narrow areas, even including slum areas (NMMC, 2015: 100). 
Apart from transferring the waste from the smaller vehicles to the larger ones there is no need 
for any transfer stations in Navi Mumbai by reason of the scientific landfill’s central location 
at Turbhe, in the center of the city (NMMC, 2015: 100). 

4.2.4. Treatment and disposal methods 
The following treatment and disposal methods are being practiced in Navi Mumbai. 

Landfills 
All the MSW collected in Navi Mumbai is transported to the scientific landfill site at Turbhe 
on a daily basis, meaning that 675 MT of waste reaches the landfill every day (NMMC, 2015: 
14, 100). The landfill site is managed through Public Private Partnerships and covers 65 acres 
divided into different cells operated shiftily. The estimated life expectancy of the landfill is 
around 69 years (NMMC, 2015: 102). The landfill site is protected from trespassing by 
compound walls all around along with a green belt (NMMC, 2015: 102). 

Composting and WTE 
On the Turbhe landfill site, waste is being segregated. The wet waste is being used for 
composting and Refused Derived Fuel (RDF), using windrow composting and RDF 
technologies. Recyclable waste is being separated and recycled and the rejected waste is after 
the process being disposed at the landfill (NMMC, 2015: 102). Generated methane gas from 
covered landfills is being flared and burnt and completed cells of landfills are being covered 
with soil in order to reduce the environmental impact of the site. Further, the leachate that is 
being generated by the degradation of the waste is handled in a leachate treatment plant that 
was commissioned in 2011-2012 (NMMC, 2015: 102). 

5. Waste management actions, planning and legislations 
There are several legislations and planning documents applicable to the MSWM in Mumbai 
and Navi Mumbai. Also, several actions and initiatives have been taken by different 
stakeholders in order to improve the current situation. In this chapter, the most significant 
rules are briefly disclosed together with supplementary planning documents, policies and 
initiatives. A further and more profound analysis and comparison of the different plans is not 
in the scope of this thesis. 
 
The results are presented based on a framework for transition management, a governance 
approach that aims to facilitate and accelerate sustainability transitions (Loorbach, 2010: 
161). The governance activities such as planning and policymaking are accordingly divided 
into operational (1-3 years), tactical (3-5 years) and strategic (5-25 years) perspectives based 
on time horizons, outcomes and types of actors involved (Loorbach, 2010: 178). 
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5.1. Rules and legislations 
The existing MSWM legislations and policies applicable in Mumbai are outlined either on a 
state level by the Government of India or on a regional level by the MCGM. There are also 
local by-laws in each ward. 

5.1.1. Municipal Solid Waste (Management & Handling) Rules, 2000 
The Municipal Solid Waste (Management & Handling) Rules, 2000, is a body of legislations 
outlined by the Ministry of Environment, Forest and Climate Change (MoEF) of the 
Government of India. The rules are applicable to every urban local body (ULB) in India 
responsible for the management of MSW (MoEF, 2000: 1). 
 
According to MSW (Management & Handling) Rules 2000, every municipal authority is 
responsible for collection, segregation, storage, transportation, processing and disposal of 
MSW. The municipal authorities are therefore responsible of ensuring that the MSW are 
being handled accordingly to the rules and complying with the rules regarding different areas 
of the MSWM process (MoEF, 2000: 3). 
 
The overall responsibility for the implementation of the MSW (Management & Handling) 
Rules 2000 lies on the government (CPCB, 2013). In the metropolitan cities the overall 
responsibility lays on the Department of Urban Development and in other areas the overall 
responsibility lies on the district magistrates or deputy commissioners within the territorial 
limits of their jurisdiction (CPCB, 2013). The Central Pollution Control Board (CPCB) 
annually prepares and enclose a review report of the municipalities’ reports regarding the 
MSWM that are being forwarded to the Government along with the Board’s recommendation 
(CPCB, 2013). 

5.1.2. Municipal Solid Waste (Management & Handling) Rules, 2016 
The MoEF has recently published the Municipal Solid Waste (Management & Handling) 
Rules, 2016. These new rules, that shall replace the MSW (Management & Handling) Rules 
2000, possesses changes like more detailed descriptions of almost every stage of the MSWM, 
more outlined roles of different stakeholders and better addressing of vital problems, 
primarily segregation of waste (MoEF, 2015). New stakeholders have also been identified and 
the informal sector of MSWM like rag pickers and scrap dealers are being acknowledged 
(MoEF, 2015). 
 
The new rules shall in the same way as the older ones apply to every ULB responsible for the 
MSWM as well as all statutory towns, outgrowths in urban agglomerations, notified areas, 
industrial townships, and area committees, areas under Indian railways, defense cantonments, 
special economic zones and every waste generator (MoEF, 2015). 

5.1.3. Greater Mumbai Cleanliness and Sanitation Byelaws 
The MCGM has formulated and adopted local byelaws of the national MSW Rules 2000. The 
byelaws were adopted in 2006, regulating all matters regarding collection, removal and 
disposal of solid waste. The rules are applicable to every public and private space, 
commercial centers, residences and other premises within the limits of Greater Mumbai 
(IELRC, 2006; PEARL, 2015: 25). The byelaws further clarify the responsibilities of MCGM, 
waste generators and service providers as well as the penalties for those who misdemeanor the 
laws in any way. The implementation of the byelaws is being overlooked by private security 
agencies engaged by MCGM (PEARL, 2015: 26). 
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5.2. Operational level 
In this chapter follows the existing plans, strategies and actions taken on the operational level. 
The operational level refers to short-term planning and strategies. In this report a 1-3 year 
perspective was used. Activities and actions taken on an operational level usually involves 
innovation projects and programs in order to introduce or operationalize new structures, 
routines, actors etc. on a societal, technological and institutional level (Loorbach, 2010: 170).  

5.2.1. National annual plans by the Planning Commission 
The Planning commission of the Government of India conducts annual plans consisting of 
procedures for implementation of different prioritized activities. The most recent annual plan 
regards the years of 2014-2015 (Planning Commission, 2014b). The plan is mainly focused 
on budgeting and does not raise the issue regarding waste in any way. 

5.2.2. Advanced Locality Management (ALM) 
ALM is a community-based model for decentralized waste management in Mumbai. ALM is 
based on a principle of partnership and cooperation on a local level, with different 
stakeholders such as NGOs (Non-Governmental Organizations), local residents and the 
MCGM involved (Rathi, 2007: 107). It started as a joint project between the Government of 
India and MCGM in order to get a more effective local management of civic services at a 
grass root level (Rathi, 2007: 107; Surjan & Shaw, 2009: 428). ALMs were initiated in 1998 
and today there are in total 658 ALMs in all 24 wards of Mumbai (MCGM, n.d.c). 
 
Each locality forms a committee responsible for planning, implementation and inspection of 
various aspects of the local development. Members of the committee are elected 
democratically and include e.g. corporators, experts and social workers. The locality is also 
responsible for coordination and communication between the MCGM, the committee and the 
local residents. In each ward, the MCGM appoints an officer for this purpose (Rathi, 2007: 
107; Surjan & Shaw, 2009: 428). Each ALM is being registered at the local MCGM ward 
office, usually covering a neighborhood of around 1000 households. The ALM work is 
completely voluntarily and no salary or allowance is paid to the committee members (Surjan 
& Shaw, 2009: 428). 
 
Regarding the functioning of MSWM on local level, the ALM implicates certain rules. For 
example, all residents in an ALM are committed to segregate their waste into biodegradable 
and recyclable, and the rag pickers are trained by NGOs to sort the wastes further. The dry 
waste is thereafter recycled and the wet waste is processed by composting (PEARL, 2015: 
25).  
 
The rag pickers lay a very important role in ALMs, and therefore the involvement of NGOs, 
giving them training and information about sorting and collection practices, is significant for 
the functioning of the MSWM in each locality (Rathi, 2007: 107). Other SWM tasks 
addressed by ALMs relates to composting, garbage clearance, stray animals etc. (Surjan & 
Shaw, 2009: 428). 

5.2.3. Parisar Vikas Program  
The Parisar Vikas Program is an initiative driven by the Mumbai based NGO Stree Mukti 
Sangathana (SMS). Under the program, female waste pickers are organized into cooperatives 
and trained in waste collection, handling, processing and transportation practices in a 
decentralized manner. The Parisar Vikas Program is supported by the MCGM since 2002, and 
it is also linked to the ALM system in the way that the cooperatives of waste pickers from the 
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Parisar Vikas Program undertake waste management services in housing societies and 
campuses under the ALM program scheme (PEARL, 2015: 25-26).  
 
The role of MCGM is to provide locations for segregating the waste. The trained waste 
pickers collect dry and wet waste separately where the wet waste is being composted and the 
dry waste is being sorted, recycled and sold in the scrap market (PEARL, 2015: 26). There is 
a fee for the collection of a minimum of Rs.10 per household. The revenue is used by the 
SMS for carrying out the program. The waste pickers themselves retain their income from the 
money generated by selling the recyclables from the sorted dry waste (PEARL, 2015: 26).  

 
 
Beyond the training, Stree Mukti Sangathana also undertook the following activities under the 
program: 

• Organizing women waste pickers and issuing identity cards to them with endorsement 
from MCGM. 

• Training of women waste pickers in alternative skills such as gardening, vermiculture, 
operating biogas plants etc. 

• Providing childcare and pre-primary education support to children of waste pickers by 
establishing crèches and kindergartens. 

• Health check-ups and health and sanitation outreach and awareness programs for 
waste pickers. 

(PEARL, 2015: 26) 

5.3. Tactical level 
Transition management on the tactical level involves steering actions and activities aiming to 
change the dominant structures in a system. Deeply rooted and well-established patterns and 
structures such as laws and regulations, infrastructure, routines and institutions need to be 
transformed. The actors involved in the tactical planning are operating on department level 
working with policy making, market effects, technology etc. (Loorbach, 2010: 169-170). In 
this report, a time horizon of 3-5 years is used to define the tactical planning.  

5.3.1. National five year plans by the Planning Commission 
In excess of the national annual plans, the Planning Commission also conducts national five-
year plans. The plans provide overall directions and frameworks for policies, programs and 
schemes. The twelfth and most recent five-year plan regards the years of 2012-2017 with the 

Picture 4: Women under the Parisar Vikas Program segregating MSW at a sorting shed at IITB campus 
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approach of “Faster, Sustainable and more Inclusive Growth” in order to generate income and 
employment opportunities to improve the population’s living standard, reduce poverty and 
enable inclusiveness (Planning Commission, 2013: vii). 
 
Several actions regarding MSWM are being mentioned; treatment of MSW should be 
integrated in the urban development planning, social awareness must increase and the polluter 
pays principle should be practiced regarding emissions (Planning Commission, 2013: 114). 
The Twelfth plan also addresses the issue regarding finances for delivering necessary societal 
services such as SWM and states a need for promoting PPP (Planning Commission, 2013: 
45). 

5.3.2. Public Private Partnerships (PPP) 
PPP is a rather new phenomenon in most developing countries, especially in Asia. As 
traditional fundings and capacity in the public sector of developing nations often is limited, 
PPP gives the Governments an attractive opportunity to be able to both increase and improve 
their service supply through partnership with private organizations that suits both ways (UN, 
2011: 1).  
 
The PPP arrangements often consist of a legally binding contract or agreement of some kind 
between the concerned partners. The partners share responsibilities and rewards related to this 
specific project. This collaboration makes it possible to join different types of expertise and 
resources in an effective way (UN, 2011: 1-2). This could increase and improve the 
stakeholder’s different services, reduce their own individual risks and ease for a preferred 
solution option (UN, 2011: 1-2).  
 
Some countries have established institutional arrangements to support the development of 
PPP and in this way also support their own capacity of public services. Excel Industry in 
Mumbai is one example of this PPP approach (Rathi, 2006: 1195). The company is one of 
India’s larger agro chemical companies that under PPP with MCGM processes organic waste 
by mechanical aerobic composting (Rathi, 2006: 1195-1196). Waste is collected and 
transported by MCGM to Excel Industry’s facilities that processes about 30–40 tons of waste 
per day (Rathi, 2006: 1195-1196). The waste is received without any charge from the 
MCGM. All non-biodegradable and non-recyclable material separated at the site by Excel 
Industry is later on being transported to dump sites (Rathi, 2006: 1195-1196). 
 
The PPP model is also used in the MSWM of Navi Mumbai. The scientific landfill at Turbhe 
has a facility for processing and disposal of MSW, managed by the private contractor 
(NNMC, 2015: 102). The collection and transportation is also managed through a PPP 
contract (NMMC, 2015: 100).  

5.4. Strategic level 
Planning and strategies on the strategic level involves activities, visions and plans for long 
term, up to 30 years, development and goal setting. Changes have to be made in the system as 
a whole, on the societal as well as the technical subsystems (Loorbach, 2010: 168-169). 
Loorbach points out the importance of debating issues such as norms and values, identity, 
ethics and long-term sustainability (Loorbach, 2010: 164).  

5.4.1. Mumbai City Development Plan 2005-2025 
Every municipal corporation in India must prepare a development plan to be implemented 
over 20 years and the current development plan for Mumbai is the Mumbai City Development 
Plan 2014-2034 (MCGM, 2011: 6). 
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When it comes to MSWM, the plan emphasizes the importance to create more viable options 
for the disposal of MSW. Limited resources of land are noted as one of the biggest limitations 
and optimizing already available disposal sites is therefore a very much-observed opportunity. 
To do so the focus is mainly on three fronts, first of all by instituting “zero-garbage” 
campaign, aiming to at least reduce the amount of waste that reaches the disposal sites. 
Secondly by customized technologies for treatment and disposal and lastly by creating more 
viable alternative landfill sites, the operational disposal sites should all be scientific disposal 
sites (MCGM, n.d.d). 

6. Results and discussion 
Through the conducted interviews and literature review, this thesis has explored several 
shortcomings and challenges regarding the current MSWM situation in Mumbai. In this 
chapter, the most overriding financial, technical and institutional challenges were discussed 
and analyzed. Further, future opportunities and proposed lines of actions for a more 
sustainable MSWM in Mumbai were highlighted.  

6.1. Lack of system approach on all levels 
The MSWM in the city of Mumbai faces severe challenges on institutional level, and the most 
extensive problems according to interviews and literature reviews are acknowledged to be 
poor planning and lack of coordination between the involved sectors and stakeholders 
(Planning Commission, 208: 395; Sharholy et al., 2008: 466; Gupta et al., 2015: 208). One of 
the interviewees also pointed at the lack of communication between decision makers and the 
civic society. 
 
According to Loorbach, it is a general societal problem that long-term concerns and 
governance have no institutionalized place in regular policymaking. Because of political 
cycles, individual interests and public pressure, the policymaking rather seems to be generally 
focused on achieving short and midterm goals (Loorbach, 2010: 169). This theory seems to be 
highly accurate when it comes to the MSWM in Mumbai.  
 
Another interesting finding from the interviews is the overarching negative attitude towards 
the field of SWM in India. The negative attitude seems to originate in several causes. 
Foremost, waste management is acknowledged to be a convoluted business. The work is 
known to be complicated due to the lack of coordination between different sectors and units 
as well as inadequacy in legislations, standards and policies (Sharholy et al., 2008: 466). 
Further, the financial resources are often poor, the staff is known to be inadequate and 
untrained, the equipment is obsolete and insufficient and there is a general lack of motivation 
to provide qualitative and timely services to the society (Chatri & Aziz, 2012: 36). This is all 
adding up to extensive difficulties when it comes to deliver reliable and affordable waste 
management services.  
 
Furthermore, it is recognized that the negativity and unwillingness towards the SWM in many 
ways is a political issue. Local authorities often see MSWM as a poor service in comparison 
to other civic services due to the fact that MSWM can barely recover operating costs 
(Sharholy et al., 2008: 466). Tipping fees are therefore something that several of the 
interviewees agreed would improve the SWM situation Mumbai, creating financial 
opportunities that could lead to several benefits and further investments (Bhada & Themelis, 
2008: 148). However, the interviewees were all concerted that introducing tipping fees would 
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be challenging in the context of today’s Indian political system. Such a proposal would face 
great opposition from the society since the handling of waste has been costless for the citizens 
for such a long time. For the citizens to be willing to pay for waste management services, it is 
required to create incentives.  
 
The above mentioned problems relate to several financial and technical challenges, and also 
add to the question whether a centralized or decentralized model is the best option for 
MSWM in Mumbai. This is further described in chapter 6.6. 

6.2. No integration of MSWM into urban planning 
The United Nations Sustainable Development Goals (SGDs) consist of 17 goals adopted by 
world leaders, aiming to end poverty, fight inequality and injustice, and tackle climate change 
by 2030 (UNDP, 2016). One of these goals is to “make cities inclusive, safe, resilient and 
sustainable”, including targets regarding sustainable infrastructure and vital civic services 
such as waste management (UN, 2016).  
 
Recently, such goals regarding sustainable development are increasingly being used to guide 
urban planning practices (Agudelo-Vera et al., 2011: 2996). Urban planning refers to 
sequences of activities aimed to manage spatial development at urban and regional scales 
considering both sociological, economic, political, technological and environmental aspects 
with the aim to provide high quality life to the inhabitants (Agudelo-Vera et al., 2011: 2996, 
2302). Since urban planning is proven to be an important tool in order to fulfill goals 
regarding sustainable cities and communities, the integration of MSWM into urban planning 
in Mumbai was further investigated.  
 
During the interviews, it became clear that there is currently no fundamental integration of 
MSWM into the urban planning of the city. Agudelo-Vera et al. arises the general problem 
that the implementation of urban planning into the field of sustainable development is not 
apparent. There has been no general agreement of how such a concept should be translated 
into practice and formal links between resource management and urban planning are in many 
cases missing (Agudelo-Vera et al., 2011: 2996, 2302). In Mumbai, MCGM are monitoring 
most civic functions except urban planning and regulation of land usage (Surjan & Shaw, 
2009: 422). The authority responsible for urban planning and development is Mumbai 
Metropolitan Region Development Authority (MMRDA). The MMRDA works within 
municipal functional areas but is not a municipal body itself (Surjan & Shaw, 2009: 422). 
This situation is not ideal in order to accomplish an efficient MSWM and it once again raises 
the issue regarding poor planning and lack of coordination.  
 
Historically, urban planning was for long a task for the local government - focusing on 
controlling the use of private land, building design practices and details such as design of 
streets and waters pipes. During the 1960s it was argued that urban planning should start 
focusing on broad principles instead (Agudelo-Vera et al., 2011: 2300). As a consequence, 
urban planning started to promote a response to environmental concerns, using different 
concepts and designs to aim for more efficient cities, especially considering energy use and 
transportation (Agudelo-Vera et al., 2011: 2300). Since then, urban planning has been a 
flexible research area. In recent years, the demand posed on urban planning is overwhelming 
since many objectives regarding sustainability have been added (Agudelo-Vera et al., 2011: 
2302).  
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The objectives regarding the MSWM in Mumbai are proven to be many and sometimes 
conflicting. The lack of integration into urban planning further extends these problems. An 
example of this is the current MSW collection practices that are inefficient due to narrow 
roads and one-way traffic. This can be seen as a result of prior poor implementation of waste 
management into urban planning (Kumar et al., 2009: 892). Another problem related to the 
lacking in urban planning is that land use for SWM facilities is not properly allocated, causing 
mortgage problems and stringent opposition from local citizens (Onu et al., 2014: 31). 

6.3. Rules are not being implemented 
Inadequate implementation of existing rules and regulations has continuously been noted as a 
major problem by several of the interviewed stakeholders. The majority of the municipalities 
in India, MCGM included, are known to not take actions regarding the SWM issue in 
reconciliation with rules and legislations (Sharholy et al., 2008: 466). This is contradictory 
since the regulations (MSW rules, 2000) are being very stringent, and there are state level 
agencies (CPCB and MoUD) responsible for monitoring the compliance of the rules as well 
(Chatri & Aziz, 2012: 21). Thus, it is clear that there is a large gap between policy and 
implementation (Sharholy et al., 2008: 466). This is something the interviewees were 
concerted about as well. 
 
Furthermore, one of the recognized problems with the MSW (Management & Handling) 
Rules, 2000 is that the responsibility of waste segregation is not fixed on the waste generators 
(Chatri & Aziz, 2012: 38). The updated MSW (Management & Handling) Rules, 2015 are 
stated to address this problem by more profoundly going through the responsibility of 
different actors and their businesses, but it still seems to remain unclear by whom or how the 
ensuring of enforcement of the rules and regulations should be fulfilled.  

6.4. Social and cultural aspects 
It is possible that the stigmas and the negative attitude and towards SWM is related to the 
deeply rooted Indian caste system. The caste system in India is one of the world’s oldest 
social stratifications, dividing Hindus into a set of rigid hierarchical groups based on their 
work and duties (BBC, 2016). The caste system has been dictating almost every aspect of 
Hindu religious and social life for centuries. Communities have long been arranged on the 
basis of castes, where the lower castes have been discriminated and assigned tasks such as 
scavenging and street sweeping (Human Rights Watch, 2014). In recent decades, the 
influence of the caste systems has started to decline in conjunction with education and 
urbanization but it is undeniable that it is still influencing the Indian society to a great extent.  

6.5. Economical aspects 

6.5.1. Lack of funding & difficulty in obtaining funds 
An economic bottleneck, inhibiting further development within the field of SWM, is the lack 
of funding and the difficulty in obtaining funds from the bank. According to PEARL, the 
MCGM is one of the wealthiest and most robust urban local bodies in the country (PEARL, 
2015: 23). The lack of funding in Mumbai is therefore mainly based on the fact that not 
enough money and resources are allocated for creating a cost-effective and efficient MSWM. 
It is also a major problem that there is currently no tax or tipping fee for MSW, which implies 
that MCGM has no income from the waste generators allocated specially for handling the 
waste (Bhada & Themelis, 2008: 147). 
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Most of the ULBs in India are depending on central and state government grants for funding 
the MSWM, but these funds are often inadequate as the bulk are absorbed by administrative 
expenses (Chatri & Aziz, 2012: 36). Also, the problems do not always solely lie in the 
scarcity of the funds but in the administration of it - the ability to manage the funds 
professionally and deliver services in a cost-efficient way (Chatri & Aziz, 2012: 43). 
 
When it comes to the difficulty of obtaining funds for making investments, several of the 
interviewees pointed out the problem that banks are generally unwilling to give loans for 
investments in new SWM facilities. This is due to that the MCGM faces difficulties when 
give mortgage for land use. Since the land in India is government property and there are no 
specified land use zoning, land use conflicts are common according to the interviewees.  

6.5.2. Inappropriate subsidies 
Through financial arrangements like allowances and subsidies, it is possible to govern the 
actions of actors in a field in a certain direction (Ammenberg, 2012: 103). In Mumbai, there 
are currently no suitable subsidies or economic incentives promoting the use of processed 
waste products such as compost and RDF. Instead, there are subsidies on chemical fertilizers 
and the price on coal is generally lower than the price on RDF according to interview data. 
Further, the potential customers of compost are often located outside the urban areas, on a 
distance from waste management facilities. Therefore, there is an additional cost for 
transportation when purchasing city compost. The commercial viability of composting 
projects is also further threatened as the demand for compost is seasonal (Chatri & Aziz, 
2012: 57). 

6.5.3. Tipping fees 
One of the main problems related to the lack of capital is that the present tipping fees are low 
or inexisting and hence fails to make SWM business profitable and attractive to investors 
(Bhada & Themelis, 2008: 1). Tipping fees are the main and often sole financial source for 
the waste operator, making financial viability difficult to achieve with the current policies 
(IFC, 2013). In India, private companies are in general setting up treatment facilities after 
signing an agreement with an ULB (IDFC, 2009). Internationally, ULBs often pay some kind 
of fee to the private company for accepting the waste but in India that is not the case (IDFC, 
2009).  
 
Private waste processing companies are facing difficulties running a profitable business due to 
several reasons. SWM facilities often requires a large initial investment, and the inadequate 
tipping fees in combination with the inability of products such as compost and RDF to 
recover the costs of the operation further extends the problem. Furthermore, the burden of 
paying the tipping fee currently lies solely on the municipality, which also results in serious 
economical exposure for the municipalities as well (IFC, 2013). 

6.5.4. Collection and transportation is costly 
The expenses for collection and transportation of MSW stands for approximately 80-95% of 
the total budget allocated for MSWM (Sharholy et al., 2008: 463; Chatri & Aziz, 2012: 15). 
This makes up for an evident problem since very limited amounts of the already restricted 
resources reserved for MSWM in the first place remains left for processing and disposal. As 
mentioned earlier, the current waste management practices in Mumbai are stated to be 
inefficiently designed which overall makes it more expensive to pursue (Rathi, 2006: 1200). 
Through the conducted interviews, it became clear that the current procedures for collection 
and transport implicate some major inefficiencies, leading to rising costs.  
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Mumbai is an unplanned city and the width of roads and lanes are varying significantly within 
the city. This poses a problem, not only since many areas are inaccessible for collection 
vehicles but also since efficient collection and transportation systems will require meticulous 
planning to ensure successful execution (Chatri & Aziz, 2012: 38). The door-to-door 
collection is therefore not as organized as it could be, demanding a lot of time and manpower 
as well as financial resources. The same goes for the collection from bin arrangements due to 
their often inadequate size and placement (Kumar et al., 2009: 884; Chatri & Aziz, 2012: 39). 
Further problems are related to inadequate collection vehicles, often obsolete and not 
optimally suited for their purpose. The vehicles should be better adapted to suit the prevailing 
Indian conditions (Chatri & Aziz, 2012: 39). 
 
Due to the fact that collection and transportation is costly, the allocation of funds is corollary 
being insufficient. In combination with the inadequate enforcement of laws, the practice of 
open dumping of waste is still rampant in Mumbai and many other Indian cities since it is the 
cheapest and easiest way to dispose of waste (Chatri & Aziz, 2012: 39).  

6.6. Centralized or decentralized MSWM? 
The problems regarding the MSWM in Mumbai as well as in other big cities in the world can 
be addressed as a persistent problem. Loorbach defines a persistent problem as an issue on 
societal level that cannot be solved with simple, short time solutions (Loorbach, 2010: 164). 
Over the last decades, the decision-making structures in modern societies have been observed 
to shift from centralized, government-based nation states towards a more decentralized, 
liberalized and market-based structure (Loorbach, 2010: 161). In Mumbai, there are ongoing 
discussions about whether the best model for sustainable MSWM is centralized or 
decentralized. The waste management services can either be delivered only by the ULBs 
themselves (centralized) or in association with the private sector or the local community 
(decentralized). In India, both of the approaches are being practiced in different cities (Chatri 
& Aziz, 2012: 26).  
 
Decentralized models such as ALM and the Parisar Vikas Program have lately become more 
widely practiced in Mumbai. The decentralized models involve management of MSW by 
various small waste management centers within the localities (Chatri & Aziz, 2012: 27). 
Common processing methods on a local level are composting and recycling. There are several 
benefits with such methods, and some of the interviewees in this study argue that it is possible 
to make Mumbai a zero-waste city in the future by implementing decentralized models for 
MSWM to a greater extent. If the waste is handled locally by composting and recycling, the 
expenses for waste management will drastically decrease since the cost for transportation will 
be negligible (Chatri & Aziz, 2012: 59).  
 
Another benefit of local waste management is that the segregation at source will greatly 
increase, leading to decreasing amounts of waste going to landfills and open dumpsites. Only 
inert waste will be collected and transported for final disposal (Chatri & Aziz, 2012: 27; 
Surjan & Shaw, 2009: 430). Also, local management of waste is in many cases combined with 
objectives regarding underprivileged groups in society, such as women rag pickers. The NGO 
Stree Mukti Sangathana, operating in Mumbai through the Parisar Vikas Program, is an 
example of when decentralized waste management has lead to prosperity in terms of 
education, health checkups and safety for informal women rag pickers (PEARL, 2015: 26).  
 
However, the decentralized model also implies certain drawbacks and obstacles. According to 
some of the interviewees, there are several practical constraints associated with 
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decentralization. Multiple planning agencies involved in different functions at different levels 
can in many cases prevent integration of objectives and strategies (Parthasarathy, 2016: 27). 
The Mumbai Metropolitan Region’s legal power includes multiple agencies with overlapping 
boundaries, causing “institutional fragmentation of planning” (Parthasarathy, 2016: 27). In 
such a big city as Mumbai, a local management of such a vital urban function as waste 
management can further constrain coordination between units.  
 
With a more centralized approach, the implementing agency bears the main responsibility for 
collection, transportation, processing and disposal (Chatri & Aziz, 2012: 26). It is made easier 
to in a regulated way control and monitor the facilities, the work force as well as the choice of 
technology and treatment methods. According to some of the interviewees, fewer locations to 
monitor imply more control, which will facilitate coordination, monitoring and uniformity of 
the system. This theory is supported by Chatri & Aziz, implying that a centralized model will 
make coordination between ULBs and private entities easier (Chatri & Aziz, 2012: 27). 
Simplifying such functions will therefore create better conditions for PPP and ISWM 
frameworks. Further, from the perspective of transition management, institutional 
fragmentation in governance is a major barrier for integrative long-term policies to be 
successfully implemented (Loorbach, 2010: 170; Parthasarathy, 2016: 28). 
 
Decentralized models for MSWM also imply certain problems regarding land use. Despite 
composting and recycling, there will always be a certain amount of inert waste that need to be 
landfilled. A locally handled waste management requires a location with isolated land within 
the city for this purpose (Chatri & Aziz, 2012: 30). In Mumbai, such land is both costly and 
hard to find, and in addition there is a risk of facing protests from neighboring residents when 
establishing such facilities. According to Chatri & Aziz, a centralized or regional facility is 
more beneficial in megacities like Mumbai. Land for setting up various waste processing 
plants might not be available since enormous quantities of waste are being generated on a 
daily basis, and further the land in Mumbai has a very high opportunity cost (Chatri & Aziz, 
2012: 56). 
 
 Centralization Decentralization 
Pros • Beneficial in megacities  

 

• Suitable for WTE 
 

• Supports coordination between units 
 

• Facilitates monitoring of SWM 
facilities 

• Increased segregation & public 
awareness 

 

• Savings in transport costs and 
landfill requirement 

 

• Suitable for local composting 
 

• Includes informal sector 
 

Cons • Requires waste stream with high 
calorific value and rigorous data on 
waste composition  
 

• Not cost effective in today’s situation 

• Institutional fragmentation 
 

• Requires land within the city 
 

• WTE projects not feasible 

Table 2: Summary of pros/cons with centralized and decentralized MSWM 

6.7. Several uncoordinated initiatives 

6.7.1. Compost & RDF 
In Mumbai and Navi Mumbai, composting and RDF are two processing techniques being 
practiced. There is currently no profitable market for this kind of processed waste (Rathi, 
2007: 115). The varying composition and low calorific value of the waste stream make RDF 
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insufficient compared to other alternatives like coal and oil. The techniques for RDF are 
therefore not very much practiced due to its meager demand (Sharholy et al., 2008: 464; 
Gupta et al., 2015: 214). Compost from composted biodegradable waste could work as a 
fertilizer but for the same reasons as for RDF, the demand for biological fertilizers is found to 
be almost non-existing (Rathi, 2007: 115).  
 
Further, another problem is that there are currently no real financial motives for farmers to 
switch to biological fertilizers since chemical fertilizers are being subsidized by the Indian 
government (Hati et al., 2007: 127). Another issue that was emphasized during the interviews 
is that chemical fertilizers are well proved to be working in contrast to the biological 
fertilizers that are facing great suspicion. The fact that the biological compost is being 
obtained from waste leads to the presumption that the product is inefficient or even harmful, 
containing toxins and pollutions. This issue with the mistrust of biological fertilizers 
highlights the problem with negligence and the in general negative attitude towards waste and 
waste management. 

6.7.2. Technology has yet to be seen proven on working plants 
In India in general, there have been many controversies in the scientific and environmental 
arena for some of the emerging waste management technologies such as incineration, 
gasification and RDF (Chatri & Aziz, 2012: 40). In order to be more practiced and relied 
upon, the technologies have to be seen proven on working plants. Processing technologies 
such as RDF and compost plants require availability of wastes of a certain quantity and 
composition in order to be able to operate smoothly (Chatri & Aziz, 2012: 40). This is 
something that is currently difficult to secure in Indian conditions. The issue regarding the 
technological reliability therefore goes hand in hand with the challenge regarding lacking 
segregation described in chapter 6.8.1. 
 
To overcome the addressed problems regarding technical reliability is not an easy task. 
According to the UN Habitat, it is important to be conscious when imagining ideal systems, 
technologies and solutions of the developed world, trying to copy them to solve problems. 
Since the context is often entirely different, local relevance might be lacking in many cases 
(UN Habitat, 2010: 1). This statement seems to be relevant when it comes to Mumbai. Many 
of the SWM practices currently in operation are noted to be inefficiently designed. This is 
partly a result of directly adopted techniques from abroad without India and Indian scenarios 
in mind (Rathi, 2006: 1200; PEARL, 2015: 2). Some of the technologies are stated to be more 
or less directly implemented with poor adjustment to national and local conditions, which in 
many cases make them insufficient or even failing (PEARL, 2015: 2).  

6.8. Public awareness 
From personal communication with officer level stakeholders during the interviews, a 
reappearing topic was the problem regarding public awareness. The citizens are the ones that 
according to some stakeholders should carry the main responsibility regarding segregation. 
This problem arises since the general perception seems to be that it is the duty of 
municipalities to handle civic services such as waste management, to look after them and 
make sure that they are functioning properly (Rathi, 2006: 1199). 
 
A need for change in people's mindset were therefore repeatedly brought to attention during 
the interviews along with the great possibility that actually lies within this issue if a solution 
or even an apparent improvement were able to be brought into action. In Navi Mumbai, 
NMMC is addressing this issue by conducting regular awareness campaigns such as 
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programs, advertisements and documentaries, mostly throughout help from NGO’s (NMMC, 
2015: 10).  
 
“A community which is adequately informed and aware not only helps in proper segregation 

of waste at source but also in reduction of waste at source.”  
(Chatri & Aziz, 2012: 59) 

6.8.1. Segregation at source 
One of the main challenges that have been highlighted by all actors is the lack of segregation 
at source. Further segregation was also regarded as one of the main opportunities for 
improvement of today’s waste management situation according to several of the interviewed 
stakeholders. According to Kumar et al., proper segregation of waste would lead to a more 
optimized waste management, giving better opportunities for scientific disposal (Kumar et al., 
2009: 887).  
 
As of today, the composition, quality and quantity of the waste stream is very much varying. 
Composition of MSW is homogenous in nature but also due to lack of segregation as well as 
external factors such as seasonal variations. This obstructs a reliable final treatment. Varying 
quality of the end product further extends the skepticism and segregation is therefore 
highlighted to be of great importance for successful waste management facilities (Sharholy et 
al., 2008: 460; Gupta et al., 2015: 214). 

6.9. Future solutions and opportunities 
In order to improve the future outlook, potential solutions and more lined out strategies are 
important. It is clear from the earlier observed challenges that there is an overall need for 
improved coordination, proper planning and greater consideration of several financial, 
technical and social aspects. The following section discusses possible lines of actions and 
approaches with respect to the identified challenges from the previous section. 

6.9.1. Coordination and a system approach 
According to the United Nations Department of Economic and Social Affairs (UNDESA), 
urban managers in developing countries should focus on a more holistic and system-oriented 
approach of SWM. It is required that the focus of waste management shifts beyond the earlier 
“end-of-pipe” solutions towards a more sustainable system-oriented approach (Singh et al., 
2014: 803). The highest priority should be on waste prevention, waste reduction, and waste 
recycling instead of just trying to cope with the constantly increasing amount of waste 
through treatment and disposal. This kind of integrated approach will help reducing the 
pressure on landfills as well (UNDESA, 2012: 13).  
 
A functioning SWM system should involve all the stakeholders in planning, implementing 
and monitoring changes (UN Habitat, 2010: xxiii). The aim should be to create a network of 
components, together consolidating a sustainable MSWM system. A strong and transparent 
institutional framework is also essential to good governance in long term functioning of 
SWM. Underlying issues related to management structures, contracting procedures, labor 
practices and corruption needs to be taken into account (UN Habitat, 2010: xxiv).  
 
Furthermore, there is a need for an even broader system approach regarding waste 
management, putting it into the context of global resource management. Resource 
management should aim towards a concept of zero-waste, reusing and recycling to a greater 
extent (Singh et al., 2014: 807, 810). The relevance of sustainable resource management 
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within sustainable development has recently been recognized and obligates a high degree of 
cooperation between involved actors (Agudelo-Vera et al., 2011: 2300). This requires joint 
visions, clearly defined objectives as well as distinguished roles and responsibilities of the 
actors (Singh et al., 2014: 810). 
 
It is also important that the technical solutions of the MSWM system should be integrated on 
a societal level by unifying them with social factors such as politics, education and 
organizational structures. Such social structures are vital when it comes to establishing and 
supporting the technical solutions.  

6.9.2. Choice of operational model 
The choice of a centralized or decentralized MSWM system is of great relevance when it 
comes to creating SWM frameworks and strategies. Both approaches imply several 
opportunities as well as drawbacks, and the choice should be influenced by several factors 
such as waste quantities and composition, the availability of land and market linkage for 
goods produced from waste (Chatri & Aziz, 2012: 51). According to Chatri & Aziz, a mega 
city like Mumbai with large quantities of waste generation requires a robust collection and 
transportation system with an adequate fleet of high capacity transportation vehicles. Thus, a 
centralized approach might be more appropriate (Chatri & Aziz, 2012: 51).  
 
However, there are several other factors that must be taken into consideration. Decentralized 
models such as ALM and the Parisar Vikas Program is already being successfully practiced in 
Mumbai, and many of the interviewed stakeholders agreed on that the ideal would be a 
combination of decentralized and centralized systems.  
 
In governance research, there seems to be a general agreement that both top-down steering by 
the government and the liberal free market approach are inadequate when it comes to 
generating sustainable solutions, but at the same time they are necessary in order to create 
change on societal level (Loorbach, 2010: 161). Societal actors such as governments, private 
companies, research institutes, the public and NGOs are observed to commonly create formal 
and informal networks because they have partially overlapping interests (Loorbach, 2010: 
164). Such networks can be extensively identified in the MSWM of Mumbai. Informal waste 
pickers, ALMs and the Parisar Vikas Program are just a few examples of how different actors 
and stakeholders find benefits in temporarily sharing resources and working together towards 
shared objectives.  
 
According to Loorbach, such participation and interaction between actors and stakeholders is 
integral (Loorbach, 2010: 168). Facilitating and operating MSWM needs to be more effective 
in the future and therefore, urban governance must be redefined in order to create a new 
balance between the state, market and society - a balance that promotes sustainability 
(Loorbach, 2010: 162). 

6.9.3. Public Private Partnerships 
Regardless of different operational models, private sector involvement in service delivery 
through e.g. PPP has lately become an important option for improving cost-effectiveness, 
quality and coverage of infrastructure services worldwide (Chatri & Aziz, 2012: 41; UN 
Habitat, 2010: xxiv). In section 6.1, the issues regarding the MSWM in Mumbai have been 
recognized to not primarily be the paucity of funds but rather a lack of coordination as well as 
several shortcomings on institutional and financial level. Private sector initiatives are 
therefore presenting an alternative approach to the public delivery of MSW services, in many 
cases providing more efficient and cost-effective MSW services (Chatri & Aziz, 2012: 43).  
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In Mumbai, it has been found that the cost per ton of MSWM can be greatly decreased with 
community participation and PPPs. A study by Rathi, researching alternative approaches for 
better MSWM in Mumbai, proves that the cost per ton of waste management is at its highest 
when MCGM is the only facilitator of the waste management in the city  
 
It is found that the cost per ton of waste management is 1518 Rs. (US$ 35) with community 
participation, 1797 Rs. (US$ 41) with PPP and 1904 Rs. (US$ 44) when only MCGM handles 
the waste (Rathi, 2006: 1200). 

 
 
The substantial reduction of cost with community participation is due to the improved 
segregation at source, which leads to reduce transportation costs. The PPP cost model 
involves mainly improvements in processing of the waste without any specific actions 
regarding collection and transportation and hence the cost per ton of MSWM is higher (Rathi, 
2006: 1200). To make PPPs an optimal approach for the MSWM in Mumbai, actions 
regarding collection and transportation is therefore needed as well.  
 
In Navi Mumbai, PPP is already an adopted model for MSWM. Private contractors are 
managing collection, transportation, processing and disposal of the waste (NNMC, 2015: 100, 
102). Several updated technologies such as weigh bridges for keeping track of data on waste 
quantities. RDF and windrow composting have been implemented on the Turbhe landfill 
facility. However, the processing facility is facing difficulties making profit due to the earlier 
addressed problems regarding lack of funding and a market demand for the final products. 
Hence, to overcome such institutional and financial obstacles is also needed in order to make 
PPPs profitable not only in theory but also in practice. 

6.9.4. MCGM only as facilitator and regulator 
With increased involvement of private actors in the MSWM in Mumbai, it is likely that 
MCGM in the future will step out of the role of processor and disposer and remain mainly a 
facilitator and regulator. However, the involvement of private sectors in SWM is not simple. 
The MCGM should still bear the main responsibility as the contracting body and therefore 
needs to have sufficient understanding and capacity to carry out the functions. Necessary 
conditions that must be fulfilled in order to achieve a successful involvement of the private 
sector include competition, transparency and accountability. It must be ensured that the 
contracting process is free from corruption (UN Habitat, 2010: xxv).  

Figure 4: Cost comparison MSWM in Mumbai 
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6.9.5. Integration into urban planning 
In a world of rapidly urbanizing cities, it is becoming clear that sustainable urban 
development is a crucial challenge. Many of the problems regarding urban sustainability and 
MSWM can possibly be addressed through urban planning (Agudelo-Vera et al., 2011: 2995-
2996). To handle the complex problems of urban areas, it is crucial to manage resources 
strategically and in a holistic way. The relevance of formal links between sustainable resource 
management in both urban planning and sustainable development has lately been recognized, 
and it is clear that there is a need to integrate these approaches into an overarching concept in 
order to achieve urban sustainability in the future (Agudelo-Vera et al., 2011: 2302). 
 
Furthermore, it is important to understand that moving towards more sustainable cities is not 
solely a technical task. Urban planning, infrastructure development and networking strategies 
can be implemented to generate social and cultural adoptions, leading to fundamental changes 
in the behavioral patterns of urban residents (Agudelo-Vera et al., 2011: 2299). It is therefore 
possible that the resource usage and waste disposal patterns of the Mumbai citizens can be 
affected through integrating the MSWM into urban planning in a strategic way. 
 
As mentioned in chapter 6.6, implementing a sustainable and integrated SWM system should 
involve consideration of regulations concerning land use in order to e.g. determine suitable 
locations for waste processing facilities. A study conducted by Onu et al., investigating the 
impact of inadequate urban planning on MSWM in Nigeria, states that “urban development 
planning should integrate all the society’s land use needs in a sustainable manner” (Onu et 
al., 2014: 31).  
 
To in practice the process of land use zoning to a greater extent in Mumbai in the future could 
therefore be an option. By land zoning, land can be divided into regulations providing 
specifications for land use such as residential areas, industrial and commercial areas. The land 
use should be allocated in accordance to the expected future use, and all urban development 
planning within the urban area should be in line with the land use plan (Onu et al., 2014: 31). 
This strategy would address the problems in Mumbai regarding SWM facilities facing 
opposition from neighboring residents as well as the mortgage problem. By proper and 
detailed land use planning, adequate guidance for locations of waste processing facilities can 
be provided. The land use plan will also be useful to decision-makers as urban areas develop 
and expand (Onu et al., 2014: 31).  

6.9.6. Create economic incentives 

Mortgage for land use & tipping fees 
The principle of PPP is, as stated earlier, seen as an approach with great possibilities. 
However, the participating companies are presently facing severe problems regarding 
financial capital. User charges for SWM services are crucial but currently inadequate to make 
the operation profitable and thus attract more private investors (Bhada & Themelis, 2008: 
147). It is necessary for municipalities to pay private companies a tipping fee for the waste 
being treated since neither RDF nor composting can manage to cover the costs of the 
operations with respect to the current outlook of their markets (Debnath & Bose, 2014: 92). 
These fees should also be modeled and implemented in such way that the enrolled private 
companies have proper incentives to carry out a more sustainable final treatment of the waste 
and reduce the amounts going into landfilling. The MoUD states that all authorities in 
MSWM projects have to share the costs. Suitable tipping fees needs to be determined and 
agreed upon by all participating parties (MoUD, 2015: 18).  
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Waste as a resource 
To address the difficulties regarding finances, economic incentives and better availability of 
fundings is needed in order make waste management appear as a profitable business. 
Subsidies are needed especially for treatment techniques regarding WTE and composting in 
order to make these methods more profitable and in this way more practiced. They both have 
been highlighted as future alternatives with great potential. A greater availability of fundings 
is therefore needed to further support increased investments that would stimulate the technical 
expansion, in this way supporting and making way for technical development (Kumar et al., 
2009: 894; Gupta et al., 2015: 212; Srivastava et al., 2015: 326). If the ULBs have better 
access to finances, they will be better positioned to improve and explore alternatives that can 
improve the SWM situation e.g. better equipment, human resources and technology (Chatri & 
Aziz, 2012: 53). 
 
The general perception of waste also needs to change and waste needs to be seen as an 
opportunity rather than a useless product in order to obtain maximal achievements regarding 
both environment and finances (Srivastava et al., 2015: 328). If regulated properly, there is a 
huge opportunity of meeting the increasing demand of both energy and employment by 
sustainable MSWM (Srivastava et al., 2015: 333). Over the last few decades, application of 
traditional as well as innovative technologies has made production of several goods from 
waste possible, e.g. manure, bricks, RDF, electricity and products from recyclables (Chatri & 
Aziz, 2012: 57). In the future, the financial and commercial viability of such SWM projects 
must be ensured by securing the availability of the right quantity and quality of the waste 
stream as well as a market for the goods being produced. 
 
Media, Internet and science also play a very important role when it comes to influencing 
public opinions and putting SWM issues on the societal and political agenda (Loorbach, 2010: 
170). 

6.9.7. Standards & policies 
Reliable data about of the generated solid waste would ease for appropriate planning and is 
therefore essential for a more efficient SWM system (Srivastava et al., 2015: 321). The 
government and other stakeholders should therefore come together to address the issues 
regarding the gap in the data of waste quantities, quality and composition (Chatri & Aziz, 
2012: 77). To allow more informed decision-making, an updated surveying of the waste 
characterization should be done. In order to obtain reliable results, a large number of samples 
have to be collected since MSW is as heterogeneous as it is, even by nature (Sharholy et al., 
2008: 466).  
 
Furthermore, the market supplies and demand for goods produced from waste do not match at 
present. To make processed waste such as compost and RDF an alternative option to chemical 
fertilizers and coal in the future, standards and policies for these products are needed. Data on 
emissions, hazardous substances, calorific value etc. need to be standardized in order to make 
compost and RDF into the market by making them reliable options for companies, plants, 
factories and other potential customers. Through the interviews, it was made clear that there is 
also a need for discussions and communications between the producers and the end users of 
these products.  

6.9.8. Segregation: only inert materials to landfill 
The final treatment of the waste would be overall improved by improved segregation since it 
would lead to better options and opportunities for scientific disposal (Sharholy et al., 2008: 
466). It would also reduce the pressure on landfills by reducing the amounts of waste being 
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disposed of at these (Sharholy et al., 2008: 464, 466). Land required for landfills and open 
dumps must be reduced by adopting suitable waste processing technologies like composting 
and WTE. Application of such technologies requires stringent implementation and monitoring 
mechanisms in order to be successful on the market and to be environmentally sustainable 
(Chatri & Aziz, 2012: 42). 
 
Since the proportion of biodegradable, organic waste generated in Mumbai is high, 
composting was often highlighted as a good treatment alternative by the interviewed 
stakeholders. This viewpoint is shared by several other sources, stating that composting is a 
simple and cost effective technology for treating the large organic fraction of MSW produced 
in Indian cities (Gupta et al., 2015: 213; Chatri & Aziz, 2012: 56). By conducting proper 
composting after proper segregation, the final waste volumes are stated to be able to be 
reduced by 50–85% (Sharholy et al., 2008: 463). Proper composting would therefore ease the 
load for collection and transport and reduce the pressure on the landfills (Sharholy et al., 
2008: 464; Srivastava et al., 2015: 326). Composting facilities is also suitable to set up in both 
centralized and decentralized systems unlike WTE projects that are not fit for decentralized 
systems due to feasibility issues (Chatri & Aziz, 2012: 56, 58). 
 
Furthermore, a proper segregation could result in environmental benefits in terms of 
decreased stress of limited natural resources since it most probably would advance recycling, 
recyclables could be straightway transported to recycling units (Sharholy et al., 2008: 466). 
Also, further and consistent segregation would result in a more invariant and standardized end 
product. With a segregated and more invariant composition of the final waste the operations 
for final treatment can be further standardized with more efficient and reliable results (Gupta 
et al., 2015: 214; Sharholy et al., 2008: 466). 

7. Conclusions 
It was concluded that the MSWM in Mumbai is facing many challenges and that there is a 
lack of coordination and a lack of system approach on all levels. Further, a deeply rooted 
negative attitude towards the field of MSW could be observed. The main problems were 
shown to be related to politics and people’s mindset. The current MSW situation in Mumbai 
faces several highly complex problems that are deeply rooted in different societal domains, on 
various levels, involving various sectors and stakeholders with separate interests and 
perspectives. Since the problem is surrounded with various structural uncertainties, the 
solutions are not easy to find. In order to address these numerous and widespread issues there 
is a need of a more holistic approach.  
 
The overall conclusion is that it is not enough that a small fraction of the society, with 
partially contradictory interests, is taking initiatives to improve the MSWM in Mumbai. In 
order to achieve a sustainable long-term solution, coordination and a more holistic system 
approach is necessary. The MSWM system can be seen as a typical case of a sociotechnical 
system. Changes in such systems involve several actions in different areas (e.g. social, 
technical, financial, institutional) and on different levels in the society. It is clear that the 
current challenges regarding the MSWM in Mumbai cannot be solved solely through 
technical means. To support the technical solutions, it is important to view the technical 
systems as a part of a bigger sociotechnical system and incorporate them with organizational 
and political solutions as well. Hence, participation from and interactions between different 
stakeholders and actors is absolutely necessary in order to develop support for policies. 
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Several rules and plans have been put to legal force accompanied by several initiatives with 
the intentions to improve identified shortcomings, such as ALM, PPPs and the Parisar Vikas 
Program. Nonetheless, most of these actions have failed to succeed due to financial and 
institutional obstacles. The problems identified as most overruling were the inadequate 
implementation of rules, lack of coordination and difficulties to obtain funds and revenues. 
The lacking implementation of rules together with poor coordination throughout the society 
has left the current MSWM with great inefficiencies, and financial constraints have deserted 
many promising projects with great losses.  
 
Regarding the promising approach of PPP, there is a need to take it to the next level in order 
to be able to leverage private sector efficiency into the SWM of Mumbai. Since value of the 
waste is the most important reason for private sector participation, it is important to 
understand the market for processed waste products such as compost and RDF. Standards, 
policies and regulations need to be put in place in order to mitigate the revenue risks. 
 
The question whether to aim for a centralized or decentralized operational MSWM model in 
the future was proven to be convoluted. There are several advantages and drawbacks with 
both centralized and decentralized models and many external factors must be taken into 
account. Thus, a mix of centralized and de centralized MSWM was presumed to be the model 
seemingly to be most beneficial in the case of Mumbai. For example, segregation of MSW 
would most probably be more efficiently carried out on a decentralized, local level. On the 
other hand, treatment and processing of MSW seems to be best carried out on a centralized 
level. Several activities such as transportation would probably become more efficient and the 
facilities would be easier to monitor. 
 
Regardless of the choice of operational model, a sufficient MSWM requires proper 
infrastructure and a well thought out urban planning. It was concluded that there is currently 
no formal integration of SWM into urban planning in Mumbai. Correlating to the increasing 
urbanization and industrialization, the urban sustainability planning of today has become 
increasingly complex over the last few decades. In many cases, this might lead to conflicts of 
interests among various stakeholders. To address these problems, land use zoning was 
highlighted as a method to promote a more sustainable and organized urban planning. Land 
use plans give planners and decision makers room to integrate environmental, technological, 
economical and political concerns of the citizens in the planning and implementation of 
various projects, e.g. MSWM projects. To move towards urban sustainability in the future, 
there is a need for a comprehensive framework that integrates waste management and urban 
planning. 
 
To be long-term sustainable, there is a need for a broader system perspective, putting SWM 
and urban planning into the context of global resource management. The concept of SWM 
should not be limited to only handle current problems related to treatment and disposal, 
instead it should be extended with the aim to solve resource management issues related to the 
unsustainable production and consumption patterns. In order to do this, there is a need for a 
worldwide shared vision among the involved actors. 
 
It is important to understand that sustainability is not a fixed state but rather a continuous and 
constantly changing process where resource management, technical solutions and institutional 
changes are made with the aim to make overarching coordination and optimization easier. To 
enable sustainability on a global level we need to transform the relationships between society, 
environment and technology. Waste should no longer be seen as an unprofitable product but a 
useful resource.  
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