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Abstract
Increased density has been widely accepted as a requirement for a sustainable city. Most research on the
subject has promoted urban compaction without consideration to constrained resources for the operation
of a city. This research challenges the conventional views that increased intensification of cities results
in increased sustainability and questions the limits to intensification through its analysis of Mumbai as
a case study.
Mumbai is the world’s densest city. However, Government policy, influenced by Western models of
intensification, is to further increase the density of Mumbai by demolishing medium-rise housing in
favour of tower blocks; a process known as ‘vertical with a vengeance’. The claim is that it will make
Mumbai a more sustainable and ‘world-class’ city.
Increasing the population density has significant implications for the input of resources and the output
of wastes for the City’s operation. This thesis reviews the resources currently available to the City and
identifies the finite limitations of the hinterland.
In order to measure the environmental and resource impact of increased density, the ‘extended urban
metabolism’ model is employed to compare the existing and proposed developments. A detailed case
study of a proposed new development has been conducted at the neighbourhood scale. The results are
then extrapolated to the areas of the Island City proposed for redevelopment.
The results indicate that intensification policy would result in 1677 new 40-storey tower blocks, 51,780
additional car parking, a reduction in open space, a new 100 MW power station, a new 100 million litres
per day dam to supply water, 160 million litres per day of sewage to be processed, 3570 tons per day of
CO2 production and many more adverse impacts. All this will be added to a City that, due to inadequate
resources and difficult geography, already systematically rations electricity by blackouts, rations water
to a few hours per day, and where 80% of sewage is untreated and washes up on the shoreline.
The conclusions are that increased density by a more compact and vertical city is neither sustainable nor
resilient. Mumbai provides a useful metaphor for other cities since, ultimately, the great majority of them
continue to grow and will eventually outstrip the capacity of their hinterlands.
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Preface
Cities and their surrounding areas are often considered the engines of economic growth in most
countries. However, the continuous increase in the size of the cities in terms of population and area puts
considerable strain on the limited growth of infrastructure. The rapid and continued growth of megacities and their sprawling mega-urban regions lead to serious problems such as traffic jams, slum and
pavement dwellers, water and energy shortages and pollution, which are of major concerns to both
visitors and residents of the city.
Having lived in different metropolitan cities of India, I have experienced these problems first-hand.
Current patterns of production and consumption in these cities made me question whether they can
continue to grow without adversely affecting the life of the future generation. The infamous flooding of
Mumbai on 26th July, 2005 that brought the ‘city that never sleeps’ to a standstill, in addition to the loss
of live, property and income, was another reminder of how vulnerable this cities is. As an architectural
undergraduate student, walking about 10 km through waist deep water on the roads the following day,
in order to return home, made me take more notice of the city’s infrastructure, in addition to its buildings.
This, in addition to several other incidences of water shortages, blackouts, collapsing buildings,
blackouts and traffic congestions, made me question the direction of Mumbai’s development. But in
spite of all its issues, I love the city (as do most of its residents) for its vibrancy. It took a few years of
completing the undergraduate degree and working in the architectural industry to reinforce the interest
and re-engage with the issue and develop it into a research topic.
The flooding in Mumbai has been an annual occurrence ever since, though not to the same extent and in
spite of all the remedial measures. This is likely to get worse climate change and rapid urbanization. In
spite of its numerous issues such as water shortages, housing shortages, blackouts, pollution, etc.,
Mumbai has been building bigger and taller structures. Of particular interest here is the redevelopment
of the old historic core of Mumbai, with about 16000 old and dilapidated, low-to-medium-rise buildings
that have been identified by the state planning authority to be redeveloped into “swanky new towers”.
The idea to convert Mumbai into “Shanghai”- which is promoted as an image of development and
prosperity by the politicians - would result in increased population densities in an area that has one of
the world’s highest population density. This intensification of Mumbai and its focus on the built-form
to change its image forms the basis of the thesis.
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Chapter 1: Introduction
This chapter provides an introduction to the thesis. It outlines the need for evidence-based research into
the impact of high-density cities and the claim that compact urban form increases ‘sustainability’. In the
process, it identifies the research aims and objectives and finally concludes by outlining the following
chapters.
The proposals to develop a form of higher density and vertical urban form aimed at achieving a
‘sustainability’ to accommodate the increasing urban population, are the focus of this thesis. As the title
suggests, the main theme of the research is to use the ‘urban metabolism’ model as a means to understand
and measure the sustainability (or resilience) of ‘high-density’ development and its further
intensification through the process of what is known as “urban renewal” in Mumbai. The thesis aims to
evaluate the impact of population increase and development intensification on the consumption of
resources, their potential localised regeneration and the subsequent impact on sustainable urban
development, especially in high-density urban settlements of developing countries, with Mumbai as the
case study.
This thesis challenges the conventional views that higher intensification of cities results in increased
sustainability. It questions the limit to high-density/intensification and its implications. Hence, the main
question that this thesis poses is:
 Is there a relationship between urban morphology and urban metabolism as cities increase in
density?
In order to answer the main research question, the thesis investigates Mumbai, focusing on its proposed
intensification through the redevelopment of its historic core, as the case study due to its large size,
extremely high-density and symbolic importance to the sub-continent. Leaving aside the issue of the
resources required to reconstruct (embodied energy and water) the redevelopment of Mumbai, the
purpose of the paper is to quantify, using the ‘Extended Urban Metabolism’ model, the operational
metabolism of the city should the extensive high-rise developments be implemented.

1.1 Mumbai as a case study
Mumbai is a poignant example of the pressures many cities in developing countries face. Mumbai is the
second largest of Asia’s mega-cities and India’s centre of finance and culture, that had been known offer
a high standard of living and employment opportunities for its residents. However, the natural increase
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in urban population, inter-regional migration and subsequent urbanization has been greater than the rate
of infrastructural development for Mumbai. This, along with its
‘antiquated rent laws….the decline since the early 1980s of the cotton-textile industry, the culture
of violence fostered among its plebeian classes by the Shiv Sena, the exacerbation of sectarian
conflict as a result of the alienation of its Muslim communities, the stranglehold exerted on its
economy by organised crime, and the abdication of social responsibility by its elite and middle
class’ has cost it its image of ‘peace, prosperity and progress’(Kidambi, 2007).
The need for Brownfield redevelopment is highlighted by constrained land availability and congested
living conditions 1 . The physical need to provide more residential and commercial space for the
increasing population along with the economic benefit derived from it has resulted in the favouring of
urban intensification in Mumbai. The Government is already providing increased FSI as an incentive to
rebuild the city at a higher density than at present. The intensification is further supported by the recent
World Conference ‘Remaking Sustainable Cities in the Vertical Age’2, which highlighted the role of tall
buildings in achieving higher density while also providing larger open spaces on ground (such as parks
and gardens) or improved infrastructure (such as roads)(Shivdasani, 2010).
Based on his observation of Slum Rehabilitation Schemes, Das (2005) remarks that:
‘There is a euphoria for everything mega. These mega-schemes not only alienate the people, but
also destabilize and displace them. A major obstacle to any such evaluation is lack of awareness
of the situation among the urban middle class. The extent and seriousness of the displacement is
not known to them and is, therefore, neglected by both policy-makers and urban dwellers. The
overwhelming trust in mega-schemes is in order to facilitate easy and effective control of vital
resources by the promoters…Mega-schemes also divert attention from the real issues and
completely neglect the existing services, transportation, infrastructure, and amenities, and
thereby, inevitably lead to further deterioration of existing conditions.’
However, it is not sufficient to provide housing without the supporting infrastructure. The current
infrastructure is already under considerable strain with power cuts and water shortages in many parts of
the city. As cities become denser, they consume more resources and produce more waste within a
confined area. When that area is itself constrained by physical boundaries, such as the Island City of
1

In 2001 Greater Mumbai had a population of about 12 million with an average household size of 4.62(MMRDA Planning Team, 1996 2011b). Based on gross land area under residential use, the density is estimated to be 58,000/sq. km (MCGM, 2005 to 2025).Households
in Mumbai consume an average of 2.9 sq. m of floor space per person which is one of the lowest residential floor areas per person in the
world (Bertaud, June 2004).
2 The conference was jointly organised by Council on Tall Buildings and Urban Habitat (CTBUH) and Remaking of Mumbai Federation
(RoMF), held in Mumbai, between 3rd and 5th February 2010.
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Mumbai (although technically a peninsula), it becomes more dependent on the local infrastructure to
provide resources and disperse wastes. In an already dense city, it may be physically possible to increase
floor area by building vertically (Bertaud, 2011), it may also be that this additional density is considered
socially acceptable (Dave, 2010) and there may be advantages in additional open space. But in a resource
constrained city and an increasingly resource constrained hinterland, the overriding concern becomes an
environmental issue. Is there adequate infrastructure capacity to provide for the additional demand for
power and water and the disposal of waste and pollutants?
Creating greater FSI by constructing vertically increases the consumption of resources not only because
of an increased population density but also because of an increased appetite for consumption that the
image of a modern city brings. Population growth alone results in a corresponding increase in demand
on resources. However, when increased affluence of the growing middle‐class in Mumbai (Fernandes,
2004) and prestige associated with modern lifestyles, promised by the tall buildings that are associated
with being a ‘world-class metropolis’, the demand for water, energy and food is no longer a linear
relationship with population growth but tends towards the exponential. The reduced cost of technologies
and appliances combined with aggressive methods of marketing has resulted in items that were once a
luxury becoming a necessity. For example, Taylor, Funk, and Clark (2006) found that, in the US between
1996 and 2006, household appliances formerly considered a luxury were latterly considered necessity
items. There was a 21% swing for clothes dryers (from luxury to necessity), a 36% swing for
microwaves, a 19% swing for home air‐conditioners and a 25% swing for home computers. Such swings
are occurring in India though detailed statistics is less precise. Home air‐conditioning is increasing
exponentially in non OECD countries (Cox, 2010). Car sales are increasing at the rate of almost 10%
per year while population is growing at less than 1.5% per year (R. D. Sharma, Jain, & Singh, 2011).
The growth rate is mainly in urban areas and is accounted for by being a “symbol of success and
prosperity” (R. D. Sharma et al., 2011). In urban India traditional biomass used for cooking halved as
new technologies resulted in a shift to the use liquid petroleum gas (LPG) (Butera, 2010). While demand
is increasing for resources to ‘feed’ the metabolism of Mumbai, supply from the hinterland is struggling.

1.2 Urban Metabolism – measuring urban sustainability
The Urban Metabolism Model is both a means of understanding and measuring the sustainability of a
development, in terms of energy efficiency, material cycling, waste management and effectiveness of
infrastructure, and can be applied to various levels of urban planning.
Urban areas have been compared to living organism by several philosophers and researchers, over the
ages. Metabolism is defined as ‘the sum of all the biological, chemical and physical processes that occur
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within an organism or ecosystem to enable it to exist indefinitely’ (Steemers, 2003, p. 124). Like all
living organisms, urban areas have a linear metabolism system that depends on the input of resources
and elimination of wastes. If the rate of metabolism is higher than nature’s ability to provide resources
or remove wastes, then it would eventually lead to the death of the organism. The same logic applies to
urban areas. Kennedy, Cuddihy, and Engel-Yan (2007) have summarised the practical importance of
understanding urban metabolism as follows:
‘The vitality of cities depends on special relationships with surrounding hinterlands and global
resource webs. Increasing metabolism implies greater loss of farmlands, forests and spatial
diversity; plus more traffic and more pollution. Urban policy makers should consider to what
extent their nearest resources are close to exhaustion and, if necessary, appropriate strategies
to slow exploitation.’
Wolman(1965) published the first paper about urban metabolic analysis in which he analysed a
hypothetical American city of one l million population and three main metabolic problem: ‘the provision
of an adequate water supply, the effective disposal of sewage and the control of air pollution.’ However,
the metabolism of real cities were analysed for the first time in 1970. Since then the interest in urban
metabolism has varied over the decades, with a renewed interest since the late-1990s.
Urban metabolism provides a powerful metaphor for measuring the input of resources and out of wastes
from within a definite area. It provides a framework for identifying and analysing the processes that
mobilise and control the flows of energy and materials through a city, as well as, the efficiency of the
resource consumption. Thus, urban metabolism can be applied to various spatial levels (such as the
neighbourhood, city or national levels) and highlights potential future problems by demonstrating
changes in flows and stocks of the study area.

1.3 Sustainable Urban form: Density and Compact City
The ‘Compact City’ model was developed as an alternative to the expanding urban sprawl in developed
countries (especially the New World), which have characteristics of low densities, expansive land for
suburban and exurban growth, and adequate resources to ensure that demand (water, energy,
transportation) is met by supply. The argument for compaction is driven primarily by transport energy
use and supported by the indicators of compaction including, walkability and mixed-uses. Burgess
(2000) cities resource conservation (particularly fossil-fuelled energy) and waste minimisation
(particularly carbon emissions into the global atmospheric sink) to advocate for compaction.
These visions of an archetypal global city are supported by the technological possibilities of towers. For
example, Al-Kodmany (2011) suggests that it is now possible to build one mile high to house the
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‘migration of the rural population to cities’. This vision is also supported by economic theory such as
Sridhar (2010) who suggests that in Indian cities, ‘[r]egulations must be relaxed to enable cities to grow
vertically’ (p. 1561). It is suggested that vertical growth reduces land prices, reduces commuting, results
in more affordable housing and that jobs will follow people.
Some scholars have focussed on social issues of sustainability in developing cities (Pugh, 1990, 2000)
such health, poverty and governance issues. In these discussions, the problem is fundamentally
population growth that results in a simple measurement: the denser, the less sustainable. Other scholars
have focussed on the environmental issues such as urban metabolism (Wolman, 1965) or ecological
footprint (Wackernagel & Rees, 1996). Again the results are the same; there are limits to growth. For
those who promote density, these models based on either population or ecology can be inconvenient.
For example, (Newman, 2006) considers population growth models to be of ‘dubious value’ and
ecological footprints to be ‘a negative measure’ which is not surprising because, when the ecological
footprint tool is used to optimise urban density, it results in promoting densities that are similar to
suburbia. For example, S. Ghosh (2004) compared the ecological footprint of various urban densities in
the city of Auckland and found an optimum of 18 dwellings per hectare. This can be compared with the
Island City of Mumbai, which has densities of between 214 to 588 dwellings per hectare (Dave, 2010).

1.4 World urban development

Figure 1: Growth trends in urbanization of the
world

Figure 2: Number of Countries with Large Urban
Population

Data source: (United Nations, 2001, 2011)
Using Mumbai as a case study must be seen within a global context if the lessons to be learnt from this
thesis are to be replicated. The world has seen a substantial increase in population after 1900 and has
experienced an unparalleled increase of urban population in the last and current centuries. Compared to
the year 1800, when only 3% of the world’s population lived in urban areas, 14%, 30% and 47% of total
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world’s population was living in urban areas in 1900, 1950 and 2000 respectively (see Figure 1) and the
proportion is projected to reach 60% by 20303 (United Nations, 2001). This has been accompanied by
the concentrated growth of population in some of the major cities across the world, which is evident
from the number of cities with more than 10 million inhabitants has increased from two in 1950 to 20
in 2005 (United Nations, 2006).
However, the growth is not uniform for both developed and developing countries, and urban areas of
developing countries are expected to absorb most of the population increase between 2000-30. The
developed countries of the world are already highly urbanised with 77.7% of the population living in
urban areas in 2011 and the concentration of urban dwellers is expected to increase to 85.9% by 2050
(United Nations, 2011). On the other hand, the level of urbanization is lower in developing countries,
with 46.5% of the population living in urban areas in 2011 which is expected to increase to 64.1% by
2050 (United Nations, 2011). Though the percentage urbanization of the developed countries is higher,
the number of countries with large urban populations is increasing rapidly in the developing countries
(Figure 2).

Figure 3: Population of urban agglomerations - comparison
Data source: (United Nations, 2011, p. 7)
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At the current rate of growth, it is estimated that the world total population would reach 7.94–8.33 billion in 2030 and the
urban population would reach 4.72–5.00 billion in 2030, an increase of 48.6–57.8%.
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Though Asia has a relatively low level of urbanization (39.8 % in 2005) compared to Europe (72.2%),
Oceania (70.8%), Latin America and the Caribbean (77.4%), or North America (80.7%), it currently
accommodates 51% of the global urban population, in addition to containing twelve of the twenty-two
urban agglomerations with over 10 million population in the world (see Figure 3) (United Nations,
2011). This means that increasing urbanization of Asia would contribute most significantly to the global
urban population.
Also, the developing countries of the tropics have urbanised over the last 60 years at a faster rate
compared to the 200 years period which the developed countries of the temperate regions took to
urbanise. Many cities, confronted with hyperactive growth, are failing to cope with the challenges of
generating employment, providing adequate housing and meeting the basic needs of their citizens.
Therefore, considerable attention needs be paid to urbanization in the tropics.

1.4.1 Cities as Centres of Consumption
Cities are also considered to be centres of consumption. They require a constant supply of resources
from outside their boundaries for a smooth functioning. While the human population and the per capita
demand for resources have been increasing (more in the urban areas, than in rural areas), the natural
resources are finite. The pressure of supplying these resources to the urban areas can often lead to
shortages in the surrounding areas (for both the rural population and the wildlife). At the same time,
being finite, the natural resources run the risk of running out if not managed properly and allowed to be
replenished. Vast tracts of agricultural, forest and wetlands are lost to urban use every year.
The continuous increase in the size of the cities in terms of population and area put considerable strain
on the limited growth of infrastructure. The rapid and continued growth of mega-cities and their
sprawling mega-urban regions lead to serious problems within their boundaries, such as traffic jams,
slum and pavement dwellers, water and energy shortages and pollution that are of major concerns to
both visitors and residents of the city.
‘There is a growing realisation that much of the sustainability debate has an urban focus .… if
cities can be designed and managed in such a way that resource use and pollution are reduced,
then major contribution to the solution of the global problem can be achieved. The role of cities
in the debate is seen to be greater still if we appreciate that they are the focus of most other human
activities. Thus, if the relationship – and possibly trade-off – between environmental and social,
economic and cultural aspirations is part of the debate, then the role of the cities looms large.’
(Breheny, 1992, p. 2)
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Compact Cities and intensification of existing cities is promoted as a sustainable solution for both
developed and developing countries. Compact Cities have been associated with reduced transportation
needs (less car dependency and more use of public transport and opportunity for walking/cycling) and
therefore reduced energy consumption and vehicular emissions (air pollution); the reuse of infrastructure
and previously developed land and thereby preservation of green spaces; the rejuvenation of existing
urban areas and urban vitality and a high quality of life (Jenks & Burgess, 2000; Jenks, Burton, &
Williams, 1996; Jenks, Williams, & Burto, 2000), as well as saving agricultural and other valuable land,
and thus biodiversity.
However, cities (and metropolitan regions) in developing countries not only differ from those in the
developed countries (especially in the New World), but also in terms of rate and stage of urbanization,
existing densities and inadequate infrastructure. In an already dense city, it may be physically possible
to increase floor area by building vertically (Bertaud, 2011), it may also be that this additional density
is considered socially acceptable (Dave, 2010) and there may be advantages in additional open space.
But Rees and Wackernagel (1996) raise the question of ‘[h]ow economically stable and socially secure
can a city of 10 million be if distant sources of food, water, energy or other vital resource flows are
threatened by accelerating ecospheric change, increasing competition, and dwindling supplies?’(p. 241)
This thesis, therefore, is an investigation of the amount and form of intensification in developing
countries, and their dependence and impact on the infrastructure and environment.

1.5 Chapter outline
In this rapidly urbanising world, sustainability of cities is of prime concern. The compact city model,
developed as an alternative to the increasing urban sprawl (especially in the new world countries) is
increasingly promoted as the sustainable urban form. As a result, high-density or intensification has been
adopted as a means that is claimed to achieve sustainability in both developed and developing countries.
Chapter two defines the various aspects of density and reviews the debate about the influence of density
and built-form in achieving urban sustainability, especially in relation to developing countries.
Sustainability is a complex issue that is open to interpretations. Chapter three identifies the key issues
related to urban sustainability, namely resource consumption and availability, and infrastructural
provisions, with a focus on the Indian context. It then reviews urban metabolism as a methodology to
address and analyse these issues. The advantages and disadvantages of the urban metabolism model are
reviewed and the various methods for conducting metabolism studies evaluated. It then identifies the
Extended Urban Metabolism model as being ideally suited for this thesis.
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Based on the selected framework, chapter four defines the system boundaries of the areas being studied,
the selection of indicators and the method and sources used in data collection.
Chapter five provides an overview of the urban metabolism of Mumbai City, starting with analysing the
process of industrialisation and urbanization. It highlights the economic, social and environmental
transformation of Mumbai by emphasizing the following most important aspects: development and
transformation of the economy and society, material resource consumption and waste generation, in
order to establish the growth and metabolism of the city and related environmental impacts until now.
Chapter six focuses on the residential development in Mumbai and provides a critical review of the
policies that have led to high-rise and high-density housing. Having identified the policy limitations, the
analysis of a pilot study is presented that lays the foundations for the detailed study of the selected
redevelopment proposal.
Chapter seven focusses on the main case study; a new 16.5 acre development in Ward C. The study
compares the existing site with the proposed development by analysing the physical characteristics of
both the developments, then the ‘metabolic’ issues such as energy, water and waste and finally the finally
the impact on the urban quality of life.
The case study presented in chapter seven is, by itself, a drop in the ocean of the housing in the Island
City. Of concern is the impact on the City if these forms of ‘Urban Renewal’ are replicated on a wider
scale; the whole intention of the municipal authorities. This chapter eight uses the results from the case
study, in addition to the analysis of the built-form of the City to investigate the likely impact of the urban
renewal on Mumbai.
Chapter nine summarises the main findings of the Bhendi Bazaar case study and the urban renewal of
the Island City of Mumbai, before reviewing the implications of these findings to the “vision” for
Mumbai to become a “world-class” city. It addresses the main research question, highlights the
importance of the thesis and the limitations of the research. The chapter provides recommendations for
further research before concluding.
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Chapter 2: Understanding High-Density and Urban
Redevelopment
The concept of density is central to several other highly debated concepts such as ‘urban form, city size,
preferred building or settlement type, site design, economic issues and policy, zoning and other land use
issues, social issues and values, women’s issues, children’s development, cognitive and perceptual
processes, stress, sustainable development, compact cities, street and transportation systems, conflicts
between public transportation and the private car, urban sprawl, environmental quality policies, and the
role of professional planning and government in setting density standards’ (Churchman, 1999).
Churchman (1999) highlights the complex nature of density, in spite of its appeal to planners as ‘an
objective, quantitative and neutral term’.
Therefore, the chapter begins by critically reviewing this complexity, thereby contributing to a better
understanding of the concept and a more careful approach to its use.
The debate on urban sustainability revolves around density, with most research suggesting, high or
medium-density and compact cities are more sustainable. However, there is a lack of information on
maximum levels of density and, therefore, there is an implication that the greater the density the more
sustainable a city might be. The aim of the thesis is to find the implications of high-density on
sustainability. This chapter will examine the developments that led to the fascination with compact cities
and will explore the various research to find out whether density is specified, the size and built-form for
the compact development numerically and setting an upper and lower limit to the variables.
Thus, the chapter is looking for answers to the following questions:


How is a compact city defined in terms of density, area and built-form?



What the social, cultural, economic and environmental benefits of high-density or a compact
form?



Are these solutions applicable to large, high-density cities and metropolitan regions?



At what point do benefits associated with a high-density change to disadvantages?

The built-environment that attempts to respond to both economic and population growth is inherently
unsustainable. But it could potentially make a contribution to addressing the problems as it is one of the
significant contributors to the problems as it is the main site of cultural and economic activities.
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2.1 Density: understanding the concept
‘The word ‘density’ although familiar at first glance, is a complex concept upon closer examination. The
complexity mainly stems from the multitude of definitions of the term in different disciplines and under
different context’ (Ng, 2010, p. 3). Density is a term that represents the relationship between a given
physical area and the number of people who inhabit or use that area. It is expressed as a ratio of
population size or number of dwelling units (the numerator) to area units (the denominator). Density has
two dimensions: Physical and Perceived, which can be further classified as in Figure 4.

Figure 4: Categorization of different types of density
Data source: Definitions have been quoted from (Ng, 2010, pp. 4-12)
Physical density is ‘an objective, quantitative and neutral spatial indicator’ (Ng, 2010, p. 3). If the same
elements and geographical units are considered, they can be easily compared. For example, Figure 5
provides a comparison of the population density of some of the largest Metropolitan regions of the world.
However, in addition to the various ways of expressing physical density (as shown in Figure 4), the way
in which different types of densities are defined and also used vary across (and within) different countries
and disciplines (Churchman, 1999). For example, the measure of ‘net density’, according to Towers
(2002) includes ‘facilities for the immediate benefit of the housing, such as small areas of open space,
community centres, a few shops and so on’ but according to the National Building Code of India it
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excludes ‘community facilities and provision of open spaces and major roads (except for incidental open
spaces)’(Bureau of Indian Standards, 2005, p. 2 of Part 1).

Figure 5: Comparison of urban densities
Data source: (City Mayors, 6 January 2007)
In addition to the different definitions and measures4, the varying administrative definitions of city area
(that is boundary between city, suburb and rural areas), make comparing densities a difficult task and
can lead to misinterpretations of results. For example, the ranking of cities (by population density) by
City Mayors (6 January 2007), have compared New York City (that consists of all 5 boroughs) with
Greater Mumbai (comprising of 2 revenue districts) and Shanghai Proper (consisting of 8 of the 16
districts of the Municipality), while the fair comparison would have been with Mumbai Metropolitan
Region (MMR) and Shanghai Municipality or comparing Manhattan borough with Mumbai City district
and Shanghai proper.
Physical density is an important urban planning tool. When expressed in terms of population, especially
occupational density, it helps in developing an understanding of the infrastructural requirements of a
settlement; whereas building density has a direct impact on the urban form. However, care must be taken
while comparing densities as supplementary factors such as built-form, size of dwellings and mix of
uses (that is ratio of commercial to residential units) impact on residential density.

4

Churchman (1999) notes that different numerators and denominators are used in different countries. While some countries
express density in terms of population, other use number of dwellings. Also, a variety of land units, including acre, hectare,
square mile, and square kilometre, are used as the denominator.
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While physical density provides the numeric value (whether in terms of people, units or buildings), it is
perceived density that defines whether or not a particular density is observed or valued as high or low.
Ng (2010, pp. 12-14) explains it as follows:
‘…perceived density not only addresses the relative relationship between individuals and space, but also
between individuals in the space….The meaning of high density is a matter of perception; it is subjective
and depends upon the society or individuals judgement against specific norms. Hence, societies or
individuals of different backgrounds and under different contexts come up with different definitions of
high density.’
It is evident that not only is the physical density in cities of the developing countries higher, but also the
perception of density is significantly different. Dave (2010) observes that
‘Overall, cities in developing countries are more compact with higher urban densities than cities in
developed countries. This could imply an acceptance of higher density by residents in cities of
developing countries. Therefore, acceptable, optimum, or sustainable level of density for cities across
the world would be different.’

2.2 Urbanization, Compact City and Intensification
While urban areas have been centres of trade for centuries, following the industrial revolution, the rate
of urbanization increased exponentially; first in the developed countries, where it originated, followed
by the developing countries, where it is still rapidly increasing.
While traditional towns were characterised by a compact form, being based on walking and animalbased transportation, the introduction of railways allowed people to live further away from the city. As
a response to the overcrowding in the cities and facilitated by the growth of the railways, the suburbs
developed as the preferred residential destination (especially for the wealthy). With the introduction and
popularisation of the automobile as the personal mode of transport in the twentieth century, the suburbs
gained even more popularity (especially in the New World countries) and started spreading across the
landscape. Schumacher (1973) blames the highly developed transport and communications system for
making people “footloose”: ‘millions of people start moving about, deserting the rural areas and the
smaller towns to follow the city lights, to go to the big city, causing pathological growth’ (pg. 63).
Neuman (2005) explains that several factors promoted urban sprawl: ‘the lure of cheap open land outside
the city, advances in transportation, easily available capital to buy property, the rise of the real estate
developer, mass production of housing, and the always-present image of the single family home as the
American dream’ (p. 15). Vast and widespread expansion of peripheral development (urban sprawl) not
only takes up valuable land and increases transportation problems, but also has other costs and impacts
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on people’s lives. It leads to a loss of agricultural land, which affects the local people of the area and
compels them to either change their professions or move further away. As a result, the food has to travel
longer distance to reach the city, which in turn means that more fuel and energy is spent to make available
to the city dwellers.
Researchers have identified and proposed various ‘archetypal’ urban systems, based on the combination
of urban form and structure in contemporary urban studies, as shown in Figure 4. Newton (1997, p. 8)
defines urban form as ‘the characteristic morphology of settlement that is represented by the key physical
infrastructures of a city’ and urban structure as ‘the manner in which residential and industrial land use
are distributed throughout a city’.

Business as Usual

Compact City

Edge City

Corridor City

Fringe City

Ultra City

Figure 6: Archetypal Urban Systems
Source: (Newton & Australian Housing and Urban Research Institute., 1997, pp. 8,9 &
91)
For most part, all urban forms, with the exception of the dispersed city, represent attempts to
intentionally concentrate urban development in particular sections of the city (Newton, 2000)’. While
each of these is associated with specific advantages and disadvantages, the compact city model is
generally agreed be to the sustainable solution. However, there is a lack of consensus in describing
appropriate density, connectivity, sociability & mix of land use (Dempsey, 2010).

2.2.1 The Compact City and Intensification– Pros and cons
The compact city model has been developed in an attempt to halt sprawl and improve livability (Neuman,
2005). At a regional level, the compact city is claimed to be a Sustainable Urban Form. Compact Cities
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have the advantage of reducing travel distances, and thus energy spent in transportation and vehicle
emissions (Burgess, 2000; Newman & Kenworthy, 1999). Newton and AHURI (1997) modelled six
future scenarios of urban development for Melbourne (as identified in Figure 4) and compared them
with the base development of the year 1991, and with each other. Based on their calculations, a compact
city consumed 43% less fuel compared to a business as usual form of development. Compact Cities have
also been associated with the reuse of infrastructure and previously developed land and thereby
preservation of green spaces; the rejuvenation of existing urban areas and urban vitality and a high
quality of life (Jenks & Burgess, 2000; Jenks et al., 1996; Jenks, Williams, & Burto, 2000; Wackernagel
& Rees, 1996), as well as saving agricultural and other valuable land, and thus bio-diversity.
(Burgess, 2000) provides a tentative definition for the contemporary compact city approaches as:
‘To increase built area and residential population densities; to intensify urban economic, social and
cultural activities and to manipulate urban economic, social and settlement systems in pursuit of the
environmental, social and global sustainability benefits derived from the concentration of urban
functions (pp. 9-10).
‘Compact Cities: Sustainable Urban Forms for Developing Countries’(Jenks & Burgess, 2000)(and its
two preceding volumes5) plays a major role in the Compact City debate. It extends the global debate on
compact city from being mainly focused on developed countries (as in its two preceding volumes) to
developing countries. It promotes high-density urban areas to be more sustainable than the peripheral
sprawl and recommends ways of achieving compact urban forms.
Most of the arguments for compacting cities have been generated by researchers in New World cities
(Newman, 2006; Newman & Kenworthy, 1989) which have characteristics of low densities, expansive
land for suburban and exurban growth, and adequate resources to ensure that demand (water, energy,
transportation) is met by supply. The danger of these arguments is that they have been transferred to
cities that already have high densities and where resources are stretched. For example, the lowest density
areas of Mumbai are still higher than the highest densities of many New World cities. Furthermore, 85%
of Mumbai‘s travel demand is still carried out through mass transport systems (MCGM, 2005 to 2025f).
While proponents of high-density cite energy efficiency and favourable environmental benefits as
important positive advantages of compactness, there is a counter argument that medium-to-low density
development allows better access to renewable energies, especially solar radiation (Byrd, Ho, Sharp, &
Kumar-Nair, 2013; S. Ghosh, 2004). Also Fridley (2010) argues that existing energy impact studies of

5

‘The Compact City: A Sustainable Urban Form?’ and ‘Achieving Sustainable Urban Form’
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transportation in the compact city, do not measure ‘the built space itself—the streets, pavement,
buildings, utilities, tunnels, etc.—that are required to maintain such a dense arrangement of humans, nor
does it take into account the energy used to manufacture, transport, and sell the array of consumption
goods and services that urban residents purchase.’
Neuman (2005) observes that the compact city is widely promoted as a sustainable form as ‘it is the
opposite of sprawl. Living in sprawl is generally seen to be a less than sustainable way of life, so the
compact city is an antidote’(p. 15). However, he argues that the urban desirability and suburban livability
presents a paradox, the ‘compact city paradox’ proposed by Wiersinga (1997), as ‘concentrating people
and activities in urban areas confers advantages, yet given the choice and resources to exercise it, many
locate in the sprawling metropolitan periphery instead of the denser urban core’ (Neuman, 2005, p. 11).
Compact cities are also associated with other negative effects such as, less domestic living space, lack
of affordable housing, poor access to green space, increasing crime levels and higher death rate from
respiratory diseases (Burton, 2000) indicating lower quality of life (Masnavi, 2000). Further, it leads to
a reduction in garden sizes and an increase in the number of dwellings without gardens. At a social
level, proximity can lead to conflicts between those with different lifestyles (Williams, Burton, & Jenks,
1996). However, others argue that high-density is neither a problem nor a solution in itself, but the
compact city model has potential to achieve sustainable urban form. Layout, design, minimum standard
of living space and culturally acceptable amount of mix of uses are important factors affecting social,
economic and environmental sustainability (Dave, 2010; Dempsey & Jenks, 2010; Lindsay, Williams,
& Dair, 2010; Raman, 2010; Williams, Joynt, & Hopkins, 2010). Also, careful designing and strict policy
implementations can prevent such negative impacts from being inevitable, and compact cities ensure
that the infrastructure exists when such policies are implemented.
Most researchers agree that the acceptable density for a development or neighbourhood depends on the
cultural and social norms in a given context as well as, the supporting infrastructure (Dempsey & Jenks,
2010). Burgess (2000) attributes urban environmental problems to the deficiencies in urban structure
and supports the idea that sustainability benefits of compaction in developing countries can be achieved
through urban restructuring. Also, residents experience urban environment at a neighbourhood scale
rather than at the city or global scale (Dempsey & Jenks, 2010). Yeang recommends that importance
should be given to the quality of public space around and between buildings as it impacts the quality of
life of residents as well as the social sustainability (Lehmann, 2010). Hence, there is a need to focus
study at the local or community level in relation to understanding the global sustainability scenario.
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For the majority of time, our understanding of sustainable urban form has been based on conclusions
drawn from research into developed countries, most of which are from cold and temperate climates, in
addition to initial low densities. This has left a significant gap in the overall understandings of
sustainability in built-form. Though, most developing countries suffer from similar urbanization
problems, they have differences in terms of climate, geography, culture, population densities overall
population and growth rates.
With respect to the size of a city, to (Schumacher, 1973) recommends that ‘the upper limit of what is
desirable for the size of a city is probably something of the order of half a million inhabitants. It is quite
clear that above such a size nothing is added to the virtue of the city. In places like London, or Tokyo,
or New York, the millions do not add to the city’s real value but merely create enormous problems and
produce human degradation’ (pg. 63).

2.2.2 The debate continues

Figure 7: Energy use per capita in private passenger travel versus urban density in global cities (in
1990)
Source: (Jenks, Williams, & Burto, 2000; Newman & Kenworthy, 1999)
The ‘private transport energy use per person by urban density’ graph (see Error! Reference source not
ound.) developed by Newman and Kenworthy (1999) is one of the most widely cited examples of
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research and justification for high-density compact form6. Newman and Kenworthy (1999) demonstrated
the correlation between density and transport energy consumption based on their study of 37 cities from
around the world. This research established that low density scattered land-use is unsustainable
compared to high-density compact urban areas due to increased transport energy consumption, air
pollution from automobile exhaust and infrastructural investments. Cities like Denver, Houston,
Montreal, etc. with their model of central commercial areas and far-flung houses have poor sustainability
whereas dense, mixed-use planning like Hong Kong and Singapore are far more sustainable models
because of their low energy expenditure in transportation (Barret, 1996; S. Ghosh, 2004; Times News
Network, 2010). However, there are various limitations to this research.
Critiquing the preceding article published in 1989 (Newman & Kenworthy, 1989), Breheny, Gordon,
and Archer (1998) argue that the inclusion of Hong Kong, Singapore and Moscow, with very high
densities, distorted the results of the research and that without these cities, ‘cities with double the density
only cut the energy demand by 15%’. Further, they argue that when these cities are excluded, ‘the project
casts doubt on the orthodoxy that increasing building densities will necessarily reduce travel in town and
cities.’ They provide evidence that an increase in fuel prices has a far greater impact (40% reduction)
and that trip frequency and modal choice are both linked to the availability of residential car parking.
Cities across the globe differ in their physical, social and economic structures, provision of public
transport networks and fuel prices, which impacts the individual travel patterns (and choice of mode of
transport).
Economic condition of the urban residents has an impact on the ownership of private vehicles, and
therefore on their use. Compared to developed countries, fewer people in developing countries have
incomes over the threshold of auto-ownership. Newman and Kenworthy’s graph accounts only for
wealthy Asian cities with cost effective transport systems already in place, in addition to cities from the
developed countries. It does not account for the rapidly developing African and Asian cities, with high
urban densities, low levels of income and insufficient infrastructure. While Americans spend about 27
weeks’ salary, Chinese families are likely to spend two years’ income for a car (Guggenheim &
Söderström, 2010). Based on a comparison (of population, income, and journey to work, travel time,
selected cities) on 50 countries, Gakenheimer (1999) found that ‘cars per 1000 population correlates
very well with the annual income of the top 20% of population of the low income developing
countries’(p. 8).

6

Though the idea of plotting gasoline use per capita against population density was originally published the authors in 1989
(Newman & Kenworthy, 1989).
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The research does not account for domestic energy consumption and the potential of renewable energy
sources, nor does it account for the energy required for transportation and maintenance of other resources
such as food and water. Steemers (2001) concludes that ‘overall urban transport consumes less than half
the energy of urban buildings’(p. 123), based on measurements of the relative magnitudes of building
energy use in comparison to transport in UK. While energy is a key natural resource, and transportation
is a major consumer of energy, sustainability of a settlement cannot be defined by one infrastructure (in
this case transportation of people). However, he acknowledges that compared to automobiles, energy
consumption by buildings is less polluting (at the point of consumption), and, hence reducing automobile
usages should be encouraged. This is true only if electricity is produced from clean fuels and renewable
sources (such as wind and solar), or if the power plants are situated away from the cities and do not have
direct impact on the health of the residents. However, developing countries such as India, where coal is
the primary fuel used in electricity production, energy consumption by buildings can have an equal, if
not worse, impact on the environment and residents (usually rural) in the surrounding areas.
While some researchers have started questioning the relevance of the ‘Compact City model’ in
developing countries, due to the high growth rates of both their population and urban areas (Hillman,
1996; Jenks et al., 1996; Wackernagel et al., 2005; Williams et al., 1996; Wolman, 1965), other are
refuting the sustainability of the compact city concept, even in developed countries.
Research conducted by S. Ghosh (2004) reveals that ‘compact urban form limits the potential
sustainability of residential blocks’. Based on an ecological footprint analysis, five residential blocks in
Auckland were compared in terms of their demand and their potential for using and generating energy.
The research concludes that the low density (1800 households/sq. km) block at a reasonable distance
from the CBD was the most sustainable urban form. The importance of this is that food and energy
grown or generated within a city can have a significant contribution to the city’s overall demands. Highdensity, compact cities may have advantages in reducing transport energy but they have the disadvantage
of only a small capacity for regenerative energy. Though Ghosh recommends household density to be
the sole indicator of sustainability, she agrees that a significant amount of research needs to be
undertaken to formulate optimum density and density standards.
On the other hand, a recent and important research conducted in Mumbai, strongly supports high-density
compact cities, mainly based on social acceptance of people to live in such developments. Through her
examination of eleven neighbourhoods in Mumbai, of different densities and built form, Dave questions
the impact of density on social, economic and environmental sustainability of a neighbourhood.
According to fieldwork and analysis conducted by Dave (2010), higher household density (i.e.,
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households per hectare) has a positive impact on the access to facilities and amenities, no impact on the
sense of safety and negative impact on the amount of living space; accounts for more employment
opportunities and cost-effective infrastructure but often has a negative influence on affordability; mostly
positive relation with amount of open spaces and parks, opportunity for walking/cycling, recycling of
household wastes and use of public transport, but negative relation with air and water pollution. Based
on the results from a questionnaire survey, Dave concludes that high-density and compact form has the
potential to be a sustainable solution for Mumbai though it does not provide an optimum density or city
size.
The research also has various other limitations similar to other researches in the field. The impact of
high-density on the carrying capacity of the infrastructure, in terms of drinking water supply, sewage
and garbage disposal, public transport and roads, etc. has not been examined. The research seems to be
based on the assumption that Mumbai has and will continue to have a steady and sufficient supply of
food, water and energy, as well as, disposal of wastes, which is not true in the present scenario and in
only likely to get worse. Failing to include energy and water resources in defining the indicators of
sustainability, which are a cause of major concern for Mumbai, has resulted in no discussion on some
important issues like the impacts of water and energy shortages, scope of rainwater harvesting and use
of renewable energies or impact of climate change on sustainability of either high or low-density built
form, in a city that is not only physically constrained, but also faces resource shortages (as evident from
water-cuts and load shedding).Though the research agrees that urban form, design elements and layouts
play an important part in achieving sustainability, it does not evaluate these in detail.
Urban growth is limited by the availability of finite natural resources and infrastructural development to
provide access to these resources. The population is ever increasing and, globally, the urban population
is expected to reach 60% by 2030 (United Nations, 2001). On the other hand, the infrastructural
development has not been able to keep pace. In many developing countries, ‘access to networked
infrastructures has always been highly fragmented, highly unreliable, and problematic’(World
Commission on Environment and Development (WCED ), 1987).

2.3 High-density, Intensification and redevelopment in Developing
countries
Compact cities and urban intensification have emerged as strong concepts in response to the increasing
urban population and sprawling suburbs. While Compact cities are defined by relatively high residential
density with mixed-use, in order to reduce dependency on private vehicle; intensification is described
as, ‘the increased use of existing buildings or sites; changes of use which lead to an increase in activity;
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and increases in the number of people living in, working in and travelling through an area’(Williams et
al., 1996).
Though Asia has one of the lowest levels of urbanization, it accounts for 50% of world’s urban
population. Yet, it has one of the highest rates of economic growth that translates into high urban growth,
and is particularly noticeable in China and India (Breheny, 1992). The pulling effect of cities and their
promise for a better lifestyle have caused a large amount of rural-urban migration in these countries.
However, in some countries, such as India, the migration is also due to the rural population being pushed
out of their land due to low productivity, antiquated agricultural practices and poverty. This, in
combination with a natural increase in population, has caused cities in the developing world to be
developed at very high densities and low per capita availability of floor-space. With approximately half
the world’s population living in cities (United Nations, 2011), redesigning and reconstructing urban
habitat is central to addressing crucial global environmental issues.
‘Rapid urbanization of developing countries, such as India and China, over the past decade has resulted
in almost 200,000 people migrating from rural to urban somewhere on the planet every day. This
translates into the need for the world to accommodate the equivalent of a new city of a million people
every week’ (Shivdasani, 2010). The real situation that countries such as India and China face – as well
as large parts of the developed world – is not necessarily how to create new sustainable cities where the
urban slate is wiped clean, but how to re-make existing cities in a sustainable way. Thus the real issue
here is that of ‘Urban Intensification’. Intensification is described as, ‘the increased use of existing
buildings or sites; changes of use which lead to an increase in activity; and increases in the number of
people living in, working in and travelling through an area’(Williams et al., 1996). Urban regeneration
and improved quality of life, thus lead to increased investment in business, and are often cited as an
economic reasons for urban intensification (Williams, 2000). However, it can lead to a worse pedestrian
environment (Williams et al., 1996). Burgess(2000) attributes urban environmental problems to the
deficiencies in urban structure, and supports the idea that sustainability benefits from compaction in
developing countries can be achieved through urban restructuring.
The definition of what is socially acceptable level of space consumption and proximity varies not only
culturally, but also changes historically within cultures. (Burgess, 2000) argues that under the present
conditions of high-density, the gains of densification in the developing countries would be limited. ‘What
is the sense, it is frequently asked, of further densification given that densities are already high and
associated with a range of problems including infrastructural overload, overcrowding, congestion, air
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pollution, severe health hazards, lack of public and green spaces and environmental
degradation’(Burgess, 2000).
Urban heat island (UHI) effect, caused due to densification, is a major concern in cities (Wong & Chen,
2009)and it effect in tropical and subtropical climates is much greater than in temperate climates. With
economic growth, this could generate substantial demand for energy for cooling and diminish the desired
energy savings (Burgess, 2000). In most research, the energy consumption measured is dominated by
transport energy and has less regard to energy required for the production and distribution of food
(Stretton, 1996) or captured in the form of renewable energy. Also, no estimation of the reduction in the
length of journey to and from work or amount of greenhouse gases, as a result of
densification/intensification, has been made so far (Patric Troy, 1996).
Increasing density through redevelopment requires reconstructing and expanding of some of the urban
services, which can be more expensive than installing them on greenfield sites (Stretton, 1996). Also,
increasing the local availability of facilities through increased density does not necessarily encourage
walking to those facilities (Farthing, Winter, & Coombes, 1996), neither does it necessarily reduce travel
demand by energy-rich modes of transport (Masnavi, 2000; Williams, 2000), especially in already dense
settings.
High-density urban areas are believed to produce smaller per capita ecological footprints because of
more efficient land-use and infrastructure, and reduced transportation needs (Wackernagel & Rees,
1996). However, Troy (1996) suggests that increasing density of cities does not reduce urban
environmental stress. Increased concentration of people means increased demand for water supply and
drainage, thereby increasing the intensity of local problems, in addition to increased development and
hard, impervious surfaces interfering with natural drainage and increasing chances of flooding. With
increasing amount of waste generation, higher densities are likely to make recycling and composting of
waste more difficult. Dense urban forms also cause traffic sounds, police sirens, fire engines and trains
to be reflected and reverberated more than in low-density developments. Troy (1996) suggests that
planning and policy interventions for climate responsive design are a better option than merely
increasing density.
Burgess (2000) doubts that cheaper infrastructure cost and the absorption of spare inner city capacity
will be achieved through higher densities, especially in developing countries. These countries already
have high densities, and the possibility of any spare space is more likely in the high-income areas rather
low-income areas whereas the demand is greater for low- income group. Owing to the disorganised
layouts and location in fragile ecosystems, Burgess (2000) argues that the cost of densifying lower
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income areas are likely to be higher than higher income areas. ‘To densify without adequate rates of
investments in infrastructure could have a highly deleterious effect on urban sustainability’. However,
Burgess (2000) accepts densification can slow down the rate of urban encroachment, particularly in
those regions where ‘rates of urban growths are high, arable land per capita rates are low and agricultural
productivity growth rates are low.’ Further, he argues that the ‘modernist, high-rise, high-density
solutions implemented in countries such as Singapore and Hong-Kong’ are probably the only solution
to increasing the amount of open space in the cities.
The means of achieving high-density, though high-rise or low-rise buildings, is also being debated
worldwide. High-rise buildings are associated with various disadvantages, such as low ration of external
building surface area (unit/person), low utilization of solar hot water system, increased cost of
construction to support the building and earthquake, fire and weather- proof it, higher cost of operation,
maintenance and demolition, psychological problems like distress and alienation (Gonçalves &
Umakoshi, 2010; Roaf, Crichton, & Nicol, 2009; Yeang & Richards, 2007). However, Yeang states that
‘to stop sprawl and further consumption of precious land, we need to build more densely, employing
vertical typologies. Asian cities will continue to grow and build high-rise towers’(Lehmann, 2010).
However, he recommends that the design of the towers should be bio-climatic and energy efficient,
which is most often not realised in the housing for the medium-and-low income groups due to increased
cost associated with them. However, Gonçalves and Umakoshi (2010) argue that the common belief that
environmentally considerate buildings attract additional cost margins ranging from 10% to 30% in
selected cases are often unfounded and overinflated; and occur when environmental design is not applied
at the onset, and technologies and systems are introduced to compensate for the lack of passive design
features or poorly performing base building designs. More realistic additional cost figures range from 03% and such premiums are easily recouped, even in simple energy conservation terms (Gonçalves &
Umakoshi, 2010). Roaf (2009) recommends around 6 to 8 floors based on the following criteria for
determining the height of the buildings:
1.
High enough not to be a target building
2.
High enough for easy access by firefighters – not more than ten floors
3.
High enough to be comfortably naturally ventilated –not more than 15 floors
4.
High enough for occupants to be able to carry bags, and water, up and down the stairs safely if a
blackout occurs- three floors
Intensification through the redevelopment of inner city neighbourhoods is promoted as a means of
improving the availability and condition housing stock, promoting economic growth and re-imaging the
city to be more ‘world-class’. Most developing countries are facing a conflict between economic growth
and environmental sustainability, at all levels of design and planning. Though various laws have been
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set up to promote environmental sustainability, in most cases, capital cost and economic growth are
given greater importance. In other words, the long-term environmental sustainability is overlooked in
the interest of short-term economic feasibility. In the case of Mumbai, the government agencies advocate
the change in urban form (the existing high-density, medium-rise developments to be replaced by higherdensity, high-rise buildings) based on its potential to provide more open green spaces that would
compensate environmentally the impact of the increased density. However, the hypothesis has not been
tested.
Similar to Mumbai, ‘Hong Kong’s urban form has mainly been driven by the explosive population
growth and land scarcity, and the strategy for urban compaction is the response to the physical
constraints on its urban growth’ (X. Q. Zhang, 2000, p. 252). It has already undergone the process of
urban renewal favouring urban intensification and high-rise developments since the late 1970s. Based
on their studies of Hong Kong, Zhang (2000) and Zaman.et.al (2008), agree with conclusions drawn by
Dave (2010) that high-density high-rise urban form (of Hong Kong) is a success based on people’s
satisfaction, its ability to provide housing for a larger population and provide increased floor space per
person, in addition to the increased economic opportunities of mixed-use development. However, Zhang
(2000) and Zaman.et.al (2008), agree that the environmental negative implications, such as air pollution,
have been serious.

2.3.1 The Case of Mumbai
Though Mumbai has a wide variety of housing typologies, since the 1980’s the trend is the construction
of flats/apartments, mostly occupied by home-owners (Piyush Tiwari, Parikh, & Parikh, 1999). Flats
are the predominant building type constituting about 42% of all buildings. The height of the buildings
has been increasing steadily, with an increasing number of apartments being housed in tall residential
towers. Though Mumbai has a large construction industry and by far the largest number of skyscrapers7
in India, it still faces an acute shortage of affordable housing. Households in Mumbai consume an
average of 2.9 sq. m of floor space per person which is one of the lowest residential floor areas per
person in the world.
In addition to the general advantages cited in compact city debate, another argument for compacting
cities, in particular Mumbai, is based on accommodating population growth (Bertaud, 2011). The Floor
Space Index (FSI) of developments has historically been limited in the Island City to limit population
growth (Sridhar, 2010). The argument is that, if FSI regulations are relaxed, developers will be induced
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existing buildings and 250 under construction and many more planned as of August 2010.
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to redevelop residential areas with tall buildings and that this building type can have a smaller footprint
and thereby create open spaces. Therefore, Bertaud argues that this does not increase spatial density.
The problem with this argument is that it focuses on spatial density rather than population density
(Churchman, 1999), and since it is the population that consume resources, this argument takes no account
of urban metabolism. A secondary issue that it raises is, how the open space between the new tower
developments will be used. There is an assumption that this will be ‘open space’; a supposition that is
discussed below in the case studies.
A further argument for increased densities is the ‘social acceptance’ argument where it is argued that
‘perceived density’ is more important than actual density. Research started in the UK (Williams, Jenks,
& Burton, 1999) was adapted and extended to Mumbai (Dave, 2010). The later research, albeit on a
diminutive sample, reported on the positive and negative impacts of perceived density in various
locations in Mumbai with the result that the views are normative of the situation. Questionnaire
responses to social, economic and environmental sustainability indicators tended to be neutral or
negative with the exception of travel issues. The perception was that access to schools, walking to work
and walking to shopping may benefit from high-density. Whether these benefits would be realised after
redevelopment remains to be seen. The results of the case studies described below indicate that this may
not be the case as the developments induce increased car ownership.
Policy makers and corporations have the vision to develop Mumbai as a world-class city by
strengthening its economic output and improving its quality of life. The extremely low floor space per
person and the dilapidated condition of the existing buildings, along with the inadequacy of the
infrastructure to handle the pressures of modern living and increasing population, are cited as reasons
for the urban renewal of Old parts of Mumbai’s Island city. However, in spite of having one of the
highest densities in the world, the government is promoting urban intensification through provision of
additional FSI ranging from 50 to 70% of FSI required to rehabilitate the existing occupiers, as an
incentive, for the redevelopment projects (MCGM, 2007).

2.4 Summary
Although all methods of measuring physical density are a ratio of either population or buildings per unit
area, the definition and methods of measuring density differ and this can lead to a distortion when
different methods are used as a means of comparison between urban areas. Added to this is the concept
of perceived density which presumes that, although the physical density of comparative urban areas may
be the same, they could be observed as having different densities due to their shape and form. Using
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people per square kilometre as a measure, Mumbai is by far the densest city in the world being 20%
more dense than its nearest rival, Kolkata, and ten times more dense than any city in North America.
While cities were historically compact due to walking or animal-based transport, the arrival of the train
and the automobile has allowed cities to expand into suburbia. Low-density suburbia (‘sprawl’) has the
disadvantage of using up agricultural land that is one of the factors that has led to the promotion of the
‘compact city’. However, there is a lack of consensus in describing appropriate density, connectivity,
sociability & mix of land use in describing compactness.
Compact cities are seen to have the advantage of reducing travel distances, and thus energy spent in
transportation and vehicle emissions. However, they are also seen to have disadvantages such as less
domestic living space, lack of affordable housing and poor access to green space.
Most of the arguments for compacting cities have been generated by researchers in New World cities
which have characteristics of low densities, expansive land for suburban and exurban growth, and
adequate resources to ensure that demand is met by supply. The danger of these arguments is that they
have been transferred to cities that already have high densities and where resources are stretched. For
example, the lowest areas of density in Mumbai are still higher than any part of any city in the New
World.
While the case for increasing densities in developing countries has also been made on the grounds of
‘sustainability’, a more realistic case is that of accommodating population growth. The case has been
made for tall buildings that have a smaller footprint and thereby create open spaces. The problem with
this argument is that it focuses on spatial density rather than population density and, since it is the
population that consume resources, this argument takes no account of urban metabolism.
The focus on spatial density achieved by tower blocks is the main driver behind Government policy to
make Mumbai a ‘world-class city’. The next chapter (3) examines the metabolism of cities and its
importance in providing evidence of the impact of urban form on sustainability.
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Chapter 3: Sustainability and Urban Metabolism
In the streets of a crowded city, in the aisles of a giant super-market, or on the floor of a gleaming
electronics factory, the biological state of Earth’s rivers, forests, and mountains may seem a remote
concern. Yet despite the breakneck pace of technological change, many of us have seen in our lifetimes,
we each depend far more than we may realize on the web of life of which we are a part…. Protecting
and improving our future well-being requires wiser and less destructive use of natural assets. This in
turn involves major changes in the way we make and implement decisions.
(The Board of the Millennium Ecosystem Assessment, 2005, p. 5)
This thesis concerns the relationship between urban form (morphology) and the environmental impact
due to the consumption of resources (metabolism). This chapter reviews the concepts of ‘sustainability’,
metabolism and eco-systems in an urban context and includes a review of the literature on the subject of
urban metabolism over the last fifty years. It then critically investigates the frameworks to analyse urban
metabolism and identifies the advantages and disadvantages of these methodologies. This review forms
the basis for the analysis of the case studies in later chapters where the impact of Mumbai’s proposed
urban form (‘Urban Renewal’ schemes) is measured against resource consumption and environmental
impact.
Newman and Kenworthy (1999) defined the goal of sustainability in a city as ‘the reduction of the city's
use of natural resources and production of wastes while simultaneously improving its livability, so that
it can better fit within the capacities of the local, regional and global ecosystems’(p.7).
Therefore, the section on resource consumption looks at the state of the global resources, their
consumption in cities, especially in India, and their subsequent impacts on urban and environmental
quality.
‘The city is (now) conceived as a dynamic and complex ecosystem. This is not a metaphor, but
a concept of a real city. The social, economic and cultural systems cannot escape the rules of
abiotic and biotic nature. Guidelines for action will have to be geared to these rules’ (Tjallingii,
1995, p. 7)
The need to view urban areas as ecosystems in order to solve the environmental problems is one of the
strongest themes running through literature on urban sustainability; one that is being applied to both new
development and redevelopment of existing area (Newman, 1999). Urban metabolism is a concept
developed by Abel Wolman (1965) and further developed by several researchers over half a century. It
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accounts the input entering and outputs exiting the urban systems, and analyses the path of movement
(flow) of energy and materials, including pollutants. Thus, urban metabolism provides an ideal
framework for measuring sustainability.

3.1 Sustainability and Sustainable development
McLennan (2004) has identified four stages in the evolution of the sustainable design, namely: 1)
biological beginning, 2) Indigenous vernacular beginning, 3) Industrial beginning and finally, 4) Modern
beginning. All the environmental concerns for centuries, in association with the escalating price of oil
and declining urban environment, finally came together in the late 1960s and early 1970s leading to the
modern ‘Sustainability movement’. The growing awareness of environmental issues led to an increasing
number of reports and conferences. In 1972, the Club of Rome, in association with the Massachusetts
Institute of Technology, published a report, ‘The limits to growth’. The report warned humankind of the
implication of infinite growth in a finite ecosystem, in addition to a message of hope:
Man can create a society in which he can live indefinitely on earth if he imposes limits on himself
and his production of material goods to achieve a state of global equilibrium with population and
production in carefully selected balance. (Meadows, Club of Rome, & Potomac Associates,
1974, p. cover)
The state of global equilibrium was defined as a world system that is:
1. Sustainable without sudden and uncontrollable collapse; and
2. Capable of satisfying the basic material requirements of all its people.
This is probably the first use of the word ‘sustainable’ in the current sense. In the same year, the United
Nations hosted the first Conference on the Human Environment, held in Stockholm and produced a set
of 26 principles, principle five stating that:
The non-renewable resources of the earth must be employed in such a way as to guard against
the danger of their future exhaustion and to ensure the benefits from such employment are shared
by all mankind (United Nations Environment Programme, 1972).
The term “Sustainability”, was then first introduced in the book ‘The World Conservation Strategy’ in
1980. However, with energy becoming cheap once more, the interest in sustainable/green ideas waned
in the 1980s until the late 1990s, when the Rio Earth Summit (1992) recognised environmental health
as a more important issue again.

28

Sustainability is probably the most commonly discussed topic and a widely applicable concept of our
time. The term is associated with every possible activity: business, transport, economy, politics, builtenvironment, etc. Though the most commonly used definition was provided by the Brundtland
Commission’s report ‘Our Common Future’ in 1987, it often means different things to different people
based on the context. Some consider sustainability as problematic, and others consider it unattainable.
Dovers and Handmer (1992) advocate that sustainable development should be considered as ‘a variable
process of moving towards that goal [of sustainability]’ (p. 275).
According to the Oxford Dictionary, the word ‘sustainable’ means ‘able to be maintained at a certain
rate or level’, McLennan (2004) argues that this does not adequately describe the philosophy behind the
movement. He also suggests that ‘restorative design’ or ‘ecological design’ could have a been better
choice of words, as they highlight the main focus of the philosophy: ‘not only to reduce impact to the
natural environment, but also to eliminate negative environmental impact completely through skilful,
sensitive design’ (p. 5). He insists that sustainable design is not a ‘stylistic endeavour’ or ‘fad’ that is
likely to go out of style. Hence, he defines sustainable design as ‘a philosophy that seeks to maximize
the quality of the built environment while minimizing or eliminating negative impact to the natural
environment’ (p. 4).
Newman (1999) asserts that ‘it is possible to define the goal of sustainability in a city as the reduction
of the city's use of natural resources and the production of waste while simultaneously improving its
liveability, so that it can better fit within the capacities of the local, regional and global ecosystems.’
While this may be true for developed countries, which have been proved to have a much higher per
capita consumption of resources, it might not always be possible to reduce consumption in developing
countries. However, it might be possible to reduce the waste products generated through improved
technology and effective management, while preventing a further increase in consumption.
Urban planning plays a vital role in achieving sustainable development. Romaya (2002) recommends
that equal importance needs to be given to local planning issues as given to global issues of carbon
dioxide emissions. In his opinion, the vulnerable natural resources can be protected through their
efficient use as well as the transformation of the urban fabric. Though he identifies various key issues
for the sustainability of the urban environment in general, he does not provide potential solutions. He
believes that elementary changes in conventional practices need to be made to slowly improve the way
our natural resources are used. Hence, it is unlikely that sustainability can be achieved over a short
duration of time. Also, the acceptable level of consumption varies from place to place and it is, therefore,
difficult to derive a common baseline for sustainability that can be applied everywhere. He (Romaya &
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Rakodi, 2002)demonstrates the use of the sustainability matrix as a specific tool in the planning process,
that can apply to all common sustainability objectives at all levels of urban planning, to gauge their
impact on development proposals, through the case study of planning and sustainability issues of Cairo.

3.1.1 Sustainability debate: social, economic or environmental?

Figure 8: Models of Sustainability
Source:(Bell, 2008)
In the recent course of the sustainability debate, two models for sustainability have been promoted, as
illustrated in Figure 8. This thesis finds more reliable evidence from the later model. Irrespective of what
conventional economics would have us believe, we have only one planet to live on and the destruction
of it would affect all forms of life, including humans. Though society and economy are highly dependent
on the natural ecosystem, societal and economic activities affect the environment and its capacity to
sustain life. However, an excessive emphasis has been given to economic feasibility by developers and
governments alike. This thesis lays more emphasis on the environmental impacts of the increasing urban
population and population density, in relation to the societal, economic, physical, and climatic factors.
The extended metabolism model, as discussed in section 3.4 is suited ideally for this analysis.
One of the most important components of environmental sustainability is natural resources: their
availability, consumption and disposal, that is, in biological terms, input, metabolism and waste. The
Millennium Ecosystem Assessment report reminds us ‘we may have distanced ourselves from nature,
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but we rely completely on the services it delivers’ (The Board of the Millennium Ecosystem Assessment,
2005). The report evaluates the marketed and non-marketed values (such as carbon sequestration,
watershed management, coastal protection, etc.) of different types of ecosystems (such as forests,
swamps, etc.) in selected countries in an attempt to establish the importance of nature to human wellbeing. Its recommends that ‘the value of all ecosystem services, not just those bought and sold in the
market’, should be taken into account when making decisions (The Board of the Millennium Ecosystem
Assessment, 2005, p. 21). Schumacher (1973) emphasises that unless we can change the attitude that
takes pride in the fact that ‘what were luxuries for our fathers have become necessities for us’ (p. 31),
peace , permanence, or sustainability cannot be achieved.
However, the main challenges in Asian mega-urban regions (including Mumbai) is how developments
in the megacity, the extended metropolitan region, and the megalopolitan region can be effectively
planned and governed in such a way that these agglomerations can continue to be economically
productive, provide gainful employment, meet ever-rising levels of demand for key urban infrastructure
and basic urban services, protect and conserve the physical and cultural environment, foster civic
involvement and participation of citizens in public affairs, achieve equity and social justice, and ensure
the sustained livability of these human settlements (Laquian, 2005). In the process, the environmental
concerns area often overlooked.

3.1.2 Defining needs
Definition of sustainable development depends on the definition of “needs” and “quality of life”. This
raises several questions, such as:


Whose needs? Those of:
o the rich or the poor,
o the developed or the developing countries?



What is more important: the needs of the majority or the aspirations of the minority?



What is the acceptable quality of life?



How much more does it need to improve?

While Wackernagel et al. in 1997 suggested that the popular wisdom ‘necessity is the mother of
invention’ needs to be challenged (p. 17) , Taylor et al. in 2006 claim that their survey proves that indeed
the opposite is true: ‘invention is the mother of necessity’(p. 3). Shove (2003) notes that most
governmental and non-governmental organisations are focused on finding ‘other more efficient ways of
achieving the same results’ and ‘preservation of current practices’, rather than questioning the social
values that ‘drive our consumption and contribution to waste’. For example, it is not sufficient to improve
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the efficiency of air-conditioning systems but very important to question the behaviour and the idea of
comfort and status related to the widespread use to air conditioning across the globe.
Slater (1997) wonders ‘whether “consumer choice” is the best way for a society to go about defining, let
alone filling, its basic needs’(p. 136), a concern that is being raised by others as well. Vale and Vale
(2009) note that, while the size of the average household in most Western countries is falling, the size
of the house is getting larger and larger. They recommend that there is a need ‘for small, beautifully
designed, flexible houses to become objects of desire’(p. 149).
A. Luxury v/s Necessity
A comparative analysis based on telephonic survey was conducted by Taylor, Funk, & Clark (2006) to
compare the changing perception of ‘items of necessity’ amongst American adults in the decade between
1996 and 2006. The results clearly indicated that with improving technology and increasing
affordability, more and more consumer products were being considered necessities rather than a luxury.
This was evident from the increasing number of people considering computers, cell phones, air
conditioning and even clothes dryers as a necessity, as shown in Figure 9. Other very important trends
demonstrated through the surveys include the following:


The trend of luxury items increasingly being classified as necessities has accelerated since the
1990s8, especially clothes dryers and dishwashers.



Income level is proportional to the subject’s perception of considering more consumer items as
necessities: ‘the more income a person has, the more likely he or she is to view goods and gadgets
as necessities rather than luxuries’ (p. 5).



Demographic characteristics other than age and income, such as gender, marital or parenting
status, region or ethnicity, did not have a significant impact on the trend identified.

‘It is therefore necessary to consider not just the more-or-less green means by which expectations are
met, but what those expectations actually are’ (Shove, 2003, p. 9) 9. A follow-up survey in 2009 found
that the public’s luxury-versus-necessity perception had reversed following the 2007-2009 Global

8

The 1990s and early 2000s is considered to be a period of economic prosperity for the US.
For example, she notes that we need to reconsider the habits of showering for multiple times during the day, for long durations (and even
during winter when there is no real need) in order to have a positive impact on water conservation. Low flow showerheads and recycling
water are unlikely to make an impact unless the social ideology of ‘cleanliness’ is questioned. Vale and Vale (2009) agree, and have
empirically established that the environmental impact of bathrooms is not just related to their size and their number, but that the behaviour
of the user can make a bigger difference.
9
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recession (see Figure 9). However, whether this new trend continues or reversed back to the original
after the economic revival has not yet been confirmed.
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Figure 9: Percentage of Americans considering various consumer items as necessity
Data source: (Taylor, Morin, Parker, Cohn, & Wang, 2009)
Though the use of technology in India is not even close to that of American cities, there has been a
change in what is now considered essential and what is termed luxury; gone are the days when the
common man was satisfied/associated with the basics of ‘Food, Clothing and Shelter’ (i.e., ‘Roti, Kapada
aur Makan’ in Hindi) that later changed to electricity and water (i.e., ‘bijjli-paani’ in Hindi). This is
evident from the fact that more people in Mumbai10 in 2010 had access to a mobile phone than toilet
facilities, a trend that is seen globally11. In addition, India registered 10% sales growth between 2011
and 2012, compared to the global average of 5.75% (77.4 million units sold globally) (Bandivadekar,
2013). Thus, income level has a strong correlation to the level of consumption and the perception of
more consumer items as a necessity. This is a major concern for developing countries like India with
rapidly increasing GDP and population.

10

According to the 2011 census data, 94.4% and 85.3% of households in Mumbai City owned telephones/mobiles and televisions,
respectively, whereas only 67% had attached toilet facilities (Rajadhyaksha, 2012a).
11 According to the United Nations, out of the seven billion people on the world, six billion have mobile phones whereas only 4.5 billion
have access to toilets or latrines. That is 2.5 billion people, mostly in rural areas, do not have proper sanitation (UN News Service, 2013 ).
By the end of August 2010, there were more than 670 million cell phone connections in India, whereas only 366 million Indians have
access to a private toilet or latrine (Nessman, 2010).
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3.2 Resource Consumption and availability
Even though cities cover only about 2% of the earth’s surface, they consume about 75% of the world’s
resources (Madlener & Sunak, 2011). Growing populations, growing economies and high levels of
urbanization are associated with higher consumption. In addition, the ecological capacity varies among
different ecosystems and different countries have different levels of consumption.
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Figure 10: Ecological footprint of select countries of the world in 1993 (in ha/capita)
Data source: (Wackernagel et al., 1997, p. 7)
Figure 10 shows the ecological footprint of selected countries in 1993, revealing the bigger ecological
footprints of the more developed and industrialised countries of the world compared to the developing
countries. The figure also illustrates the then available ecological capacity of these countries indicating
the ecological deficit in most countries. It is important to note that even countries on the lower spectrum
of ecological footprint are already ecologically deficit, which means that any increase in either the
population or the per capita consumption would only shrink the available ecological capacity per capita
and widen the gap between demand and availability. Only very few countries, such as Australia, Canada,
Ireland and New Zealand, in spite of their above average footprint, have the available ecological capacity
for growth 12 . While the national ecological deficit means that the resources produced within its

12

This can be attributed to their well-endowed ecological capacity as well as their comparatively smaller population size.
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boundaries are not sufficient to meets its needs13, the global deficit indicates that nature’s capacity to
regenerate is under serious treat.

3.2.1 Levels of resource consumption and availability
From 1900 to 2000, world primary energy increased more than ten-fold while world population rose
only four-fold from 1.6 billion to 6.1 billion (R.E.H. Sims et al., 2007). ‘There are regional and societal
variations in the demand for energy services’ (p.253). Figure 11 not only represents this disparity in the
percentage of population in a particular region versus its consumption of fossil fuels, indicating the overconsumption in the North American and European countries on a per capita basis, but also highlights the
nearly matching total consumption of Asian countries due to the concentration of the population.
Between 1995 and 2005, the Asia Pacific region accounted for over half of the entire growth in energy
consumption. As a result of the accelerated growth in population and urbanization14 in the Asia Pacific
region, its total consumption increased by 48% over the period, while global consumption grew by only
23% (Oreszczyn, Shorey, Kochhaar, & Howe, 2008).
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Source: Based on Table 53 in Appendix A
Energy (including food) is the most important resource for humankind as all other activities depend on
it. McLennan (2004) notes that for thousands of years man was dependent only on food and timber as
a source of fuel for his various activities, followed by the use of domesticated animals. However, it was
only after the discovery of fossil fuels (including coal and petroleum products) that there was an
abundance of energy for man to tap into all other natural resources at a massive scale and destroying

13

It can either be met though exchange of resource from other nations or at the cost of environmental degradation.
In 2011 Asia housed 52% of the urban population in the world while Europe had the second highest share, at 15% (United Nations,
2011). Even within Asia, most of the population is concentrated in China and India.
14
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nature at a global scale. McLennan (2004) reminds us ‘it took millions of years for organic matter to
turn into petroleum. We run our cars off the remains of pterodactyls and tyrannosaurus rexs. It is amazing
to think that we might have used up millions of years of stored potential energy within one hundred and
fifty years….The ultra-convenience of current energy acquisition and what energy provided for us has
blinded us to its consequences’ (p. 75-76).

3.2.2 Growth of consumption and loss of resources in Indian cities
In the 200 years for which reliable data is available, overall growth of consumption has outpaced
increased efficiencies in production processes, leading to absolute increases in global consumption of
materials and energy (Millennium Ecosystem Assessment, 2005). For example, Boegle, Singh, & Sant
(2010) conclude that even if all new sales in India were of energy efficient appliances, the total demand
for electricity in the 5 years between 2008 to 2013 would not reduce, as the savings would be offset by
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Table 1: Increase in ownership of assets (per household) in between 2001 and 2011
Data source:(Office of the Registrar General and Census Commissioner, n.d. )
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Table 1 shows the increasing number and percentage of ownership of some common consumer items
for India, Maharashtra and Mumbai, along with their population. It is evident from this table that the
demand for these consumer items is not just related to the increasing population/ number of households,
but also the increased ownership per household (mostly due to the increasing income, changing lifestyles
and increasing aspirations of the people). However, it should be noted that the increased consumption
of resources as indicated by the increased consumption of consumer items, does not necessarily equate
to better quality of life. While the mobile phone subscriptions in the four metros of India increased by
72.8% (with Mumbai accounting for 38% of the total increase) between 2002 and 2003, the access to
tap water and electricity, in Mumbai between 2001 and 2011 census reduced by 2% and 1% respectively.
A. Energy
Energy is the most critical factor in the functioning of all of human development, both urban and rural.
Figure 12 illustrates the complex inter-relationship between various sources and forms of energy and the
demand for them by the different sectors. Per capita energy consumption (PEC) in India is 439
kilogrammes of oil equivalent, compared to the global average of nearly 1688 Kgoe 15. However, not
only does India stands fifth in the world in terms of total primary energy consumption at National level
(Oreszczyn et al., 2008) due to the size of its population; the estimated PEC of India has also increased
from 1204 KWh in 1970-71 to 4816 KWh in 2010-1116 (Central Statistics Office, 2012, p. 46).

Figure 12: Complex Energy Interactions (Author)

15

Or compared to china with 1090 Kgoe and USA with 7835 Kgoe.
According to a study conducted by Deloitte consultancy and industry chamber Assocham, energy consumption in India is likely to double
to 1,124 kgoe by 2031-32 (IANS, 2012).
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37

Coal is the most abundant 17 conventional source of energy in India while crude oil is an imported
resource. The lower quality and limited infrastructure for processing coal, however, necessitates the
import of high quality coal, such that the gross import of coal has steadily increased from 20.93 MTs
during 2000-01 to 73.26 MTs during 2009-10 (Central Statistics Office, 2012). Although more than
70% of its crude oil requirements and part of the petroleum products is met from imports, India has
developed sufficient processing capacity over the years to produce different petroleum products so as to
become a net exporter of petroleum products18 (Central Statistics Office, 2012). This is very important
information that needs to be considered when designing our urban areas, as the dependence on fossil
fuel imports has had a crippling effect on the country’s economy. Increased price of fuel has a cascading
effect on the price of everyday consumer items including food and transportation. Any development that
encourages further use of fossil fuels is likely to make urban living unaffordable to the middle and lower
income people who are the bulk of the population.
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Figure 13: Trends in Consumption of Conventional Energy in India
Source: Based on Table 54 in Appendix A
Not only is the total energy consumption of India increasing, the percentage shares of the domestic and
commercial sectors have shown significant growth in energy consumption (as shown in Figure 14). This
can be attributed partly to the rapid growth in urban population and also a parallel decline in rural
population over the past decade (Piyush Tiwari & Kawakami, 2001), and its consequent reduction in the
use of traditional fuels (Reddy & Balachandra, 2002). The per capita consumption of electricity (in 30

India being the world’s third largest coal-producing country (Oreszczyn et al., 2008)
With almost no exports, both gross and net imports of crude oil have increased from 11.68 MTs during 1970-71 to 163.59 MTs during
2010-11. The import of petroleum products has witnessed some fluctuations: gross imports have increased from only 1.08 MT in 1970-71
to 17.34 MT during 2010-11, while exports have increased from a mere 0.33 MT during 1970-71, to 59.13 MTs during 2010-11.
17
18
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days) for cooking, lighting and other domestic purpose by rural and urban households was 7.925 units
and 24.266 units in 2009-2010, while that of LPG was 0.299kg and 1.818 kg (National Sample Survey
Office, 2012, p. 22), respectively. The percentage of households consuming these resources also showed
similar difference: 67.3% and 93.9% for rural and urban consumption of electricity, and 15.5% and
66.2% rural and urban consumption of LPG. Srivastava, Goswami, Diljun, & Chaudhury (2012)
conclude that, even in rural India, the share of both LPG and electricity in the energy consumption mix
for domestic use has been increasing with improving income levels (p. 15). In India, manufacturing
building materials account for about 20- 25% of the total energy demand, while another 15% goes into
the operation of the buildings (Reddy & Balachandra, 2002; Piyush Tiwari, 2000), which has a large
potential for optimization.
Electricity
Demand for electricity rises by almost 800 MW in the state of Maharashtra every year and 180 MW in
Mumbai (Tembhekar, 2012). If sector-wise electricity consumption is considered, industry is the major
consumer followed by the domestic sector, which has been increasing rapidly (see Figure 7).
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Figure 14: Consumption of Electricity (for utilities) by Sectors in India
Source: Based on Table 56 in Appendix A
Figure 15 indicates that fans, tube lights, incandescent bulbs, refrigerators and televisions consume
almost 80% of the total energy consumption of Indian Households (for total stock of the various
electrical appliances in India and their average consumption, refer to Table 57). Therefore, the use of
energy-efficient appliances for these five uses is likely to have a significant impact on the total energy
consumption by households. Based on their empirical analysis, Boegle, Singh, & Sant (2010) had
forecasted that the country could save about 57 terawatt-hours (TWh) in 2013 by switching to energyefficient appliances at household level from 2009 onwards, which is about 30% of the additional annual
consumption that would otherwise have happened under a business-as-usual scenario. It is important to
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note that according to the study, even if all new sales were of energy efficient appliances, the increase
in the demand by the additional appliance would offset all savings and the total demand for electricity
would not reduce. However, it would mean that 250,000 MW in generating capacity additions
(equivalent to one ultra-mega power plant every year for five years) would not be needed in the energy
efficient scenario (Boegle et al., 2010).
Air conditioning systems are a major consumer of energy, especially in hot and humid tropical climates.
Though the total consumption of electricity by air-conditioners in India is quite low (see Figure 15), ‘as
the society becomes more affluent, the use of air conditioning is becoming pervasive and has resulted in
a drastic increase in the demand for electricity consumption’ (Wong & Chen, 2009). In an airconditioned building, HVAC systems account for 40-50% of the total electricity consumption, whereas,
in a typical unconditioned building, lighting accounts for maximum energy consumption (Krupesh A.
Chauhan & N.C. Shah, 2008). The rise in the number of air-conditioning units is likely to add a
disproportionate amount of stress on the energy infrastructure due to their high wattage19.
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Figure 15: Percentage of consumption by different electrical appliances across Indian Households
(2008)
Source: Based on Table 57 in Appendix A
According to a study conducted by Phadke, Abhyankar, and Shah (2013), ownership of air coolers and
air conditioners in India had increased significantly across all income classes: On average, the
penetration of both had doubled between 2000 and 2010 20. The study also highlighted a non-linear
relationship between incomes and the ownership of air coolers and air conditioners with the ownership

19

The average wattage of a normal and energy efficient window air-conditioner is 1892 W and 1406 W, which is about 70 to 20 times
higher than a regular fan (70 W)
20 A few media reports have indicated that the share of air coolers in the Indian market is slowly being taken over by air conditioners.
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in the higher income group being significantly higher than that in the lower income group. The study
estimated that about 47% of the urban households would own a room air conditioner by 2030, which
would lead to the electricity demand from ACs to increase to 239 TWh per year by 2030. This would
translate to a peak demand contribution of about 143 GW that would require the construction of nearly
300 new coal-fired power plants of 500 MW each. Further, it shows that the efforts to accelerate the
adoption of efficient ACs could make a significant difference, as 40% of the energy consumed by room
ACs could be saved cost-effectively by enhancing their efficiency21. This translates to a potential peak
demand saving of 60 GW by 2030 that is equivalent to avoiding the construction of 120 new coal-fired
power plants. It is also important to note the diurnal and seasonal nature of space cooling in India.
Diurnally, residential AC demand peaks at night and commercial AC demand peaks in the afternoon.
However, for a few hours in the afternoon, residential and commercial demands coincide. Since spacecooling is responsible for the seasonal variation in electricity demand in both sectors, the peak demand
in winter drops by nearly 40% and 25% respectively in Mumbai and Delhi.
Energy consumption can be accounted in two forms: primary and final energy consumption. Final energy
consumption represents the direct amount of energy consumed by end users while primary energy
consumption includes final consumption plus the energy that was necessary to produce and deliver the
final energy (Can, Letschert, McNeil, Zhou, & Sathaye, 2009). For example, electricity, which is the
most common form of final energy used in urban areas, is derived from various sources and transmitted
over long distances, leading to high losses. In the case of India, the factor that converts final electricity
consumption to primary energy is relatively high and was equal to 4.2 in 2005. Therefore, consuming
one unit of energy from electricity is equal to consuming more than four units of energy at the source of
generation (Can et al., 2009). The large primary energy conversion factor in India is mainly due to two
reasons: first electricity transmission and distribution (T&D) losses are substantial 22 and second
electricity is generated for a large part (82%) with the use of fuel combustion with low efficiency23 (Can
et al., 2009).
In urban India, the demand for electricity is ever-increasing. Colour televisions are already very common
(66%); refrigerators are thought of as a necessary appliance (32%); and air conditioning penetration is
also growing rapidly (18.2%) (Can et al., 2009). There is an attempt to shift from fossil fuels to electricity
in the transport sector, as electricity is considered to be a clean energy by most people as there are no

21

The average energy efficiency ratios (EER) of the Indian room AC market is 2.9, which is comparable with the products with lowest
energy efficiency rating in China.
22 With 31% of the electricity produced being lost in 2004, Indian T&D losses are among the highest in the world.
23 26% for coal, 28% for oil and 41% for gas
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emissions at the place of consumption. However, this is likely to increase the primary energy
consumption and emissions overall, instead of reducing it, unless there is increased efficiency in T&D
and shift to more renewable sources.
Schiller & Evans (2000) have emphasised that building design at urban, architectural and construction
scales determine most of the energy used in buildings. Access to daylight, shading of heated facades,
natural ventilation and choice of construction materials are some of the factors affecting energy demand
of built environment. At a neighbourhood or city level, the distance between buildings, the ratio of built
to open space, as well as the form and orientation of a building, play vital roles in ensuring appropriate
levels of daylight, air movement and solar access. It is possible to improve the urban climate through
appropriate urban planning and design. Important design elements include the location of cities in the
region, layout/orientation of the streets’ network, density of a built up area, types of buildings and green
areas. (Wong & Chen, 2009)
Transport
Population and GDP are two fundamental drivers that influence person and freight mobility demand
(Can et al., 2009), which in turn influences the form of a city. While transportation problems in the
developed countries area result of the scattered low-density population that increase population density,
the developing countries are mostly challenged by the high population densities and constrained vehicle
access in cities of concentrated population.
Since the introduction of automobiles in India, the number of motor vehicles has been increasing
exponentially24 (see Figure 16), due to various reasons that include: modernisation, increasing urban
population, increasing purchasing powers and reducing cost of vehicular ownership, as well as changing
aspirations and status value of vehicular ownership. India’s vehicle population grew from 50 million in
2003 to 130 million in 2013 (Bansal & Bandivadekar, 2013a). Bansal and Bandivadekar (2013b) have
organised vehicular fleet in India into the following four categories:


Light-duty vehicles (LDVs): comprises passenger cars, utility vehicles, vans, and light
commercial vehicles. Worldwide, LDVs generally run on gasoline, though diesel and
compressed natural gas (CNG) are becoming increasingly popular. In India, diesel-operated LDV
sales are growing rapidly because of government subsidies for diesel fuel.

The total number of vehicles on India’s roads increased by more than 240 percent between 2000 and 2010, primarily because of sales of
two-wheelers.
24
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Heavy-duty vehicles/engines (HDVs): include commercial trucks, buses, and on-road vocational
vehicles such as refuse haulers and cement mixers. Most HDVs operate on diesel, though some
urban commuter-buses operate on CNG.



Two- and three-wheelers: include motorcycles, mopeds, auto rickshaws, and small three-wheeled
goods carriers. Gasoline is the most common fuel for two-wheelers, while three-wheeler auto
rickshaws tend to operate on diesel or CNG. The number of two- and three-wheeler vehicles on
India’s roads is high in both absolute terms and as a percentage of total vehicles. Two-wheelers
alone represented more than 72 percent of registered vehicles in the country in 2005 and with
more than 9.8 million units sold, they made up almost 80 percent of all new vehicle sales in the
2009–2010 fiscal year.



Non-road construction equipment: consists of agricultural tractors and trailers, construction
machinery, and generator sets. Until the 1990s, they were a largely under-regulated mobile
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Figure 16: Exponential rise in registered motor vehicles (in thousands) in India between 1951 and
2006
Source: Based on Table 59 in Appendix A
Figure 16 demonstrates that two-wheelers occupy the bulk of the total motorised vehicles in India. Sales
of vehicles in India have increased very rapidly over the last 15-20 years; with the total vehicle sales
increasing by an average annual rate of 13.5% between 2007 and 2013 (refer to Table 58). However, the
introduction of small and cheap cars25 is rising rapidly in the Indian market, along with overall reduction

25

Such as the entry-level Nano car from Tata Group priced at 150,000 INR to 240,000 INR (2,500 USD to 4,000 USD) (Bansal &
Bandivadekar, 2013b)
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in the price of cars due to change in economic policies 26 (Times News Network, 2014). India is
considered as a manufacturing hub for small cars by multinational companies (Can et al., 2009) and if
this trend continues then the future mobility in India will increasingly be met with private cars. In
megacities, such as Kolkata, Delhi or Mumbai motorized transport (excluding public transport) accounts
for 60–70% of the total traffic. Indian megacities, such as Kolkata or Delhi, have the highest shares of
para-transit (40% and 53%, respectively) and only very modest shares of public transit (6% and 8%,
respectively) (Madlener & Sunak, 2011). The total length of roads in India is 2,669,99627 km, of which
57.15% is surfaced and the remaining is un-surfaced (Motor Vehicle Department, n.d., p. 279).
Transportation depends on oil, 75% of which is imported into India (Fuller, 2012). In 1998, the total
energy consumption in the transport sector was 35 mtoe (million ton of oil equivalent) out of which the
share of oil was the highest with 98% of total. Road transport became the dominant mode in India where
automobiles and trucks consumed about 85 percent of total transportation energy out of which two-thirds
accounts for passenger transport (Reddy & Balachandra, 2002). This increased share of oil in the total
transport demand was evident from the increased consumption of Petrol and High-Speed Diesel Oil
(HSDO): between 1970-71 to 2010-11, the consumption of Petrol and HSDO have increased from 1.45
to 14.19 million tonnes (9.7-times) and 3.84 to 59.99 million tonnes (15.6-times), respectively. Since
road transport is more energy intensive than rail transport, this modal shift has a significant effect on the
total energy consumption and thereby on the environment. However, over the last few years steps are
being taken to promote electric vehicles in India, mainly in the form of subsidies 28 (Bansal &
Bandivadekar, 2013b).
B. Water
Water is a basic requirement for the existence on all life forms of the Earth. Though water covers about
70% of the earth’s surface, almost 97% of it is saline. Of the 3% of water that is fresh, about 70% is
trapped in icecaps and glaciers, leaving a very limited amount for human consumption. In addition to
being a limited resource, fresh water sources are not equally distributed across all countries and scarcity
of good quality water is already seen as one of the world’s most significant problems. As a result of the
exponential increase in population after 1900 along with substantial changes in the global economy and

26

To revive the sale of automobiles that dipped in the financial year between 2013 and 2014, the Government of India in its 2014 budget
reduced the excises duty on automobiles resulting in cars, SUVs and two-wheelers becoming cheaper: price cuts ranging between 1,000
INR and 2,000 INR for two-wheelers, from 4,500 INR to 50,000-76,000 INR for cars or up to as much as 400,000 INR for high-end SUVs.
27 Excludes 51511 km of Pradhan Mantri Gram Sadak Yojana & 9 Lakh km of Rural Roads Constructed under Jawahar Rozgar Yojana.
28 In 2008, the central government offered a subsidy of up to Rs. 75,000 ($1,500) for government institutions for each Mahindra Reva
electric car purchased. In 2010, the government announced a subsidy scheme for vehicle manufacturers for the production of BEVs,
PHEVs, and HEVs through the remainder of the 11th five-year plan, which ran through 2012.
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lifestyle choices of people, there has been about a sevenfold increase in global water consumption since
the beginning of the 20th century (Kundzewicz, 1997). These trends, coupled with climate change, may
further reduce the per capita availability of water in developing countries (Bowonder & Chettri, 1984;
Jury & Vaux, 2005; Murad, Al Nuaimi, & Al Hammadi, 2007; Wheida & Verhoeven, 2007).
India’s water resources are under stress, both qualitatively and quantitatively. The per capita water
availability is approaching the scarcity benchmark of 1000m3/yr. While certain researchers estimate
water requirement for the country to be in the range of 970 km3/yr. and 1450 km3/yr. 29 (Gupta &
Deshpande, 2004), others estimate Urban Water Demand 30 alone to be about 4960 km3/yr. (Ruet,
Saravanan, & Zérah, 2002), by the year 2050. While the proportion of population having access to safe
drinking water has increased considerably over the period of time, as a result of conscious policy efforts
to improve the availability of water supply and sanitation (Ruet et al., 2002), the per capita water
availability in India has been falling, as shown in Figure 17. The increasing population along with
growing demand are the major reasons for the shortfall.
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Figure 17: Per Capita Water Availability in India (in cubic meters per year)
Data source: (Narain, 2004)
In addition, the coverage has not been uniform across the states or different kinds of users. Based on
their analysis of water resource distribution in different drainage basins, Gupta and Deshpande (2004)
emphasise that rainwater harvesting and water conservation measures must receive highest priority
followed by renovation and recycling, followed by intra and then inter-basin transfers in the last phase31.
Irrigation is by far the largest consumer of water in India. The predicted percent water demand by

29
30

This is based on the assumption that the population is expected to stabilize by the year 2050.
Estimated Urban Water Demand for 2000, 2010 and 2025 being 1438 km3/yr, 1981 km3/yr and 3100 km3/yr respectively.

‘Conservation of water through rainwater harvesting and artificial groundwater recharge can generate about 125 km3/yr of additional
water. Similarly, recycling of municipal and industrial wastewater can regenerate about 177 km3/yr water’ (Gupta & Deshpande, 2004).
31
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different sectors in India (refer to Figure 18) indicates that the largest growth area will be industrial
(almost trebling since 2000).
Not only water supply, but also the provision of drainage and sanitation facilities is a major challenge in
the country. The urban population in India has increased significantly from 62 million in 1951 to 285
million in 2001 and is estimated to grow to around 540 million by the year 2021. It would be touching
37% of the total global population in next 15 years (Krupesh A. Chauhan & N.C. Shah, 2008).
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Figure 18: Share (%) of Different Sectors in Total Water Demand in India
Data source: (Narain, 2004)
According to a survey conducted by NCEAR, ‘even though 300 urban centres have a sewerage system,
only 70 of them have treatment facilities and 28% of the urban households are connected to the public
sewerage system’. This results in considerable pollution of water bodies that in turn affect the
ecosystems. Also, according to the Census of India, 46% of the households do not have access to toilet
facilities (Ruet et al., 2002), resulting in further pollution of water sources by faecal matter deposited in
the water catchment areas.

3.2.3 Factors Affecting Resource Consumption & its Impacts
While the increasing global and national consumption of resources (both at per capita and absolute
terms) have been well established in the previous section, there are several factors affecting resource
consumption, such as climate, cultural and lifestyle preferences, and income levels, in addition to
exponential growth of global population (especially urban). Increasing rates of resource consumption
are also of grave concern because of the increased pressure on finite resources and the ecosystems.
Species of flora and fauna have become extinct due to human over-exploitation, and a large number are
listed as endangered. ‘The pressures on ecosystems will increase globally in coming decades unless
human attitudes and actions change’ (The Board of the Millennium Ecosystem Assessment, 2005). Since
the mid-19th century over 1100 Gt CO2 has been released into the atmosphere as a result of global
dependence on fossil fuels (R.E.H. Sims et al., 2007).
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‘Topsoil and Civilization’ by Carter & Dale (1974) and ‘A forest journey’ Perlin (2005) both convey
the same idea: Most human civilisations32 in the past have declined or had to move to new land mainly
due to depletion of natural resource and destruction of ecosystems caused by their irresponsible
behaviours and lack of understanding, within thirty to seventy generations. In the era when timber was
the main source of fuel and building construction material, ‘[man] cut down or burned most of the usable
timber from forested hillsides and valleys….He permitted erosion to rob his farmland of its productive
topsoil. He allowed eroded soil to clog the streams and fill his reservoirs, irrigation canals, and harbours
with silt’ (p. 8). Perlin (2005) suggest that fossil fuels are the equivalent of timber in the modern
industrial society, and modern society has been very irresponsible about their consumption. However,
there are four basic distinctions between the ancient civilizations and the modern fossil-fuel dependent
society that make our current environmental concerns more daunting:
a) The global population and population densities have increased exponentially in the last century,
with most of the world already explored and habitated, such that no new resource-rich land is
available to move on;
b) The rate of consumption and rate of destruction have both accelerated, especially in the last halfcentury, owing to industrialisation and technological innovations, in association with the
changing aspirations of the people;
c) Fossil fuels, unlike trees, are non-renewable and limited sources of energy that once gone are
gone forever.
d) The inability to relate to nature and understand the impact of human activities on the ecosystems
or its limits by common person, due to resources being derived from sources away from the point
of consumption and services being outsourced.
One of the key messages from the Board of the Millennium Ecosystem Assessment (2005, p. 3) is:
‘Even today’s technology and knowledge can reduce considerably the human impact on ecosystems.
They are unlikely to be deployed fully, however until ecosystem services cease to be perceived as free
and limitless, and their full value is taken into account.’
This is in lines with ‘the tragedy of the commons’ theory proposed by Garrett Hardin in 1968 that
suggests that people are likely to maximise their own profit though exploitation of a common resource
pool resulting in the destruction of the resource itself. Vale and Vale (2009) consider this as a reason

32

With the exception of Indus Valley, Nile Valley and Mesopotamian civilizations that had the stabilizing effect of fertile flat land that
were not eroded away as rapidly due to the rainfall as those situated on sloping land (Carter & Dale, 1974).
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why sufficient action is not taken for the preservation of the natural systems. For example, Vale and
Vale note that people (who have the money) would rather spend money on bigger houses and bigger
cars rather than install solar hot water and PV systems that can effectively reduce their ecological
footprint and contribute towards common good. They wonder why people demand economic payback
on solar water-heater but not a new kitchen33. For all the emphasis on economics and market mechanism,
Schumacher (1973) believes that ‘in a sense, the market is the institutionalisation of individualism and
non-responsibility’ (p. 42) and incapable of making any distinction between renewable and nonrenewable goods and/or between manufactured goods and services (p. 48).
Yedla (2006) categorises urban environmental issues in four categories, related to poverty, consumption,
rapid economic growth and wealthy lifestyle. Yedla argues that poverty-related issues, prevalent when
the economy is low, tend to show improvements upon achieving a certain level of economic
improvement, as it becomes affordable to take up pollution control measures and create increased
awareness and people prefer cleaner environment. This pattern, often referred to as Environmental
Kuznet Curve (EKC), explains the behaviour of most of the pollutants. However, issues related to
consumption, rapid economic growth and wealthy lifestyle keep rising with the economy, with a possible
time lag between them. Yedla suggests that since they are global in nature and not directly harmful to
the residents, they fail to catch the public notice and are easily externalized. For a developing economy
like India, it is possible that the first two types of issues are prominent. However, in the case of Mumbai
and metropolitan cities, with per capita income levels much higher compared to the national average,
rapid economic growth and wealthy lifestyle related issues (such as, increasing per capita solid waste
generation, per capita carbon dioxide emissions, per capita energy consumption and other indicators) are
evident. William Rees argues that poverty being the greatest threat to sustainability, and that ‘in a world
that sees people first as potential customers and only second as responsible citizens’, the idea that
economic growth can improve sustainability, is intrinsically faulted (Wackernagel et al., 1997, p. 16).
The high-income countries’ huge eco-footprint clearly indicates that they have appropriated most of the
world’s ecological output (see Figure 10).
A. Energy
Energy consumption in the residential sector can be closely linked to the rate of urbanization. Urban
households, especially in developing countries, tend to have a greater concentration of electrical and
electronic appliances compared to their rural counterparts, resulting in higher levels of energy needs.

33

A deluxe, premium and designer kitchen in New Zealand cost about NZ$12,227, NZ$21,050, NZ$31,580 respectively with no payback,
whereas, estimated cost of solar hot-water system is NZ$5,200 with a payback of 9.2 years (Vale & Vale, 2009).
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Hence, the migration of rural population towards urban centres increases the level of energy use. This is
of particular concern in India as the urban population is increasing at a rate greater than the total increase
in its population34. In addition, other factors, such as the decrease in household size and the increase in
housing floor space represent major drivers of energy demand (Can et al., 2009).
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Figure 19: Installed Generating Capacity of Electricity in India
Source: Based on Table 55 in Appendix A
The main source of producing electricity in India is thermal followed by hydro (see Figure 19), with
coal35 accounting for about two-thirds of the total electricity generation installed capacity (Oreszczyn et
al., 2008, p. 17). However, the mining, processing, transportation and burning of coal have negative
environmental effects causing air and water pollution, in spite of well-defined standards, which in turn
can cause respiratory diseases and lower agricultural productivity (Sreenivas & Bhosale, 2013).
The erratic monsoon not only affects the generating capacity of the hydro-power plants, but also
increases demand for electricity from the agricultural sector for irrigation pumps 36 . In spite of the
increasing generating capacity, the demand is increasing at a faster rate due to industrialisation and
urbanization, changing income levels and lifestyles and an increasing population 37 . This is causing

34 While the rate of growth of population in the country is declining (from 2.16 per cent in 1991 to 1.9 per cent in 1999) the urban
population is growing at a faster rate (from 3.1 per cent in 1991 to 3.6 per cent in 1999) and demographers believe that it may grow even
faster in the coming years. Also there are large imbalances and disparities in the spatial patterns of urbanization as measured by interregional and size-class distribution. While the western states of Maharashtra, Goa, and Gujarat are nearly 40 per cent urban, the eastern
states of Orissa and Bihar are lagging far behind at 13 per cent (Dhar Chakrabarti, 2001).
35 The power sector uses about 76% of coal consumed in the country and that 67% of the electricity generated comes from coal (Sreenivas
& Bhosale, 2013).
36 Around September 2009 the hydro power generation in India dipped by 15% due to scanty rainfall largely in the north-eastern region,
where several hydro power projects are located.
37 The July 31, 2012 blackout in India (in succession to the previous day’s outage) on accord of the failing of the Northern, Eastern and
North Eastern Grids due to overdrawing of power than produced, affected 19 states and over 600 million people (S. Ghosh, 2012).
Considered to be one world’s worst outages, it has in part been attributed to the increased use of electricity for irrigational use in the states
of Punjab and Uttar Pradesh due to a weak monsoon (Daniel, 2012; Sanyal, 2012).
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energy shortages38 that in turn lead to electricity blackouts in several regions on a regular basis. It is also
important to note that since electricity is not a primary energy, there is an overhead associated with is
generation that can range from around 1.5-2MJ/MJ for renewable sources to three or more MJ/MJ for
non-renewable sources (Vale & Vale, 2009, p. 110), in addition to the transmission and distribution
losses.
B. Water
Water is an abundant and renewable resource covering 2/3rd of the earth’s surface, but a very small
portion of it is potable for human consumption, and an even smaller portion is accessible. In addition to
being a limited resource, it is not equally distributed across all countries or regions within countries. The
infrastructure required for drawing, treating and supply water, along with the treatment and discharge of
sewage and storm water, varies considerably between different countries, regions and cities. This is
evident from the difference in per capita availability of water, as shown in Table 2. While the daily
consumption of water in New York is wastefully high, the low consumption in the Indian cities is
attributed to the failure of the infrastructure with the population growth and increasing needs of users
(Shaban & Sharma, 2007). Therefore, not only is there a need for systematic augmentation of water
supply in urban areas but it is also likely that any augmentation of the infrastructure would result in an
increase in consumption, rather than reducing the stress on the system.
Civil unrest because of water is a growing problem at both international and national levels. ‘The
situation is particularly sensitive in conflict-prone areas where a number of countries are largely
dependent on international rivers’ (Kundzewicz, 1997). When unrests occur within national boundaries,
the national laws can deal with the incidents. However, when the incidents involve two countries, then
that may trigger a war. The global water wars have long been predicted and there are a number of flash
points for such conflicts around the world. For example, the Indus Waters Treaty, a water-sharing treaty
between Pakistan and India, negotiated by the World Bank and signed in 1960. Though it has prevented
major clashes so far, there have been several disputes between the two countries over damming the river
and its tributaries (P. Ghosh, 2013; Jayaram, 2013; Mandhana, 2012). Recently, the chief minister of
Uttar Pradesh (in India) blamed the Nepal government for the floods in the state. The Nepal government
on 15th and 16th August, 2014, released unprecedented quantities of water from the Chisapani Dam that
resulted in the flooding of the UP rivers, Ghagra, Saryu, Rapti and Boodhi Rapti (Mathur, 2014).

38

For India, in 2009 the energy shortage was recorded at 9.5% (6,217 million units) in June, 8.2% (5,557 million units) in July and 10.7%
(7,768 million units) in August (Harikumar B, 2009).
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Country

City

Water consumption
(litre/capita/day)

Year

China***

Guangzhou

280

1999

Nanjing

120

1999

Shenzhen

160

1999

Taipei

188

1997

Hong Kong*

371

2009

Shanghai*

439

2005

Japan***

Tokyo

190

1998

Germany***

Berlin

117

1999

Frankfurt

171

1999

Denmark***

Copenhagen

159

1990

Australia***

Sydney

212

1985

USA***

Los Angeles

308

1996

Philadelphia

341

1996

New York

607

2005

United Kingdom*

London

324

2005

India**

Delhi

78

2005

Mumbai

90

2005

Kolkata

115

2005

Hyderabad

96

2005

Table 2: Water consumption in other cities and countries
Source: (*"LSE Cities Report - January 2011- June 2012," 2012; ***Wenzel,
Bendimerad, & Sinha, 2007; **Wu, Zhang, Chen, & Yiin, 2007 )
The environmental, physical, social and economic impacts of water-management are widespread and
permanent (Gupta & Deshpande, 2004). Large-scale engineering solutions such as building larger dams
and reservoirs, inter-linking rivers and constructing desalination plants, are the focus for enhancing
waters supply (Datt & Nischal, 2010). Large dams require large tracts of submerged land and tracks for
canal works, leading to displacement of large numbers of people and loss of their source of livelihood,
in addition to a significant loss of bio-diversity. In addition, a significant amount of energy is required
for the transportation of large volumes of water over long distances.
‘Large scale supply solutions are politically convenient, as they tend to divert much needed attention
from the responsibilities of provider to reduce system losses and of consumers to use water judiciously’
(Datt & Nischal, 2010). Small-scale localized projects, such as rainwater harvesting and recycling
wastewater are more sustainable solutions as these reduce the energy spent and losses during
transportation and storage. Effective harnessing of rainwater reduces pressure on municipal supply (Ruet
et al., 2002)
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Climate change is associated with rising temperature, more intense and frequent storms, rising sea level
and temperature, erratic monsoon patterns and receding glaciers (Ashraf, 2007; Sinha, 2010; Times
News Network, 2009). Roaf et al.(2009) discuss the impact of climate change on the quality of water.
Decreased water availability will also increase the concentration of CO2 and pollutants in rivers, damns,
and lakes; higher sea level will interfere with natural drainage patterns; and increased water temperatures
coupled with decreased oxygen levels in water will alter the ecology of water bodies, accelerating the
growth of water-borne bacteria, plants and fungi and killing other river species.

3.2.4 Waste generation
The proposed development will result in an increased generation of waste due to the increased density
of population on the site and likely increased consumption levels as living standards increase. This
section reviews the current legislation concerning waste management and the potential for processing of
waste.
A. Solid Waste
Economic activity and resource consumption are inseparably linked to the quantity of waste generated.
Per capita waste generation in urban India has been lower than in other developing countries and
approximately one-third to one-half that of developed countries (as shown in Figure 20). However, waste
generation in India is expected to increase rapidly in the future, at a per capita rate of approximately 11.33% annually (Hoornweg & Thomas, 1999). According to Upadhyay, Prasad, Srivastav, & Singh
(2005), urban India is becoming a ‘throw-away society’.
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Figure 20: Waste generation in selected countries (kg/person/day)
Data source: (Hoornweg & Thomas, 1999)
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As more people migrate to urban areas and as incomes increase, consumption levels are likely to rise, as
are rates of waste generation. This has significant impacts on the amount of land that is and will be
needed for disposal, economic costs of collecting and transporting the waste, and the environmental
consequences of increased municipal solid waste (MSW) generation levels (Bhada, 2007). It is also
evident from Figure 20 and Figure 21 that though the per capita generation of wastes is low in lowincome countries, the total quantity of solid waste generated is almost twice currently and projected to
be 5.5 times by 2025, due its large population and increasing standard of living. The industrialization
and high level of affluence influence the composition and quantity of waste (Upadhyay et al., 2005).
500.00
450.00
400.00
350.00
300.00
250.00
200.00
150.00
100.00
50.00
-

Others
Metal
Glass
Plastic
Paper
Organic

1999
2025
Low Income Countries

1999
2025
Middle Income Countries

1999
2025
High Income Countries

Figure 21: Waste Composition of Low, Middle, and High-Income Countries (Million tonnes per year)
Data source: (Hoornweg & Thomas, 1999)
Singh and associates have categorized MSW in India into five broad categories (V. R. N. Singh, Patil,
Parshurame, & Shirke, 2010) as flows:


Biodegradable waste: food and kitchen waste, green waste (vegetables, flowers, leaves, fruits),
paper (can also be recycled).



Recyclable material: paper, glass, bottles, cans, metals, certain plastics, etc.



Inert waste: construction and demolition waste, dirt, rocks, debris.



Composite wastes: waste clothing, Tetra Packs, waste plastics such as toys.



Domestic hazardous waste (also called ‘household hazardous waste’) & toxic waste: medication,
e-waste, paints, chemicals, light bulbs, fluorescent tubes, spray cans, fertilizer and pesticide
containers, batteries, shoe polish.
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Table 3: Sources of waste, waste generators & types of solid wastes
Source: (V. R. N. Singh et al., 2010)
According to a survey of solid waste management conducted by Central Pollution Control
Board (CPCB) with the assistance of NEERI in 59 cities (35 metro cities and 24 state capitals), Delhi
(5,922 tonnes/day) and Mumbai (5,320 tonnes/day) are the largest producers of municipal solid waste
in 2005, followed by Chennai (3,036 tonnes/day) and Kolkata (2,653 tonnes/day). However, the per
capita generation of solid waste is the highest in Chennai (0.620 kg/day) and the lowest in Mumbai (0.45
kg/day) (V. R. N. Singh et al., 2010).
Though all Class 1 municipalities are required to initiate systematic collection, segregation and
processing of municipal wastes, K. P. Nair (2013) reports that a) only 22% of the municipalities in 24
states collect urban waste regularly, b) only 17% have provided for the proper storage of wastes, and c)
only 11% process wastes. Most big municipalities continue to dump wastes in open grounds. It is
estimated that, in 1997, waste dumps in India released about 7 million tonnes of methane, which was
predicted to rise to 39 million tonnes by the year 2047.
B. Air pollution
Although, currently, India is one of the lowest per capita emitters of CO2, at 0.27 metric tons of carbon
equivalent, energy sector’s carbon intensity is high, and the country’s total CO2 emissions rank among
the world’s highest. Between 1980 and 2002, India’s carbon emission is estimated to have increased at
a rate of 5.7% per annum against the world average of 1.26% (S. K. Singh).
The transportation sector is currently the second-largest contributor of GHG emissions in India, after
power generation. However, its share is growing as the number of vehicles on Indian roads increases.
Emissions depend on several factors such as the type of vehicle, type of fuel (petrol, diesel, gasoline,
etc.) and its composition (such as sulphur and lead content) and driving speed. The standards, regulated
by the Central Pollution Control Board (CPCB), also vary across different regions and type of vehicle.
In addition, standards only limit the rate at which pollutants are emitted and not the total amount of
pollutants released into the atmosphere. Thus, the total number of vehicles in use has a significant impact
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on the air quality of urban areas. Bansal and Bandivadekar (2013b) highlight the importance of
controlling vehicular emissions as follows:
‘Vehicle emissions, in the form of conventional pollutants (CO, NOX, PM, HC, and others) and
greenhouse gases (CO2, CH4, and others), can have adverse impacts such as premature mortality
and morbidity from cardiopulmonary diseases, lower crop yields, environmental damage, and
global warming. These problems, in turn, can set back the economy...In addition to averting the
diversion of money and resources [to treating preventable diseases and cleaning up the
environment], controlling vehicular air pollution will generate benefits in terms of mitigating
global warming.’(pg. 1)
Figure 22 shows CO2 emissions by vehicle type under the BAU scenario. Another area of concern is the
continuing dieselization of India’s passenger car fleet as a result of government subsidies for diesel fuel,
leading to increases in NO and PM emissions. The Euro-style emission standards adopted by India allow
for higher NOx and PM emissions from diesel vehicles, compared to petrol vehicles.

Figure 22: Projected annual CO2 emissions by vehicle type from 2010 to 2035
Source: (Bansal & Bandivadekar, 2013a)
Despite all the progress, though, air pollution in urban areas often exceeds the National Ambient Air
Quality Standards (NAAQS). Bansal and Bandivadekar (2013b) observe that controlling emissions from
in-use vehicles have been limited to tighter vehicle emission and fuel quality standards and studies to
analyse the feasibility of fuelling vehicles (except buses and auto rickshaws) with alternatives to gasoline
have been inadequate. In January 2013, the Ministry of Petroleum and Natural Gas (MoPNG) created
an expert committee on ‘Auto Fuel Vision and Policy—2025’, charged with establishing a roadmap for
fuel quality and vehicle emission standards through 2025. Bansal and Bandivadekar (2013b) argue that
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moving toward cleaner vehicles and fuels would involve major investments as stringent emission
standards would increase vehicle prices and supplying ultra-low-sulphur fuels (10 ppm sulphur) across
the country will likely raise the price of gasoline and diesel fuels (for detailed analysis of pricing, refer
to (Bansal & Bandivadekar, 2013b)).

3.2.5 Resource Conservation and Regeneration
While it is important to reduce per capita consumption of resources and production of wastes, it is equally
important to look for alternative sources of resources (such as solar energy and rainwater harvesting)
and effectively treat and re-use waste (such as waste to energy and waste water recycling) to reduce the
pressure on the ecosystem. The following section discusses some of the key mitigation strategies that
can be adopted in redevelopment projects in Mumbai.
A. Reducing energy demand
Large-scale redevelopment of Mumbai City is likely to cause a major increase in energy consumption
due to the significantly larger floor area, the increased population and increased use of appliances in
households. While several regulations have been formulated at the national level for energy
conservation, most of them, such as Energy Auditing, enhancing efficiency of power plants, Energy
Conservation Building Code (ECBC), are voluntary and aimed at industrial and large commercial
development. The following are the current major legislation in India aimed at reducing the energy
demand of the residential and mixed-use zones.


National Building Code 2005: The National Building Code, developed by the Bureau of Indian
Standards, is a guiding code to be followed by municipalities and development authorities in
formulating and adopting building bye-laws. The 2005 edition includes several guidelines for
energy conservation, such as use of photo-voltaic and solar water heaters, minimum standards
for provision of natural light and ventilation, under Part 8 (building services) (Bureau of Indian
Standards, 2005). According to the Development Control Regulations of Mumbai (MCGM,
2007), solar water heating systems are mandatory in institutional, government and semigovernment buildings, as specified under DCR 37(31).



Energy efficiency labelling of appliances: Considering the proliferation of electrical appliances
in Indian households, the efficiency of appliances can have a significant impact on the total
annual consumption of electricity. The Bureau of Energy Efficiency (BEE) has launched energy
efficiency standards and programs for labelling (to indicate the product's energy performance) of
domestic appliance such as refrigerators, air conditioners, tubular fluorescent lamps (with several
more such as ceiling fans, geysers and electric motors under consideration for the next stage), by
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manufacturers, on a voluntary basis. Though voluntary, various campaigns have been undertaken
to increase awareness about energy cost and promote higher rated appliances. The energy
efficiency labels in India are given in the form a star rating - from one-star to five-star; five-star
being the most efficient. The labelling program has been made mandatory for all room ACs sold
in India since 2012 (Phadke et al., 2013). The Bureau also provides financial support for
workshops, seminars, and orientation courses related to solar buildings.


The Ministry of New and Renewable Energy (MNRE): The MNRE has initiated several
programs, such as The Jawaharlal Nehru National Solar Mission aimed at reducing the cost of
solar power generation in the country, has mandated solar water heating in some states and cities,
and incentivised in others (Ministry of New and Renewable Energy, n.d.) .



Building Rating Systems: include
1) the mandatory Environmental Clearance for Large Building Projects (by The Ministry of
Environment and Forests),
2) the optional Green Rating for Integrated Habitat Assessment (developed by The Energy
and Resources Institute in November 2007 and applicable to different types of uses and
building), and
3) the Indian Green Building Council (created as a partner organization to the United States
Green Building Council launched Leadership in Energy and Environmental Design in India
in 2001).

It is evident that all of the above-mentioned initiatives are aimed at the micro level of the buildings or a
macro level of the nation; neither of them addressing the need of planning at a city or neighbourhood
level. While a collection of energy efficient or sustainable buildings is likely to, to a certain extent, have
a positive impact on the environment, inefficient organisation of these buildings could negate the
positive influence. In addition, it fails to account for other infrastructural requirements and the overall
feel of the space. For example, Antilia39, the 27-floor (equivalent to 60 floors of other buildings in the
surrounding) single family residence with approximately 35,000 sq. ft., is considered to be a green
building (Mathews & Murdock, October 18, 2007; Rich, 25 October, 2007; thischick, June 5, 2007).
While these initiatives are well intentioned, there is little evidence that any new development will
provide buildings that perform significantly better than the existing buildings to be demolished. The
problem of increased cooling load, which is likely to be the largest energy user, is inadequately addressed
by these initiatives.

39

Located in South Mumbai, It is the residence of the single family of businessman Mukesh Ambani, chairman of Reliance Industries.
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B. Rainwater harvesting
Urban areas today are serviced by piped water supply that are sourced over a long distance and often
from outside the administrative limits. Extensive use of rainwater harvesting and other simple,
innovative technologies have the potential of reducing greenhouse gas emissions from water storage
reservoirs and water treatment processes that contribute to climate change. Rainwater harvesting is one
of the simplest, indigenous technology being practised in India for centuries for collecting drinking
water. The concept involves the collection of rainwater by individual plot owner, either in artificial tanks
or in natural reservoir i.e. aquifers. In addition to its potential to generate considerable quantities of
water, it promotes self-sufficiency, improves quality and quantity of groundwater and reduces the
volume of stormwater (Aladenola & Adeboye, 2009). It is less expensive and easy to maintain and more
environment-friendly way of supplementing water supply (Joglekar & Das, 1995). The only
disadvantage is it requires periodic / pre-monsoon maintenance and involvement of user for monitoring
(MCGM, 2003).
The rainwater harvesting potential of Mumbai has been worked out by the Rain Water Harvesting Cell
(MCGM, 2003) of the Municipal office as 589.34 million litres per day (MLD). The quantity of
Rainwater Harvested can be compared with the Middle Vaitarna Project 40 completed in 2012 with a
capacity of 250-300 MLD (Baliga, 2013a) and an total project cost of Rs 3,031.71 (Times News
Network, 2013b). According to the National Building Code of India rainwater harvesting needs to be
implemented on all new constructions over 1000 m2 in urban areas (Bureau of Indian Standards, 2005,
p. 1113)
C. Recycling Wastewater
Wastewater, also known as greywater, is the untreated household used water originating from showers,
baths, kitchen sinks, washbasins and clothes washing water that has not come into contact with sewage
water. Greywater generally contain a lower concentration of organic matter and pathogens than black
water (or sewage) originating from toilets and urinals (NovaTec Consultants Inc., 2004). NovaTec
Consultants Inc. has classified greywater further into light and dark greywater. They recommend that
light greywater can be recycled directly without treatment for low-risk secondary usages of water like
sub-surface irrigation and flushing toilets, whereas dark greywater need to be treated before re-use.
Though treated greywater can be used for secondary usages washing and bathing, it is more frequently
used for flushing toilets, gardening (surface and sub-surface irrigation) and washing of cars. The treated

40

initially estimated to cost Rs. 1,329 Cr and take 7 year for completion (Somit Sen, 2009).
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water can also be used to recharge ground water that can later be used through wells and bore wells
(NovaTec Consultants Inc., 2004).
Wastewater can be treated in a decentralised manner by setting up recycling plants either on individual
plots or for a locality. Though there is a mental block against using recycled water, wastewater from
kitchen and bathrooms is accepted better than soil water from toilet for recycling. It requires separate
plumbing lines and storage tanks, in addition to the treatment plants that make it a relatively costly setup.
In addition, system requires regular maintenance from a skilled person. In case of non-functioning /
system failures unhygienic conditions will be generated (MCGM, 2003). However, once set-up, it has
the potential to provide large amount of water that is likely to offset the investment cost within a short
period.
For a city like Mumbai with irregular water storages and a very seasonal rainfall (restricted to 3-4
months), waste water recycling is a useful option to supplement water supply and reduce waste water
discharge. According to the bye-law approved by the Brihanmumbai Municipal Corporation (BMC) in
June 2010, housing premises with an area of more than 2,000 square metre, or premises that have more
than 60 dwellings are required to recycle wastewater. The rule is also applicable for all those buildings,
societies and townships where the daily water consumption is above 60,000 litres. The rule is applicable
to both new and existing developments, exempting only those structures where such a facility cannot be
created due to structural or physical reasons. The BMC was expected to save at least 200 million litres
of water daily by implementing the rule (Ashar, 2010). As a result, it has set-up a system to both
incentives and fines to encourage the green initiative.
D. Trees: Carbon sequestration and air filtration
Carbon sequestration is defined as ‘the process of capture and long-term storage of atmospheric CO2’
(Sedjo & Sohngen, 2012, p. 128). This is an important mitigation option to reduce the largest portion of
GHG emissions (CO2) (Mandlebaum & Nriagu, 2011). Carbon can be sequestered in different ways:
artificially (Carbon Capture and Storage) such as ‘injecting CO2 into suitable deep rock formations’
(IPCC, 2005, p. 199) or dissolving CO2 into ocean water (Stewart & Hessami, 2005; IPCC, 2005) or
naturally (biotic sequestration) by photosynthesising plant (Raven & Karley, 2006). However,
sequestering carbon artificially is an expensive process that is neither recommended by Indian building
codes nor likely to be undertaken voluntarily, especially for residential projects. Therefore, biotic
sequestration is the only real option that is applicable for residential development at the neighbourhood
level.

59

The rate of carbon sequestration depends on the growth characteristics of the tree species, the conditions
for growth where the tree is planted, and the density of the tree's wood. It is greatest in the younger
stages of tree growth, between 20 to 50 years. The total amount of carbon sequestered in an area is
dependent on the total number of trees planted and their type, location of the site and various other
factors. While there are no regulations specific to carbon sequestering in urban planning in India, the
National Building Code (NBC) of India recognise plants to be functionally important for controlling air
pollution (by reducing traffic generated airborne lead, on leeward side, dust interception and considered
good absorbers of SO2) (Bureau of Indian Standards, 2005, p. 1122), preventing soil erosion and
regulating drainage, and improving the microclimate (Bureau of Indian Standards, 2005, p. 1118).
Therefore, provisions of public open spaces and planting a certain number of trees (though varying
across different regions) is integral to urban planning in India. In Mumbai, the requirement for
recreational or amenity open spaces in residential and commercial layouts is 15%, 20% and 25% of the
site for sites measuring from 1001 sq. m to 2500 sq. m, from 2501 sq. m to 10,000 sq. m and above
10,000 sq. m, respectively (MCGM, 2007, p. 60).
E. Photovoltaic and solar water heaters
The government of India is promoting the use of solar energy through various strategies, such as the
Jawaharlal Nehru National Solar Mission. The first phase, launched in January 2010, aimed at increasing
production of photovoltaics to 1000 MW/year, in addition to establishing a solar research centre,
increased international collaboration on technology development, strengthening of domestic
manufacturing capacity, and increased government funding and international support (Government of
India, June 2008). On the other hand, the second phase targets an installation of around 10 GW utilityscale solar projects and 1 GW off-grid solar power projects by its end. In addition, it promotes off-grid
lighting systems, solar cities, solar water pumping, solar telecom towers and solar water heating systems
(Prabhu, 03 December, 2012). The Ministry of New and Renewable Energy provides 70 percent subsidy
on the installation cost of a solar photovoltaic power plant in North-Eastern states and 30 percentage
subsidy on other regions. In the latest budget for 2010/11, the government has announced an allocation
of 1000 crore towards the Jawaharlal Nehru National Solar Mission and the establishment of a clean
energy fund, encouraged private solar companies by reducing customs duty on solar panels by 5% and
exempting excise duty on solar photovoltaic panels.
Several initiative are also being undertaken at state and city level. In an effort to deal with acute power
shortages the Municipal Corporation of Gurgaon (MCG) is set to make the installation of rooftop solar
panels mandatory for all new housing and commercial buildings in Gurgaon (in the state of Haryana).
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Initially, the rule will only apply to new buildings in Gurgaon, but the Corporation aims to include
existing building the future (Koul, 09 September, 2014). The Tamil Nadu government, on the other hand,
in its solar energy policy has made it mandatory for large-scale power consumers41 to participate in the
6% Solar Purchase Obligation (SPO) by either generating captive solar power, or buying equivalent to
or more than their SPO from third party developers, or purchasing power from Tamil Nadu Generation
and Distribution Corporation Ltd (TANGEDCO) at solar tariff. The state government also aims to
achieve 22GW of solar energy capacity by 2022 under the Jawaharlal Nehru National Solar Mission
(Press Trust of India, 2012).
F. Processing solid waste
While reducing the generation of waste itself by changing our day-to-day practices, consumption
patterns and lifestyles are essential, decentralised community–based waste management is a useful
alternative. Solid waste can be effectively processed at community-level by composting or biomethanation while incineration (waste-to-energy) is effective at district or city level. The Ministry of
New and Renewable Energy lists a number of technologies for energy recovery from urban and industrial
wastes that include the following methods.
Composting and urban farming
K. P. Nair (2013) estimated that a basic 4-hp unit, costing about Rs. 300,000 can convert 400 kg of waste
into 100 kg of compost in a day42 that can be used for gardening or sold in the market. While a lack of
demand is considered a constraint for composting, it is not necessarily true. For example, Siddhivinayak
Temple in Mumbai, have been able to sell the compost at Rs. 8 per kg. K. P. Nair (2013) also estimates
that a 600-sq.ft. garden growing six varieties of vegetables can produce up to 10 kg of vegetables every
week and generate a Rs. 2400 per month income.
Bio-methanation and electricity generation
Biodegradable wastes can also be processed into methane (biogas) which can be used for various
purposes such as cooking, lighting, heating and electricity generation. Various efficient and low-cost
waste-based bio-methanation plants have been developed by various organizations in India, one example
being the Nisarg-runa plant developed by Dr. S. Kale. This plant segregates wastes and, using microbes,
converts them into methane which is used mainly for cooking and also for heating (boilers) and
producing electricity (using generators); the slurry that is left over after methanation yields nutrient-rich

41

Comprising of high-tension consumers in SEZs, IT parks, telecom towers, colleges and residential schools, industries guaranteed with
round the clock power supply and buildings with 20,000 sq. m built up area.
42 10 kg of biodegradable waste can produce about 2.5 kg of compost.
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compost or manure. Table 4 lists the capacity, cost and output range of Nisarg-runa biogas plants.
Thought the higher-capacity plants can generate electricity using methane K. P. Nair (2013) warns that
plant size needs to be carefully considered as very- high-capacity bio-methanation plants are more prone
to failure.

Note: * in cooking fuel equivalent LPG cylinder/day; ** Electricity in kW

Table 4: Nisarg-runa biogas plants – capacity, cost and output range (approximate)
Source: (K. P. Nair, 2013)
Waste-to-energy (WTE)
Using municipal solid waste (MSW) instead of fossil fuels to produce energy results in fewer greenhouse
gas emissions. It is estimated that one ton of MSW is equivalent to 0.25 tons of coal or 1 barrel of oil.
Urban areas in India are projected to generate over 373,000 tons of MSW per day by 2030. Even if 50%
of that amount goes towards energy recovery, it would displace 20 million tons of coal or 68 million
barrels of oil a year. In addition, if this much MSW were to be landfilled instead of combusted, it would
result in the creation of 88 million tons of CO2 (Bhada, 2007). In an attempt to properly manage
Municipal Solid Waste (MSW) in India, the first of the third generation of Waste to Energy (WtE) plants
began operations in December 2011. Six more plants are in construction, five have been tendered and
three projects are in the conceptual phase. In the next five years, a further 40 projects are expected to
complete the conceptual planning and design phases (Annepu, n.d.).

Figure 23: Potential MSW and Power Generation from MSW and Industrial Waste in India
Data source: (Bhada, 2007, p. 27)
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Bhada (2007) estimates that the heating value of MSW in Mumbai presently is 9,022 kJ/kg, which is
sufficient for a waste-to-energy plant to operate without additional fuel. Though the moisture content of
MSW in Mumbai is approximately 50% during the dry season and 65% during the monsoons, the
compaction of MSW at transfer stations (after modernisation) would reduce them by 20%; bring them
within the feasible range. Assuming that the average efficiency of a waste-to-energy plant is 25%,
approximately 627 kWh of energy can be produced per ton of municipal solid waste combusted. If the
plant uses 15%, or 94 kWh, of the electricity produced internally, each ton of MSW combusted could
contribute 533 kWh to the grid. In addition, based on the composition of MSW, processing the waste in
a WTE facility would reduce its volume by 96.74%, thus freeing up land that would otherwise have been
used for landfills. Bhada also stresses that though the per-unit cost of generating energy from waste is
higher than most other renewable sources; WTE is available over 90% of the time in a year. In spite of
the high installation cost, Bhada estimates that the payback period for the investment is 13 years.

3.2.6 Take-back/ Rebound effect
In trying to compare the impacts of the proposed development with the existing use of the site, it would
be unrealistic to assume that consumption of resources (energy for households, fuels for cars, water)
would simply be greater by a factor determined by the increase in population or increase in floor area.
What is being promised by the new development is greater efficiency: ‘green’ building with recycling
of waste and water. However, the reality is that the promise of greater efficiency frequently leads to
greater consumption: the rebound effect.
The Board of the Millennium Ecosystem Assessment (2005) acknowledges that consumption of natural
capital has not grown at the same rate as the global economy. Nevertheless, the combined impact of
increasing consumption of goods and services by increasing population far outweighs the technological
innovations, such that the total toll on natural systems continues to grow (p. 22). It is accepted universally
that the rapid urbanization and increasing population in the Asian countries, such as India and China,
are of great concern. While The Board of the Millennium Ecosystem Assessment (2005) recommends
increased technological efficiency, Shove (2003), Wackernagel et al. (1997) and others argue that there
is a need to limit consumption and redefine consumers’ choices. William Rees (Wackernagel et al., 1997,
p. 16) explains this phenomenon as follows:
‘We generally see technology as having made us less dependent on nature. In fact, it merely extends the
efficiency and range of our exploitative activities. Together with trade, technology thus cushions us from
the negative consequences of local resource depletion while invisibly expanding our ecological
footprints. The aggregate effect brings us closer to global collapse.’
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Since ‘initiatives designed to increase the efficiency with which existing services are provided take no
account of how standards of living have been established or what they are’(Shove, 2003, p. 6), the
illusion of reduced consumption often result in increased consumption, negating any all savings. An
increase in gross total consumption of (or demand for) goods, services or resources because of increased
efficiency or availability or decreased price is known as ‘rebound effect’ or ‘take-back’. Reduced
environmental impacts of technological break-through are often seen and advertised yet another
opportunity for increasing consumption: the message is to increase consumption in order to increase
savings, rather than to reduce consumption. In addition, most technological innovations, such as fuelefficient cars or energy-efficient air-conditioners, are merely gadgets for those whose basic needs have
been satisfied.
A review of the literate conducted by (Greening, Greene, & Difiglio, 2000), indicates that the rebound
effect for residential end uses range from 0-50% for a 100% increase in energy efficiency. Owing to the
variations in definitions over the years, Greening et al. (2000) note that ‘depending on the definition
used for the rebound, the size of this effect can be either insignificant or can result in an increase in fuel
consumption’(p. 389). A variation is also noted in terms of the end use: space heating 10-30%, space
cooling 1-50%, water heating <10-40%, residential lighting 5-12%, In order to ensure carbon and energy
savings and prevent high rebound rates, technological innovations need to be accompanied by policies
limiting per capita consumption and promoting uptake of these technologies. Also, as noted in section
3.1.2, the perception and behaviour of the consumer’s need to be addressed. For example, high energy
prices coupled with reduced/ subsidised cost of solar panels and an environmentally conscious society
can reduce the demand for electricity infrastructure.

3.3 Urban Metabolism
Urban areas are centres of population and human activity where the biological productivity is substituted
by economic productivity (Vačkář, 2008). Urban areas, particularly big cities, are also characterized by
large materials and energy consumptions (Phdungsilp, 2006) and material stock densities (Rosado &
Ferrăo, 2008) Thus, ‘[they] are highly reliant on natural resources to fulfil basic societal needs and to
facilitate improvements in living standards’(García et al., 2008, p. 10). These natural resources are
derived either directly on their land or indirectly from the global hinterland. These resources are
transformed and either retained for a long period of time (such as building materials) or discarded as
waste in a short period of time (such as food waste). Similar to acquiring resources, the waste are either
disposed within the urban area or outside, though the distance travelled is usually shorter (Phdungsilp,
2006). ‘Urbanization affects the structure and function of natural systems both directly, through
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converting the land surface, and indirectly, modifying energy flows and the availability of nutrients and
water’ (Alberti, 2000). Thus, material and energy flows have significant (usually negative) impacts on
the ecosystem (where they are derived from and release to) at a scale ranging from local to regional, to
global (Rosado & Ferrăo, 2008).
According to a study conducted by (Folke, Jansson, Larsson, & Costanza, 1997) on 29 largest cities in
Baltic Europe drainage basin, the area of agricultural, forests and marine ecosystems required for the
production of food, paper, wood, fibre consumed is approximately 200 times the area of cities
themselves, and without trade, these cities would appropriate 70% of the region. In addition to this, the
area of forests, agricultural land, wetlands and inland water bodies for the sequestration of CO2 and N
and P waste assimilation is 390 – 975 times the area of cities. The 35 largest cities in China, which
contain 18% of the population, contribute 40% of China's energy uses and CO2 emissions (Dhakal,
2009).
The notion of urban metabolism was originally based on the analogy with the metabolism of an
organism, the more popularly accepted analogy is comparing a city to an ecosystem. Metabolism is
defined as ‘the sum of all the biological, chemical and physical processes that occur within an organism
or ecosystem to enable it to exist indefinitely’ (Steemers, 2003, p. 124). Cities have been compared to
living organisms in the sense that ‘cities transform raw materials, fuel, and water into the built
environment, human biomass and waste’ (Decker, Elliott, Smith, Blake, & Rowland, 2000). However,
cities are more complex than single organisms and are in fact home to a large number of organisms.
Urban metabolism is defined as ‘the sum total of the technical and socio-economic process that occur in
cities, resulting in growth, production of energy and elimination of waste’(Kennedy et al., 2007). García
et al. (2008) notes that urban areas have parasitic characteristics because a very small area (2% of the
earth’s surface) consumes a disproportionately large (75%) of resources. However, most urban areas
have a linear metabolism system that depends on the input of resources and elimination of wastes while
often contributing negatively to the ecosystem that they depend on. Eugene Odum has also described
the city as a heterotrophic system (Odum, 1975) and later as a parasitic ecosystem (Odum, 1993). The
metabolism approach is a powerful metaphor for the illustration of the processes that mobilize and
control the flows of energy and materials through a city. Urban metabolism studies have been conducted
by academics from a large cross section of fields (such as civil engineers and mechanical engineers,
urban planners and system ecologists) and used in the formation of environmental policy and
investigation into the development of cities (Tarr, 2002).
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Urban metabolism is influenced by several factors. Energy and material flows, as well as the potential
for harnessing solar energy or harvesting rainwater, can be influenced by urban structure and land use
(including urban morphology, population densities and stage of development), as well as transport
technologies and their choices. In addition to providing resources. The ecosystem also provides
urbanised areas with significant regulatory services such as physical climate, water retention and nutrient
balance (Vačkář, 2008). The affluence and lifestyle of the residents and cultural factors, as well as the
size of the city also influence metabolism flows (Minx et al., 2011; Phdungsilp, 2006; Wackernagel &
Rees, 1996). These factors work individually and in combination with each other to produce different
metabolic rates in different urban areas. For example, hot summer weather in the tropical climate,
combined with urban heat island caused due to densely packed buildings, is known to cause increased
use of air conditioning. However, increased share of vegetation and provision of natural ventilation
through good design and oriented buildings can reduce the energy demand. Thus, not only do cities have
distinct metabolism, the metabolism of neighbourhoods (that is, consumption patterns, generation of
waste, contaminants and capacity of response, regarding the functions and services they provide) are
also quite heterogeneous across a city (Pomázi & Szabó, 2008). However, more research has been
conducted into the hardware side, that is, the flows of energy and material, whereas very little has been
done to connect the flows to human behaviour patterns and physical settings. This highlights the need
for a) factoring these physical characteristics in the study of Urban Metabolism and b) a focus on the
neighbourhood scale.
This section reviews the literature on the basic metabolism model, evaluates its advantages and
disadvantages, and highlights the need and usefulness of the ‘extended urban metabolism’ model to
analyse the sustainability of an urban system. This conceptual framework is then used in the following
chapters to compare and analyse the case study areas.

3.3.1 City as an ecosystem
Phdungsilp (2006) defines an ecosystem as ‘a biotic assemblage of plants, animals, and microbes, taken
together with their physio-chemical environment’. Three groups, which are producers, consumers and
decomposers (Phdungsilp, 2006) comprising mainly of plants, animals and microorganisms,
respectively, are responsible for maintaining the biological cycle of materials. In a human-induced (or
urban) system, the production activities include energy production (fossil fuels), manufacturing (nonfuel minerals) and growing food; consumers are humans and their domestic animals; and decomposing
or recycling activities include treatment of wastewater and the recycling of metals. However, unlike the
close proximity between producers, consumers and recyclers in a natural ecosystem, there is usually a
significant physical displacement between the three groups, as well, as, a lack of efficiency and
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sufficiency of decomposers/recyclers in the urban system. Thus, the linear flow, of continuous extraction
from and disposal to the environment, of urban metabolic systems are in contrast to the closed-looped,
multiple internal cycles of natural systems. These interactions are represented in Figure 24.

Figure 24: The movement of resources through natural and urban systems (Author)
While the physical displacement between the three groups in the urban system increases the energy
required to transfer materials between the groups, the insufficient decomposers lead to release of harmful
substances into the natural ecosystem.
A. Opening of the loop
Bales (2010) have argued that, though overlooked for many years, concerns regarding urban metabolism
are neither new nor was the metabolism of urban areas always a linear process (Karakiewicz, 2011). The
European scientist had addressed the question of supplying the cities with materials and energy on an
ongoing basis, intellectual and political communities even in the early twentieth century. However,
urban metabolism studies (though not the term used then) in the nineteenth century involved mainly the
work of chemist whose work involved analysing the cycle of organic matter, that is, using urban waste
(such as human and animal urine and excrement, organic mud produced on streets, household and preindustrial refuse, and butcher shop and slaughterhouse by-products), as new sources of fertilizers to
improve the food productivity of rural areas (Barles, 2010). However, the widespread industrialisation,
the associated technological advancements and the heavy reliance on petroleum products, introduced
synthetic fertilizers and mobilized new raw materials that made urban waste useless. This led to the death
of urban chemistry and opened up the urban metabolism cycle (Barles, 2010; Karakiewicz, 2011). In
addition, the modern society not only has a higher per capita consumption of resources, most of the
materials, such as plastic, glass and ceramic are non-biodegradable, that tend to accumulate in the
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ecosystem, harming it (Karakiewicz, 2011). Bales (2010) also note that several decades later, the
widespread destructive effect of human behaviour and the reducing capacity of the Earth’s finite
resources to feed and maintain the growing human population, led to renewed interest in urban
metabolism.

3.3.2 Review of the basic metabolism studies
In 1844, Karl Marx stated that ‘…cities are continuous converters of materials into artificial objects’;
emphasising the importance of natural capital and the ecological disruptions caused by industrialisation
and capitalism (Karakiewicz, 2011). The rapidly deteriorating urban environment in many American
cities prompted Abel Wolman (1965) to develop the idea of urban metabolism by quantitatively
measuring the metabolism of a hypothetical American city of one million population. Even though
Wolman focused on only three main problems (that is water supply, sewage disposal and air pollution)
and ignored other (such as electricity supply, infrastructure provisions, and solid waste disposal), the
top-down approach emphasised the need to develop urban systems as closed circular systems, as in the
case of natural ecosystems. Though the research on urban metabolism has waxed and waned over the
years, the concept has proved to be fundamental to developing sustainable cities and communities
(Kennedy, Pincetl, & Bunje, 2011).

Figure 25: The urban metabolism of Brussels, Belgium in early 1970s
Source: Duvigneaud and Denaeyer-De Smet 1977 in (Holmes & Pincetl, 2012)
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The first urban metabolism studies were carried out in 1970’s and 1980’s within the framework of
UNESCO Man and Biosphere Programme, launched in 1971, under which about 119 countries have been
analysed (including pioneering studies of Rome, Barcelona, Hong Kong). Chemical engineers,
ecologists and civil engineers conducted the first three studies of Tokyo (1976), Brussels (1977) and
Hong Kong (1978), respectively, establishing the interdisciplinary nature of the topic (Kennedy et al.,
2011). In 1977, Duvigneaud and Denaeyer-De Smet had published one of the earliest and most
comprehensive urban metabolism studies that included very high levels of detail, allowing for the
inclusion of this natural energy balance exploring important and often ignored factors (Kennedy et al.,
2011). The study summarised the stocks and flows in an attractive diagrammatic form, as shown in
Figure 25.
The study of Hong Kong by Newcomb, Kalma, & Aston (1978) was a significant contribution to
metabolism studies. In addition to analysing construction materials and the input-output of manufactured
products, the study characterized the physical indicators of the flows and the social variables affecting
the human population (such as employment, health, mortality and satisfaction) (White, 1994). Revisiting
the study, Warren-Rhodes & Koenig (Warren-Rhodes & Koenig, 2001), compared the 1971 study’s
results to 1997 metabolic rates. Thus, the study highlighted the detrimental effect of the transition of
Hong Kong from a manufacturing centre to a service-based economy, the addition of more than three
million people in the study period and unrelenting growth, on its natural environment.
Since the late 1970s, a variety of cities and regions have been analysed across the world. Table 60 (in
Appendix A) provides a chronological review of urban metabolism studies. Different sets of studies
across the existing literature have been addressed different aspects of urban metabolism. Some studies
have conducted a comprehensive material balance as for example in cases studies for Vienna (Hendriks
et al., 2000), Hong Kong (Warren-Rhodes & Koenig, 2001), Los Angeles (Ngo & Pataki, 2008),
Limerick City Region (Browne, O’Regan, & Moles, 2009), Lisbon (Niza, Rosado, & Ferrão, 2009) or
Los Angeles (Ngo & Pataki, 2008), trying to capture a large variety of metabolic flow types (e.g. water,
fossil fuels, sewage solid waste etc.). However, due to major data restrictions, most of these studies have
quantified only the materials directly imported to and exported from a city, ignoring the indirect material
requirements in higher supply chain layers. Available studies typically focus on a single city (or region)
at a single point in time mainly due to the data intensity of the task and severe restrictions in terms of
data availability. Collecting a consistent pool of data is often difficult, particularly for cross-sectional
studies, when using standard MFA approaches (Minx et al., 2011). In contrast, some studies focus on
specific metabolic flows such as water flows (Jenerette, Marussich, & Newell, 2006; Laroche &
Theriault, 2009), construction materials (Huang & Hsu, 2003) or food consumption (Barles, 2007;
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Bohle, 1994) that often allows them to quantify all the indirect energy and CO2 requirements associated
with cities. Even MFA studies focusing on specific metabolic flows, considered metabolic flows of
water, energy, waste and air emissions more frequently, than other material flows such as biomass,
minerals or consumer products (Kennedy et al. 2007). The spatial boundaries for the analysis are most
frequently defined by the administrative borders of the city itself or the larger metropolitan area. Very
few studies have tried to compare the metabolic flows of different cities within the country or across the
world (Jenerette et al., 2006; Kennedy et al., 2007; Minx et al., 2011; Sahely, Dudding, & Kennedy,
2003).
A. Increasing metabolism
Studies of urban areas from around the world show that urban metabolism is increasing, not only in
absolute terms (because of increasing global, and especially urban, population), but also in per capita
terms. Newman and associates used the metabolism analyses to compare the metabolic flows for Sydney
between 1970 and 1990, as a part of a state of the environment (SOE) report for Australia (Newman et
al., 1996). With the exception of a few air quality parameters, the study highlighted a trend in increasing
per capita resource inputs and waste outputs over
the study period (see Figure 26).
A similar trend was observed in the comparison
of the metabolism of Hong Kong between 1991
and 1997, where a significant increase in
consumption and discharge of wastes has
resulted

in

systemic

overload

of

land,

atmospheric and water systems. Per capita food,
water and materials consumption had increased
by 20%, 40%, and 149%, respectively, during the
study

period.

accompanied

Tremendous
this

growing

pollution

had

affluence

and

materialism, and total air emissions, CO2
outputs, municipal solid wastes, and sewage
discharges have risen by 30%, 250%, 245%, and
153% (Warren-Rhodes & Koenig, 2001).

Figure 26: Trends in resource flows, Sydney,
1970 and 1990
Source: (Newman et al., 1996, pp. 3-34)
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A comparative analysis of urban metabolism studies from eight metropolitan regions 43 across five
continents, conducted in various years since 1965, mostly demonstrated increasing per capita
metabolism with respect to water, wastewater, energy, and materials (Kennedy et al., 2007). Hamburg,
Hong Kong, and Vienna had become more materials intensive while energy inputs to Hong Kong and
Sydney had increased. However, per capita energy and water inputs levelled off in Toronto, indicating
increased efficiency. While some cities had reduced their residential waste in absolute terms by
implementing large-scale recycling, commercial and industrial waste was on a rise. Also, while
emissions of SO2 and particulates decreased in several cities, other air pollutants such as NOx increased.
B. Accounting systems
There are two fundamental types of physical accounts (Minx et al., 2011):
a) Production based accounts that account for all material extraction and waste released within
the boundary of a city (or region, country etc.) directly, regardless whether the residents of the
city (i.e. domestic activities/ domestic consumption) or people elsewhere in the world (i.e.
foreign activities/ exports) are served by the activities generating these flows serve. The focus,
therefore, is on all physical exchange processes taking place on the system boundary, irrespective
of the beneficiary (residents of the study area or anybody else).
b) Consumption based accounts that account for all material extraction required for consumption
or and waste released by a particular city (or region, country etc.) directly or indirectly,
irrespective of where these physical flows might occur in the world. Thus, physical flows
associated with imports are included and physical flows associated with exports are excluded;
providing a complete description of all direct and indirect metabolic flows required for a specific
consumption. The focus is therefore on all physical exchange processes taking place anywhere
in the world for a particular beneficiary (i.e. urban user).

3.3.3 Frameworks to analyse Urban Metabolism
Since the conceptualisation of urban metabolism by Abel Wolman, researchers have developed a variety
of different models for varying application, each with its advantages and disadvantages. The following
section gives a brief overview of some of the most commonly used methods.

43

Brussels, Tokyo, Hong Kong, Sydney, Toronto, Vienna, London and Cape Town
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A. Emergy analysis
Developed by ecologist Howard Thomas Odum, ‘Emergy’ analysis is a quantitative method for
evaluating both ecological and societal systems, based on the principle of energy accounting (Liu,
Matsumoto, & Xue, 2008). Emergy, specifically Solar Emergy, is the available solar energy used up
directly and indirectly to make a service or product. Emergy analysis considers all systems to be
networks of energy flow and determines the Emergy value of the streams and systems involved. Emergy
is used as a common denominator so that flows and storages of different types can be expressed and
compared in the same unit. The emergy analysis model overcomes the incompatibility of the ecological
system with the monetary flow by providing the same value even to resources that are not priced on the
economic market, thus forming a complete view of the interaction that make up a city’s urban
metabolism (Y. Zhang, Yang, & Yu, 2009).
B. Input-Output analysis
The Input-Output analysis (IO-analysis), originally designed to analyse the interdependence of industries
in an economy, is an analytical framework created by Nobel Prize laureate (economics) Wassily Leontief
in the late 1930s. A standard IO-model is used to calculate gross output and factor inputs required to
satisfy a given final demand. The advantage of measuring the flows of commodities in physical units as
compared to monetary units lies in the fact that physical units explicitly represent the quantity of the
flows, whereas a measurement in monetary units always combines quantity and unit prices (Duchin,
2004).
C. Material flow analysis
Material flow analysis (MFA) is an environmental accounting approach aimed at the quantification of
metabolism that is applicable to various geographic and institutional scales. MFA, commonly used by
engineers, usually emphasises on the flow of particular substance and not on entire systems. MFA studies
mostly account for the direct imports and exports only and not the metabolic flows required further
upstream to produce these products in a first instance (Niza et al., 2009). MFA uses the mass balance
principle known as inputs equal outputs plus stock increase, which requires a sufficiently precise
definition of the physical boundaries of a given economic system and a comprehensive coverage of the
inputs, outputs and stock changes (Eurostat, 2001; Fischer-Kowalski, 1998). Conventionally, it
aggregates all solid materials i.e., biomass, gross ores, industrial and construction minerals, fossil fuels
and the physical volume of traded commodities that cross the defined boundary of a system, but not
water and air because the socio-economic throughput of these materials exceeds that of all others by
order of magnitude (Eurostat, 2001).
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D. Life cycle assessment
Life cycle assessment (LCA), also known as cradle-to-grave analysis, is a tool that assesses the impacts
of product systems and services, accounting for the resources used during the production, distribution,
use and disposal of a product (Phdungsilp, 2006). Thus, LCA is capable of finding the significant part
contributing most pollution emission within the entire life of a product, consequently, it could help
ecodesign of product and improving environmental impact. It was developed based on the environmental
burden evaluation of returnable bottle and can which was conducted by Midwest Research Institute (now
Franklin Institute) and commissioned by Coca-Cola (Liu et al., 2008). LCA consists of three distinct
analytical steps: (1) the determination of processes involved in the life-cycle of a product, (2) the
determination of environmental pressure such as resource use produced in each of those processes and
(3) the assessment of environmental impacts and aggregation as impact indicators. The procedures of
life cycle assessment are part of the ISO 14000 environmental management standards.
Standard LCA software already existing includes databases for many basic materials and a number of
important commodities. More extensive databases, such as EcoInvent, are available for purchase. Some
industry associations have produced their own data. SimaPro, the most widely used software tool now
also contains data from IO-analysis, so that hybrid assessments can be constructed. The data represents
conditions in industrialized countries. Data from developing and emerging countries, however, is still
lacking. Hence, there is a lack of data especially on a number of agricultural products and manufactured
products, and the available data may be biased (Haas et al., 2005).
E. Ecological footprint
The ecological footprint (EF) analysis, introduced by Rees (1992) and elaborated by Wackernagel and
Rees (1996), is an accounting systems that estimate the resource consumption and waste assimilation
requirements of a defined human population or economy in terms of a corresponding productive land
area. Based on the concept of ‘human carrying capacity’ 44 of the earth, consumption is divided into 5
categories (i.e., food, housing, transportation, consumer goods and services) and land is divided into 8
categories (i.e., energy land, built land, gardens, cropland, pastures, managed forests, untouched forests
and non-productive areas) (Wackernagel & Rees, 1996). The ecological footprint is calculated by
compiling a matrix, which links consumption (rows) with land use (columns). In order to calculate the
per-capita ecological footprint, all land areas are added up and then divided by the population, giving a
result in hectares per capita. Both the direct land requirements and indirect effects of all forms of material
Human carrying capacity is defined as ‘the maximum rate of resource consumption and waste discharge that can be sustained indefinitely
without progressively impairing the functional integrity and productivity of relevant ecosystems’(Rees, 1992).
44
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and energy consumption are included in a complete ecological footprint analysis. The equations
proposed by Wackernagel and Rees (1996) are as follows:
Equation 1: Total ecological footprint (ef) of an average person
𝑛

𝑒𝑓 = ∑ 𝑎𝑎𝑖
𝑖=1

Equation 2: Land area appropriated per capita (aa)
𝑎𝑎𝑖 = 𝑐𝑖 ⁄𝑝𝑖
Where,
i = each major consumption item
c = average annual consumption (in kg/capita)
p = average annual productivity or yield (in kg/ha)
The natural resource base is transformed into the final products with different efficiencies that give basis
to the ecological footprint differences, that is, high resource conversion inefficiencies (such as low
agricultural yields or high material intensity) translate into extensive ecological footprints.
The commonly cited advantage of the ecological footprint analysis is that ecological footprint provides
an aggregate account of a society’s activity as compared to its biophysical limits. The urban footprints
make spatially extended map of source and sink ecosystems required to support urban metabolism (Folke
et al., 1997) that acts as an excellent communication tool (van den Bergh & Verbruggen, 1999) easily
understood even by non-professionals. However, a number of researchers have criticized the method of
being an oversimplification of the complex task of measuring the sustainability of consumption, leading
to the comparisons of populations becoming meaningless or the result of a single population being
significantly underestimated. In addition, the aggregated form of the final ecological footprint makes it
difficult to understand the specific reasons for the un-sustainability of the consumption of a given
population, and to formulate appropriate policy responses (Rapport, 2000).

3.3.4 Advantages and disadvantages of urban metabolism
The use of an ecosystem approach to urban environment, emphasizing the city as a complex system,
enables a greater understanding of human, biophysical and urban interactions (Alberti, 2008; Alberti et
al., 2003). One of the strengths of the urban metabolism models is that it provides parameters that meet
the criteria for good sustainability indicators. The model is scientifically based on the principles of the
conservation of energy and mass (Phdungsilp, 2006). Urban metabolism not only measures the
exploitation of resources and the generated wastes, but also measures the resource efficiency. Further, it
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explores the linear v/s cyclic nature of the metabolic flows. Thus, it provides a good analytical
framework for accounting of urban stocks and throughputs, for better understanding of critical processes
as well (increasing or decreasing ground water resources, heat island, long-term impacts of hazardous
construction materials) (Pomázi & Szabó, 2008). Urban metabolism is, therefore, a useful tool for early
recognition of environmental conditions, as urban metabolism does not rely on signals of environmental
stress but rather highlights potential future problems by demonstrating changes inflows and stocks of
the region (Phdungsilp, 2006). As such, it is used by academics from a large cross section of fields
including usage to form environmental policy and investigation into the development of cities, indicating
the multidisciplinary applications of the topic (Tarr, 2002).
Studies of urban metabolism are limited by several factors, with data availability being the most limiting
factor in its practical implementation (Minx et al., 2011). The availability and accuracy of data at the
city level, especially in developing countries (García et al., 2008; Phdungsilp, 2006), along with data
gaps in time series and methodological changes (Pomázi & Szabó, 2008) of available data, strongly limit
overall calculations of aggregated material flow indicators. Also, most of the studies reflect a substantial
incompleteness given that they have tended to focus mainly on biophysical trends and to ignore socioeconomic considerations, thus making more difficult to properly orientate policy making (Phdungsilp,
2006; Sahely et al., 2003). Urban metabolism studies often provide information only on environmental
pressures in terms of the amount of resources extracted or the amount of pollution generated. Little
information is usually provided in terms of how this might change aspects of environmental quality or
how this might relate to basic concepts of environmental sustainability such as resilience or carrying
capacity (Minx et al., 2011). Minx et al. (2011) also argue that there is still relatively little evidence how
urban patterns, urban drivers and urban lifestyles change the metabolism of cities and their
environmental impacts.

3.4 The Extended Metabolism model
Newman and associates proposed two extensions to the basic metabolism model: dynamics internal to
urban areas and livability45 as a new type of output (see Figure 27)(Newman et al., 1996). The extended
urban metabolism model of human settlements, developed by Newman et al. (1996) for State of the
Environment Australia 1996, is a valuable conceptual model for guiding urban environmental indicator
development, which has been elaborated upon further46 in the following report by Newton et al. (1998).

Livability is defined as ‘the human requirement for social amenity, health and wellbeing and includes notions of individual and
community wellbeing in both the human and wider environment’.
46 The report classifies indicators into the derivative Condition—Pressure—Response framework.
45
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The model also expands the number of categories considered in Wolman’s flows; introduces a new type
of output, constituted by contribution to liveability in the urban area; considers those dynamics internal
to the urban areas (demography, economy, planning, and institutions); and addresses the sustainable
development concept by stressing the needs of future generations. Newman et al. (1996) argue that other
models for measuring urban metabolism do not help to assess the possibility of reducing requirements
for resources while maintaining or improving livability. The extended metabolism model is applicable
to a range of levels and to a range of different human activities: urban industrial, commercial or
household.

Figure 27: The extended metabolism model of human settlements
Another extended metabolism model, developed by Minx et al. (2011) proposes three extensions to the
standard metabolism model (see Figure 29):
i.

From environmental pressures towards aspects of environmental quality

ii.

Urban Drivers & Urban Patterns

iii.

Urban Quality & Co-Benefits

Extensions 1: According to Minx et al. (2011) three components, namely (1) environmental sources, (2)
environmental sinks and (3) ecological support functions, have been added to the framework to move
conceptually from environmental pressures towards aspects of environmental quality. Though sources
and sinks are already implicit dimensions of the standard urban metabolism concept, trends in urban
resource use and the state of the natural resource base are evaluated not just in absolute terms, but also
in relation to overall resource availability.
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Extension 2: Minx et al. (2011) have argued that one of the key questions for urban metabolism research
is how trends in urban metabolic flows are linked to trends in spatial structure, urban organizations and
lifestyles. Unless the urban metabolism concept addresses the relationship between urban drivers, urban
patterns and urban drivers with urban metabolic flows, little can be learned from urban metabolism
studies. Figure 28 highlights the inter-relationship between urban drivers, patterns and lifestyles and
urban systems.

Figure 28: Interdependence between Urban systems and patterns, drivers and lifestyles
Source: Based on (Minx et al., 2011, p. 11)
Extension 3: Minx et al. (2011) have defined urban quality broadly as local quality of life that covers a
variety of issues such as local environmental quality, human health, accessibility, employment
opportunities and urban design quality. It has a two-way relation with metabolic flows, influencing and
being influenced by them.
The extended conceptual framework for urban metabolism integrating the three proposed extensions is
summarised in Figure 29.
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Figure 29: The Extended Metabolism model
Source: Based on (Minx et al., 2011, p. 13)
The second extended metabolism model, developed by Minx (2011), is greatly influenced by its
predecessor, developed by and shares similar characteristics. The ‘urban quality’ component of Minx’s
model is comparable to the ‘livebility’ component of Newman’s model, with both models including
indicators for community and employment, income, housing, accessibility, social infrastructure.
Similarly, the ‘Urban drivers’ component of Minx’s model is comparable to the ‘dynamics of settlement’
component of Newman’s model with both models including indicators for population, economics,
institutional factors (or regulations) and management (or governance). However, even the similar
components are organised differently in the models, in addition to containing additional indicators. Also,
Minx’s model also consists of an additional component, the ‘urban patterns’, evaluating the physical
characteristics of the case study, that is more comprehensive than the ‘urban design qualities’ indicators
under ‘livebility’ component of Newman’s model. Thus, Minx’s model, though a derivative of
Newman’s model, has been selected for this thesis due its comprehensiveness and organisational
qualities.

3.5 Embodied Energy v/s Operational energy
This section focuses on the two main types of energy used by buildings: a) ‘embodied’ energy used in
construction and b) ‘operational’ energy used in the services and maintenance of the building. It is argued
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that ‘embodied energy’ while an extremely important factor in the built-environment, is of significantly
less importance in this analysis, because:
1) The majority of energy used in the built environment is ‘operational’
2) The buildings in Mumbai need to be redeveloped, thereby necessitating the use of ‘embodied’
energy, whatever the form or shape of the buildings
Embodied energy is, most commonly, defined as the total energy required, directly and indirectly, in the
production of goods and services (and all its components), starting from the extraction of raw materials
to the final production. That is, for example, the embodied energy of a building includes the energy
required in its construction of the building, as well as the energy spent in the manufacture and transport
of all its components such as steel, concrete, etc. Embodied carbon, though not exactly analogous, is the
carbon given off because of the embodied energy used and sometimes by associated chemical processes
(e.g. the extra CO2 given off as a chemical reaction in cement manufacture). Operational energy, on the
other hand, consists of the energy required for running/operation of the product. That is, in the case of
buildings it consists of mainly the energy used for artificial ventilation (heating or cooling) and lighting,
as well as, vertical movement (lifts), water pumps, and electrical appliances (Schiller & Evans, 2000).
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Figure 30: Annual primary energy consumption per household (in Gigajoules)
Data source: (Patrick Troy, Holloway, Pullen, & Bunker, 2003 )
A study conducted by Troy, Holloway, Pullen, & Bunker (2003) for six case study areas in Adelaide,
the State Capital of South Australia also reveals that operational energy consumption (and greenhouse
gas production) are more significant than embodied energy consumption expressed in terms of ‘annual
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equivalent consumption' 47 . This is illustrated in Error! Reference source not found. where, on
verage, about 76% energy is used in the operation of the buildings. In addition to this, major components
of operational energy consumption were found to be electricity and transport. The authors recommend
that policies promoting efficiency in these areas need to be implemented.
However, another study conducted by Fridley (2010), in Suzhou, China concludes that energy embodied
in the infrastructure and consumption of goods and services is 74%, whereas, the operation energy (that
consists of energy used to light, cool, heat, run equipment such as water pumps and televisions, and to
run vehicles) is only 26% of the total energy use. This is contrary to the notion established earlier, mainly
because of two reasons:
1. The life of buildings and infrastructure considered for the calculation of annual embodied energy
is very low. The building lifetime considered in this research is 30 years, while the author
acknowledges that the average lifetime of buildings in US and UK is 75 and 100 years
respectively. It is unreasonable and waste of resources to be re-building building in 30 years,
though it might be the case in China. Thus, there is a need for durability and policies to encourage
extended the life of the products and services once they are produced.
2. The total embodied energy in Suzhou case study also includes the energy embodied in
consumption goods and services that are expressed as residential living consumption, which has
not been specified in other studies.
Though these are important components of the total footprint of the city, these do not affect the built
form or the consumption thereof and should be included in the life-cycle analysis. In fact, as the
researcher puts it, it highlights the influence of the behaviour of the residents (personal consumption of
goods and services) on the energy footprint of a city, as discussed in section 3.1.2.
According to Roaf et.al. (2004), the energy consumed during operation accounts for up to 90% of a
building’s environmental impact. Vale & Vale (2009) explain that life-cycle energy of a housing unit is
dominated by operational energy. Fay (1999) notes that in the life-cycle analysis of typical Australian
house, embodied energy of appliances such as cooker, fridge, etc. and heating and hot water systems
accounted for 13% over a 100-year period and 5% at the start (p.424). Having analysed and compared
multiple studies, Vale & Vale (2009) have concluded that the reduction of environmental impact of
houses is dependent on reducing space heating and increasing the life of the building, even at the cost of

47

The study converted the total primary embodied energy (of dwellings, private vehicles and associated infrastructure) into equivalent
annual consumption by ‘discounting’ the consumption over a specific period, for effective comparison with operational energy that is
calculated on an annual basis.
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increased embodied energy (pp. 184-185). This, in the hot and tropical countries, would mean reducing
artificial cooling requirements through better passive design. Morris (2012) summaries that ‘for
structures that are known to be sited in locations that could have a viable long-term use, an adaptable
long-term structural solution, perhaps with a high initial embodied content, may well have the lowest
'whole life' embodied content. However, short term designs require shorter term, less carbon intensive
materials’. He also notes that most buildings, unless demolished for commercial reasons, would still be
standing at the end of their ‘design life’. Selincourt (2012), pointing to the bizarreness of ‘eco mansions’,
suggest that small and compact buildings would reduce cost, embodied energy and operational energy.
Vale & Vale (2009) also observe that the dominance of operational energy over embodied also apply to
other consumer items, such as cars. In the life-cycle analysis of a private car, the operation of the vehicle
accounted for 62% of the energy while remaining 28% and 10 % was contributed by the manufacture
and maintenance of the vehicle and road, respectively, spread over a 40-year lifespan.
With the exception of Fridley’s research (Fridley, 2010), which distorts embodied energy by considering
short lifespan of buildings and includes embodied energy in day-to-day living consumption, research in
this field indicates that embodied energy is somewhere between 10-30% of the total energy use in the
life-cycle of a building.
Considering that, the design life of buildings in Mumbai is 50 years, a well-constructed and wellmaintained building can last for 75 years or more, as is the case with most building stock in the city.
This would make operational energy a significantly higher component compared to embodied energy.
Considering that redevelopment in the case study, areas are inevitable due the poor structural condition
of most buildings and the poor urban environment, the thesis focuses only on the operation aspects of
the building with respect to energy and water consumptions, instead of a full life cycle analysis. Since,
it is a comparative analysis; the elimination of embodied energy is unlikely to make a significant impact
on the results.
The purpose of this research is to analyse the impact of built form on the energy used in redevelopment.
The study is not arguing that redevelopment should not take place and so it would be unfit to compare
the embodied energy in the existing site with that of the new. Redevelopment will take place in one form
or another and while there will be a difference in embodied energy depending on built-form, it will be
relatively minor. Taking account of operational energy, the embodied energy becomes even less
significant. Therefore, this study focuses on operational energy as it is the overwhelmingly largest energy
use.
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3.6 Summary
This chapter has identified the limitations of the term ‘sustainability’ as it is commonly used in the
literature on urban issues. It emphasises the importance of ‘environmental’ aspects of sustainability as
underpinning both social and economic aspects since to be ‘sustainable’ means to be able to continue
indefinitely. Since there are limited resources on planet Earth, cities are inherently unsustainable. This
highlights the need for measuring sustainability and this chapter reviews the various methods available
and the literature on the subject over the last 50 years.
The extended urban metabolism is selected as the conceptual framework for measuring the sustainability
as it not only measures the flow of resources, but also tries to relate them to the socio-economic
conditions and human behaviour. The analysis distinguishes between ‘operational’ and ‘embodied’
resources for urban issues. While ‘embodied’ resources are one aspect of metabolism, they are generally
small in comparison to ‘operational resources’ and hence this thesis focuses on ‘operational’ resources.
The following chapter describes the principles of the methodology used to relate urban form to resource
consumption through the ‘extended urban metabolism model’. It demonstrates that while urban drivers,
patterns and quality describe the conditions under which metabolic flows arise, metabolism can be
measured by ‘urban flow indicators’.
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Chapter 4: Research Methodology
Chapter 3 reviews the literature on the concepts of ‘Sustainability’ and ‘Urban Metabolism’ and how it
has been analysed in other studies. This chapter focusses on how this method of measuring sustainability
is used for the case studies in this thesis. The chapter begins by describing and discussing the methods
employed in conducting the thesis and defines the conceptual framework used for the analysis of the
case studies. It then defines the various spatial scales at which the research is conducted and the
boundaries of the systems studied. In the process, it identifies that it is difficult to obtain reliable data in
developing countries and that an accurate analysis of ‘embodied’ energy or water in the built
environment is not possible. Therefore, the thesis focuses on the flows of ‘operational’ energy, water
and wastes. Finally, it enlists and justifies the various methods and sources used in collecting the data
for the research.
This research investigates the relationship between high density and sustainability by evaluating the
impact of intensification on environmental and infrastructural requirements. The main methods chosen
for this research include:
Review the existing literature: In the initial stage, a review of the literature was carried out to
understand the basic concepts, theories and methods of similar research (in chapter 2 and 3). This
literature review indicated a) difference in urban growth patterns, b) higher existing densities, and c) a
lack of existing research in cities of developing countries, compared to that in cities of developed
countries. However, intensifications are still promoted as means of achieving sustainability. The
literature review helped in a) identifying Mumbai City as an example of the intensification of highdensity urban area and b) the framework (the extended metabolism model) and indicators for analysing
the case study. In the absence of primary data, the literature review also provided critical data from
secondary sources needed for the research.
Identify case studies and systems boundaries: While an overall evaluation of urban
development, patterns and metabolism of Mumbai was carried out (in chapter 5), as detailed study was
required to identify the change in metabolism as a result of intensification. Detailed study areas were
selected based on morphological analysis and study of municipal regulations (in chapter 6). Comparison
of urban metabolism in the developments before and after intensification has been carried out at two
spatial scales: the cluster or neighbourhood level and district level, which were then used to address the
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research question. Systems boundaries were identified for the case study and the wider area (as
discussed in section 4.2)

Figure 31: Summary of research process (Author)
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Data collection: Data was collected from various primary and secondary sources: including
physical survey during site visits, from local government agencies, NGOs and the construction industry,
and desk-based research (as discussed in section 4.4)
Comparative analysis of metabolism (of existing and intensified developments): Detailed
analysis of the urban patterns, metabolic flows and urban quality were conducted for the case study (in
chapter 7), the results from which were extrapolated to the district level (Island City) and analysed to
evaluate the impact of the redevelopment and intensification on the infrastructural requirements and
environmental quality of the city (in chapter 8).
Interpretation of results: The change in metabolism, at the neighbourhood and district level,
were used to address the research questions (in chapter 9).
Figure 31 summarises the steps undertaken in conducting the research.

4.1 Conceptual Framework
Based on the literature review, urban metabolism was identified as a suitable method for measuring the
sustainability (or lack of it) of the intensification of Mumbai, due to the resource constraints faced by
the city. The ‘Ecological Footprint’ would be an appropriate method of measuring the flows. However,
conversion factors for the land area required for calculating the Ecological Footprint of the built
environment in India are not available. Therefore, the 'Extended Urban Metabolism' model developed
by Minx et al. (2011) of the Stockholm Environment Institute forms the conceptual framework for the
thesis. This extended framework is centred around a set of consumption-based indicators in order to
evaluate the global requirements on environmental sources and sinks triggered by urban final demands.
In addition, it provides linkages between urban metabolism, and the ecosystem service provision and
functioning. Thus, it is well aligned with the aims and objectives of the thesis. Figure 32 illustrates the
interactions between the various components of the extended metabolism model.
While the concept was originally developed to analyse European settlements mainly at the city and
regional level, it has been applied to the neighbourhood level and city level in Mumbai. The research
also provided indicator systems to monitor the urban metabolism, but due to the difference in research
aims, setting (cities in developed European countries v/s developing Asian country), spatial scale (city
v/s neighbourhood) and availability of data, the indicator systems have been modified to suit the
requirements of the thesis.
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Figure 32: The extended metabolism model
Source: Based on (Minx et al., 2011, p. 11)

4.2 System boundaries
The concept of sustainability and urban metabolism are both based on systems theory, which reflects the
operation and viability of an entire system. ‘A “system” denotes a set of material flows, stocks, and
processes within a defined boundary’(Codoban & Kennedy, 2008). While natural ecosystems are
complex and adaptive systems, cities are dynamic systems. Since urban metabolism measures the flow
of energy and materials to and from a particular system and can be carried out at different spatial scales,
such as neighbourhood, ward, city, metropolitan region or country, it is very important to specify the
scale and boundaries of the system being studied. This section defines the boundaries of the systems
studied in this thesis.
The aim of the thesis is to study the impact of intensifications on the sustainability of high-density cities
in developing economies. Mumbai is a poignant example of the pressures many cities in developing
countries are facing, especially in Asia. There is a nationalistic desire to establish Mumbai as a ‘worldclass city’ and project it as an image of societal welfare and technological progress in the country. With
an average population density of 23,812 per sq. km, Greater Mumbai is one of the most crowded cities
in the world, leading to land shortages, inefficient housing supply, ineffective development policies,
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overstretched transport facilities and lower quality of life. It needs to support vulnerable socio-economic
groups, create further jobs, make housing affordable and provide access to sanitation and other services,
in consideration with their environmental impact and energy consumption.
However, intensification of Mumbai through redevelopment is being carried out under various policies
(such as the redevelopment of mill lands, cessed properties and slums), each of which has different
boundaries and physical and metabolic characteristics. This thesis focuses on the redevelopment of
‘cessed properties’ (see section 5.3.2) as it has existing densities ranging from 34,081 persons per sq.
km to 113,604 persons per sq. km, and involves the redevelopment of the largest number of properties
in the Island City (over 16,000 buildings) that would result in the maximum increase in population
density, in addition to replacing the existing low-to-medium-rise development with a vertical built-form.
Though cessed properties are also located in the suburban districts of Mumbai, they have not been
included in this thesis as they are more dispersed than in the Island City district, the regulations are not
yet clear for their redevelopment and their inclusion would make the scale of the project too big
(considering the resources and time available for the thesis).
Due to the scale of the project and lack of data, the change in metabolic flows for the entire city district
could not be calculated directly. Since, the redevelopment is to take place cluster-by-cluster (and not all
at once), and the clusters are similar, a representative cluster can be analysed and the results extrapolated
for the whole City. Thus, it is important to examine the metabolism of a typical cluster, as each
development may contribute to the ‘unsustainability’ of the City. The boundaries of the case study are
defined as per the proposal (that is, the Bhendi Bazaar redevelopment project covering 16.5 acres of
land). The neighbourhood or cluster is considered to be the appropriate scale as it includes a number of
buildings, a mix of different uses and the associated infrastructure and amenities (such as roads and open
spaces). Codoban and Kennedy (2008) argue that ‘in many respects the unsustainable nature of
contemporary cities is a consequence of poor planning at the micro or neighbourhood level. Developing
sustainable neighbourhoods also helps to achieve sustainable urban form at the macro level. In order to
design sustainable neighbourhoods, it follows that we need to study the urban metabolism at the
neighbourhood scale’ (p. 21).
The results of the case study area were extrapolated to all cessed properties in the Island city to
understand the impact of large scale redevelopment and intensification on infrastructural requirements
and environmental quality. The results were then related to the existing infrastructural and environmental
quality of Greater Mumbai and the Metropolitan region based on the overview of metabolic flows in
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chapter 5. Thus, the thesis analyses the urban metabolic changes as a result of intensification and
redevelopment at the various spatial level of Mumbai (see Figure 33).

Figure 33: Spatial scales of system boundary (Author)
It is also important to note that the thesis has analysed the ‘operational’ use of the city and not the
‘embodied’ energy and material. The reason for this is that a) the operational energy use is significantly
greater than embodied energy over the life of buildings and infrastructure, b) the ‘embodied’ energy
analysis is very sensitive to the lifespan assumptions (for example, the existing cessed buildings have
existed for around 75 years and could be made to last significantly longer if they were repaired and
maintained well), c) it is difficult to obtain data on the embodied energy of building materials in India.

4.3 Selection of Indicators
Having identified the system boundaries, it is important to select the indicators used to evaluate the urban
metabolism. Urban flow indicators, quantifying the city's metabolism remain at the centre of attention
while urban drivers, patterns and quality describe the conditions under which metabolic flows arise and
provide the required contextual reference frame. However, due to the size, complexity and time limit,
not all aspects of metabolism can be studied. Therefore, key areas that would have the most impact or
are of most concern to the residents of the city and density studies, are identified in this section. The
indicators in each section were grouped into thematic areas to simplify the complexities of numerous
indicators while maintaining a holistic approach.
Thematic areas are selected by the combination of the two extended metabolism models by (Minx et al.,
2011) and Newman (1999), the literature review of resource consumption (factors affecting the
consumption and their impact in section 3.2), and identifying areas of primary concern in Mumbai (in
chapter 5). While the thematic areas remain same at both spatial levels (neighbourhood and district), the
indicators under the themes vary slightly, depending on the data availability and importance.

88

4.3.1 Urban drivers
Driver can be defined as ‘a factor which causes a particular phenomenon to happen or develop’ (Oxford
Dictionaries, 2014). Therefore, urban driver indicators are factors that create, modify or regulate the
physical metabolism of urban areas over a period of time, such as population, infrastructure decisions,
land-use planning and environmental regulations. For the purpose of this study, five thematic areas have
been selected:
a) Municipal regulations
b) Number and size of units
c) Population and density
Other indicators, such as geography and climate and price of water and electricity, have been discussed
at the city (Greater Mumbai) and regional level (MMR) in chapter 5, and are not included at the cluster
or city level as they would remain the same (except for urban heat islands, which could not be measured
as part of this thesis). Still others, such as water supply, drainage and electrical lines could not be
included in the case study due to lack of data at the required spatial scale.

4.3.2 Urban patterns
Urban pattern can be defined as the structure, form, mix and distribution of different functions and
elements of the urban settlement. For the purpose of this study, the following thematic areas have been
selected:
a) Size and layout
b) Urban form and buildings
c) Mix of uses
d) Transportation
e) Open areas between buildings

4.3.3 Urban flows
Urban flow indicators represent the physical metabolism of a city. For the purpose of this study, several
thematic areas have been selected:
a) Water (reticulated water supply and rainwater harvesting)
b) Energy: Electricity (both grid supplied and PV potential) and transport
c) Waste (solid waste and sewage)
d) Carbon dioxide (generation and sequestration)
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4.3.4 Urban Quality
For the purpose of this study, four thematic areas have been selected:
a) Infrastructure, open space and accessibility
b) Air pollution and microclimate
c) Social aspects/ employment
d) Housing quality

4.4 Data collection: Methods, sources and obstacles
The data on the physical characteristics and resource consumption of Mumbai (and the study areas) were
collected during multiple site visits (in 2011, 2012 and 2014) through various means that included:
1. Physical survey: Observation and documentation through field notes, maps and photos were
used to collect data on the physical characteristics (and socio-economic characteristics to a
certain extent) of the study area. The physical survey was also a means for identifying
neighbourhoods for detailed analysis, in the absence of a real redevelopment proposal and for
developing an understanding of the condition of the infrastructure in the study areas.
2. Engaging with local Municipal authorities: Various local government agencies were contacted
to gather information pertaining to the redevelopment proposal, as well as, data on the resource
supply to seven wards of the Island City. While some offices were unwilling to provide
information (such as The Brihanmumbai Electric Supply & Transport Undertaking for electricity
supply data), some claimed no record of consolidated supply data (such as the Water Works
Department) and some could not be contacted even after multiple visits. However, some agencies
were very helpful, such as
a. The Mumbai Transformation and Support Unit who provided the maps (with cessed
properties) of the seven wards on Mumbai City and the data on the over 1,135 projects
approved for redevelopment under DCR 33(7) in the Island city. These data were used in
extrapolating the result of the case study to the district level.
b. The Building Proposals Department of Mumbai that provided the master plans and
area statement for the Bhendi Bazaar case study.
3. Engaging with developers/Project proprietors: The project proprietors of the two biggest
urban renewal project approved in principle by the Brihanmumbai Municipal Corporation
(BMC), the Bhendi Bazaar project and the Chira Bazaar Project, were engaged.
a. Chira Bazaar project: While the organisation (Remaking of Mumbai Federation) was
engaging during the site visit to Mumbai, and agreed to share project details, they refused
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to provide the data at the end of the site visit. Also, the project faded away in the duration
of the research period.
b. Bhendi Bazaar project: While the project proprietors and architects (The Saifee
Burhani Upliftment Trust and Mandviwala Qutub & Associates) were willing to share
project details initially, they refused to share the data after the author’s return to the
University. However, surveyors (for the existing built-form) of the project provided
detailed floor plans and area statements of the existing buildings on the site and a master
plan of the proposed development.
4. Collaborating with local educational institutes: Various local college libraries were surveyed
for references and previous unpublished or ongoing research conducted.
In addition to the above mentioned methods used during site visit, a questionnaire based survey was also
conducted during the 2nd site visit, to collect primary data regarding resource consumption in the existing
cessed properties and towers developed under DCR 33(7). Two types of questionnaires, with slight
variations, were developed to survey the residents: Type 1 for the cessed properties and Type 2 for the
redeveloped properties. The participant’s information sheet and consent form was the same for both
types of development (see Appendix B). Existing areas under cessed properties were grouped into
clusters and randomly selected for the type one questionnaire, whereas the type two questionnaire used
the list of redeveloped properties provided by MTSU for random selection. Local architecture students,
as well as professional surveying companies, were approached to assist in conducting the survey.
However, the survey did not succeed and their results were rejected due to the extremely low and
incomplete responses.
As a result, a lot of the data, especially those pertaining to the resource consumption had to be collected
from desk-based research. Detailed description of methods of collecting data and their sources, for each
indicator, has been discussed along with the case study results in chapter 7 and 8.

4.5 Summary
This chapter describes the principles behind the research methodologies adopted for this research. More
detailed explanations of the methodologies are explained in the relevant chapters. For example, the
literature review in Chapters 2 and 3 as well as the metabolism analysis in chapter 5.
The principal analytical tool used in the research is the ‘extended urban metabolism’ model which
provides a structure to investigate the flows of energy and matter passing through an urban area and out
again in the form of wastes or pollutants. In this research, only the ‘operational’ flows were considered.
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While the ‘embodied’ flows are of interest, they are relatively minor over the lifespan of an urban area
in Mumbai. Furthermore, there is a lack of data on the embodied energy of building materials in India.
Analysing the metabolism of urban areas requires boundaries to be identified. In the case of this thesis,
the physical areas selected are the ‘cessed’ properties which form not only the largest urban renewal
undertaking in Mumbai but also have the greatest impact on increasing the density, in particular
residential density, in the City. Subsequent chapters carry out a detailed metabolism analysis on a
proposed development on a 16 acre urban renewal site. The analysis is then extrapolated across the
whole City based on the proportion of cessed properties throughout the various Wards.
The metabolism ‘indicators’ are then described in principle and these are then further investigated in
subsequent chapters. The indicators can be categorised into groups: 1) ‘drivers’ (population growth and
urban form legislation), 2) ‘patterns’ (physical form and use), 3) ‘flows’ (water, energy, waste and
carbon dioxide) and 4) ‘quality’ (access, open space, housing standards).
The data collection procedures are described which involved physical surveys of development sites and
the collection of information on both proposed and existing developments. A questionnaire survey was
also designed and distributed with the aid of local students. However, the response rate was low and the
authenticity of the results was suspect resulting in abandoning the survey. The information that would
have been gained from this survey was then obtained from desk studies.
The next chapter (5) focuses on the metabolism ‘indicators’ and the historical background to them
including the development of Mumbai and its infrastructure resources. These are then developed in
chapter 6 where ‘cessed’ properties become the focus and a pilot study is described before the main
study area is analysed in chapter 7.
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Chapter 5: An Overview of Mumbai
‘Transforming Mumbai into a World Class city with a Vibrant Economy and Globally Comparable
Quality of Life for its Citizens.’
The Vision Statement for Mumbai
Source: (Mumbai Transformation Support Unit, 2014)
Mumbai, formerly known as Bombay48, is the capital of the Indian state of Maharashtra. Located on the
west coast, ‘Mumbai is India’s largest industrial, financial and commercial centre’ (Swaminathan, 2005,
p. 81). The growth process of Mumbai has been linked with the national and global processes of
colonization, industrialization, development and underdevelopment. Over the years, ‘Mumbai has
emerged as an economic regional powerhouse with a sophisticated workforce and a large middle
class’(Bertaud, 2004). From being the main port for trade under the colonial rule, it has come to be
considered as India’s gateway for the wider world, as evident from Mumbai’s share of corporate
offices 49 and representation in international films 50 and novels 51 (Academy of Architecture, 1986;
Viljoen & Howe, 2005). The city’s physical structure, land use and built-form have been greatly
influenced by its


movement patterns (migration into the city and local transport networks),



occupation (from being a fishing village to a port town to an industrial city and finally being
service oriented metropolitan region) and



ownership or control of land (from being the centre of the Bombay Presidency under the colonial
rule to the state capital of Maharashtra post-independence, being the economic capital of India,
the government and private land ownership, as well as its tenancy laws).

There is a regional and nationalistic desire to establish Mumbai as a ‘world-class’ city and project it as
an image of societal welfare and technological progress in the country. However, land shortages,
inefficient housing supply, ineffective development policies, overstretched transport facilities and lower
quality of life indicate the need for sustainable development of the city. Being one of the densest cities

48

Bombay was renamed Mumbai in 1995 when the Hindu nationalist Shiv Sena party took control of the Maharashtra state government.
Depending on the historical period, the names have been used interchangeably in this thesis.
49 Almost all of the 295 foreign institutional investor that some to India since 1991 have their offices in Mumbai.
50 Slumdog Millionaire directed by Danny Boyle (2008); Bombay Dreams (musical) composed by A. R. Rahman (2002)
51 Maximum City (2005) by Sukheta Mehta; Shantaram (2003) by Gregory David Roberts; Sacred Games (2006)
by Vikram Chandra; Saraswati Park (2010) by Anjali Joseph, The Death of Vishnu (2001) by Manil Suri and Family Matters (2002) by
Rohinton Mistry.
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in the world, these problems are not new to Mumbai, with the City reeling under them since the late 19th
Century. In an effort to provide more housing and commercial opportunities within the Island city,
Mumbai has implemented several new regulations to promote urban renewal of the city. However,
Mumbai has already planned for and undergone urban renewal previously through large-scale
demolition and redevelopment in the past, without much success. In spite of the past failures, the new
regulations for redevelopment (and intensification) are being implemented with analysing the carrying
capacity of the infrastructure of the environment.
This chapter begins by analysing the process of industrialization and urbanization of Mumbai, and the
planning problems associated with them, in order to learn from experiences. It then discusses the future
plans for Mumbai, focusing mainly on the density regulations, redevelopment plans and housing.
However, just providing housing without the accompanying infrastructure is not sufficient. Hence, the
chapter also considers the past, current and future availability (and possible augmentation) of
infrastructure and natural resources for Mumbai. The chapter highlights the economic, social and
environmental transformation of Mumbai by emphasizing the following most important aspects:
development and transformation of the economy and society, material resource consumption and waste
generation, in order to establish the growth and metabolism of the city and related environmental impacts
until now.

5.1 Administrative Boundaries and Nomenclature
Mumbai, a metropolitan region situated on the east coast of India, is the capital of the state of
Maharashtra. The Mumbai Metropolitan Region (MMR) extends over an area of 4355 sq. km and
comprises municipal corporations of Greater Mumbai, Thane, Kalyan, Navi Mumbai and Ulhasnagar;
15 municipal towns; 7 non-municipal urban centres; and 955 villages (see Figure-1). There are 40
planning authorities in the region that are responsible for the micro-level planning of different areas
(MCGM, 2005 to 2025a).
Greater Mumbai consists of two distinct regions: Mumbai City district and Mumbai Suburban District,
covering 78.48 sq. km and 446.47 sq. km, respectively (see Figure-1). They are formed by the merger
of 7 islands in city area (refer to Figure 3) and 4 islands in suburbs, and form two separate revenue
districts of Maharashtra (MMRDA Planning Team, Planning division, 1996 - 2011a). The
Brihanmumbai Municipal Corporation (BMC) 52 (formerly the Bombay Municipal Corporation)
administers Greater Mumbai and is in charge of its civic and infrastructure needs.

52

It is also known as the Municipal Corporation of Greater Mumbai (MCGM) or the Bruhanmumbai Mahanagar Palika.
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Figure-1: Mumbai Metropolitan Region (indicating the urban centres)
Source: (MMRDA Planning Team, Planning division, 1996 - 2011a)
It is important to define Mumbai properly as the nomenclature can mean different things to different
people. Masselos (2005) observes that ‘the one word, Bombay/Mumbai, could cover different entities,
the CBD, Bombay City District, Greater Bombay, or the Bombay Metropolitan Region’. While, the
focus of this thesis is on the City district (also known as the Island city or town or South Mumbai), both
Greater Mumbai and the MMR are discussed and referred to in the thesis. While, the different geographic
and administrative areas have been clearly specified in all discussions, for historic references before the
formation of Greater Mumbai and MMR in the late 20th century, these distinctions are not possible.
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5.2 Geography and Climate
Greater Mumbai Metropolitan area lies between 18° and 19.2° North latitude and 72° and 73° East
longitude. The region as a whole is a lowland, lying on the west of Sayadri hill ranges. The average
elevation above sea level is about 10 to 15 metres (Government of Maharashtra, n.d.; MMRDA Planning
Team, 1996 - 2011). The topographically almost flat Island City is formed by the reclamation of low
lying areas between seven rocky/hilly islands, namely: Worli, Mahim, Parel, Mazgaon, Bombay, Colaba
and Little Colaba. Extensive reclamation was carried out under the colonial rule to combine these
islands, by chopping down the hills. The reclamation was extended further to connect it to the island of
Salsette over the years, to form Greater Mumbai. Being predominantly reclaimed, at some places the
height is just above the sea level. This makes the city vulnerable to change predicted by climate change
models.
Mumbai has a tropical climate, specifically a warm and humid climate, with seven months of dryness
and peak of rains in July. Seasonal variations of temperature in Mumbai are relatively small due to the
moderating effects of the adjoining Arabian Sea and the fairly high amount of relative humidity in the
atmosphere (see Table 62, in the Appendix C). The average annual temperature is 27.2 °C (MMRDA
Planning Team, 1996 - 2011) (refer to Table 61, in Appendix C) with about 9 hours of sunlight per day,
except during the monsoon season due to cloud cover (see Table 63, in Appendix C).
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Figure 35: Average Rainfall in mm in Greater Mumbai (based on 50 years data)
Source: Table 64 in the Appendix C
The average annual rainfall of Greater Mumbai, based on last 50 years data, is 2029.6 mm. However,
there is great seasonal variation caused due to the monsoon that generally sets in around the second week
of June and continues until late September. July and August are the wettest months all over the Region,
with about 94% of the rain falling between June and September (see Figure 35). While clear skies for
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most parts of the year are good for the use of photovoltaic panels, the short seasonal rainfall not only
causes shortages of supplied municipal water in summer months, but also greatly reduces the potential
and efficiency for rainwater harvesting (compared to other regions that receive rainfall throughout the
year).
Dealing with surface run-offs, especially during peak monsoon is a major concern for Mumbai. It is very
important to provide adequate drainage for rooftops and paved surfaces. With rapid urbanization and
subsequent increase in paved surfaces, the pressure on the century old drainage system has been
increasing leading to problems of water logging and flooding in many low-lying areas of Mumbai. In
addition, buildings need to be adequately waterproofed to prevent problems of leaking.

5.3 Urbanization of Mumbai: A historical perspective
The seven islands that came to constitute
Mumbai (see Figure 3) were inhabited by
fishing,

farming

and

toddy-tapping

communities. For centuries, the islands were
ruled by successive kingdoms and indigenous
empires before being appropriated by the
Portuguese settlers, in the 1530s, who built
Portuguese style villas, some examples of which
still exist in certain parts of Mumbai. Bombay
Island was acquired in dowry by the English
king, Charles II, on his marriage to the
Portuguese princess, Catherine of Baganza in
1661 and subsequently leased to the East India
company seven years later (Dossal, 1991).

Figure 3: Map of original Islands of Mumbai
Source: ("Isle of Bombay,")

The urbanization of Mumbai started with the fortification of the main Bombay Island (along with small
forts at Mazgaon, Mahim, Sion and Worli that were equipped with cannons for defence) and its
development as a naval base. Sir George Oxenden who took charge as the first Governor of Bombay in
1668 with the aim of encouraging trade, settling more people and protecting Bombay against attack,
initiated this. Governor Charles Boone implemented the plan for the walled town with bastions (first
proposed by Governor Aungier), after his arrival in 1715. Between 1746 and 1766 more bastions and
batteries were added to the Fort (Dossal, 1991; Dwivedi, Mehrotra, & Mulla-Feroze, 1995). Within the
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fortified town, the land-use was mixed commercial-residential since the majority of the residents were
traders and merchants who carried out their business from their home.
The Indian merchants were provided with incentives to settle in the town outside, in order to establish
trade networks by connecting with the hinterland. From a mere 6500 houses on the native town in 1794,
the number of houses in the Indian quarter and rural parts increased to 13,790 by 1849 (Dossal, 1991, p.
22 & 29). Entire streets operated as guilds, specialising in various commodities, with high-density of
people and extremely high-intensity of activity. Local bazaars for daily provisions sprouted in and
around densely inhabited residential localities whereas specialised markets generally clustered together.
Over

the years, the East India Company changed its policy from ‘trade’ to ‘conquest’ in the 1780s

(Dwivedi et al., 1995), with Mumbai becoming the headquarters for the Bombay Presidency in 1819
(Dossal, 1991, p. 2). With the change in policy leading to increased administrative and economic
importance and a rapidly increasing population leading to infrastructural problems such as shortage of
water, lack of connectivity, overcrowding and insanitary conditions (causing diseases and deaths), the
Colonial rules took to several infrastructural projects, comprising large-scale land reclamation,
construction of roadways and railways and some housing and commercial districts, that changed the face
of Bombay. However, with the ever-increasing population and constant financial constraints, the
infrastructural problems have not been completely addressed.
By the early 19th century, Bombay had become the most prominent commercial centre on the west coast
for two reasons: the defeat of the Marthas and the transfer of British possessions in India to the crown,
and increased opium trade with China. For most part of 18th and 19th century, Bombay was a centre for
the export of cotton brought in from the hinterland, but in the 1850s and 1860s, it started its own spinning
and weaving mills with its products being exported to China in 1870s. However, it remained a port city
with extensive networks into the hinterland from which it imported raw materials such as cotton opium
and later sent back spun yarn, and much later cloth (Patel, 2005). The expansion of the textile industry
promoted expansion of other associated trades and occupations such as increased employment in docks
and railways, leather industry that supplied bands and belts for pulleys and machines, and saw mills and
wood working factories that made spindles and bobbins, etc. (Kidambi, 2007). Thus, the principle reason
for Mumbai’s transformation from a port city to a major industrial metropolis is attributed to the rapid
expansion of the cotton-textile industry. Post-independence, the Indian government embarked on a
massive industrialization programme and began investing in the emerging, capital-intensive food
processing, petrochemical, and engineering industries, to the relative neglect of the consumer goods
industry, including the textile industry.

98

Until the 1950s, the textile industry of Mumbai was quite homogenised. However, the postindependence mechanisation led to its division into three sectors: handlooms, power looms and mills,
which reached its height with the textile strike of 1982-353. The power-loom sector grew rapidly after
the strike, but was accompanied by a shift of some industries from the city into the suburbs and satellite
centres such as Thane, Kalyan and Navi Mumbai, while others moved to nearby cities in the regions
such as Pune and Nasik. The successful model of expanding investment and production, and a growing
sector of small-scale industries, producing under subcontract to larger units emerged, that later became
the characteristic of the entire spectrum of Mumbai industries. Industries such as footwear and garment
manufacturing required large amounts of semi-skilled labour and thus lent themselves to deskilled,
fragmented, and dispersed operations in order to maximize profits by reducing the overall costs of
production, including the cost of paying and controlling labour, cheaper real estate, government
subsidies, less congested services and infrastructure and the like (Patel, 2005).
Post-independence, Mumbai’s economy, like most developing cities in the world, has become one based
on services and flow of information with dispersed manufacturing located in specialised areas54. The
growth in the financial sector, and of trade in stocks and bonds, and the entrance of international financial
groups in Bombay Stock Exchange led to ancillary developments, such as the increase in investments in
the communication industry, real estate, and expansion of other services including those that provide for
lifestyle maintenance. This led to the growth of a new class linked to the world of international finance
and product services, which combined with the unemployment associated with the declining textile
industry, intensified inequalities, escalating economic and social distance between the new upper class
and workers (Patel, 2005).

5.3.1 Reclamation of Mumbai
With the emerging economic and administrative status of Mumbai as a trade centre, the British reshaped
Bombay with large-scale civil engineering projects. It started with the Hornby Vellard project, aimed at
merging all the seven islands into a single amalgamated mass and providing an efficient civic
infrastructure that was completed by 1784. The bunding of the Great Breach between Worli and Bombay
at Mahalaxmi in the 18th century, together with the completion of the Sion causeway in 1805 and Colaba
Causeway in 1838 made available for habitation large swaths of land in the central, northern and

53

The textile strike resulted in displacement of over 100,000 workers and closure of several mills.
The employment in the textile sector had fallen from 600,000 in 1981 to 400,000 in 1991, along with a growth n unregistered units with
downgraded technology. Also, the tertiary sector increased from 39% in 1951 to 60% in 1991.by 1994, Bombay accounted for 61% jobs
in India’s oil sector, 41% in domestic air traffic, while its airport handled 75% of the country’s imports and 64% of its exports (Patel,
2005)
54
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southern localities that had formerly been flooded at high tide. With the sea effectually shut out by the
vellards, the authorities began filling in of low-lying areas, and the town began to develop gradually over
reclaimed higher grounds, westwards along Back Bay and northward to Byculla. The Mahim causeway
was completed in 1845.
The Bombay Port Trust, instituted in 1873, carried out large scale reclamations that encompass most of
Bombay’s docks, depots, warehouses and estates along the eastern shore of Bombay. The Bombay City
Improvement Trust, constituted in1898 by the City of Bombay Improvement Act, also engaged in
reclamations, in addition to providing low-income housing and widening roads (Dwivedi et al., 1995).
Prior to Independence, the colonial administration had reclaimed approximately 3500 hectares of land
for linking the seven islands, such that the
reclaimed land was approximately equal to the
total land area of the seven islands put together
(Deshmane,

2013).

In

independent

India,

particularly between 1970 and 2012, unusually
high amounts of land were reclaimed by legal and
illegal

means,

many

a

time

leading

to

controversies. A series of Supreme Court
injunctions protecting the shoreline and access to
it for fishermen have slowed such work since the
1970's. In spite of the Coastal Regulatory Zones
formed in the late 1990's by the Supreme Court to
limit the growth and reclamation of coastal areas
in Mumbai, several small scale, legal and illegal,
reclamations covering about 54.73 hectares are
under way, as observed in a satellite image of 2012
(Deshmane, 2013). Even in the 21st century, 1,000
hectares of land reclamation by 2025 in the city
and the Mumbai metropolitan region has been
recommended by a state government-appointed
panel to resolve the issue of land crunch
(Suryawanshi, 2012).

Figure 37: Original Seven islands and subsequent
reclamation of Mumbai
Source: (Patankar, Patwardhan, Andharia,
& Lakhani, 2010

The reclamation process of Mumbai carried out without proper research, especially in the 21st century,
has had a huge environmental impacts such as the massive destruction of mangroves resulting in flooding
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and coastal erosion. On one hand, Mumbai Transformation Support Unit (MTSU) is conducting an
ambitious four-part study: a) history of Land Reclamation b) economic analysis of the land reclaimed c)
its social impact and d) a purely techno- scientific study, assessing ecological impacts (Deshmane, 2013),
to evaluate the true impact of land reclamations in Mumbai. On the other hand more reclamation of the
sea is being proposed for coastal roads, extension of the financial centre Nariman point and even island
for a landfill by the Singaporean consultancy firm Surbana in its blueprint for Mumbai's transformation
(Lewis, 2013a, 2013b).

5.3.2 Urban planning and changing morphology
The urban development of Mumbai started as a naval base that metamorphosed into a large port with
flourishing trade and commerce. It was not expected to grow into a large city and, therefore, was not
built on a methodical design or master plan initially. There were insignificant planning regulations,
except for the segregation of the European and native communities into two distinct areas by the fort
walls. The native town developed organically and comprised colourful bazaars, religious structures and
vernacular houses, all crowded into narrow, winding lanes and collectively displayed congestion but
also an incredible and unique dynamism. While the high-density native town lacked complete
administrative control, the low-density town centre within the fort was not well designed either. Figure
38 shows the distinctly separate settlements.
After the great fire of 1803, the authorities started carrying out improvements to streets within the walled
town. In 1806, improvements were carried out outside the walled town, starting with the widening of
roads that provided some sense of order to the native town. The stipulation of legislation and the
infrastructure such as roads, sewers not only bound the town and the adjoining areas physically, but also
served as instruments to control growth and govern the town. While new roads were being built and old
roads widened55 on the islands to improve the internal connectivity, the Bombay Island was connected
to the Deccan region by road in 1830. The Indian railway was introduced in 1853 to boost the activities
at the port by connecting people and goods to the hinterland efficiently. Figure 38 and Figure 39 show
the spread of urban settlements and the introduction of the railways in Mumbai.
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In the early decades of the 19th century, important roads such as Parel Road and Breach Candy Road were widened to 60 feet and in
1839, Grant Road was opened to the public, thereby making Girgaum, Khetwadi and neighbouring precincts more easily accessible.
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Figure 38: Historic map of Bombay in 1846
Source: (Maps of Net, 2014)
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Figure 39: Historic map of Bombay in 1909
Source: (RootsWeb, 2014a)
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Increased connectivity56, increased export of raw cotton57 and the setting up of cotton textile mills58,
resulted in phenomenal commercial boom in Bombay drawing even larger number of migrants,
increasing the demand for and value of land that in turn resulted in large-scale reclamation projects.
Between 1870 and 1890, sixty textile mills were set up, and by 1870 large quantities of yarn was being
exported to China. With the demolition of the fortification in 1862, the land belonging to the Esplanade
became available to be used for laying out in wide roads, open spaces and building plots that represented
the first consciously conceived urban design gestures of that scale to be found in colonial India (see
Figure 39). While some parts of the open spaces have been maintained to date, the open spaces along
the western waterfront have been built over for residential, institutional and commercial development
(see Figure 40). While, the fort-town was restructured and public buildings were built across the
esplanade to highlight the interface between the urbanity of the Fort and the green of the Esplanade; the
native town expanded around the newly set up textile mills in Tardeo, Lalbaug and west Parel, where
innumerable migrant mill workers established their residential colonies. The successful merchants,
however, built bungalows, spacious villas and mansions, in the upmarket areas like Malabar and
Cumballa Hills, Parel, Byculla, Mazgaon and Bandra (see Figure 39).
Even in the 1800s, Mumbai was considered to be a high-density city with inadequate infrastructure.
However, Kidambi (2007) suggests that ‘until the last decade of the nineteenth century the city’s rulers
had remained largely apathetic to the social and political consequences of industrial urbanization…[and]
the neighbourhoods [in the native town] had been left to their own self-regulation, with the rulers largely
relying on putatively “traditional”; community leaders to maintain order within this domain’. The
uneven spread of population, with maximum concentration towards the south,59 was accompanied by
extreme shortage and poor condition of housing, resulting in over-crowding60 and street dwellers61 and
scarcity in services like water supply and sanitation. The mortality rate was extremely high due to the
neglect of health services and drainage, sanitation and civic amenities. These conditions of insanitary
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Linking of Colaba with Bombay Island provided more land and increased the land values on the southern islands leading to widening of
the Colaba causeway between 1861-1863. In 1863, the railway line was extended to the Deccan which increased the supply of cotton,
opium and other produce from the interiors. Messrs Stearns and Kittredge were given the permission to commence the Tramways project
in 1873, after the Municipality was established.
57 Due to the failure of the American crop in 1846 and American Civil War in 1861.
58 The Bombay Spinning & Weaving Company established the first cotton textile mill at Tardeo in Central Bombay in 1854, marking the
beginning of an industrial era in the history of Mumbai and making it the new centre for cotton trade. In the 1850s and during the cotton
boom of the 1860’s, textile mills were set up in areas like Tardeo, Lalbaug and west Parel.
59 In 1864, density in some parts reached a high of 459,350 persons per sq. mile (177,355.90 persons per sq. km) (Dossal, 1991, p. 211).
60 At the end of the 19th century, 75% of the occupied houses were the ‘Chawls’ which contained about 300-400 single rooms each with
common toilets and washing areas, in a three to four floors configuration. The 8’X 8’ cubicles/rooms accommodated about five to ten
persons each (Dwivedi et al., 1995, pp. 196-197).
61 In 1890s, around 100,000 labourers usually slept on roads and footpaths (Kidambi, 2007, p. 38).
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living eventually led to an unforeseen outbreak of the deadly bubonic plague in 1896 that caused
widespread deaths (an average of 1900 people per week) (Dwivedi et al., 1995, p. 155) and one-quarter
of the population deserted the city.

Figure 40: Historic map of Mumbai in 1924
Source : (RootsWeb, 2014b)
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The then local self-government was, therefore, prompted to undertake planned urban development of
the island of Bombay as a whole, by focusing on infrastructural development, in addition to
implementing more authoritarian administrative control. The Bombay Municipal Corporation Act was
introduced by the British Government in 1888 and the City Police Act was introduced in 1902 (Kidambi,
2007). Subsequently, various legislation were introduced and schemes were undertaken at successive
intervals to ensure planned growth of the city and to improve the quality of civic life. The various
agencies created to monitor, guide and restructure the city’s growth included the Improvement Trust,
Port Trust, Municipal Corporation and the Development Directorate. Based on the popular belief that
the epidemic diseases were a product of ‘locality-specific conditions of filth and squalor in the city’s
slums’ the Improvement Trust demolished several dilapidated buildings, opened up congested areas and
constructed ‘sanitary dwellings’ for the poor. Other similar schemes included raising low-lying lands
were and creating new blocks of chawls; decongested areas; quarrying and levelling hills, with roads,
recreational spaces and modern building sites replacing what formally was a wasteland. At the same
time, as the city developed into the commercial capital of the country, there was a large-scale influx of
migrants into the city. Therefore, the various schemes aimed at well-being of the people could not yield
desired results. Between 1899-1900, the Improvement Trust formulated and later completed the Dadar,
Matunga, Wadala and Sion schemes in north Bombay, to provide additional space for expansion in the
suburbs. Housing for 60,000 people in Dadar and Sion each and 85,000 people in Sewri-Wadala was
proposed, which resulted in the creation of the Hindu and Parsi Colonies at Dadar and Tamil Colony at
Matunga.
The land opened up by this development was earmarked for
both residential as well as institutional and neighbourhood
level commercial use (Dwivedi et al., 1995). These schemes
combined mixed-uses within low-rise, low-density built form
that followed a pre-determined master plan, resonating the
garden city concepts, with tree-lined streets, gardens and
parks (the building typology is discussed in the next section).
Many of these areas have remained unchanged to date. The
importance of these developments lay in the fact that for the
first time, a comprehensive scheme was drawn up for
suburban development, as an attempt to decongest the city.

Figure 41: Phases of expansion of
municipal limits of Greater Mumbai

The bye Laws were framed for regulating ground coverage,
building heights and setbacks (Dwivedi et al., 1995).

Source: (Dwivedi et al., 1995, p.
270)
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The Port Trust focused mostly on the development of docks, depots and warehouses along the eastern
edge of the city. However, it has developed some notable estates on the western waterfront that include
the Apollo Reclamation (17.6 hectares of residential-cum-commercial estate) and the Ballard Estate (8.9
hectares of commercial district). Ballad Estate, laid out by George Wittet between 1908 and 1914, was
the first consciously planned commercial precinct in the city with broad, well-kept thoroughfares that
created vistas as in the European design tradition and bright, airy and commodious offices (Dwivedi et
al., 1995).
Mumbai has been growing northwards (refer Figure 41), as required by the growth in industry and
population. ‘As the city has changed and grown the transport system has continued to be critical in city
living’ (Masselos, 2005). Its peninsular form, together with the railway lines, not only led to the growth
of the city along the north-south axis62, but also created an east-west divide (refer to Figure 39). The
Bombay municipal limits were expanded in 1950, 1957 and 1965 to incorporate ‘increasingly dense and
extended settlements’ in and beyond the existing suburban limits, as well as ‘[new] areas in which further
development was to take place’ (Dwivedi et al., 1995, p. 270).
This area, termed as Greater Bombay, represented ‘a collection of urban pockets loosely centred around
the central polis’ (Masselos, 2005). Further, in 1967 the Bombay Metropolitan region was established
to incorporate dense or new settlements and provide more land for urban settlement. It covered 3965 sq.
km with 943 villages and 19 urban centres, which was increased to 4355 sq. km in 1974. This expansion
of the city limits (see Figure 41) has been followed closely by the increase in built-up land and fall in
agricultural and forest land. The housing requirements, however, have not been able to keep up with the
rate of increase in population, resulting in severe housing shortages and proliferation of slums63.
In order to provide more land for urban activities, open and agricultural land, forest cover and wetlands
have been sacrificed. Though development controls based on spatial dimensions were formulated for
specific projects in the late 20th century, there were no planning regulations for the growing city, until
the Development Plan of 1964. The Development control regulations that were part of this plan
introduced the concept of Floor Space Index or FSI (also known as Floor Area Ratio or FAR), that is
now the principal regulation governing Mumbai’s built-form. Dwivedi and Mehrotra (1995) observe
that ‘by the 1970s and 1980s….physical and spatial planning was replaced by socio-economic planning,
with the physical form of the city no longer responding to the needs or aspirations of its citizens.
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In the early 1990s the average journey by various modes was estimated as follows: slightly over 22 km by suburban train, 4.67 km by
bus and 14.17 km by private vehicle.
63 In 1971, the slum population was estimated to be about 1.25 million (21% of the 6 million) that increase to almost 50% by 1985 (but
occupied only 4.5% of the total land area)
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However, in spite of this duality between economic success and physical failure, the single-minded
purpose of economic growth propelled the city from its wholly British origins and control to becoming
a powerful centre of commerce for the nation’ (p. 320). This economic mentality is still very strong in
the city with almost all decisions based on economics. The redevelopment of the central city at increased
density, replacing medium-rise buildings is also justified based on these economics. However, the
administrators fail to consider the ultimate social and economic cost of a deteriorating environment as
result of this exponential growth. As with several world regions (Hall 1998), Mumbai region is showing
symptoms of an evolution towards a diffuse and non-polycentric metropolis (Niza et al., 2009, p. 386).
However, it is characterised by much higher density than the suburbs of the western world.
A. Urban-rural Migration: The Push and Pull factors
Urbanization and Migration have played a significant role in the transformation of Mumbai. As
discussed earlier, Mumbai was originally inhabited by farmers and fishermen, under the rule of
indigenous kingdoms. However, in 1661 it was ceded to the British crown (by the Portuguese), who
encouraged people of all classes to settle in Mumbai in an effort to encourage trade. Bombay attracted
migrants not only from the surrounding rural areas but also, Parsis, Armenians, slaves from Madagascar
and goldsmiths, ironsmiths and weavers from Gujarat, and many others (Dwivedi et al., 1995, pp. 2225). Between 1833 and 1849, the city’s population doubled from being 234,032 in 1833 to about 500,000
in 1849. During its formative years under the colonial rule, as the city was being developed, both
economically and physically, there was a huge demand for traders, small manufacturers, labourers, and
servants. This resulted in the migration of large number of people from all over the Indian sub-continent;
to the effect that according to the 1891 census three-quarter of the population was born outside the city.
In addition, the migrants comprised of mostly men64, most of whom were married, but could not afford
to bring their family along (Dandekar, 1997, p. 54). As a result the proportion of male population was
very high, such that of the 566,199 persons recorded in the 1849 census, 354,900 (about 63%) were male
(Dossal, 1991).
In the late 19th century, the labourers (working in textile mills and docks) were mostly male migrants
from villages in the surrounding region (mostly, the drought-ridden districts of Satara, Kolba and
Ratnagiri) (Dwivedi et al., 1995, p. 153), with a seasonal migration pattern. ‘Jobs in Bombay were
relatively easy to obtain, and workers migrated to the city for the six months after the main growing
season in winter, when agricultural task were few’(Dandekar, 1997, p. 51). However, there were
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The women who migrated were mostly wives accompanying their husbands
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migrants from all over the Indian sub-continent and the wider regions as well. Increase and decrease in
demand for Indian cotton by Britain, as a result of the American civil war (between 1861 and 1865) had
a direct impact on the population of Mumbai. As the associated economic boom pulled migrants into the
city, the population rose from 566,199 in 1849 to 816,562 in 1864 and then fell again to 644,405 by
1872 when the economy collapsed (Kidambi, 2007, p. 22). The setting up of the textile mills in 1850’s
and its expansion in the 1930s by Indian entrepreneurs resulted in an even greater influx of semi-skilled
male workers into the city. By 1865, over 6500 people were employed in 10 mills (Dwivedi et al., 1995,
p. 85). As the number of textile mills increased from 42 in 1880 to 136 in 1900, the population rose from
644,405 in 1872 to a little over 8,000,000 in 1891. Two-thirds of the city’s population between 1941
and 1971 was born outside the city (Patel & Masselos, 2005, p. 8). However, the industry’s subsequent
demise in the early 1980s (following the textile strike), resulted in the loss of livelihoods for several
migrant groups, who were either forced to return to their villages (wherever it was possible), or follow
the industries to more distant locations or diversify into other areas. Early 20th century saw an increase
in educated migrants, mainly from Cochin, Goa, Kanara and Madras, who formed the new lower and
middle income groups (Dwivedi et al., 1995, p. 197). Also, by the mid-20th century, as jobs had become
more difficult to find, migration of men to work was no longer seasonal (though many of the rural
migrants preferred to return to their villages at the end of their productive life). Diversification into
government services and other white-collar jobs can be attributed to better educational facilities, as well
as the Government’s efforts to reserve jobs for the socially backward classes.
As Mumbai’s ability to provide jobs reached a saturation point, its ‘pulling’ force is diminished, resulting
in a decrease in in-migration. ‘Increased congestion, a deteriorating environment, tighter job markets,
and an income that is decreasing in real terms are the realities of city life today’(Dandekar, 1997, p. 59).
However, the migration to the city can now be attributed mainly to the poverty and underdevelopment
in rural areas, pushing the people out, though the rate is not as high as it was in the previous century.
Loss of traditional sources of earning income in villages (such as blanket weaving in Sugao in Deccan
Maharashtra); inability to sustain agricultural activities due to limited arable land, subdivision among
family members, labour intensive modes of cultivation, droughts and lack of irrigation; continued
oppression based on caste systems are some of the reasons, pushing people out of rural areas and small
towns and into big cities like Mumbai. ‘For the young person in an Indian village, the call of Mumbai
isn’t just about the money. It’s also about freedom’ (S. Mehta, 2011, p. 107). It is believed to provide
freedom from caste, freedom to marry of your own choice and the potential to make a better life.
Mumbai has been portrayed by the Bollywood movies, for several decades, as a place where people
come in search for fame and fortune, as the land where dreams come true. While, this may be true for a
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select few (more so in the earlier decades) and Mumbai has several ‘rags to riches’ stories to boast of, it
is not the case for the majority of the migrants. Life in Mumbai, for most of its residents, is a constant
battle for survival, a fight for food, water, shelter and transportation. Nevertheless, the success stories of
earlier generations still provide motivation to migrants.

Table 5: Percentage Push and Pull Factors affecting Migration to Mumbai
Data source: (Dhakras, 2004, pp. 41-42)
It is evident from the above discussion that while the initial migration to Bombay was caused by a
‘Pulling’ factor (an opportunity to supplement income), in more recent times, poor villagers are being
mostly ‘Pushed’ out of their native towns, with almost no opportunity to go back. ‘People do not stream
into Mumbai because of its bright lights; they come for jobs, not homes, and live in far worse conditions
than they used to once they get here. The push out of their rural homes is far greater than the pull of the
city’ (D'Monte, November 2007, p. 1)
Table 5 provides list percentage distribution of the various the push and pull factors affecting migration
to Mumbai.
Another important aspect of the rural-urban migration is the consumption of resources. Mumbai, as most
other cities, receives its supply of water, electricity, food and other most of the other resources from
outside its administrative limits. As such, urban Mumbai is dependent on its hinterland, especially the
rural areas, for its existence. The huge resource consumption in the urban area is causing further
shortages in the neighbouring rural areas, such as loss of agricultural land and shortage of water 65, and
causing more rural to urban migration. However, with increasing urban population, the rural counterparts
are increasingly becoming dependent on Mumbai (and other major cities), some more so than others. As
Dandekar (1997) points out for Sugao village, ‘in-kind remittance from the city are a norm for a
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For example, residents of three hundred villages in Thane district, where reservoirs like Vaitarna, Tansa and Modak Sagar that supply
water to Mumbai are located, faced acute water shortage in the summer of 2012 (Jaisinghani, 2012)
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substantial proportion of village families….[as] at the village’s present level of development, and despite
migration to Bombay [Mumbai], Sugao farms can no longer fully support its residents’(p.58). In addition
to money, migrants often send home packages containing consumer goods such as tea, sugar, cosmetics
and toys. In addition to daily maintenance, the money is often spent for purchasing ‘land and its
improvements, upgrading the quality of housing and improving the amenities provided’(Dandekar,
1997, p. 58). Thus, the rural and urban areas have a complex interdependency relationship, with
overlapping footprints. In addition, in the case of Mumbai, since the jump to the big city from rural areas
is mostly direct and not incremental through smaller towns and cities (Dandekar, 1997, p. 50), this
interdependence is even stronger.
B. Rent control and Cessed Properties
In 1918, Mumbai was the first city in India to have rent restrictions imposed. It was, however, only in
1939 that the first major rent legislation, known as the Mumbai Rent Restriction Act, was enacted. The
Rent Control Act was originally introduced to prevent speculative increases in rents during the Second
World War. This act fixed the rent at the time of first letting of the house based on the cost of land and
construction and these rents were not allowed to increase. (Piyush Tiwari et al., 1999).
Cessed buildings are constructions prior to 1970, wherein the residents pay a ‘cess’, i.e., a predetermin
ed amount to the civic authority for building repairs.The State has taken it upon itself to see to it that
these buildings are repaired and, wherever necessary, reconstructed. For that purpose, it created the
Bombay Building, Repairs and Reconstruction Board by passing the Bombay Building Repairs and
Reconstruction Board Act (1969). Most tenants of cessed buildings pay rents that were frozen at the
1940 rates. There have been revisions, but the increases were marginal. For instance, in an area such as
Gamdevi in South Mumbai, where a two-bedroom flat commands a rent anywhere between Rs.40,000
and Rs.1 lakh a month, a rent-controlled-tenant could pay as low as Rs.300. (Katakam, n.d.). Cessed
properties and their redevelopment have been discussed in detail in the following chapter (6).
It is the controlled rents that have resulted in the poor condition of the housing since the rental income
was inadequate to pay for repairs. This is one of the most important aspects of the proposed new ‘cluster’
developments that form the case study of this thesis. The rent control constraint is broken by providing
new apartments at no cost for the existing tenants. The additional FSI given to developers allows them
to cross-fund the construction of replacement housing for the existing tenants with the sale of new, more
luxurious housing, for sale.
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C. Vision Mumbai: Redevelopment of Mumbai
‘In the era of liberalization, the concern of policy-makers appears to be on making Mumbai a ‘global
city’ by means of investments that will make it attractive to foreign multinational companies’
(Swaminathan, 2005, p. 82). The Draft Regional Plan for 1996-2011 states ‘Greater Bombay has the
potential to emerge as an international city, fostering the growth of financial and business services, and
hi-tech export-oriented industries’. Study conducted by Mc-Kinsey (and commissioned by Bombay First
and incorporated in the Greater Mumbai development plan 2005-2025) and produced in 2003
recommends focusing on 6 key areas for transforming Mumbai into a ‘global city’: 1) Boost economic
growth, 2) Improve and expand transportation, 3) Increase housing, 4) Other infrastructures, 5)
Financing and 6) Governance. Focusing on increase housing, it recommends various strategies for
increasing land availability for housing, as well as the construction of more housing on the available
land. These include:
a. Releasing Mill land and Port Trust land for redevelopment,
b. Connecting to the mainland on the east by constructing the trans-harbour link
c. Relaxing Coastal Regulatory Zone regulations for Mumbai
d. Increasing the FSI to an average of 3-4 in as many zones as possible, by linking it to
cluster redevelopment program such that infrastructure can also be improved
simultaneously
Redevelopment in the Island city consists of four different kinds of properties, with their own set of
regulations: Mill lands, Port trust land, Cessed properties and Slums. However, increasing the housing
stock through redevelopment of the city, block by block, that is, redevelopment of the Cessed Properties
in the Island city is of particular importance, due to the large amount of land occupied by the cessed
properties, compared to mill lands or slums, in addition to their high population density. The ‘Vision
Mumbai’ report stated that
‘The improved connectivity projects will facilitate shorter commuting time and help decongest the
main city in favour of the suburbs. This will thus create a win-win situation, as the pressure on
infrastructure in the main city will reduce and the attractiveness of the suburban regions will increase.
Thus the real estate prices in both the main city and suburbs will be positively impacted’(Mumbai
Transformation Support Unit, 2014).
However, the large-scale redevelopment projects in the city (mill land and Cessed buildings) are likely
to have the reverse effect, i.e., they are likely to increase the density and congestion within the city. Thus,
contradictory planning policies are being implemented in Mumbai.
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‘Vision Mumbai: Transforming Mumbai into a World-class City’ was to transform Mumbai by 2013.
However, after 10 years, it has not achieved what it had set out to do and the government is still looking
for ways to bring about this transformation. In 2010, MMRDA commissioned the Singaporean based
Surbana consultants to prepare a new vision, with a short term focus for 2032 and long-term focus till
2052. The Singaporean consultants also recommend higher FSI and reclamation as part of the new
vision (Surbana Consultants, 2013).
In addition to this, on October 22, 2013, representatives from a number of non-governmental
organisations in Mumbai handed over the ‘People’s Vision Document (PVD) for Mumbai’s
Development Plan’ to the Brihanmumbai Municipal Corporation (BMC). The document, an initiative
led by the NGO Youth for Unity and Voluntary Action (YUVA), was developed as a response the
numerous errors in the new existing land use (ELU) plan and offers suggestions for the forthcoming
development plan (DP) for 2014 to 2034 (Datta, 2013). The document recommended a high-density mix
of housing, employment and recreation options within walking/cycling distance of each other and of
mass rapid transit system (MRTS) stations, increase in the number of train coaches and BEST buses,
intensification of development along the transit corridors and a stricter approach to parking (Baliga,
2013b).

5.3.3 Built form & identity
Until the development of Bombay into a major port and trading town, the housing consisted of mostly
single-and-double storeyed structures, built by the local agrarian society and the Portuguese settlers.
When the islands passed on to the British East India Company, the southern part of Mumbai was
developed as the colonial fort where the British lived. Over the years the British undertook the
construction of various public buildings in the old Fort and esplanade area, built in Neo-Classical style
initially, but favoured Gothic style for most part of their rule, that later shifted into Saracenic and ArtDeco styles (Dwivedi et al., 1995).
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Figure 42: Two to five storey chawls with long, continuous corridors on upper levels and ground floor
for commercial purposes (Author)

Figure 43: Entrance to Wadis: 2-4 storied buildings arranged around a courtyard, with ground floor
commercial use (Author)
Immediately outside the fort, grew the native town that was morphologically different from the colonial
town. This area, which is now occupied mainly by old and dilapidated buildings and is the under
immense pressure for redevelopment, is the focus of the thesis. Large scale rented housing came into
existence in the 18th and 19th centuries in the form of wadis to accommodate the increasing population
who were mostly migrants. A large part of the housing stock for the working class was provided in the
form of ‘chawls’ around the mills, which were initially built by private developers and later also
constructed by Government agencies66 (Shetty et al., 2007). A chawl is a three to four storeyed building
with pitched roofs, comprising of a single row of 8 to15 sq. m cubicles (a multi-purpose space with a

66

These include the Bombay Improvement Trust, Bombay Development department, Bombay Port Trust and Railways who tried to address
the problem of over-crowding, dilapidation, and insufficient infrastructure.
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kitchen facility and washing area) and a common toilet block connected via a long corridor (see Figure
42). While some types had a courtyard in the centre, most chawls were built flanking the streets with
shops on the ground floor. A wadi consisted of a set of buildings (mostly in the form of chawls) occupied
by several households and with a single owner, who collected rent (see Figure 43). The building were
initially load bearing with timber construction, but they were later built in RCC67. The dense fabric was
essentially mixed-use with shops on the ground floor and residences above (see Figure 43). Over the
years, large sections of the affluent trading community moved to other parts of the city and commercial
use slowly percolated to upper levels (Shetty et al., 2007). A large part of the Island city still comprises
of this typology, which was known for housing densities as high as 3000 persons/ha (300,000 persons/sq.
km). Most of these are in dilapidated conditions, requiring extensive repairs or re-development.

Figure 44: Typical existing built-form with influence of traditional/vernacular architecture from
Gujarat and Rajasthan
The native town developed on large agrarian plots, into large market places with entire streets operating
as guilds, and displayed the influence of vernacular architecture (see Figure 44). In order to maximise
the number of shop fronts, thin houses evolved which were about 3 meters wide and twenty metres deep.
This housing typology, still found in areas such as Null bazaar, consisted of building that were generally
two to four-storied with shops in the ground floor (Shetty et al., 2007).
The first rented apartments, meant for the educated Indian families, were constructed in the early 1900s.
Community-based private trusts built low-rise, low-density colonies68 in the Dadar-Matunga scheme
developed by the Bombay Improvement Trust. These spacious apartments had private toilets and baths,
separate living and bed spaces, along with private verandas or balconies overlooking the streets and

67
68

Reinforced cement concrete that is now the most accepted form of building construction technology in Mumbai, and most Indian cities.
Such as the existing Parsi Colony and Hindu Colony in Dadar.
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shared entrance corridors and staircases. The streetscape was defined through large pavements and low
boundary walls. Several experiments of Art Deco are also seen in these precincts (Dwivedi et al., 1995).

Figure 45: The tower-type development of Cuff parade
Source: (Dwivedi et al., 1995)
Apartment buildings have since become the predominant building typology in Mumbai. However, the
successors were not necessarily as well designed and spacious as those in the initial schemes. After
independence, the government built several rented apartment buildings to accommodate the growing
population, with house size and specification of construction material depending upon the income group.
However, adequate open spaces, light ventilation, and sanitation arrangements were ensured in the
colonies. In addition to the apartment blocks, other initiatives taken by the Government to cater to the
housing needs such as a)Plotted development of the Suburbs b)Site and services Schemes,
c)Development of Navi Mumbai69. Housing developed by Public Sector organisations for their staff also
belonged mostly to the apartment typology. In spite of all the efforts, the formal housing stock has not
been able to keep up with the exploding population. This has resulted in the formation and spread of
slums. In the 1970s, the Slum Improvement Act was launched to provide water supply, toilets, roads,
drainage, and streetlights.

69

Previously known as New Bombay, it was set up to help decongest Mumbai
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By the late 1990s, self-contained and often gated townships providing luxuries such as clubs, swimming
pools, were being developed on suburban land previously protected for environmental purposes, by
changing the land use zoning, and in the fringes of the city. The housing type was generally 14-25 storied
towers with two to four large apartments on each floor. While big builders developed these townships
on large pockets of lands, medium sized builders operated on medium sized lands in distant suburbs and
owned by agriculturists. These colonies included eight storied buildings, mostly built on plots around a
central open space. Small builders were mostly known to operate on smaller plots in old agrarian and
mercantile villages, or plots reserved for co-operative housing societies. Over the years, the increasing
shortage of land and the association of high-rise towers with status and wealth have resulted in an
increased construction for apartment buildings, accompanied with increasing heights.
Over the years, the stand-alone apartment buildings as a typology, along with a continuous increase in
building heights, has gained immense popularity, and increasingly being built by private builders. In
recent years, while some have been raised on stilt to provide parking space; others incorporate multiple
podium levels to provide more parking spaces, as well as retail uses on the lower levels (see Figure 46).
Under the pressure of on-going urbanization and high real estate value, the old low-rise buildings in the
city are being replaced by high-rise towers, increasing the population density and changing the urban
fabric (see Figure 47).

Figure 46: Redeveloped properties with multiple levels of parking and recreational space at podium
level (Author)
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Figure 47: New tall towers (background) replacing the old, medium-rise buildings (foreground)
(Author)
A. Urban renewal: ‘Shanghaification’ of Mumbai
Built form is a physical representation of cultural heritage and a reminder of the socio-economic,
cultural, and political conditions of the era in which it was built. It reflects the technology as well as the
social aspirations of the people, combined with the economics or market pressures. There is a
nationalistic and local desire to establish Mumbai, the economic capital of India, as a “world-class” city
and project it as an image of social welfare and technological progress in the country. However, the
planning and development bodies for the city of Mumbai seek to ultimately follow the growth and urban
forms of Shanghai (or Hong Kong or Singapore)("Aims to make MMR a global business hub," 2010);
in a process many activist and scholars have dubbed “Shanghaification” (Chattaraj, 2012; Ghadge, 2013;
Patkar & Athialy, 2005; Roy, 2012). This translates into establishing Mumbai as a ‘global financial
capital’ by attracting more foreign finance companies and changing Mumbai’s image, by increasing FSI
and building more tall towers and glass boxes (to satisfy the international image). This has been reflected
in both the 2003 and 2013 “Visions” for Mumbai’s development, prepared by transnational management
consultants McKinsey & Company (for Bombay first) and Singapore-based Consultants Surbana (for
MMRDA), respectively. However, simply copying other Asian or international ideas and methods will
not yield lasting success and growth, and the plans for Mumbai need to account for its existing form,
context and history.
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5.4 Infrastructure and resource consumption: a profile
The Bombay municipal limits were expanded in 1950, 1957 and 1965 to incorporate ‘increasingly dense
and extended settlements’ in and beyond the existing suburban limits (see Figure 41), as well as ‘[new]
areas in which further development was to take place’(Dwivedi et al., 1995, p. 270) . While comprising
only 12% of the land under MMR, Greater Mumbai accommodates 68% of the population. As a result,
it is also the biggest consumer of resources. This increasing urbanised land and population of the city
has pushed the resources required for functioning of the city outside its boundaries, or even the outside
the region. For example, drinking water that was once derived from the many tanks and wells within the
city limit is now derived from the dams located outside its administrative boundaries (refer to Error!
eference source not found.) and electricity is derived from a national grid. It has also resulted in failing
infrastructure and a deteriorating natural environment as characterised from its annual flooded and
highly polluted seawater; in addition to making the city more vulnerable to natural disasters and other
disruptions. However, Sant & Dixit (2000) note that ‘the people paying price for development in terms
of displacement or loss of livelihood are usually disadvantaged sections of the society who do not benefit
from power development.’ Infrastructure and resources play an important role in the functioning of cities
and an inability to meet the demands of its inhabitants will eventually lead to fall of the city. It is
important to identify the limits to supply and continuously increasing consumption pattern of various
key resources required for the smooth functioning of the city/region before introducing changes to the
urban fabric.

5.4.1 Water supply

*approx. distance measured from Churchgate station70 using Google maps

70 Church Gate was one of the three main entrances to the British colonial Fort, with the east-west line of the Churchgate Street marking
the division between the living areas of ‘white’ colonial rulers and native ‘black’ people .
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Table 6: Present Source and Treatment Facilities
Data source: (MCGM, 2005 to 2025b)
During the initial period of colonial rule, Mumbai had many tanks and wells, constructed by
magnanimous citizens for public welfare that not only met the city’s water demand but also helped in
maintaining the ground water table and quality of water in wells (Dwivedi et al., 1995). However,
urbanization and population explosion resulted in overexploitation and contamination of ground water
(see Table 66) and the British Government banned the use of many of tanks and well water 71, many of
which were closed up. This was accompanied by the construction of dams outside Mumbai’s boundaries
to meet the water shortage, the first being the Vihar nala that was completed in 1860. It considerably
alleviated water problems but also drew more people to Mumbai, rendering it inadequate in a short span
of time. Since then various projects have been undertaken to augment Mumbai’s water supply, which
include the tunnelling of 12.4-kilometres completed by Hindustan Construction Company to lay down
new supply pipelines, the replacement of 45km of pipelines (Times News Network, 2013a) and many
others. The supply of water from various sources and treatment facilities along with the zones that they
serve are given in Table 6. It can be seen that new supplies have had to come from ever-increasing
distances.

71

In the recent years, many of these wells are being used to draw water for non-potable use, to supplement the Municipal supply, due
persistent water shortages. Many new wells have also been dug. This is elaborated in section 5.7.1
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Figure 48: Mumbai’s water sources
Source: Developed by author by combining Google’s Terrain map of Mumbai with
(Neurath, 1994, p. 245)
Several future proposals (refer to Error! Reference source not found.) for augmentation have been
uggested by various agencies. The Chitale Committee, appointed by the state government in 1993, had
suggested four major projects to take care of Mumbai region’s water supply needs: Middle Vaitarna,
Gargai, Pinjal, and Kalu.
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a. The Government of India on 22 Feb 2007 approved 13.30 billion INR for the Mumbai-IV
middle Vaitarna water supply project that was expected to supply an additional 450 million
litres to the existing of 2,900 million litres every day to Greater Mumbai by 2011 (Wu et
al., 2007) and generate 30-35 megawatt of power ("River power for Mumbai (dam for
water supply and generation of electricity on the Vaitarna river)," 2008).
b. The Maharashtra government formally approved the permission to allow the BMC to
execute the Gargai and Pinjal water supply projects (approx. 120 km) in 2012 that are
expected to augment Mumbai's water supply by an additional 1,295 million litres of water
a day. (Times News Network, 2012d).
c. The BMC is also concentrating on The Damanganga-Pinjal project, proposed by the
National Water Development Agency that is expected to augment the supply by 1,200
MLD. The Maharashtra and Gujarat governments and the Union ministry of water
resources had signed a memorandum of understanding to this end of 2010 (Mhaske, 2011).
In recent years, the BMC has also proposed to the state government to draw water from phase II of the
Koyna dam in Chiplun (Ratnagiri district), about 300 km from Mumbai. The proposal to draw water
from the Koyna dam may give 169,800 million litres of water on an annual basis to the city as well
surrounding regions like Thane and Raigad (Mhaske, 2011).
Mumbai’s sources of water supply are located outside its Municipal limits, in the form of lakes in its
vicinity. The Western Ghats trap most of the moisture-laden monsoon clouds that feed these lakes.
Hence, the water supply is totally dependent on rainfall in the region that is known to be fluctuating and
uneven over the years and zones. While constructing new dams has high environmental72 and social73
impacts, the long distances (refer to Table 8 and Error! Reference source not found.) implies a high
transportation costs and losses, and possible contamination during transmission and distribution 74 .
Climate change is making the situation worse by adding to the erratic nature of the Monsoon rains. Every
year the newspapers are filled with news of water shortages and resulting water cuts during the summer
season; news of flooding in various parts of Mumbai region during the monsoons and bursting pipelines.
The condition is made worse due the positioning of some of the century-old water supply and sewage
pipes adjacent to each other, causing contamination due to leaking. The responsibility of water supply
and sanitation is fully borne by Brihanmumbai Municipal Corporation (BMC) (MCGM, 2005 to 2025f).

72

The Middle Vaitarna dam in Thane district required to cut around two lakh trees for the project. (Times News Network, 2012c)
Rural areas where the lakes and dams (for example, three hundred villages in Thane district, where reservoirs like Vaitarna, Tansa and
Modak Sagar) are located are facing water shortages as water is diverted to Mumbai to cater to its increasing demand (Jaisinghani, 2012).
74 Around 20% of water supply is lost each year due to leakages and contaminations caused due to bad condition of Transmission and
Distribution Systems and pilferage.
73

122

The Indian Standard (IS) code, IS: 1172-1993 recommends a minimum of 200 lpcd (litres per capita per
day) for domestic consumption in cities with full flushing systems that can be reduced to 135 lpcd for
economically weaker sections and small towns. The Ninth Plan (197-22) advocates 125 lpcd for cities
with planned sewage and the Tenth Plan (2002-2007) recommends 150 lpcd for metropolitan cities. The
WHO classifies supply and access to water into four categories: below 5lpcd as no access, approx. 20
lpcd as basic, approx. 50 lpcd as intermediate and 100 to 200 lpcd as optimal (Shaban & Sharma, 2007).
In addition to the various standards, most Municipal corporations/municipalities, including Mumbai,75
have their own definition of water requirements, per capita per day.

Table 7: Domestic Water Consumption (Litres per Capita per Day)
Source: (Shaban & Sharma, 2007, pp. 2191-2192)
While the recommendations of MCGM have been varying and BMC claims to supply 198 lpcd per
household, according to Shaban & Sharma (2007, p. 2192) the actual consumption is 92 lpcd. It is
extremely important to note that this consumption is not based on demand, but the supply/availability of
water (p. 2191). The per capita consumption of water in households, in Mumbai and other Indian cities,
is extremely low (see Table 7) and the total water demand is unlikely to reduce. In addition, MMRDA
Planning Team (1996 - 2011b) has calculated a 2.28% increase per annum in the overall demand for
water for domestic consumption, largely because of the rise in living standard and improved availability
of water, which it considers will continue in the future. As a result, any augmentation of water supply
(on-site or for the region) is only going to increase the consumption, rather than ease the pressure on the
existing infrastructure. Table 7 shows Mumbai’s water consumption in comparison to some other
domestic and international cities.

75

The MCGM, in its Mumbai Water Supply and Sewerage Project-III (BWSSP III) estimated domestic water demand for 1991 using a
supply norm of 180 lpcd. Assuming a continuous improvement of living standards after 1991, the demand for 2001 was estimated at a
higher norm of 190 lpcd.
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Table 8: Aspirational water supply and demand projections for Greater Mumbai
Source: (MCGM, 2005 to 2025e)
Table 8 shows the demand and supply of water projected by MMRDA Planning Team for Greater
Mumbai. The supply post completion of Middle Vaitarna project was envisaged being 3852 MLD by
2011. However, the actual supply in 2012 was 3,350 MLD, and with the completion of Middle Vaitarna
project likely to increase it to 3805 MLD76; indicating a shortfall in reaching the target. Hence, the
projected supply is unlikely to meet the 100% fulfilment of demand as predicted. In addition, the
completion of the dams on time is unlikely as the Middle Vaitarna project was delayed by about a year
and Gargi dam project is facing serious roadblocks.
However, it should also be noted that, the actual population in 2011, being about 12.5 million, is less
than the projected population, and yet the actual consumption of water for domestic purposes (about 90
lpcd) is a small percentage (27%) of the figures used for calculating the projected gross demand for
Greater Mumbai (about 328 lpcd). Regional Plan for Mumbai Metropolitan Region (MMRDA Planning
Team, Planning division, 1996 - 2011b) does not provide a clear distinction as to how the amount of
water factored in the calculation of projected demand and supply will be split between domestic,
commercial, and industrial uses. However, Shaban and Sharma (2007) provides a break-up that indicates
a large consumption by other sectors (commercial and industrial), in addition to an uneven supply of
water for residential use77 and losses due to leakages.

76

Middle Vaitarna, proposed to be complete in 2011, but was actually completed in 2012, would eventually provide an addition of 455
MLD to the existing supply, thought it would not be possible to provide the entire amount initially. (Times News Network, 2012c)
77 As per Shaban & Sharma’s (2007) survey, there was a standard deviation of 32.6 lpcd in Mumbai’s water consumption by households:
with 76.2% and 69.2% of LIG and MIG receiving less than 100 l of water per day, whereas only 48.8% HIG are in this category. In addition,
certain elite families use a disproportionately large amount of water. For example, industrialist Mukesh Ambani's house 'Antilia' received
15,800 litres a day in 2011 (Deshpande, 2011).
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Most parts of the city are facing water shortages, leading to intermittent water supply varying between
2 to 6 hours78 (Ruet et al., 2002) and also unequal distribution norms among consumers79(Gupta &
Deshpande, 2004; Karn & Harada, 2002). There are around 300,000 water connections in Greater
Mumbai, out of which 80,000 are unmetered in the old city (properties prior to 1964). The disproportion
is also visible in the distribution of connections, as expressed in Table 9. Water connections to any new
tower (seven storeys and above), clusters or townships were suspended by the state government for about
3 years, until the completion of the Middle Vaitarna water supply project (Somit Sen, 2009). Though the
access to underground water is low in Mumbai80, ‘the seasonal variations in municipal tap water supply
leads to ground water exploitation by households as this is seen as the easiest, fastest and to an extent, a
durable solution to the water crisis’ (Shaban & Sharma, 2007). This resulted in BMC digging 511 bore
wells within 2 months, in the summer of 2010, which in turn is resulting in a falling water table81 (Shove,
2003). Thus, while the demand for water is increasing due to increasing population and economic
development, the supplies are shrinking due to overexploitation and pollution. The non-domestic
demand (15%) has been decreasing over the years in parallel with the decline of water consuming
industries (mostly textile and dairies) (Ruet et al., 2002).

Table 9: Distribution of water connections and population
Source: (MCGM, 2005 to 2025f) and Table 67

5.4.2 Storm water drainage
The storm water drainage (SWD) system of Mumbai comprises a hierarchical network of roadside
surface drainage, underground drains and laterals, major and minor nallahs and outfalls, which
discharge all the surface runoff into rivers and the Arabian sea (MCGM, 2005 to 2025f). Of the 186
outfalls, there are 107 major outfalls in the city, which drain to Arabian Sea directly, 4 at Mahim creek

78

Many parts of the city depend on takers for partial fulfilment of their water demand. The quality of water is questionable, in addition to
negative impact on energy consumption and transport infrastructure.
79 As per a criterion of BMC, the urban poor living in slum and squatters are apportioned the least, only about 45 lpcd against 135 lpcd for
those living in condominiums or privately owned houses.
80 According to Shaban & Sharma (2007) only 0.6% of the population in Greater Mumbai is completely dependent on ground water,
whereas 3.6% of population have access to Tube well/hand-pump and Well/open well, each.
81 A report by the Central Ground Water Board says that the fall in groundwater table ranges from 0.11 meter/year in Churchgate to 0.38
meter/year at Aarey Milk Colony.
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and 4 at Mahul creek. There are 29 outfalls in western suburbs draining directly into the sea while 14
outfalls discharge in Thane creek while 6 discharge in Mahul creek (MCGM, 2005 to 2025f).
Mumbai is the second-most flood-prone city in South Asia (Rajadhyaksha, 2012a). Water logging and
flooding during the monsoon season in Mumbai are known to cause enormous economic and social
problems. In addition to its low-lying topography and reclaimed nature of land, the main reasons for the
flooding include the following: inadequate capacity and inappropriate design82; urbanization and poor
maintenance83; and tidal variation combined with heavy rainfall. The highest rainfall recorded in a single
day was 944 millimetres (37.17 in) on 26th July 2005. This accompanied by the high tide, an inefficient
drainage system, clogging of drainage system and natural channels due to poor maintenance, and
unplanned growth, resulted in large-scale flooding causing unprecedented loss of property and life, and
huge economic losses.

5.4.3 Sewage systems
The sewage system of Mumbai is divided into seven zones. The first sections of the sewage system for
Mumbai were constructed in zone 1 and zone 2 in 1860. Additions have been made since to cover a
greater area and population. The Municipal Corporation on Greater Mumbai (MCGM) has implemented
the integrated Water Supply and Sewage Projects with the aid of World Banks. The 25 years master plan
for sewage began in 1979 and was completed in 2004 (MMRDA Planning Team, 1996 - 2011). The
characteristics and the history of the system are given in Table 10. The key issues related to Mumbai’s
sewage system are similar to those of its storm water drainage: inadequate coverage 84 , inadequate
capacity85 and disposal standards; dilapidated condition86 and poor maintenance87. The inadequacies of
the system results in discharge of large amounts of untreated sewage into creeks (MCGM, 2005 to
2025f), resulting in degradation of coastal water quality, and contamination of the adjoining beaches and
seafronts (Kumar, Subramaniam, & Patil, 2000). According to Mumbai-based environmentalist Darryl
D’Monte, the disproportionately larger amount of loans taken for upgrading the water supply versus

82

The core of the present SWD system in the city is about 70-80 yrs. old, which has not undergone significant upgrading to keep up pace
with the rapid urbanization and changing rainfall pattern and sea levels (MCGM, 2005 to 2025f).
83 Loss of holding ponds due to land development over the years and increase in runoff coefficient, dilapidated drains and poor structural
conditions (especially in the island city), encroachment on drains, enhanced silting and choking of drains due to sullage/sewage inflows
and garbage dumping in drains, obstruction due to crossing utility lines, etc. are some to additional (MCGM, 2005 to 2025f).
84 In spite of doubling of the network in the last 22 years (MMRDA Planning Team, 1996 - 2011), the system covers only 45% of the
population.
85 Less than 20% of the sewerage generated is treated through two sewerage treatment plants in Colaba and Worli and through aerated
lagoons in Versova. The remaining sewerage is let out in the sea without treatment (Ruet et al., 2002)
86 Most of the sewer lines are more than 100 years old and are in dilapidated condition, resulting in leaks and contamination of ground
water and piped water supply due to close proximity of the pipes.
87 The drains are often choked with garbage and plastic bags. Though the administration spends money on clearing them, the waste is often
left alongside the drain (as it would cost to transport them long distance) and gets washed back into the drains during heavy rains.
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improving sewage system in Mumbai demonstrates its total disregard for the overall infrastructure and
environment (Chatterjee, 2005).

Table 10: Salient features of the Sewage System in Greater Mumbai
Source: (MCGM, 2005 to 2025f)

5.4.4 Transport modes and mobility
The travel demand of Mumbai is estimated to be about 200 million person trips per day (MCGM, 2005
to 2025c). The railways have played an important role in the growth of Mumbai, with housing
development following the two strands of the suburban railway system, the Central and Western
Railways. The length of the railway tracks joining western and eastern suburbs with the Island city is 25
km and 30 km respectively (Patankar, Patwardhan, Andharia, & Lakhani, 2010, p. 8). The Harbour line
connects the Island city to Navi Mumbai, and there are other railway tracks catering to smaller sections
within the city. The railways are considered the lifeline of Mumbai, carrying approximately 5.4 million
people per day in the 1990s while about 4.5 million people used the buses. Masselos (2005) observes
that in addition to being a physical link for travelling, the railways also acted as a space for socialising
due to the amount of time spent travelling by commuters in Mumbai.
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Figure 49: Road and Railway network of MMR
Source: (Planemad(Wikipedia), 2014; The Economist, 2012)
The average trip length by bus is about 5 to 6 km and about 25% of the total trips are feeder trips to the
suburban railway system stations (MCGM, 2005 to 2025c). ‘During the 1990s the railways figured in a
number of agitations and demonstrations which underscore the importance of the rail system in the
extended space of city living’ (Masselos, 2005, p. 39). The total length of the road network in MMR is
1941 km, out of which 506 km are in the Island city, 927 km in the suburbs (Patankar et al., 2010, p. 8)
and the remaining in the rest of the region. Intermediate public transport modes like taxi cars and auto
rickshaws88 largely serve as collectors and distributors of traffic to the suburban railway system, with
average trip lengths of about 3 to 5 km (MCGM, 2005 to 2025c). Currently, MCGM maintains 11
flyovers, 47 ROBs (Road over Bridges) and 104 bridges. In addition, for pedestrian facilitation MCGM
has constructed 68 footover-bridges (FOB) and 28 pedestrian subways (Patankar et al., 2010).

88

Auto rickshaws are allowed to operate only in the suburban areas of Mumbai, while taxis are allowed to operate throughout Mumbai;
both are required to run on Compressed Natural Gas (CNG), which is considered to be a cleaner fuel compared to diesel.
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Figure 49 shows the existing and proposed road and railway network of Mumbai. The two main
problems related to transport system in Mumbai are:
a) severe north-south congestion on the western and central lines and the key arterial roads, and
b) a lack of east-west connectivity within the city and between the city and the hinterland.
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Figure 50: Increase in private motor vehicle ownership in Mumbai
Source: (National Environmental Engineering Research Institute, 2010)
Though 85% of Mumbai‘s travel demand is still carried out through mass transport systems, the use of
personalised89 vehicles has been rising (MCGM, 2005 to 2025f), due to insufficient public transport
infrastructure90, increasing sprawl and increasing aspirations of people. The 2011 census reveals that the
percentage of households with vehicular ownership in the Island city, in the decade between 2001 and
2011, has increased considerably, as follows: from 9.4% to 12.6% for four-wheelers and from 8.6% to
16.6% for motorised 2-wheelers; while the number of bicycles show marginal increase from 8.4% to
8.8% (Rajadhyaksha, 2012b). Figure 50 illustrates the increase in motor vehicle population in Mumbai
between 2000 and 2007, reflecting that the two-wheelers not only form the bulk of the motor vehicles,

89

These include private vehicles such as cars, scooters, bikes, as well as semi-public vehicles such as taxis and auto-rickshaws. 7,500 new
taxi permits were cleared in November, 2013 and the transport department asked BMC officials to set up 242 taxi stands in the island city
within a month (Somit Sen, 2013).
90 The suburban rail system is grossly overburdened due to 6 fold increases in total passenger traffic since its inception, while capacity has
been increased by only about 2.3 times. Overcrowding of trains is a common scene every day as demonstrated by the 4,700 passengers
who travelled in each trains designed to carry 1,700 (per 9-car train) during peak hours in the early 1990s (Masselos, 2005). This has
resulted in super dense crush load of 14-16 standing passengers per sq. m of floor space (Dhakras, 2004). Because of the overcrowding on
the mass transit system, many people are switching to scooters or mopeds.
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but also have the highest growth rate, followed by cars and jeeps. Figure 51 illustrates that the twowheelers occupy bulk of the total motorised vehicles and petrol is the main fuel for road transport in
Greater Mumbai.
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Figure 51: Percentage break-up of motor vehicle population in Greater Mumbai as on 31st March 2011
Source: Based on Table 68 in the Appendix C
The total number of motor vehicles in Mumbai and its suburbs had reached 1.979 million by January,
2011 with a vehicle density of 674 vehicles per kilometre of road length in the city(Jore, 2012). Traffic
density during peak hours in some areas of the city is so high that the average speeds are as low as 6 to
8 km/hours (MCGM, 2005 to 2025c). Slow moving traffic requiring frequent acceleration, deceleration
and long idling at various stops increase fuel consumption and emissions significantly and is evident
from higher levels of pollutants near the junctions with higher idling times (National Environmental
Engineering Research Institute, 2010). Parking is another major problem, due to the extremely limited
number of legal parking spaces available; considerable on-street parking that further congests the streets.
The Brihanmumbai Municipal Corporation (BMC) has allotted 211,467 sq. m of space for cars and 3,195
sq m for two-wheelers, with a parking space requirement of 13.75 sq. m and 2.88 sq. m for a car (or
jeep) and a two-wheeler, respectively. This means that about 15,380 four-wheelers and 1,109 twowheelers can be accommodated in the lots provided by the corporation, that is, a parking ratio of 1 spot
per 120 vehicles (NDTV, 2012).
In addition to the out-dated and poor condition of public transport vehicles, poor riding surfaces,
inadequate road widths and choking intersections, hawkers and parked vehicles have resulted in slow
vehicular traffic and environmental pollution (MCGM, 2005 to 2025f), and an increase in respiratory
problems in the city (Lewis & Iyer, 2010). Data made available by NGO Praja.org on civic issues through
a series of Right to Information (RTI) queries reveal that maintenance and development of roads remain
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a major cause of discontent for citizens, followed by issues related to licensing and then water. Between
January 2008 and November 2009, as many as 74,801 road-related complaints were filed across the
city’s 27 wards. Licence complaints totalled 54,062. ‘Bad patches, resurfacing of roads, fallen trees on
roads, reinstatement of trenches and potholes were some of the major complaints filed by citizens'
(Tatke, 2010).
‘Transportation is a key issue in the “sustainable urban form” debate’ (Jenks, Williams, & Burton, 2000).
Urban transport strategy is a paradox because though urban transport can contribute to poverty reduction
both directly91 and indirectly92, the growth in private motorised transport 93 can make some poor people
even poorer (Gwilliam, 2002). There are two basic approaches to solving transportation problems: 1)
increase capacity in terms of infrastructure, and 2) manage demand. While it is reasonable and wise to
increase capacity to a certain extent, it is more affordable and realistic to control the growing demand
through various management strategies (Dhakras, 2004). However, the strategies implemented in
Mumbai are entirely based on increasing infrastructure, rather than managing demand. The various steps
undertaken to improve transport infrastructure include additional rail capacity, building
flyovers/elevated roads, road over bridges, subways, Mumbai Metro, Mumbai Monorail, new bus
terminals on key North-South and East-West links, BRTS (Bus Rapid Transit System) lanes, and
(pedestrian) sky-bridges. Rode (2007) observed that a disproportionally large amount of public spending
was being directed towards automobile-related projects94, though the largest proportion of commuting
is done on foot or public transport which is more inclusive, energy efficient, and sustainable (Burdett,
2007). A study conducted by Dhakras (2004), while promoting various methods of restricting personal
vehicle use, also agrees that it needs to be preceded by the enhancement of buses and railways. The
result of the experiment conducted by Tiwari and Kawakami (2001), is that the increased cost of private
vehicle by 1% reduces its market share by 4.7% which is accompanied by an increase in the market
share of public vehicles.

5.4.5 Electricity
Though Mumbai saw electric lighting for the first time in 1882 (at the Crawford Market), and
subsequently in 1891, the schemes failed and supply was discontinued. The Bombay Electric Supply &
Tramways (BEST) Company, having received its license in 1905 from the Municipality, was the first to
supply electricity to the city successfully. Until 1926, BEST generated its own electricity at the Wadi

91

through its impact on the daily needs of poor people.
through its impact on the city economy and hence on economic growth.
93 Associated with growth of the city and increasing affluence.
94Western Freeway Sea Link, 18 road widening corridors, 11 planned flyovers
92
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Bunder station to provide power for the tramway, but later the Tata Electric Companies started supplying
electricity to the BEST ("Electricity arrives in Mumbai," n.d.). At present electricity generation and
transmission is being done in Mumbai by the Tata Hydro-Electric Power Supply Company that has
generation stations at Trombay and Khopoli and receiving stations at Mumbai and surrounding areas.
The Andhra Valley Power Supply Company has also a generation station at Trombay and another at
Bhivpuri (Relief and Rehabilitation Division, n.d.). Mumbai’s main two sources of supply are hydro and
coal, both of which lie outside the physical/municipal boundaries; one is polluting, the other is dependent
on rainfall and water supply. In addition, direct supplies are also made to consumers with huge load
demand like the railways, textile mills and a few other industries from the Tata Hydro-Electric system.
The following are the distributing agencies in Mumbai’s electricity market, with different tariff
systems95:


Brihanmumbai Electric Supply and Transport Undertaking (BEST)



Brihanmumbai Suburban Electric Supply Company (BSES)



Maharashtra State Electricity Board (MSEB)



Tata Power Company Limited (TPC)



Reliance Energy Limited (REL)

The distributing agencies receive the power at their receiving stations and distribute the same through
the network of substations and high voltage & low voltage underground cables. The substations are
located at different locations in the entire area of their supply.
Energy is considered an essential component in the economic growth of an area, especially in urban
areas. Maharashtra consumes almost 12% of India’s electricity, has the highest consumer base in the
country ("Looking to power the state forward," 2010), is the largest power generating state in India with
installed capacity of more than 11,000 MW and also tops the list for more deficit compared to other
states (Sant & Dixit, 2000). Of the total 3,288 MW daily consumption, around 950 MW is being
imported(Tembhekar, 2011). By 2015, the daily power consumption in Mumbai is expected to increase
by another 886 MW(Tembhekar, 2011). Mumbai's electricity generation capacity in 2011 was 2,277
MW (Tembhekar, 2011); but consumption of electricity is growing faster than production capacity,
leading to electricity blackouts on a regular basis (BBC News, 2002; BS Reporter, 2006; Rediff News,
2007). While the depletion of ‘easy to find’ coal (for thermal power plants) and seasonal limitations of
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For example, in 2010 for 350 units of electricity consumption the different agencies billed their customers as follows: BEST charged Rs
1553, Tata Power charged Rs 1220 and RInfra charged Rs 2228. In 2010, Tata Power, with this new tariff structure, was the cheapest
power supplier in Mumbai (Tembhekar, 2010b).
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dams (for hydropower) is affecting the generation capacity, higher summer temperatures (causing
increased cooling loads) and increasing affluence of people is affecting the power consumption.
However, the brunt of extensive load shedding is faced by consumers in other parts of Maharashtra
(Khan et al., 2005), due to the priority given to Mumbai because of its economic status.
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Figure 52: Electricity consumption in Mumbai by sector (million kWh)
Data source: (Bhada, 2007)
Mumbai’s energy consumption has been increasing by 6% annually 96 , both because of increasing
population and increased use of electrical appliances. While the data for increased number of airconditioning units for Mumbai could not be found, the number of televisions has increased from 7.49
million to 8.53 million in the Island City and 73.9 to 85.1 million in in the suburbs for the decade between
2001 to 2011. However, air-conditioners account for 40% of city's total power consumption, guzzling
nearly 1,000 MW of the 2,700 MW of power that the city consumes every day (Tembhekar, 2009).
The Brihanmumbai Municipal Corporation (BMC) is planning to make it mandatory for new buildings
to have solar panels along with various incentives to motivate buyers and developers to install them97
(Dani, 2010). The power tariff are also increasing in Mumbai, with the BEST set to charge its residential
consumers at 9.97 INR per unit for 2013-14, 10.93 INR for 2014-15, and 11.94 INR for 2015-1698
(Tembhekar, 2013). According to the bill for the month of September, Antilia consumed 637,240 units
of power (compared to an average consumption of 300 units per month by household equipped with all
electronic amenities) (Suryawanshi, 2010).

96

Over the past 20 years, energy demand in the residential sector of India has more than doubled at an average growth rate of around 5%
(Reddy & Balachandra, 2002)
97 ‘The government has introduced certain incentives like high ratings for independent houses, the government reimburses 90% of the
registration fee, provides a 30% subsidy on renewable/solar panels energy systems up to a maximum of 100 KW, thereby motivating buyers
and developers.’
98 The average tariff hike for all categories of consumers, works out to 8.9% for 2013-14, 8.6% for 2014-15 and 8.4% 2015-16.
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5.4.6 Food
Mumbai receives most of its supply of food from around the state and the country. Though, reduced
agricultural productivity (Renton, 2009) due to an increasing shortage of productive land
availability99(Bhaskar, 2010; MCGM, 2005 to 2025f) and water for irrigation (BS Reporter, 2009), the
cost of food items in the city has been soaring. In the food group alone, the Consumer Price Index (CPI)
increase in 2010 was 15.5% (Jaisinghani, 2010; Tembhekar, 2010a). Not only the production, but also
the transportation of food from outside the city, requires a considerable amount of energy, which can be
reduced if some of the food can be produced within city limits. Currently, the narrow strips of land along
the railways lines (that are meant to be the buffer zone), in some of the suburbs, are used for agricultural
purposes.

Figure 53: Leafy vegetable being grown along railway tracks and open drains (Author)
Liquefied Petroleum Gas (LPG) is the most common cooking fuel used (80-85%) in Greater Mumbai,
at least in all formal housing (as most of the slum population (88%) consumes kerosene as major cooking
fuel)(National Environmental Engineering Research Institute, 2010). Mahanagar Gas Limited and
various state-owned petroleum companies (Hindustan Petroleum Co. Ltd., Bharat Petroleum Co. Ltd.,
Indian Oil Ltd., etc.) distribute it, mainly in cylinders, though piped supply is provided to some new
constructions. 12,507,480 cylinder of LPG of 14.6 Kg each (National Environmental Engineering
Research Institute, 2010), were consumed during the year 2005 in the domestic sector.

5.4.7 Solid waste
An average of 7,025 metric tonnes per day (MTPD) of solid waste is estimated to be generated in Greater
Mumbai of which about 5,000 MT is generated in general municipal waste, about 2000 MT is silt and

99

Between 1971 and 2001, the built up area changed from 25% to 52% and land under forests and agricultural/plantations changed from
32% to 19%, in Greater Mumbai.
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construction debris and about 10 MT is biomedical waste100. Waste collection is through community
bins (83%) and house-to-house collection (13%). Most of the municipal solid waste collected is disposed
off at the landfill sites at Deonar101, Mulund, and Gorai as mere dumping and levelling. Only about 100
to 150 MTPD is treated by localised vermin composting, biogas generation, etc. Construction debris to
the tune of about 2,000 MTPD is being disposed in abandoned mines/quarries within MCGM limits.
All of the three disposal sites have almost outlived their productive/ carrying capacity and the total solid
waste generation is expected to reach about 10,000 MTPD by 2025. The percentage of growth in solid
waste has increased considerably, which is an indicator of increased consumption patterns and wealthier
lifestyle that the Mumbai public enjoys (MCGM, 2005 to 2025). In 2006, BMC needed to collect and
dump 6,500 MT of garbage a day that increased to 6,765 MTPD in early 2011 and finally to 7,200 MTPD
in October, 2011(Shawan Sen, 2011). Although the Government of Maharashtra allotted MCGM a site
in Kanjur Marg102, measuring 141.77 Ha as disposal site in October 2005, it is likely to be inadequate
for the projected solid waste generation (MCGM, 2005 to 2025). In addition to this, even though the
Municipal Solid Waste (Management and Handling) Rules of 2000 made it mandatory for local
municipal bodies to enforce segregation at source, only about 10-15% of Mumbai’s daily garbage is
actually separated, and even this is often mixed up again in community garbage bins or vehicles that
transport it to dumping grounds (Ghanekar, 2013).

Figure 54: Kanjur Marg (left) and Mulund (right) dumping grounds (Author)
Source: (Maharashtra Pollution Control Board, 2014 )

The BMC’s environment status report for 2011-12 pegs the waste generated in the city every day at 9,200 metric tonnes. Of this, about
15% lies uncollected for want of resources(Ghanekar, 2013).
101 Slated for closure since 2011
102 Kanjur Marg dumping ground was proposed to be opened in 2008, but eventually 65.96-hectare opened in July 2013 and received 4,000
tonnes of the 6,500 tonnes of municipal solid waste (MSW) generated daily in the city. It was expected to be fully operational by October
2013(Saldanha, 2013).
100
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The BMC, has an annual budget of Rs. 10,000 million for solid waste management, with over 75%
spent on collecting and transporting wastes.(K. P. Nair, 2013) The average distance from collection
points to the dumping grounds ranges from 20-28 km (Bhada, 2007). In addition to air pollution created
by the diesel-guzzling vehicles for garbage collection (about 980 vehicles owned by the Municipality
and private contractors) (Bhada, 2007), due to its sheer volume, waste collection is not efficient, and the
garbage is not sorted and recycled, which is a waste of resource. However, it is far more efficient to
reduce, reuse and recycle the solid waste at the source, that is, at neighbourhood and community levels,
rather than at a municipal level, as it would eliminate the energy (fuel) spent in transporting the waste to
a central location, and the related air pollution caused. Rathi (2005) explored alternative approaches,
such as community participation and public-private partnership to MSW management in Mumbai and
concluded that community participation is the least costly option (considering composting and recycling
of solid waste). Civic norms mandate there should be a bin every 300 metres, but there are only around
800 in the city. BMC is planning to procure 15,000 bins of 240 litres and 10,000 of 120 litres for dry
and wet waste that are the estimated to cost around Rs 2,500 each.

Figure 55: Current Municipal Solid Waste Disposal Sites
Data source: (MCGM, 2005 to 2025d; Saldanha, 2013)
Garbage is found all over the city, piled up at street corners, strewn along roadsides (see Figure 57) and
dumped in open spaces and drains. Wastes, especially plastics, piled up in drains block drainage, often
leading to flooding of the streets during the monsoon. In fact, clogged drains and rivulets running through
the city caused heavy damage to life and property during the intense rains (said to be the result of the
changing rainfall patterns because of the climate change) and the consequent flooding in Mumbai in July
2005 (K. P. Nair, 2013). Though the municipal corporation had attempted to create public awareness
through various media, especially with respect to the use and disposal of plastic packets, it was neither
very intensive nor effective. Yet, for effective implementation, it needs to be a part of DC rules.
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Figure 56: MSW dump and transfer stations

Figure 57: Garbage piled along the street
(Author)

Source:(Bhada, 2007, p. 40)
When Mumbai’s municipal waste dumps were constructed, they were at the outskirts of the city; today,
they are surrounded by housing colonies and have adverse and serious health impact103 on the residents
of the surrounding areas and on the environment104. According to Smoke-affected Residents’ Forum
(SARF), air pollution from the Deonar dump has affected the health of about 2.5 million (K. P. Nair,
2013) people who have been complaining of increasing allergies, cough, asthma and other respiratory
ailments, foul smell, toxic fumes, smoke from fires in the dumps, etc.. (K. P. Nair, 2013) Environmental
impacts include underground water contamination from water leaching from the dump and the GHG
emissions. Even two years after the BMC officially started to scientifically close the Deonar dumping
ground, locals still complained of smoke and foul smell emitting from the dumping ground (Jain, 2013).
However, 20% of the city’s waste is recyclable and 50% biodegradable (K. P. Nair, 2013)105.
MCGM is currently working on evaluating different technology options including recycling and disposal
methods to optimise the available land for disposal and recover as much possible from the garbage to
minimise the landfill requirement. At Deonar, which now receives 5,000 tonnes of waste every day, part

103

In 2005, Infant Mortality Rate in Govandi (one of the adjoining suburban neighbourhood) was 60.8 per 1000 live births while the
average for Mumbai was 35.12 per 1000. In the past year, health posts in Govandi registered 1629 TB patients, while asthma, skin diseases
and malaria is common here as well(Clyde, 2013).
104 The 110-hectare Deonar dumping ground rises up to seven stories high, the dumping ground was opened in 1927 and has approximately
9.2 million tonnes of waste in place. Because of dumping of garbage without segregation, the bacteria present react with it, which releases
an estimated amount of 4,251 m3/hr of biogas, mostly containing methane that should be harnessed as a potential energy source. Instead,
in August 2008, the BMC came up with a rather ridiculous situation to control the stench in Deonar by spraying it with deodorant, the
perfume costs US $114,000 for 42,000 litres (Clyde, 2013).
105 This is higher than the states average of 45% biodegradable and 55% non-biodegradable (V. R. N. Singh et al., 2010).
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of the dump yard will be closed and turned into a ‘green belt’. The methane released from this closed
dump will be trapped and collected through gas wells and pipes, and used to produce 3-4 kW of
electricity a day (K. P. Nair, 2013). At the Mulund, part of the organic wastes which used to be dumped
here will be processed into methane in a bio-methanation plant which in turn will be used to produce
electricity. About 500 tonnes of waste a day, when processed into methane, will generate about 6 MW
of electricity, according to BMC’s estimates (K. P. Nair, 2013).

5.4.8 Open space
Of the total area of 78.48 sq. km, only 6% of the Island City is open space, of which 17.76% has been
encroached upon, leaving only 3.8 sq. km area open for public use. This translates into an average of
1.05 sq. m of open space per person in the city (considering only the residential population). However,
even this is not uniform with C-ward having the lowest and A-ward the highest person open space
available, as shown in Figure 58 and Figure 59. This puts Mumbai far behind other cities in India, and
around the world. Delhi and Bangalore offer 15 and 6.4 square meters of open space per person, while
Tokyo and New York have 6 and 2.5 square meters, according to research carried out by the real estate
company Jones Lang LaSalle (Thirani, 2012,). According to the tree census carried out in 2008 by the
civic body, there are 1.9 million trees across Mumbai, which has an area of 603 square kilometres (Jain,
2014a).
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Figure 58: Comparison of Mumbai City’s open space availability
Source: Based on Table 69 in Appendix C
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Figure 59: Open Space map of Mumbai
Source: (P K Das and Associates & Mumbai Waterfront Centre, 2012 )
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5.5 Population, Density and floor space consumption
Figure 60 provides the area, population, and gross population density of Greater Mumbai and the rest of
the MMR. It is evident that as we move out of the city the population density reduces significantly, and

Mumbai Metropolitan Region
Area: 4355 sq. km
Population 18.41 million
Density = 4228 per sq. km

the completely urban setting gives way to small towns and villages.

Greater Mumbai
Area = 524.95 sq. km
Population = 12.77 million
Density = 23,812 per sq. km
Rest of MMR

Mumbai City district
Area = 78.48 sq. km
Population = 3.65 million
Density = 46,619 per sq. km

7-wards

Mumbai Suburban District
Area = 446.47 sq. km
Population = 9.11 million
Density = 20,410 per sq. km

9 wards

Figure 60: Area, Population and density distribution within Mumbai Metropolitan Region
Data source: (Census of India, 2011a) and Table 67 (in Appendix C)
As is evident from Figure 61, the population growth of Greater Mumbai was constituted, preIndependence106, by growth in the city but post-independence by growth in the suburbs. While the Island
city accounted for 83.62% and 77.79% of Mumbai’s population in 1901 and 1951, respectively, its share
reduced further to 24.68% by 2001 and is projected to reduce to 17% by 2031. ‘During the decade
between 1933 to 1942, building activity reached its peak as the population grew from 1.16 million (1931
census) to 1.49 million (1941) and the pressure on land escalated with over 50,000 people in the city
with no accommodation at all’ (Dwivedi et al., 1995, p. 223). While the amount of land available for
development in the Island city was being exhausted, two other developments also contributed to this
phenomenon. ‘The first is the growth of Bandra-Kurla on Salsette island as a location for business and
industry, which has added another centre to the existing in the downtown Fort area of Bombay and the
second is the whole range of industries and activities that have sprung up in parts of the BMR on the
adjacent mainland and in New Bombay’ (Masselos, 2005, pp. 37-38).

106

India gained its independence on 15th August, 1947.
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Figure 61: Population variation of Mumbai over 110 years (1901 and 2011)
Data source: (Census of India, 2011a; MCGM, 2005 to 2025b)
This phenomenon is also supported by the change in total built-up area between 1968 and 1987, as
represented in Table 11. While the built-up area in the suburbs has been increasing, it has remained
constant in the city. Table 11 also reflects that the rate of increase in built-up area in the western suburbs
have been greater than the eastern suburbs. However, a comparison of the rate of increase in population
and built-up areas reveal that the latter has not been able to keep up with the former. This has created a
shortage of both commercial and residential area (the latter being more acute), resulting in increasing
real estate prices and increasing slum areas.

Table 11: Urban Sprawl in Greater Mumbai
Data source: (MMRDA Planning Team, Planning division, 1996 - 2011a, p. 22)
In other words, the Island City’s share of Mumbai’s population has reached its capacity, but that of the
suburbs is ever increasing causing more sprawls. However, the suburbs were mostly developed for
residential uses, with limited commercial and mixed-uses (except for few pockets in the late 20th
century). This is evident from the increase in the average distance travelled to work, from 11.5 km in
1961 to 14.5 km in 1970. The Municipal Planning Team have stated, ‘Urban growth needs to be
physically confined to well defined areas based on the desirable densities and population distribution,
and rest of the region be conserved as agricultural/rural area’(MMRDA Planning Team, 1996 - 2011).
The intention is to redevelop the Island City at an increased density in order to reduce urban sprawl.
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Figure 62: Population Density in Greater Mumbai, 1981–2001
Data source: (Demographia, 1994-2006)
While, Figure 62 illustrates the changing population density in different wards of Greater Mumbai
between 1981 and 2001; Figure 63 graphically compares the density, area and population (as per 2001
census) of the various wards of Greater Mumbai, clearly indicating the movement of population
northwards, with the inner and outer suburbs gaining population since the 1960s. However, both of them
clearly show that population density in Mumbai is not evenly spread.
While, C-ward (the focus area of this thesis) clearly has the highest density, A-ward and S-ward have
the lowest density in the City and suburbs, respectively. Of the five wards comprising of the inner city,
A large part of A-ward is occupied by the defence forces and the CBD; B & E-wards have some large
part taken by the Port trust and railway yards along the east coast; the old textile mills are located in
central areas of D & E-wards; the western waterfront in D-ward consists of high-end residential and
commercial buildings; and C-ward, where the native town under the colonial rule was first set-up, not
only has the highest residential density, but a substantially large floating population during the day. As
a result, the highest concentration of dilapidated Cessed Buildings is located in the C-ward, which, if
developed according to the existing regulations, would increase the density of the ward even higher.
Also, while the net residential density in the mill areas is much higher than the gross density of the ward,
due to the presence of mills, workshops and open spaces occupying large lots of land while the ‘chawls’
and other residential buildings are concentrated on small plots of land.
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Figure 63: Ward-wise comparison of Density, Area and Population (as per 2001 census)
Source: Based on Table 67 in Appendix C
In a list of the cities prepared by Google and ranked by their population density, Mumbai, with a density
of 22,937 per sq. km, ranks 23rd. However, of the 22 cities ranking higher than Mumbai, only five have
population exceeding a million and one (Delhi) has that exceeding 10 million (refer to Table 65 in the
Appendix C). Mumbai has a much higher gross density than cities it is usually compared with (such as
Hong Kong) or those that it strives to be like (such as Singapore and Shanghai). This comparison is
especially important when higher FSI in CBD’s of cities in developed countries is cited as a reason for
increasing the FSI in the Island city of Mumbai, the most common example being Manhattan in New
York City, without any consideration to the actual population density or availability of infrastructure.
Considering Mumbai’s growth rate, Mehta (2004) remarked that ‘there will soon be more people living
in the city of Bombay than on the continent of Australia’(p. 3). In addition to the relatively higher gross
density of Mumbai city district compared to some other biggest global cities (almost 2.5 times that of
Manhattan, as shown in Table 12, Mumbai also suffers from very low floor space consumption, leading
to overcrowding, within house, and even, open spaces and transport system. As per the 2001 and 2011
census, 68.4% and 62.7% of households in the Island city, and 64.8% and 55.5% households in the
suburbs of Mumbai (in 2011), respectively, live in dwellings with only one room (Census of India,
2011b; Kidambi, 2007). Compared to these, according to the 1911 and 1919 census, about 3/4th of the
total lived in one-room tenements, most of which were in the heart of the city. This fall in the number of
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households living in one-room tenements in the city can be associated with the falling density in some
wards of the inner city, as shown in Figure 62.

Table 12: Comparison of Density of Global cities
Data source: (Wikipedia, 2014a, 2014b, 2014c)
Certain wards and old neighbourhoods have densities much higher than the city’s average, as well as
relatively high FSI (more than the 1.33 FSI limit in the Island city). This is particularly important,
because most redevelopment and provision for additional FSI has been utilised mainly for providing
more housing units (mainly for the middle or higher income groups), with very small increase in the size
of the units for lower-income people. Even if the additional FSI s used for increasing the per person
availability of space and would reduce the feeling of overcrowding, to a certain extent, it is likely to put
more strain on infrastructure and environment.

5.6 Summary
This chapter has not only been a description of the history of development within Mumbai, but also a
history of the City’s Metabolism. From its beginning as islands sustained by farming and fishing, it has
grown to become the densest city in the world. Its history is founded on its resources: inadequate land
has resulted in land reclamations (over 80% of the City); inadequate water supply has resulted in
pipelines covering ever-increasing distances to obtain water that is only available for a few hours in the
day; etc.
Mumbai has evolved from a primary economy (agriculture) some 300 years ago, through a secondary
economy (industrialisation) and now into a tertiary and quaternary (service sector). The history of its
evolution puts the proposed new development strategy, the focus of this thesis, into context. As the City
has grown, so has its metabolism. The second part of this chapter has indicated that the City has reached
the limits in both its infrastructure capacity and available resources from its hinterland.
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The early development was by the British who, in 1668 carried out fortification in order to protect trading
interests.

A century later, the East India Company developed the islands by introducing land

reclamation, roads, and railways. The cotton-textile industry expanded in the 1850s with the coming of
spinning and weaving mills and, a century later (after independence), the cotton industry was
mechanised. At the same time, the financial sector began to grow. Urban growth was uncontrolled and,
even in the 1800s, Bombay was considered a high-density city; with a greater density than London.
Planning regulations did not appear until 1964 and the main control mechanism was FSI. However,
within a decade spatial planning was replaced by economic planning. The most influential legislation of
development was in the form of the introduction of the Rent Control Act in 1939, which effectively froze
rents with the consequence that owners could not afford repairs. The ‘cessed’ buildings (those built
before 1970) have fallen into disrepair and many are structurally unstable.
The built form has evolved over three centuries of development. Single storey villas were replaced by
2-4 story ‘wadis’ (single-room tenements with shared facilities). With expanding industrialisation came
‘chawls’ (3-5 storey), rows of single rooms (8-15 sq. m). Each building type becoming progressively
more compact. In the 1970s, high-density apartments were constructed in an attempt to relocate slum
dwellers.
The second half of the chapter investigates the history of resources available to the City. Most parts of
the City are facing water shortages with supplies available for between 2 to 6 hours a day. Most of the
sewage reticulation is over 100 years old and only about 20% is processed before being discharged into
the sea. Although 85% of Mumbai’s travel demand is carried out by public transport, private car
ownership is growing exponentially and average speeds on roads at peak hours is 6-8 km/h. Electricity
consumption is growing faster than production capacity leading to frequent blackouts. 40% of the city’s
electrical use is for air-conditioning which, together with the growth of household appliances, is resulting
in an average annual increase in electricity demand of 6%. Due to an increasing shortage of productive
land and water for irrigation, the cost of food has escalated disproportionately. For example, in 2010,
food prices increased by an average of 15%. Solid waste is disposed of in landfill sites within the City
and these have now reached their maximum capacity. All solid waste is required to be segregated at
source but only about 10-15% is actually separated.
The following Chapter (6) investigates the redevelopment policies in Mumbai in greater detail and
introduces the recent strategy of ‘cluster’ developments which allow significantly greater FSI resulting
in higher densities and higher population numbers. A pilot study is described that analyses the
implications on a small site and sets up the parameters for the main case study that is described in Chapter
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7. There is neither adequate land area nor resources or disposal systems that can satisfy the demand in
Mumbai. Yet Mumbai is to grow further. With no more land, old (cessed) buildings are to be demolished
and replaced with tower-like blocks; vertical with vengeance. The following case study will analyse the
impact of the proposed development on Mumbai’s metabolism.
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Chapter 6: Cessed properties and redevelopment
in Mumbai city: Policies and Pilot Study
Having witnessed the evolution of Mumbai from a small fishing village to one of the densest
metropolitan regions in the world, and the resultant change in its metabolism in the previous chapter,
this chapter focuses on the cessed properties in the Island City of Mumbai and their redevelopment.
Section 6.1 is a critical review of the policy of residential development in Mumbai that has led to highrise and high-density housing. It also reviews the rent control act in the Island City of Mumbai and
identifies that there was little or no incentive to repair or redevelop areas of the city containing ‘cessed’
buildings where the rent is ‘capped’. Although the Government passed an Act to repair the buildings,
they are not adequately repaired and are collapsing at a rate of 200 per year.
To encourage redevelopment, the Government has introduced successive regulations (1991and 2009) to
give property developers incentives. These incentives take the form of increased FSI and density to allow
greater returns on investment. This section investigates the complex and conflicting legislation that has
been successively introduced to intensify development. It then analyses and critiques the outcomes of
the legislation that has resulted in poorly controlled, randomly located, high-rise developments that
intensify the burden on the urban infrastructure. Section 6.1 then analyses recent policies, to overcome
previous problems, which are based on ‘cluster’ development where only large-scale (over 4000 sq. m)
development can occur in order to integrate infrastructure improvements into redevelopment. The
anomalies and irregularities in these cluster developments are examined.
A pilot study of the urban patterns associated with the cessed properties in the Island city, and the study
of two hypothetical developments is then carried out in section 6.2 to identify the main criteria for
analysing the real-life case study in Chapter 7. Sites of different sizes are considered to evaluate the
implications of DCR 33(7) and DCR 33(9) on the scale of development, potential urban form and to
identify key environmental and infrastructural parameters. Section 6.3 identifies the key characteristics
of the various proposals approved under DCR 33(9) and justifies the selection of Bhendi Bazaar project
for the detailed case study in chapter 7.

6.1 Development Control Regulations (DCR) and Impact on Density
Development control regulations (DCR) for Greater Mumbai area a set of rules that govern all building
activity and development work in areas under the entire jurisdiction of the Municipal Corporation of
Greater Mumbai. While there are several regulations for catering to micro and to macro levels of
development, the bulk of the built-form is governed by four main regulations: i) Floor Space Index (FSI),
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ii) tenement density, iii) height of the building and iv) open space requirements107. With exceptions of
a few areas, the FSI (for residential, commercial and educational zones) in the Island City is 1.33, and
in the suburb and extended suburbs is 1.00 (MCGM, 2007, pp. 74-75). Residential zones are further
governed by maximum and minimum tenement densities of 600 (max) and 267 (min) per hectare in the
Island City and 350 (max) and 150 (min) per hectare in the suburbs. However, for Public Housing/ HighDensity Housing (PH/HDH) on sites having an FSI of 1.00 108, the minimum prescribed density is 325
tenements per hectare, but there is no maximum limit. This translates to an average tenement size of
30.76 sq. m for the minimum density and, considering Mumbai’s average household size of 4.9, the
average floor space per person is 6.3 sq. m. this can be compared to the 44 sq. m of personal living space
available in UK in 2001 (Boardman et al., 2005). It is also interesting to note that public housing is, by
default, considered to be of higher density than regular housing. Regulations for height and setbacks
depend mainly on the width of the adjoining street; the requirements for recreational/amenity open space
is based on the size of the site.
The reconstruction or redevelopment of cessed building in the Island city under the DCR 337(7) or 33(9)
introduced in 1991 and 2009 respectively, however, does not follow any of the standard regulations
pertaining to FSI, tenement density or building heights. While it has its own set of regulations, many of
the important development controls are either missing, ambiguous or discretionary to the approval of the
High Power committee109. While The Bombay High Court (HC) imposed some restrictions in November
2006, following complaints from residents, the Supreme Court of India (SC) on September 2008 ruled
against the 2006 Bombay HC directive restricting the redevelopment of cessed property in Mumbai. The
SC also set aside the HC order and waived all HC-imposed restrictions. Among these were compulsory
open space, MHADA certification and approvals from new committees (ET Bureau, 2009). The
following sub-section provides a brief background to the development of these regulations, before
investigating them further in the subsequent sub-sections.

6.1.1 DCR 33(7) and DCR 33(9)
DCR 33 deals with provision of additional FSI to certain categories of developments that includes repair
and reconstruction of cessed properties, slum housing, housing for the dis-housed, buildings destroyed
by fire, etc. Of these DCR 33(7) and 33(9) deal with the redevelopment of cessed properties and are of
particular interest to us, the rules for which are quoted in text-box 1. The following sections discuss their
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These include the recreational/amenity open spaces and the setbacks, and together define the ground coverage.
In zones in which the FSI is less or more than 1.00, the minimum density of PH/HDH sites will be reduced or increased in proportion
to the FSI permissible.
109 The High Power committee is chaired by the Municipal Commissioner of Mumbai Municipal Corporation and accompanied by the
Commissioner of MMRDA, CEO of Mumbai Repair and Reconstruction Board, Joint Police Commissioner (Traffic, Mumbai), Chief
Architect of Public Works Department and Deputy Director of Town Planning (Mumbai).
108
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origin and analyse their potential impact on the population density and built-form of Mumbai, which in
turn would impact the metabolic flows of the city.
DCR 33(7) Reconstruction or redevelopment of cessed buildings in the Island City
by Cooperative Housing Societies or of old buildings belonging to the Corporation or of
old buildings belonging to the Police Department….the Floor Space Index shall be 3 on
the gross plot area or the FSI required for rehabilitation of existing tenants plus incentive
FSI as specified in Appendix-III whichever is more.
DCR 33(9) Repairs and reconstruction of cessed buildings and Urban Renewal Scheme: For
repairs & reconstruction of cessed buildings and Urban Renewal Scheme undertaken by the
Maharashtra Housing and Area Development Authority or the Mumbai Housing and area
Development Board or Corporation in the Island City, the FSI shall be 4.00 or the FSI required
for rehabilitation of existing tenants / occupiers, whichever is more.

Box 1: FSI provisions under DCR 33(7) and DCR 33(9)
Source: (MCGM, 2007, pp. 80-81)
Floor Space index (FSI) defines the total built-up area existing or permitted to be built on a piece of land.
However, built-up area (BUA) is in turn dependent of the carpet area (CA)110. Also, DCR 33(7) and
DCR 33(9) specify the minimum and maximum carpet area provisions for redevelopment 111 . Thus,
carpet area of both the existing tenements and those in the redeveloped buildings has an impact on the
permissible FSI (and total BUA) for redevelopment and the increase in density (tenement and
population) as the incentive FSI is based on the FSI required for rehabilitation of existing tenants. That
is, smaller tenements being replaced by bigger tenements would provide more incentive FSI.

6.1.2 Condition of buildings and infrastructure
Cessed buildings are constructions prior to 1970, wherein the residents pay a ‘cess’, i.e., a predetermin
ed amount to the civic authority for building repairs. Most of these are rent-controlled structures that are
on rents that were frozen in 1940 (K. Sharma, 2005). There have been revisions but the increases were
marginal. For instance, in an area such as Gamdevi in South Mumbai, where a two-bedroom flat
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MCGM (2007) defines carpet area and built-up area as follows:
‘Carpet area’ means the net usable floor area within a building excluding that covered by the walls or any other areas specifically exempted
from floor space index computation in [the] regulations.
‘Built-up area’ means the area covered by a building on all floors including cantilevered portions, if any, but exempting the areas excluded
specifically under [the] regulations.
111 Appendix III of DCR for Greater Mumbai (MCGM, 2007, pp. 80-81)also states that:
Each occupant shall be rehabilitated and given the carpet area occupied by him for residential purpose in the old building subject to the
minimum carpet area of 20.09 sq. m (225 sq. ft.) and /or maximum carpet area up to 70 sq. m (753 sq. ft.) as provided in the MHAD Act,
1976. In case of non-residential occupier the area to be given in the reconstructed building will be equivalent to the area occupied in the
old building.

149

commands a rent anywhere between Rs.40,000 and Rs.1 lakh a month, a rent-control tenant could pay
as low as Rs.300. (Katakam, n.d.). The State has taken it upon itself to see to it that these buildings are
repaired and, wherever necessary, reconstructed. For that purpose, it created the Bombay Building,
Repairs and Reconstruction Board by passing the Bombay Building Repairs and Reconstruction Board
Act (1969). However, in the last decade, over 2,000 buildings have collapsed, averaging over 200 a year
(K. Sharma, 2005).
Though cessed properties are categorised based on their age, they are synonymous with dilapidated
buildings and failing infrastructure (see Figure 64 and Figure 65). However, the local Corporation
(BMC) has identified 1,236 buildings as being dilapidated in Greater Mumbai in 2014, of which 539 are
in the Island city (Jain, 2014b). While the number of cessed properties has been reducing (due to
redevelopment and collapse) over the years, the number of buildings being declared dilapidated has been
increasing every year. The 2014 estimates were 277 more than the previous year (Jain, 2014b). While
most of these buildings require major repair and reconstruction, others have been identified to
structurally unstable. Several buildings have collapsed over the years causing loss of life and property
(BBC News, 2013; Express News Service, 2014; Times Now, 2010). While redeveloping, the Island
city is required to upgrade the condition of the dilapidated buildings and the infrastructure, increased
FSI (resulting in increased population density) is justified as means to promote redevelopment and make
it economically feasible.

Figure 64: Buildings in dilapidated condition (Author)

Figure 65: Typical neighbourhoods with cessed buildings characterised by garbage strewn along the
congested streets, narrow alleyways, and jumbled up electrical lines (Author)
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The pre-1969 tenanted properties in the Island city (mostly in the form of Chawls, see chapter 5) are
classified into three categories: A (pre-1940), B (1940-1950) and C (1950-1969), most of which have
not been maintained and are in dilapidated conditions. This has resulted in a total of around 19,642
buildings being identified as ‘cessed’ in 1991 in Mumbai city (refer Table 13). However, as a result of
both redevelopment and buildings collapsing, the number of cessed properties has decreased from 19,
642 in 1991 (Relief and Rehabilitation Division, n.d.) to 16,104 in 2008 and subsequently to 14,190 in
2014.

Table 13: The categorisation of cessed buildings, number of buildings in each category and the gradual
reduction in numbers between 1991and 2008
Source: (*Relief and Rehabilitation Division, n.d. )**(Mumbai Transformation Support
Unit, 2012b)
While all cessed properties are commonly believed to be in dilapidated condition and located in
organically evolved neighbourhoods, some buildings in selected localities (especially wards F/N and
G/N) are in good condition and have well-organised layouts. However, the urban renewal scheme
implemented through DCR 33(9) (or DCR 33(7) before it) does not make any distinction as to the actual
condition of the buildings. For example, the Dadar, Matunga, Wadala and Sion Schemes that were
undertaken by the Improvement Trust between 1899-1900 are also considered Cessed and eligible for
redevelopment, in spite of being in good condition.

6.1.3 Redevelopment of ‘Cessed’ properties
The disinterest in construction and maintenance of rental housing is attributed to the Rent Control Act
of Mumbai (Mahajan, n.d.; Mehdi & Bakore, 2007; Padmabhan, 1998) that was introduced in 1947 to
protect occupants of rented premises from precipitously rising prices post-World War II. In 1967, the
first Development Plan for Mumbai was sanctioned, and it introduced the concept of Floor Space Index
(FSI). The Plan specified 1.66 (that was later changed to 1.33) as the FSI for large parts of the Island
City of Mumbai, where buildings have already consumed FSI in excess of 3. This was perhaps with the
hope that redevelopment would occur at lower FSI and density. However, the Rent Control Act required
that on reconstruction, all existing tenants must be reinstated on the same plot. Thus, the FSI regulation
stopped all possibility of reconstruction. In 1969, the government constituted the Bombay Building and
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Repairs Reconstruction Board (now Mumbai Building and Repairs Reconstruction Board or MBRRB)
with the responsibility of rehabilitating tenants, carrying out structural repairs and maintaining transit
camps. The activities of the Board were partly funded by the imposition of a cess or tax on these
buildings, which later came to be known as cessed buildings.

Figure 66: New “swanky” towers (Mansi Phadke, 2013) replacing old medium-rise buildings under
DCR 33(7) in prime area (Author)
The extremely low floor space per person and the dilapidated condition of the existing buildings
(accompanied by accidents and collapses), in addition to a shortage of formal housing (and land for the
same) in the city prompted the redevelopment of the cessed properties. The State Govt. introduced the
policy of giving FSI 2.00 for the redevelopment of cessed buildings in the year 1984 in an attempt to
increase the pace of redevelopment with the involvement of tenants, landlords and private developers.
In the year 1991, the government framed the Development Control Regulations for Mumbai that
incorporated the rule no. 33(7) for the redevelopment of cessed buildings in the Island City of Mumbai
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(in line with the provisions of the policy of 1984). These provisions have undergone multiple
modifications in the later years.
In spite of having one of the highest densities in the world, the government is promoting urban
intensification under DCR 33(7) through provision of a minimum FSI of 3.00 or an additional FSI,
ranging from 50 to 70% of FSI required, to rehabilitate the existing occupiers, as an incentive, whichever
is higher, for the redevelopment projects (MCGM, 2007). This means, while a minimum FSI of 3.00 is
permitted, the maximum could be up to typically 4 or 5. The proposals are architecturally and developer
biased, resulting in a spurt in the rise of numerous towers in the Island City without adequate
consideration for the surrounding infrastructure, as illustrated in Figure 66. The architectural bias is
based on the ‘image’ of the building and capitalises on the aspirations of owners to live in high-rise
apartments. The developer bias has led to a greater reconstruction of cessed buildings in high property
value locations, even if they are not entirely dilapidated (see Figure 68). This is also believed to be due
to the intricate nexus between the government and the builders (K. Sharma, 2005).

Figure 67: Key differences between DCR 33(7) and DCR 33(9)
Data source: (MCGM, 2007; Sethumadhavan, March 2014)
In 2003 McKinsey consultancy produced a study (commissioned by Bombay First and incorporated in
the Greater Mumbai development plan 2005-2025) that recommended focusing on 6 key areas for
transforming

Mumbai into a ‘global city’: 1) Boost economic growth, 2) Improve and expand

transportation, 3) Increase housing, 4) Other infrastructures, 5) Financing and 6) Governance. This led
to the formation of the Mumbai Transformation Support Unit (MTSU) in 2005 to overlook the
transformational projects of Mumbai, which has since then conducted its own studies. Based on the
McKinsey report (also known as the “Vision Mumbai” report) and recommendations of MTSU, the
Government introduced DCR 33(9) in 2009 for a more holistic development of Mumbai’s Island city.
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Referred to as the ‘urban renewal scheme’, the DCR 33(9) was aimed at addressing the inadequacies of
the infrastructure to handle the pressures of modern living and increasing population. Figure 67
highlights the key differences between DCR 33(7) and DCR 33(9).

6.1.4 Redevelopment regulation for cessed properties - A critique
An analysis conducted by MTSU, of 1,135 applications (followed by a detailed analysis of ten proposals)
approved by MHADA until April 2009 for redevelopment under DCR 33(7), concluded that the DRC
33(7) resulted in ‘[the] reconstruction of individual buildings in isolation without any consideration to
the context of its surrounding areas and neighbourhood, available amenities and infrastructure’ (see
Figure 66) (Mumbai Transformation Support Unit, 2012b). Figure 68 illustrates the number and type of
cessed properties (categories A, B and C) and properties redeveloped under DCR 33(7) in the various
wards of the Island city. The redeveloped properties were not uniformly distributed, but concentrated in
specific localities with high property value112 (see Figure 68), with several non-cessed properties being
included in the redevelopment. This led to the neglect of some of the buildings suffering extreme
dilapidation that really needed to be redeveloped, while redeveloping buildings in moderately good
condition. In addition, 59% of the redevelopment had taken place on small plots of less than 600 sq. m
(with 61% of these with FSI less than 1.5 before redevelopment).
Another study conducted by MTSU, that formed the basis of the DCR 33(9), was conducted in 2006-07
to examine the feasibility of implementing a cluster redevelopment scheme, made the following
recommendations (Manasi Phadke, 2013):
1. A cluster should be planned on a minimum of 25 acres, with every plot being 4,000 sq. m.
2. The government should provide for a master plan for the entire area and then take up
redevelopment of buildings plot by plot.
3. A comprehensive physical and socio-economic mapping of cessed buildings needs to be carried
out (by the planning authority or MHADA) on a GIS platform to assist in grouping of precincts.
However, the cluster policy was introduced without taking into account these recommendations. The
minimum site area required is 4,000 sq. m (1 acre) and clusters are grouped by project proponents (that
is the builders) without the involvement of the state government or the civic body. Also, DCR 33(9)
does not specify what percentage of buildings within the site should be ‘cessed’ or ‘dilapidated’ in order
to be reconstructed. The government did not carry out any infrastructural studies either, to analyse the
capacity of the city to handle the increased density.

112

32% of cessed buildings that were redeveloped were in the G/N ward (Dadar West) followed by 11% in E ward (Byculla)
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2. The redeveloped buildings in the graph are the number of buildings that had received no objection certificate (NOC) for redevelopment
as of 2011 and have not necessarily started construction

Figure 68: Ward-wise break-up of ‘cessed’ buildings in Mumbai city in c. 2001
Data source: (**Mumbai Transformation Support Unit, 2012a ; *Remaking of Mumbai
Federation, 2008-2014)

6.2 Pilot study
In order to analyse the environmental impact of the proposed ‘cluster’ developments, a pilot study was
carried out on a hypothetical development that complied fully with the DCR 33(9) requirements. The
pilot study was carried out within the first year of this Ph.D. and was intended to be the basis for a larger
analysis, the results of which could be extrapolated to examine the overall environmental impact should
these ‘clusters’ be replicated across the Island City. At that stage of the thesis, there were no examples,
either in design or built, of compliant ‘cluster’ developments and it was thought necessary to carry out
a hypothetical design. This section describes the process of identifying a representative site, through
morphological analysis, and also designing a typical development. This development is then analysed
using ‘metabolism’ criteria.
By the end of the second year of the thesis, a ‘real’ design had been submitted for a compliant ‘cluster’
development and this has been used in Chapter 7 for the metabolic analysis. The appearance of the ‘real’
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example meant that the hypothetical analysis was no longer required. However, it is included in the
subsections below as it represented a significant amount of research carried out for the Ph.D. and also
because it was a useful exercise in understanding the morphology of Mumbai and also testing the criteria
for measuring ‘metabolism’.

6.2.1 Urban patterns
This section describes a survey carried out, as part of this thesis, to identify representative areas suitable
for a detailed case study. The survey analyses different built forms, mix of different uses, open spaces
provisions, and transport modes. The physical characteristics were documented by surveying the study
area as they affect social interaction and the resource consumption. They are important in understanding
not only the build-form but also the social interaction of the residents and their relation to the built-form.
It highlights the need for improvement, or even complete redevelopment, due to the poor condition of
the builds and related infrastructure. However, it also reflects the human scale of the existing built-form
and the interaction of the residents with the street level, in addition to the different uses and their
functioning.
A. Urban grain
Figures 9 to 13 are a combination of Nolli plans and land-use plans that indicate an analysis of the
proportion of ‘cessed’ properties in each of the ward areas. For a hypothetical study, an area needs to be
selected that is representative of the wards containing cessed buildings. The proportion of cessed
buildings, overall density and the infrastructure capacity should be a reasonable reflection of the typical
blocks and plots. In that way, the results of a metabolism analysis on a selected site can be extrapolated
so that the full impact of cluster developments replicated through the Island City can be analysed.
Understanding the ‘grain’ of the city also has implications on the metabolism. For example, the old
streets with a tight ‘grain’ have little capacity for parking vehicles thereby reducing private ownership
of cars with a consequent reduction in fuel use and carbon emissions. However, the new cluster
development has a more open grain giving more opportunity for private car access. Indeed, car parking
is a mandatory requirement of the cluster developments. From this analysis, Ward C contained the most
representative block sizes and shapes.
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Figure 69: Block structure: Irregular shaped urban blocks (with cessed properties) (Author)
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Figure 70: Concentration of cessed properties: Irregular shaped urban blocks (Author)
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Figure 71: Block structure: Regular shaped urban blocks (with cessed properties) (Author)
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Figure 72: Concentration of cessed properties: Regular shaped urban blocks (Author)

Figure 73: Block structure: Regular shaped urban blocks (with no cessed properties) (Author)
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B. Transportation and connectivity

Figure 74: Predominance of pedestrians in internal streets (Author)
Transport network consists of roads and trains. The railways consist of three strands of suburban railway
networks (western, central and harbour), running in the north-south direction through the city and
connecting it to the rest of the region. Most of the cessed properties (about 90%) are located within 1
km to 1.5 km radius of the nearest railway station, with most of them concentrated along the rail corridors
(see Figure 114). While the urban renewal will increase the number of people using the railways, it does
not contribute to improving the network.

Figure 75: Conflict of vehicular and pedestrian traffic due to lack of pavements (Author)
The street network consists of major roads, minor roads and by-lanes. While the major roads are often
well maintained, wide (15 m to 40 m) and have sidewalks, the minor roads or internal streets are often
narrow (as low as 5-7m wide) and often lack sidewalks. Socio-economic make-up, low vehicular
ownership and proximate location of workplace, along with small block structure encourage walking as
the main mode of transport (see Figure 74). However, the sidewalks, where present, are either too narrow
(to accommodate more than one person) or are occupied by store extension and hawkers (see Figure 77),
forcing people to walk on the vehicular lanes. Thus, most streets have a heterogeneous mix of traffic
comprising of motorised and non-motorised traffic: cars, buses, taxis, trucks, scooters, bullock-carts,
hand-carts, cycles and pedestrians, without any clear distinction (see Figure 75). On-street parking, due
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to acute shortage of off-street parking areas, further constricts the driving space and increase congestion
(see Figure 76). Problems encountered in the study area also include overcrowding of public transport
(buses and trains), low travel speeds, bottleneck and congestions and air pollution.

Figure 76: On-street parking (Author)
C. Mix of Uses

Figure 77: Commercial activities along the street and extending on to it (or pavements) (Author)
Most neighbourhoods with a high concentration of cessed properties are mixed-use in nature, with
ground floor (and sometimes upper floors) used for commercial activities (see Figure 77). As such,
Bhendi bazaar site represents typical characteristics. Therefore, for calculating the number of residential
and commercial units in cessed properties in each ward, the same mix was considered. The only
exception was observed in the F/N ward that comprises of the Dadar & Matunga schemes, which were

162

planned and developed primarily are residential neighbourhoods. However, due to lack of specific data
and overall comparative nature of the analysis, a distinction was not made.

Figure 78: Commercial activities incompatible for relocating to upper levels (Author)
‘Sidewalk businesses have huge visibility and can play a major role in defining the character of a district’
(Ford, 2000, p. 156). The sidewalk businesses in the area comprise of formal shops that are part of the
main building and spill on to the sidewalks or in the absence of sidewalks, on to the streets or standalone structures abutting the buildings (see Figure 77).

Figure 79: Street vendors/ hawkers (Author)
Most of these commercial activities benefit from the continuous pedestrian traffic and being at the street
level that can be relocated on upper levels, but would not function as efficiently (or be profitable) if they
are relocated. However, there are others, such as metal workshops and meat shops that cannot be
relocated on upper levels (see Figure 78). In addition to the shop fronts, there are street vendors, selling
different kinds of products, who form a symbiotic relationship with the residents due to their convenient
location (on the way home), flexibility (and movable) and lower prices (compared to shopping malls).
A more formalised and high-end shopping layout that does not account for the shop extensions and
hawkers would not only impact the character of the site, but also likely to change the nature of the
commercial activities. For example, the development of New Islam Mill compound has planned for a 35
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storey high-end commercial building and plans to make the area hawker-free zone (Avighna India Ltd.,
2014).

6.2.2 Case study
Having identified that Ward C contained most number of cessed buildings and that the ‘grain’ of the
area was typical, based on the Nolli plans, a small area of Ward C was selected for a pilot study to
establish:
1) the physical scale of a new development permitted by DCR 33(7) and 33(9) including height,
permissible floor area and tenement size.
2) the capacity of the development including population, population density and car parking
capacity
3) Metabolism criteria including energy use, water use, rainwater harvesting potential as well as
both carbon dioxide production and sequestration.
Case study 1 is a comparative analysis of the existing site and a hypothetical development designed to
maximise the development potential of the site. Because small sites (such as case study 1) result in tall
buildings in order to maximise development potential, a second case study was also conducted on a
larger site that compared both a high-rise and medium-rise development.
A. Case 1: As per DCR 33(7)

Figure 80: Existing Cluster

Figure 81: Proposed Cluster

The bulk of a hypothetical building was designed based on the requirements and Municipal regulations
(MCGM, 2007). The intention was to derive the density and physical form/height and not to design it
architecturally. While there were many permutations possible, the highest density solution was selected
on the basis that this would be the approach taken by a developer. Figure 80 and Figure 81 (developed
by the author) show the built forms of the first pilot study cluster while Table 14 represents the results
of the comparison.
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Existing

Potential

Land Area

3725 sq. m

FSI

1.705

4.34

6349.365 sq. m

16181.88 sq. m113

-

155% increase

Built-up Area

Avg. Tenement Size

13 sq. m
(140 sq. ft.)

27.8 sq. m (300 sq. ft.)
47 sq. m (500 sq. ft.)
70 sq. m (750 sq. ft.)

1030 people114

1305 people115

-

27% increase

Density (persons/sq. km)

276,510

350,335

No. Of Floors

2-6

30

Car Parking

< 10

35 - 80 (approx.)

Population (approx.)

Estimated CO2 produced by >2340 Kg/year

8190 – 18720 Kg/year

Cars116

-

71% - 88% increase

Amenity Open Space

None

930 sq. m

3375 sq. m

385 sq. m

-

88.5% reduction

Energy Consumption

-

50% increase117

Water Use

-

80% increase118

RWH potential

-

90% decrease119

No. of Trees

3-5

47120

Roof Area

CO2 Sequestering Potential121 69–115 Kg/year (5-3 %) 1081 Kg/year (13-6%)
Table 14: Comparison of Existing Development and Potential Redevelopment

113

Considering incentive of 55% on built-up area required to rehabilitate existing users
Considering an average tenement size to be 140 sq. ft. (13 sq. m) and average household density to be 4.5 persons
115 Considering an average tenement size for rehabilitation to be 27.8 sq. m, and additional built –up area used for tenement sizes of 47 sq.
m and 70 sq. m; average household density to be 4.5 person
116 Considering CO for cars to be an average of 101gm/km and usage to be about 3 trips of 15 km equivalent per week
2
117 Due to increase in the energy required for lighting and ventilating the additional built-up area and other building services such as
pumping of water, lifts, common area and security lighting.
118 Due to a combination of an assumed ‘take-back’ (increased use of water due to improved bathing facilities), watering of trees and other
landscaped areas and for washing the increased number of cars
119 Due to significantly reduced roof area
120 At the rate of 5 trees per 100 sq. m or part thereof of the said recreational space to be grown within the entire plot (as per DCR for
Greater Mumbai, 2007)
121 Considering CO Sequestering Potential to be 23 Kg (50 pounds) per year per tree, and high leaf density tropical trees between 20-50
2
years of age. Also the deficit percentage is calculated in comparison to the CO2 likely to be produced by cars.
114
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Table 14 is a comparative analysis between the existing site and the new ‘compliant’ development. The
assumptions and methodology are listed in the footnotes for each of the characteristics examined. The
conclusion of this study was that for an increase in 30% of the population a disproportionate amount of
resources is required. For example;
i.

The ‘built up area’ (an approximate indicator of the embodied energy in materials) increased by
155%.

ii.

The number of private cars on the site increased eightfold (10 to 80) with a commensurate
increase in carbon dioxide production

iii.

The energy use increased by 50%. This is a higher proportion than the increase in population and
reflects the increased energy usage of tall buildings due to their infrastructure (lifts, water
pumping, and communal lighting).

iv.

Water usage increased by 80% due to a combination of factors. Primarily ‘take-back’ due to
affluence and facilities. High-rise developments include additional bathing facilities compared
with the existing developments. They also include facilities for a washing machine which is
uncommon in the existing chawls. There is also increased water usage for irrigating the trees and
washing cars that did not previously exist on the site.

v.

The roof area has reduced by 88% resulting in rainwater harvesting being reduced by a similar
quantity. This will also impact potential electricity generation from photovoltaic installations; a
topic that is analysed in the following chapter.

vi.

The number of trees on the site has increased by a factor of about 10. Although this results in
greater carbon dioxide sequestration, it is dwarfed by the additional carbon produced by private
vehicles amounting to about 18 times more carbon generated than can be sequestered.

From this initial pilot study, it can be seen that the negative environmental consequences of high-rise
buildings are disproportionally large compared with the increase in population.
B. Case 2: As per 33(9)

Figure 82: Medium-Rise Development

Figure 83: High-Rise Development
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Based on analysis of various plot sizes, it is observed that smaller plot sizes encourage tall buildings,
due to the current height-to-open space regulations. However, the amalgamation of plots into a singular
development can help achieve the same density through medium-rise development. A comparative
analysis of a singular versus fragmented-development, resulting in medium and high-rise developments
respectively, was carried out by amalgamation of plots covering 10,000 sq. m of ground area and
surrounded by roads on all sides. Figure 82 and Figure 83 (developed by the author) show the built forms
of the second pilot study cluster while Table 15 represents the results of the comparison.
Land Area

10,000 sq. m

Proposed Built-up Area

29750 sq. m

Open Space Required

1733 sq. m (20%)

Population (approx.)

3814 persons

Density (population)

381,400 persons/sq. km

Estimated Water Requirement

125,289 – 320,185 cu. m

Car Parking

76 - 267

Estimated CO2 produced by
Cars

17,962 – 63,103Kg/year
87

No. of Trees (min. required)

1993 Kg/year
CO2 Sequestering Potential

11 – 0.5 %

Type of development

Medium-Rise

High-Rise

No. Of Floors

10

25

3264 sq. m

1311 sq. m

(32.64%)

(13.11%)

Total Rain Water Harvested122

5,587.6 cu. m

1,845.6 cu. m

RWH potential

4.45 – 1.75%

1.47 – 0.58%

2884 sq. m

3208 sq. m

(28.84%)

(32.08%)

3852 sq. m

5460 sq. m

(38.52%)

(54.60%)

Roof Area

paved
Open Space
unpaved

Table 15: Comparison of Medium and High-Rise Developments

122

Rainwater from rooftop only has been collected for domestic use, whereas rainwater falling on paved areas can be used to recharge
underground water. Total rainwater collected is the total of rainwater collected over the 12 months that is calculated using the formulae
VR = R × HRA × RC /1000
Where
VR : annual volume of rainwater per development (in cubic meters)
R : annual rainfall depth (in millimetres)
HRA : roof area (in square meters) and
RC: runoff coefficient (0.85 - no unit).
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While all the criteria in terms of population, open space, number of cars and trees remain the same for
both developments, the roof area is significantly different with the high-rise development having only
40% of the roof area of the medium-rise development. This reduces the rainwater that can be collected
as well as electricity from photovoltaics. However, developers tend to maximise the potential use of a
site and high-rise offers the opportunity to increase the floor space index (FSI) thereby increasing returns
on investment.
An increased FSI is used for 2 reasons:
1. It provides bigger units to the existing residents; with potential increase in rental value,
2. More houses can be built to compensate for the cost of constructing (bigger) houses for the
existing tenants for free.
The first point is positive in that it increases the per person availability of built space, which is currently
extremely low. But the second point increases the overall population density of the cluster/area without
substantial increase in the infrastructure and amenities.

6.3 Urban renewal projects
This section identifies the urban renewal projects proposed in the Island City and compares their key
characteristics to identify the one that is the most representative of future schemes.
Table 16 lists the eight projects (and their key features) proposed under the DRC 33(9) rule that have
been approved (in principle) but still need clearances from other government agencies, such as Ministry
of Environment and Forestry (MoEF). Of these, only the project in New Islam Mill compound had
started construction (expected to complete in 2014) and one had started demolition of existing structures
(with an expected completion date of 2023), by 2013.
While all the projects meet the current requirement of 4,000 sq. m site area (minimum), only the Chira
Bazaar project (30 acres) meets the recommended size of 25 acres. Though the Chira Bazaar Project was
the initial choice for the thesis having received a letter of intent from the BMC, it was dropped as the
project faded away after the death of Lalit Gandhi, who was the main project proponent. The next
biggest project is in Bhendi Bazaar (16.5 acres), located in ward C that has been identified as the typical
ward and most in need of redevelopment (refer to section 6.2.1).
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Table 16: Cluster Redevelopment Projects (Approved by the Chief Minister)
Source: (Express News Service, 2013; R. Mehta, 2011; Sethumadhavan, March 2014; Shukla, 2010)
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It is important to note that all the proposals plan to separate the rehabilitation component (into separate
buildings) on a different part of the site, from the sale component (that is developed as a luxury enclave).
However, the Bhendi Bazaar project aims to rehabilitate all the existing tenants (residential and
commercial) in the new development, while the New Islam Mill project rehabilitates only 650 out of the
840 existing tenants on the site. Also, Bhendi Bazaar provided mix of uses within the buildings (as noted
in the existing built-form) as well as the site, whereas the New Islam Mill project provides a separate
35-storied building for high-end commercial use. Therefore, for the above-mentioned reason, the Bhendi
Bazaar project was selected for detailed analysis in the following chapter.

6.4 Summary
Successive policies to improve the low-rise cessed buildings in Mumbai have been unsuccessful with
the consequence that they are now collapsing at the rate of over 200 per year.
Initial Problem identified
by the Govt.


Increasing demand for
Housing



Dilapidated condition of
Housing (around 16,289
building)



Very low per person floor
space (2.9 sq. m of floor
space per person) or 150
sq ft units avg.

Problems anticipated:


Even greater increase in
population density



Localized improvement
of infrastructure, without
easing the over-all burden



Does not consider overall
infrastructural capacity of
the city or capacity of
clusters to be selfsufficienct/resilience

Solution: Redevelopment
of Individual Bldgs [DCR
33(7)]




Provide additional FSI for
redevelopemnt of 'Cessed
buildings'
Set the minimum floor
space per dwelling at
300sq ft.

Expectations:


Cohesive planning and
upgrading infrastructure,
i.e., wider streets, new
pipelines, more open/
recreational spaces and
other amenities

Problems identified:


Tall stand-alone buildings
replacing medium rise
buildings



Increased population density
in already high density areas



Increasing pressure on
existing infrastructure,
without any improvements
to its condition

Proposed solution: Cluster
Redevelopment [DCR
33(9)]


Higher FSI to larger cluster
redevelopment



Minimum 4000 sq.m (1
acre) plot size required and
Minimum 4 FSI provided

Figure 84: A summarised analysis of the problems and expectations relating to redevelopments since
the DCR in 1991 (Author)
Previous redevelopments were carried out on small sites and generally resulted in tall towers with
significantly greater demand on the infrastructure services without contributing to the improvement of
the infrastructure, in particular, reticulation of water or sewage. As a result of this, regulations have been
introduced requiring larger sites (clusters) to be redeveloped that can contribute to improving the
infrastructure. However, there is a lack of analysis of the infrastructure demands of the clusters that have
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significantly higher densities than the existing housing. Figure 84 summarises the problems that led to
the development of the current cluster redevelopment projects and the problems anticipated from its
implementation.
To analyse the impact of the proposed ‘cluster’ developments, a typical site was identified using data on
the proportion of cessed buildings in a given Ward and also on an analysis of urban morphology. From
this, a small site in Ward C was identified as a pilot study. The pilot study revealed that the ‘metabolism’
of the proposed cluster developments was disproportionately high compared to the increase in population
and begins to question whether the environmental impact of high-rise developments was considered
prior to the implementation of the regulations, or whether the return on investment for developers is the
driving force.
This chapter only considered hypothetical developments since there were no real designs or
developments, complying with the ‘cluster’ requirements, at the time of carrying out the analysis.
However, several cluster development were subsequently approved of which the project in Bhendi
Bazaar (Ward C) was selected for a detailed analysis of a real case study in the following chapter (7).
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Chapter 7: Bhendi Bazaar – Results and analysis
‘Cities are too complex to completely quantify….It’s all a matter of gathering evidence, testing
assumptions, measuring the way people are using a city against its geometric grid’.
(Stockton, 2014)
Having described the regulatory context and a pilot study in Chapter 6, this Chapter focusses on the main
case study; a new 16.5 acre development in Ward C. The study compares the existing site with the
proposed development by analysing the physical characteristics of the scale of the development and then
the ‘metabolic’ issues such as energy, water and waste. Since most of the existing buildings are
structurally unsafe and need repair or redevelopment, the comparison is based on the repair and
reconstruction of existing buildings with their current form and configuration versus redevelopment (as
per DCR 33(9)) at higher density, bigger units and high-rise form.
The structure of this chapter and the comparative analysis of the existing and proposed developments
are based on the ‘extended metabolism model’ discussed in chapters 3 and 4. The chapter begins by
providing a background for the site and the key players involved in the proposal for redevelopment. The
evaluation of the urban drivers and patterns is not only an integral part of the Extended Urban
Metabolism methodology, but also forms the base for the extrapolation of results from the Bhendi Bazaar
case study to the (areas occupied by cessed properties in) Mumbai city district. The chapter provides an
analysis of the change in the urban drivers and patterns that would influence the metabolic flows in the
two development types. It then goes on to quantify the change in metabolic flows, the possibility of
reducing input from and outputs to the environment beyond the site boundaries. Finally, it analyses the
impact of the metabolic flows and urban patterns on the infrastructural requirements and quality of life.
Thus, it provides a holistic understanding of the impact the redevelopment would have on the life of the
users as well as the city.

7.1 Project background
Bhendi Bazaar is located in the northern part of C-ward of the Island city of Mumbai. The area is home
to a large Muslim population, though ‘the community itself does not have a homogeneous social
fabric’123. However, over 50% of the 1250 commercial establishments in the project area are owned by
Dawoodi Bohras, one of the oldest mercantile communities that first settled in the city during the 18th

123

Muslims in Bhendi Bazaar not only have different regional backgrounds (coming from Konkan, Gujarat, Kerala, Karnataka, Hyderabad
and Utter Pradesh) they have different sectarian beliefs (consisting of Sunnis, Bohras and Khojas) and occupational and status separation
(such as the well-to-do Memons known for their trading skills; Bohras engaged in business of furniture, cutlery, electric appliances,
stationery, dry fruits, etc.; the Malabaris famous for their ownership of hotels, tea-stall and eateries; Bhatkalis engaged in coal, steel and
cloth business and Utter Pradesh Muslims employed as butchers, cooks, etc.)
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century (Raghib, 2013). It is famous not only because of the large numbers of Muslims living in the area,
but also because it is a critical business district of Mumbai where the economic activity is almost entirely
run by the Muslim community (Vora & Palshikar, 2005). However, the high number of Muslim
population does not make the site unrepresentative. A study conducted by KRVIA and SNDT (2006-07)
in two adjacent neighbourhoods (Null Bazaar and Bora Bazaar) has established a high polarisation of
economic status based on the household’s monthly income 124 that is likely to also be applicable to
Bhendi Bazaar.

(The site boundary marked in red)

Figure 85: The existing Bhendi Bazaar site for the Saifee Burhani Upliftment Project
Source: (Raghib, 2013)
The Saifee Burhani Upliftment Project (SBUP) refers approximately to the area bounded by M.S. Ali
road, Kethewadi and the JJ flyover (see Figure 85 ). It covers 16.5 acres (6.68 hectares approx.) of land,
still below the 25 acres recommended for cluster development, but larger than any other proposed
development. The existing 26 blocks consisting of 250 old and dilapidated buildings (approximately)
within the project area are proposed to be replaced by 9 clusters consisting of about 22 high-rise towers,
along with other religious and amenities buildings (see Figure 86).

124

While 5% of the population in Bora Bazaar was found to have a monthly household income of less than Rs.5,000, 2% had an income
of more than Rs.30,000. This difference also reflected in the ownership of luxury items such as washing machines, air-conditioners,
computers and private vehicles.
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Figure 86: Existing block and proposed clusters (Author)
Though the Chief Minister of Maharashtra and BMC approved the project in 2011 (Times News
Network, 2011), some specific details of the project are still under consideration. Work on the project
(that is evacuation and demolition of buildings) has started and halted several times due to various legal
issues and approval processes (Times News Network, 2012a, 2012b). In early 2013, The State
Environment Impact Assessment Authority (SEIAA) wanted the SBUT to ‘reduce the quantum of sale
tenements and the construction area significantly’(Lewis, 2013c). Following the directive, SBUT agreed
to reduce construction area by 17,331 sq. m by eliminating 120 for-sale tenements (that is, reducing
three floors in each of the for-sale buildings) and the 5 proposed shops from the proposal. Also, the
Supreme Court of India, in its verdict in 2013, increased the side open space (on side of the building)
from a minimum of 1.5m to 6m and mandated the provision of compulsory recreation open space on the
ground (instead of the podium, as permitted earlier) (Bharucha, 2013). These change in regulations
would impact the proposal further, but have not been included in this study. By August 2014, about 50
buildings had been demolished, with demolition of 10 more in process (Ratnam, 2014).
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Considering the on-going negotiations with a number of government agencies for construction
permission, the design (and area statement) has undergone several changes. A number of different
designs have appeared in different newspapers, public presentations and SBUT website, over the years.
Based on interactions with the developers and principal designers, and the master plan provided by the
Building Proposals Department of Mumbai, option 3, in Figure 87 (believed to be the latest in 2012) was
selected.
1

2

3

Figure 87: Different designs suggested for the Proposed Redevelopment (Author)
Source:(Pallavi, 05 March, 2012; "A Vertical MakeOver," 2014 )
Existing layout
Land Area

Proposed development

66,264.75 sq. m (16.5 acres)

Built up area

176,093.27 sq. m

320,683 sq. m

Global FSI

2.627

4.839

Population

23,250 (+visitors)

33,438 (+visitors)

No. of urban blocks

25

9

No. of buildings

246

No. of floors
Avg. Tenement Size125 (CA)

1-6 (except for the already redeveloped towers)
22.52 (242 sq. ft. – excluding those
in already re-developed buildings)

22 new towers +existing religious
structures
11-58
32.5 - 70 sq. m (350 – 750 sq. ft.)

No. of residential units

3388

5153

No. of commercial units

1207

1275

Almost nil (street parking mostly

60,000 sq. m (underground and podium

for 2-wheelers)

levels - car parking for 1400 vehicles)

Car Parking

Table 17: Key characteristics of the Bhendi Bazaar Project (various sources)

125

The residential tenement area in the existing properties exclude common areas that include corridors and common toilets (and sometimes
bathing area) at the end of corridors. The proposed development, would however, have self-contained units with internal toilet and bathing
faculties included in the area of the flat.
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Though it is likely to have undergone changes since then, these changes could not be factored in due to
the lack to of data. While differences are expected in the design of the blocks and buildings, the overall
layout is expected to remain the same: the buildings in the north are for free-sale (at market price); the
buildings in the centre are for resettling the existing residents (free of cost), while the cluster in the south
is dedicated mainly for religious purposes and amenities. The project is expected to be completed by
2023 (Mansi Phadke, 2013). Table 17 highlights the key characteristics of the redevelopment project.

7.1.1 Project aims
SBUP, conceived under the Government scheme, DCR 33 (9), is a non-profit initiative planned for the
welfare of the occupants of Bhendi Bazaar by the Saifee Burhani Upliftment Trust 126 (SBUT).
Mandviwala Qutub and Associates (Mumbai) is the principle master planner and architect. According
to Saifee Burhani Upliftment Trust (2014b), the project aims to create a new urban form with new
buildings, wide roads, modern infrastructure, more open-spaces and highly visible commercial areas,
while retaining the mosques and religious structures in their current location. ‘We will provide worldclass amenities, such as solar systems, rainwater harvesting and energy-generating plants that use waste’
("Project to revamp Bhendi Bazaar approved," 2011).
The project philosophy, as stated on the trust’s website (Saifee Burhani Upliftment Trust, 2014a) is:
The proposed redevelopment will transform Bhendi Bazaar into a diverse sustainable
community with a healthy neighbourhood creating a vibrant modern urban area which
will provide an example and impetus for other urban renewal projects in Mumbai, in India,
and throughout the world. It will attract new business and private investment, increasing
employment and contributing to the socio-economic growth of its residents. It will bring
in public improvement and enhance liveability thereby increasing property values and
serving as an economic development tool.
While the project claims to be sustainable, varying details about its various green features have been
reported over a period of time. The project claims 20-30% energy savings, 30-50% water savings and
enhanced air quality (L. Ghosh, 2012), by designing well-oriented green buildings (maximising natural
light and ventilation) and incorporating features such as solar-powered lights, double walls (to reduce
heat absorption) and roof gardens (for heat insulation on the top floor); rainwater harvesting and sewage
treatment plant; and solid waste management (M. R. Nair, 2009). According to the CEO of SBUT, the
project has been pre-certified for green rating by Indian Green Building Council (IGBC): the rain-water
harvesting system will account for 5% of the annual water consumption, installation of solar panels on

126

SBUT is a public charitable trust registered under the provisions of the Bombay Public Trust Act, 1950, bearing registration No. E25619
and having its registered office at 19th floor, Husaini Tower, 43/45, Raudat Tahera Street, Bhendi Bazaar, Mumbai - 400 003.
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roof tops will generate energy accounting for 5% of the total consumption and solar-powered lights will
also be used on the streets and in public areas like staircases, reducing electricity consumption by a
further 10% ("A Vertical MakeOver," 2014). The project also aims to plant 500-700 trees on a site that
currently has just one tree(Ratnam, 2014; "A Vertical MakeOver," 2014). These claims of being a
sustainable and green project are evaluated in the following sections.

7.2 Urban driver indicators
It is ironic that Bhendi Bazaar, which was built in 1803 as a ‘new town’ to decongest the Fort area, is
one of the most densely populated areas of south Mumbai today. Due its high concentration of cessed
properties, in addition to the inadequate infrastructure, it is ideally suited for redevelopment. The need
for redevelopment and the regulations applicable are the same as those discussed in the previous chapter.
The following section provides a comparison of the remaining urban driver indicators of metabolism for
the existing and proposed developments.
The development of cessed properties under DCR 33(7) and DCR 33(9) require all the buildings on the
site to have been surveyed and documented. The category of the buildings and the size, number and use
(residential v/s commercial) are very important factors as they determine the scale of the proposal: the
incentive FSI for the construction of for-sale units is available only on the built-up area of the cessed
properties and its area is based on the area of the redeveloped properties. The data from the survey,
provided (in the form of CAD drawings and area statement of individual buildings) by Samoon and
Associates (Mumbai), has been processed and used for analysing the existing development.

7.2.1 Project specifications
A. Type and condition of existing buildings
The Bhendi bazaar redevelopment site has a high concentration of cessed properties, with 73% of the
buildings being identified as cessed (see Figure 89), which makes it ideal for cluster redevelopment
under DCR 33(9). Table 18 summarises the break-up of the different types of structure on site, along
with the built-up area, number of buildings and the number of plots occupied, based on Table 70
(provided in Appendix E)Appendix . Due to their age (as evident from the high number of category A
cessed buildings, see Table 18) and neglect over the year, a large number of buildings are in poor
condition, as noted during the site visits (see Figure 88). Several case of building collapse have been
reported (Express News Service, 2014; Times Now, 2010). About 80% of buildings are believed to
suffer from dangerous dilapidation and require constant repairs (Express News Service, 2014; Raghib,
2013) justifying the need for redevelopment.
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Figure 88: Dilapidated condition of existing buildings (Author)

Figure 89: Type of properties existing on site
Source: Developed by author based on site plan and Table 70 in Appendix E
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Table 18: Area statement of existing settlement based on cess categories
Source: Summarised from Table 70 in Appendix E
B. Building configuration of proposed development
The proposed development proposes to demolish most of the existing structures and build new tower
blocks on extended podiums (as is typical of new construction in Mumbai city). While the basement and
podiums are for accommodating parking and commercial activities, the towers above them are purely
residential. Table 19 provides the detailed configuration with use and number of floors for the proposed
development.
Raudat Tehera, the 40-year-old mausoleum, on the southern of the site, is the most important religious
structure. Forming a part of cluster 1, it has been given special importance in the redevelopment proposal
by designing the main pedestrian plaza adjoining the structure. Seven out of the eight existing religious
structures, as shown in Figure 89, are to be retained in the proposed plan, while the Imamabad is
relocated. However, of the 4 existing redeveloped towers already on site, only one is to be retained in
the proposed development (see Figure 89 and Figure 93).
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Table 19: Building configuration of proposed development
Source: (Government of Maharashtra, 2013 )
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7.2.2 Number and size of units
A. Number of Units
The number of units and their use has a direct impact on the consumption of resources and output of
wastes due to the number of people they accommodate. The number of units in the existing development
is calculated from the drawings provided by , whereas, for the proposed development it was derived
from (Government of Maharashtra, 2013). These numbers, as represented in Table 20, have been used
to derive the population of the site.

Table 20: The total number of units in the existing and proposed developments and their usage
Table 20 indicates that the total number of residential units in the proposed development will increase
by 46%, while the number of commercial units will remain the same. Also a number of amenities, such
as the municipal primary school and public toilets have been added.
B. Built-up Area (BUA) and FSI
The BUA calculations are required for estimating the FSI achieved in the two types of development, as
it is one of the key variables of the density debate, and also critical for extrapolating the result of the
case study to the larger city. While all area calculations for the existing development are based on the
floor plans of existing buildings, the detailed area statement or floor plans were not available for the
proposed development, due to reasons described in section 4.4. Therefore the following methods were
used and assumptions made for calculating the areas of the proposed development:
i.

32.5 sq. m is the minimum size of the residential units provided under redevelopment component.
However, some of the units in the existing development were larger than this minimum size, for
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which the original area needs to be provided. It was assumed that 5% of the dwellings were
developed at the maximum permissible size of 70 sq. m carpet area. The areas of the reserved
flats were calculated based on the requirement that 5% of the existing FSI area needs to be handed
over to the municipal authorities. The carpet area of the commercial units are considered to be
the same as in the existing development, as per the requirements of DCR 33(9).
ii.

BUA per unit in the proposed development is calculated by adding 10% area to the carpet area
to account for walls and other structural systems. Since the data for total FSI area was available,
the BUA of the apartments for sale was derived by deducting the other areas from the total, and
then converted to carpet area.

iii.

Total BUA for the development is calculated by adding another additional 20% fungible FSI for
commercial use and 30% for residential use, to account for other areas such as passage, staircases
and lobbies. The 88 additional rooms in the proposed development have been considered to be
of commercial use, for FSI calculations.
Existing
development
Per
Total
unit

Proposed development
Per unit

Total
202,474.29

Carpet
area
(in sq.
m)

Built-up
area
(in sq.
m)

32.5 & 70.0
(Redevelopment), 28.0
(Municipal), & 53.1
(Sale)

Residential

85,157.69

21.75

Commercial

28,153.96

19.83

29,209.96

19.83 (Shops) & 12.0
(Rooms)
35.75 & 77
(Redevelopment), 30.8
(Municipal), & 58.4
(Sale)
22.50 (Shops) & 13.2
(Rooms)

Residential

127,405.11

30.17

172,735.06
(Redevelopment) +
8,608.6 (Municipal) +
108,194.6 (Sale)

Commercial

43,084.31

26.36

37,163.2 (Shops) +
1,393.9 (Rooms)

FSI area (in sq. m)
Global FSI
Non-FSI area (in sq.
m)
Total Built-up area
(in sq. m)

170,489.42

328,095.38

2.57

4.9

1237.08

379,180.29

171,726.5

707,275.67

Table 21: Area calculations for residential and non-residential use
Table 21 demonstrates that while the FSI area has increased by 92.5% due the increase in number and
size of residential units, the total BUA has increased by 311.86% due to the additional amenities and
parking provided (that are free of FSI). This is of particular importance due to the impact on the builtform and ground coverage.
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While the average carpet area of the residential units for sale is 53.1 sq. m, they are likely to be of varying
sizes to address the demand for different apartment type and size. While various combinations are
possible for the 1424 apartments, Table 22 demonstrates the break-up used in the thesis for calculating
parking requirements.
Type
3-BHK

Size of Unit (in sq. m)
CA
BUA
105
150.15

Total Area
in sq. m
22,698.16

%
10

No. of units
72

2-BHK

55

78.65

30,264.22

40

550

1-BHK

47

67.48

22,698.16

50

802

Table 22: Break-up of apartment type and size for the Sale component of the proposed development

7.2.3 Population and Density
The total population of the site (for both developments) is the most important factor affecting the
metabolism of the neighbourhood, not only due to the total resource inputs required and outputs
produced, but also because density impacts on the potential benefits of implementing renewable
technologies on site.
In order to calculate the total population (from the number of housing units), density or consumption of
resources, it is essential to establish the average household size, as the data for number and size of units
is available per household. However, due to lack of exact data on the family structure within the study
area, data from surrounding and similar sites has been considered. While the average size of households
declined from 5.1 members in 1991 to 4.8 in 2001 (Risbud, n.d.), the percentage of households with 3
to 5 persons has increased in 2011 (see Table 71). Also, according to a study of BBD chawls in Mumbai
(sharing similar site characteristics), the average household size is 4.84 (see Table 70). Therefore, for
the purpose of this research, the average family size has been considered to be 4.9 members per
household. Also, an additional 10% for the existing development and 15% for the proposed development
have been added to the residential population to account for servants, gardeners, cleaners, security staff
and drivers. The average number of people for commercial units is considered to be 3 per unit. Table 23
provides a comparison of the population and density of the existing and proposed developments.
However, it should be noted that the actual day time population density for both the existing and
proposed developments would be much higher due to the large number of visitors that the development
attracts. An average 100,000 footfall is registered in the existing development (Raghib, 2013) which is
also expected to increase with the provision of more amenities such as schools, open spaces and parking
lots. While there is an existing school (part of the Bajar Husaini Masjid complex) on the site, an
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additional municipal school is proposed, in addition to relocating the existing school. While the existing
school serves 657 students127, the two school in the proposed development would cater to 1064 students.
Existing

Proposed

No. of
tenements

Population

FSI area (in
sq. m)

No. of
tenements

Population

FSI area (in sq.
m)

Residential

3514

19,113

127,405.11

5,153

29,037

289,538.23

Commercial

1379

4,137

43,084.31

1467

4,401

38,557.15

Total

4893

23,250

170,489.42

6620

33,438

328,095.38

Density
(gross)

738.41
Units per ha

3,508.70
Persons per ha
(Site area)

7.33
Persons per
Sq. m

999.03
Units per ha

5,046.16
Persons per ha
(Site area)

9.81 Persons
per Sq. m

Table 23: Population and density
Table 23 demonstrates an increase of 35.3% and 43.8% in the tenement density (units per hectare) and
population density (people per hectare), respectively, in the proposed development compared to the
existing development. However, due to the provision of additional amenities and parking spaces, in
addition to increased size of residential units, the average FSI area per person has increased by 33.81%
while the average BUA increases by 186.38% (see Figure 90).
25

FIS area

21.15

Total BUA
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9.81
7.39

7.33

5
0
Existing
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Figure 90: Population Density (in number of person per sq. m) based on FSI area and BUA

7.3 Urban pattern indicators
Urban patterns are not only a reflection of the city’s architecture and identity, but also impact
consumption behaviours (such as vehicular use due to street-space and parking available) and the
potential for harvesting renewable resources (such as rainwater and solar power due to the roof-area
available and overshadowing). Since the proposed redevelopment would cause a dramatic changes to
the urban pattern, which would in turn affect the metabolism, it is important to evaluate the change in
patterns.

127

The average area per student was assumed to be 2.25 sq. m. The BUA of the existing school is 1478 sq. m, while the area
of the two schools in the proposed development are 1144sq. m and 1250 sq. m.
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7.3.1 Size and structure of blocks
The existing development consists of varying plot and block sizes, which are much smaller than those
in the proposed development. The existing plot sizes range from 32 sq. m to 175 sq. m approximately,
while the block sizes range from 1709 sq. m to 4568 sq. m approximately. However, in the proposed
development the plots and blocks have been amalgamated to form fewer and larger blocks of 2,034.48
sq. m to 12,135.80 sq. m and most blocks are treated as singular plots to suit the large podium-cumtower type of development (except where there are existing buildings as part of the new block structure).
Figure 91 provides a visual comparison of the two different block structures while Table 24 provides
the size of the blocks and plots.

Figure 91: Block Structure: 26 blocks replaced by 9 clusters (Author)
Figure 91 and Table 24 demonstrate that while the total area of the blocks increased marginally (3.58%)
in the proposed development, compared to the existing development, there is considerable reduction in
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the perimeter of the blocks (42%), which significantly impact the ‘active frontage’ on the streets (see
section 7.3.3).

Table 24: Block and plot characteristics

7.3.2 Scale of development
A. Number and height of buildings
The 266 buildings in the existing development would be replaced by 23 independent structures (that
include 15 towers built over five podiums). The reduced number of buildings, and resultant increased
distance between them is expected to reduce the perceived density of the area.
The existing site consists of mostly low and medium-rise buildings ranging from 1 to 7 floors, with an
average height of 3.8 floors (see Figure 92), excluding the 2 residential tower blocks (20 and 22 floors
in height, see Figure 93) already developed under DCR 33(7).

Figure 92: Existing medium-rise buildings on site (Author)
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Figure 93: Existing towers on site: to-be-demolished (left) and to be retained (right) (Author)
The proposed development involves the demolition of all the low and medium-rise buildings (with the
exception of the religious structures) and one of the existing towers, and replacement with high-rise
tower blocks (ranging from 11 to 58 floors), except for the amenity buildings, such as the municipal
school and the public toilet block (refer to Figure 94 and Table 19).

Figure 94: Proposed Podium-and-Tower type development (Author)
This results in almost 9 times as many (18) residential tower blocks, averaging 38 floors, with the tallest
tower being 58 floors in the proposed development (see Figure 95 and Figure 96)
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Figure 95: Total number of towers

Proposed

Figure 96: Average height of towers

B. Ground coverage and roof area
The intent of reducing the number of buildings by providing tall towers is often cited as the provision of
more open spaces. The total footprint of the existing buildings on the site (that are being replaced) is 2.5
times that of the towers of the proposed development (14,800 sq. m or 22.33% of site area). However,
in spite of the significant decrease in number of buildings and increase in height, the actual ground
coverage of the proposed development (54.93% of site area) is not significantly less compared to that of
the existing development (64.83%), due to the large podiums provided to accommodate parking and
commercial activities (see Table 25).

Ground
coverage

Existing

Proposed

Total

42,959.23

36,401.35

Excluding religious blgs. & tower
to- be-retained
Roof area

36,959.33

32,437.55

46,125.79

36,598.83

Table 25: Ground coverage and roof area (in sq. m) of existing and proposed development
The total roof-area of the existing development consists of the main roof as well as open-to-air balconies
and terraces of all structures on site, while the proposed development consists of the roof-tops of both
the tower and the podium, in addition to the roof of the existing structures on site. The Table 25 and
Figure 97 illustrate the 20.7% reduction in the total roof-area in the proposed development, compared to
the existing development, which will impact on both rainwater collection area and potential area for
solar energy collection.
C. Open space and landscaping
Since 90.21% of the plot area (excluding roads) is covered with buildings in the existing development,
there is almost no available open space for recreational use or landscaping. Though 12,992.72 sq. m of
open space is available in the proposed development (excluding streets), in addition to the streets lined
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with trees, 38.84% (5046.37 sq. m) is as side open space (that can be used for landscaping but not
recreational activities due to its 1.5m to 3m width), 15.39% (1999.05 sq. m) is part of the religious
complex (that is accessible to public, but unlikely to be used by people of other religions), 3.07% (399.51
sq. m) is in the form of a traffic island at the intersection of two streets and 42.70% (5547.79 sq. m) is
on top of the podium (with limited access and landscaping potential). Therefore, since neither of these
open spaces can be used as public parks or playgrounds, the proposed development would make limited
contribution to the green infrastructure of the ward (or the city). Figure 97 illustrates the lack of open
space in the existing development and location in the proposed development.

Figure 97: Areal view of existing and proposed built-forms (Author)
Even if the open spaces that are planned to be on the podium tops are relocated to ground level, in
accordance the Mumbai High Court ruling, they still are likely to be communal in nature and not public,
as they are in the middle of the building complex. Also, the amount of recreational space available per
person is still as low at 0.25 sq. m per person, compared to Greater Mumbai that has 1.1 square metres
of open space (gardens, parks, recreation grounds and playgrounds) while London has 31 times the space
and New York City has nearly 26 times the open space compared to Greater Mumbai (Rajadhyaksha,
2012c).
While the existing site barely has 2-3 trees, the proposed development would increase the number of
trees on the site by over 700 and shrubs by 1300 with about 40% of trees and 88% of shrubs being in
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containers on the roofs of podiums. These trees will assist with compliance for the development but trees
on the flat roofs of the podiums will offer little beneficial cooling or carbon sequestration due to their
limited size. They will also require constant watering outside the monsoon period.
D. Building orientation and layout

Figure 98: Building-to building distance (Author)
Since the majority of the buildings in the existing development were built prior to the conception of the
existing development control regulations, the buildings are constructed very close to each other, with
building-to-building distance of a few meters to none at all (see Figure 98). As a result, most units do
not receive sufficient natural light and ventilation (except for the units facing the street), though this has
some benefits as the mutual shading of buildings reduces solar heat gains.
A) Existing development

B) Proposed development

Figure 99: Cross-section through the two developments highlighting the building-to-building distance
and height-to-width ratio (Author)
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The building to building distance in the proposed development is more than the existing development
that indicates a potential for more natural light and ventilation in the units of the proposed development.
However, care needs to be taken to prevent over-heating from increased glass surfaces. Also, the height
of the buildings increases from south to east, so as to minimise the overshadowing of the roof-tops of
the buildings within the site (as photovoltaics are planned for the development). However, the proposed
towers would cast long shadows over the adjoining buildings, outside the site.

7.3.3 Mixed-Uses
The existing development not only has a mix of residential, commercial, educational and religious uses
on the site, but is characterised by a mix of uses within the buildings. The existing site accommodates a
variety of commercial activities, mostly on the ground levels, while providing residential units on upper
levels. It attracts a large number of visitors, with an average of 100,000 footfall registered (Raghib,
2013). Also, there has been an increase in pilgrim tourism due to the religious and cultural centres
situated in the area like the world renowned Raudat Tahera, the mausoleum of Syedna Tahera Saifuddin
(Raghib, 2013).
While the proposed development does rehabilitate all the existing users and provides additional
residential units, it changes the layout and location of the residential and commercial units. Table 26
indicates that the percentage of shops on the ground floor has reduced from 95.7% (of the total
commercial units) in the existing development to 26.31% in the proposed development. This would
mean that, in the proposed development, 73.69% of the commercial activities will have to be located on
upper floors. However, many of these activities are incompatible with an upper-floor location.

No. of units

FSI Area

Existing

Total
no.
of
Units
4,893

Residential Tenements

3514

Proposed

6,620

5,153

127,405.11 sq.
m (74.73% of
Total)
289,538.23 sq.
m (88.25% of
Total)

Commercial Tenements
No. of units
@ G. Flr
Total
1321 (95.77% of
total
commercial)
386 (26.31% of
total
commercial)

FSI Area

1379

43,084.31 sq. m
(25.27% of Total)

1467

38,557.15 sq. m
(11.75% of Total)

Table 26: Mix of residential and non-residential within the mixed-use buildings
The existing site is full of bustling lanes that accommodate commercial activities ranging from
vegetable, meat and plastic goods shops to clothing stores and tailors, restaurants and eateries, hardware
tools and artefacts bazaar (see Figure 100). They rely mostly on pedestrian traffic and visibility for
functioning. Though the developers claim to have designed a marketplace or ‘high-street kind of
shopping’ (that is, more outward or street-facing units) rather than ‘mall-type retail outlets’ (that is,
inward-facing shops that are typical in Mumbai) (Bhagat, 2013), relocating to upper levels would impact
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the business negatively. Therefore, the change in built-form is likely to push several small shop owners
out of the neighbourhood, thereby changing the type of commercial activities occurring on site. This is
turn would affect the metabolism of the neighbourhood, due to change in the resource requirements of
different type of commercial activity, but also due to the effect on the consumption behaviours of the
existing residents.

Figure 100: Small shops on the ground floor (Author)
While many of the shops in the existing development spill onto the streets (or the sidewalks, where they
are present), the area is also characterised by numerous hawkers and street vendors (see Figure 101) and
the Friday flea market (see Figure 102). The proposed development does not have any provisions to
accommodate these activities. However, in spite of their informal nature and being looked down upon
by planning authorities, hawkers form an integral part of the site (and Mumbai’s commerce) by providing
services that are often much cheaper and affordable for the local residents than formal shopping. While
their return to the proposed site without inclusive planning would impact the traffic movement
negatively, being pushed out of the site would not only affect their livelihood, but also impact the
availability and affordability of commodities for the residents.

Figure 101: Hawkers on the streets (Author)
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Figure 102: Friday flea market (Author)

7.3.4 Site location and Transportation
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Figure 103: Location map of Bhendi Bazaar
Source: Google maps
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The site is well connected to the rest of the city via public transport network with several railways
stations within 30-minutes walking distance (see Figure 103) and bus stops within 5-minute walking
distance from the centre of the site. In addition, the site is flanked by major roads such as the JJ flyover
to the east, SVP Road to the south and MS Ali Road to the north that provide good vehicular connectivity.
Figure 103 highlights the proximity of the site to the various railway stations of both Western and Central
Railways. While the data and analysis of street network and mix of traffic is based on the architectural
drawings available (from Samoon and Associates (2012a) for existing site and Saifee Burhani
Upliftment Trust (2012) for proposed development) and physical survey of site, vehicular ownership
and parking provisions use additional information from city level statistics (Motor Vehicles
Department), existing survey of a nearby neighbourhood (KRVIA & SNDT, 2006-07) and municipal
regulations (MCGM, 2007).
A. Street network

Figure 104: Street Network: Existing v/s Proposed development (Author)
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Figure 104 indicates the different street layout of the two developments. The existing development has
main streets that are 7.5m to 12m wide, internal street that are about 3m wide and by-lanes that are less
than a meter wide. While the existing development has a hierarchy of street widths, the new development
has increased the width of the streets within the site to a uniform 15m (including sidewalks). However,
it has also reduced the number of alternate routes, compared to the existing development, resulting in
decreased area. The area of streets in the proposed development (17,303.70 sq. m) is reduced by 6.16%
of the existing development (18,438.88 sq. m), though it is required to handle increased volumes of
vehicular and pedestrian traffic (see Table 27). Figure 105 establishes that while the ownership of private
vehicles in the proposed development is increasing, compared to existing development, the space
available per vehicle and per person is actually decreasing considerably.
120
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* Street-space available per vehicle includes both two and four-wheelers
**Street-space is calculated considering the entire area of the streets, without differentiating between pavements, on-street
parking and vehicular lanes.

Figure 105: Vehicular ownership and availability of street-space
B. Mix of traffic
The existing development is characterised by narrow streets, by-lanes and a heterogeneous mix of traffic
on the streets with very little-to-no parking space available. Also, in spite of pedestrians forming a
significant portion of the traffic volume (see Figure 106), sufficient provisions are not available. While
the peripheral arterial streets (about 22m to 37m wide) have sidewalks, sidewalks are mostly absent
within the site, which causes the pedestrians to walk on the streets along with the cars and buses (see
Figure 107). In addition, large amount of on-street parking (as a result of acute shortage of off-street
parking), spilling of shops onto the streets (and sidewalks, where available) and hawkers cause further
congestion on the streets (see Figure 108). Vehicle-pedestrian conflict forms a critical issue at public
places, causing stress and loss of time.
The proposed development has tried to address this conflict by providing pavement (1m to 3.5 m wide)
to separate the pedestrians from vehicular traffic. Though about 53% of the street space is dedicated to
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vehicular movement, the provision of pavements and on-street parking, reduces the width available for
vehicles movement to 7.5m (that is two lanes). Also, no provisions to accommodate the hawkers or shopextensions have been made. Therefore, the return of the hawkers (as is mostly the case in Mumbai, unless
it’s a gated-community) would result in traffic congestion and increase air pollution (see section 7.3.3).

Figure 106: Pedestrians form the bulk of the traffic (Author)

Figure 107: Street network: varying widths and heterogeneous mix of traffic (Author)

Figure 108: Street space taken over by shop extensions, hawkers and parking (Author)
C. Vehicle ownership and parking provisions
Existing vehicular transport is dominated by public and semi-public vehicles (buses and taxis). While
the number of vehicles in both categories are expected to increase with the provision of wider roads,
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higher percentage of increase in semi-public transport modes is expected unless strict policy measures
are undertaken to deter the use of taxis. However, it was not possible to calculate their numbers, due to
the non- availability of data on the total number and relation to increase in number of households. Among
private vehicles, two-wheelers are more popular than four-wheelers, due to affordability and availability
of parking space.
Parking of private vehicles in the existing development is mostly on-street, expect for a few off-street
parking spaces in the redeveloped towers. Due the nature of the parking and lack of data on the ownership
of private vehicles in the existing development, the number of vehicles have been estimated based on
the statistics available for vehicular ownership in the city and transport mode used for work in the nearby
neighbourhood of Null Bazaar. According to the 2011 census, the percentage of households with
vehicular ownership in the Island city is 12.6% for 4-wheelers and 16.6% for motorised 2-wheelers
(Rajadhyaksha, 2012b). According to a survey conducted by KRVIA and SNDT (2006-07) 2% of the
neighbourhood population used private 4-wheelers and 4% used 2-wheelers to commute to work.
However, not all private vehicle owners use them to commute to work. Therefore, considering the acute
shortage of parking in the existing site, the median figures of 5% and 10% ownership of 4-wheelers and
2-wheelers, respectively, by residents is considered. Further, it was observed during the site visits that
majority of the four wheelers on site belong to the residents, while a considerable number of the twowheelers belong to visitors. Therefore, 60% of the four-wheelers and 50% of the two-wheelers on site
are consider to be owned by residents (see Table 27).
Vehicle type

Existing development

Proposed development

Residential

Others

Total

Residential

Commercial

Visitors

Total

4-Wheelers

176

117

293

1,349

771

1,253

3373

2-Wheelers

352

351

703

196

112

182

490

Table 27: Total parking provisions in the existing and proposed development
According to Government of Maharashtra (2013), 116,153 sq. m is provided for parking 3773 fourwheelers and 490 two-wheelers. However, this is not exclusive to the residents and staff. For the
proposed development, the number of residential parking spaces required for 4-wheelers is calculated
based on the number and size of the apartments128 (as shown in Table 80). The number of commercial
parking spaces required for 4-wheelers is calculated based on the total floor area and the size of the
units129. The number of visitors’ parking spaces for 4-wheelers is derived by subtracting the residential

128Residential

parking requirement under DCR 33(9) is one parking space for every (a) 8 tenement with a carpet area up to 35 sq., (b) 4
tenement with carpet area exceeding 35 sq. m but not exceeding 45 sq. m, (c), 2 tenement with carpet area exceeding 45 sq. m but not
exceeding 70 sq. m, (d) 1 tenement with carpet area exceeding 70 sq. m and an additional 25% (minimum) for visitors.
129 Residential parking requirement is one parking space for every 150 sq. m of total floor area in case of shops up to 20 sq. m in area and
one parking for 50 sq. m of floor area for shops over 20 sq. m.

197

and commercial parking from the total provision provided in the proposed development (see Table 27).
The visitors’ parking is for the shoppers and religious visitors, and does not include visitors to residential
units (as that has been accounted for in the residential parking requirement).
It is evident from Table 27 that while the parking provisions required for four-wheelers in the proposed
development far exceeds the existing availability, the provision for two-wheelers is lower than the
existing numbers. However, since two-wheelers can be parked in place of 4-wheelers, the more
observation of greater concern is the 288% increase in the total number of vehicles on site. Though,
Table 27 reflects the parking provisions and not the actual ownership of private vehicles, the increased
parking provisions would lead of increased ownership as the ownership of private vehicles (especially
four-wheelers) in the area has been mainly restricted by the acute shortage of parking space (both offstreet and on-street).

7.4 Urban flow indicators
Urban flow, representing the physical metabolism of the city, is the main component of the Extended
Urban Metabolism model used for analysing the case study area. They are organised under three thematic
areas:
i.

ii.

iii.

Energy


Electricity and photovoltaics



Transport

Water


Supply and rainwater harvesting



Drainage and grey-water recycling

Waste


Solid waste



Carbon emission and sequestration

Each thematic area provides the sources and methods of data collection, before providing the results and
analysing the implications of the results for both existing and proposed developments.

7.4.1 Water
As explained in section 4.4, primary data for calculating water consumption in the different types of
settlements (old chawls with shared toilet/bath facilities v/s new high-rise apartments, with private
toilets) could not be collected because water supply is not metered. Therefore, secondary data derived
from other studies, in addition to personal observations had to be used to establish the difference in
consumption. The following sub-sections explain the assumptions made, and mathematical calculations
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used for estimating the domestic water consumption, rainwater harvesting potential, sewage discharge
and greywater harvesting potential, in case studies in Mumbai City.
While the amount of recycled water is likely to remain constant130, the amount of rainwater that can be
harvested varies significantly due to the seasonal nature of the monsoon rains. Thus, the amount of
Municipal water supply required would also vary for developments where RWH has been implemented.
This variation in proportion of water supply from different sources has been expressed graphically in the
following chapter, for a clear picture. The total water requirements for various activities were calculated
as follows:
Total annual requirement = per consumer per day requirement x total population x no. of days per year
Owing to the seasonal nature of Mumbai’s rainfall, water requirement and discharge has been grouped
into two categories: Monsoon (June to October) consisting of 153 days and rest of the year consisting of
212 days. Though monsoon in Mumbai is usually considered to be between June to August, the month
of October (considered to be post-monsoon) has been included as it receives a considerable amount of
rainfall compared to the rest of the year.
A. Water Consumption
Sule (n.d.) estimates the average domestic water requirement to be 135 litres per consumer per day
(lpcd), she provides a different breakup (than Indian Standard code number 1172-1993), in addition to
an upper and lower limit. Shaban & Sharma (2012) on the other hand have provided an activity-wise
break-up of the actual water consumption for Mumbai, based on their survey of 500 households in
Mumbai (belonging to different socio-economic groups and built form)131 in 2005. The breakup of water
required for domestic consumption is given in Table 72 (in Appendix E).The demand for water depends
upon demographic, economic and social factors (Aladenola & Adeboye, 2009). This is further reinforced
by the difference in water consumption found by Shaban & Sharma (2007) in their survey of seven
major cities of India: while 25.7% of the population in SEC E consume less than 50 litres/capita/day of
water, 23.3% of SEC A consumes more than 135 litres/capita/day132.

130

Water consumption during peak summer is likely to increase due to increased requirement for bathing and drinking, thus increasing the
amount of greywater produced for recycling. However, since it is closed loop and the study is based on comparative analysis, using
minimum requirements; it is unlikely to impact the results much.
131 The research analysed domestic water consumption (based on activity and socio-economic status) in seven major Indian cities: Delhi,
Greater Mumbai, Kolkata, Hyderabad, Kanpur, Ahmedabad and Madurai. They also examined sources of water supply, perception of
households about quality of water municipal water supply and the awareness of water conservation, in these seven cities.
132 The sample households were categorised into five socio-economic classes (SEC) based on the education and occupation of the main
wage earner of the household.
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*Amount of water is measured in litres per consumer per day (lpcd)
Table 28: Per capita consumption and discharge of water by residential users
Based on the existing research, 90 lpcd will be used in the calculation of water consumption for existing
developments as it is both minimum on Sule’s list and average consumption in Mumbai in 2005. To
account for the take-back associated with improved bath/toilet facilities in the proposed development,
140 lpcd of water consumption is considered, as it is the minimum amount recommended by MCGM
(exclusive of requirement of water for fire-fighting and gardening). However, considering the water
shortages in Mumbai, car-washing has been included in the domestic water consumption, but the
requirement for gardening is additional. For the existing development, the break-up provided by Shaban
and Sharma (2007) has been used, while for the proposed development, average consumption by Sule
(n.d.) is used (with the addition of 5 litres for washing cars).

Table 29: Per capita consumption and discharge of water (in lpcd) by non-residential users
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While a number of studies have been conducted on the quality and quantity of domestic water supplies
in different cities, there is very limited information available on the consumption of water in commercial
establishments. Table 73 (in Appendix E) provides the water requirements for some of the nonresidential users, as stipulated in the National Building Code of India. While, the non-residential uses
are expected to be a mix of small retail shops, restaurants, some office spaces, schools, religious
buildings, etc., the exact nature (or number of each) of these users were not available for any of the
developments. Therefore, a water consumption of 45 litres per consumer per day has been considered
for all non-residential purposes.
The total requirement of water for the existing and proposed developments is based on the total
population. While all the users of houses, shops and schools (see Table 29) have access to drinking water
and toilet facilities, only 10% of the visitors in the existing development and 25% in the proposed
development are assumed to have access to the facilities.
While the existing site has about 3-4 trees currently (as noted during site visit), over 700 trees and 1000
shrubs have been planned in the proposed development. Thus, the proposed development would require
a large amount of water for landscaping. The water required for landscaping has been calculated based
on Table 30 for the proposed development, assuming that during the monsoon season the landscape
would not require any additional watering (as the rainwater would be sufficient). However, for the
existing development, water required for landscaping has not been considered as the few existing trees
on site are too few and were not observed to have been artificially watered.

Table 30: Water requirement for landscaping
Source: (Water – Use It Wisely, n.d.)
Table 31 presents the water requirements by residential, commercial and other users, by the quality of
water required (based on Table 28, Table 29 and Table 30). Since the area currently receives less than
the standard requirement for water, the proposed development would require 198.06 % increase in
supply to meet the standards.
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Note: CM = Cubic metres

Table 31: Amount of Water input required for various uses in the existing and proposed developments
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B. Sewage, Waste-water & Waste-water recycling
As per the Indian Standard Code (IS: 1172: 1983), the per capita water requirement is estimated to be
135 lpcd, which is further subdivided as shown in Table 28 and Table 29. The water requirement can be
further classified into potable 133 and non-potable water, depending upon the use, and provided with
separate plumbing and storage. Similarly, the discharge can be classified as waste-water134 and soilwaste135 (or sewage). Waste-water can be treated and recycled for non-potable domestic consumption,
whereas, soil waste needs to be discharged into the municipal sewers. However, currently, for a typical
development in the study area, no such bifurcation exists, such that the total water requirement is derived
from Municipal supply and discharged into the sewers. While the MCGM (2007) instructs the provision
of waste-water recycling projects within townships in areas under its jurisdiction; and the National
Building Code of India (2005) recommends the use of recycled waste-water (after suitable treatment)
for non-domestic purposes such as water for cooling, flushing, lawns, parks, firefighting and certain
industrial purposes.
The total annual waste-water and sewage output have been calculated based on Table 28 and Table 29.
The amount of recycled water is assumed to be the same as the amount of waste-water produced and is
used for non-potable uses. The potential for wastewater recycling is derived as follows:
Potential for Wastewater Recycling = (Total Amount of Recycled water/Total Water Requirement) x 100

Table 32 tabulates the waste-water and soil-water produced from the various sources. Due to the
increased consumption of water and the provision of additional amenities such as public toilets in the
proposed development, the output of waste-water and soil-water are expected to increase by 120% and
355% respectively.

133

Water which is satisfactory for drinking, culinary and domestic purposes and meets the requirements of the authorities.
The discharge from wash basins, kitchen sinks and bathrooms, which does not contain human or animal excreta.
135 The discharge from water closets, urinals, animal-sheds and similar appliances.
134
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Note: CMD = Cubic metres per day

Table 32: Amount of waste-water and sewage output from various sources in the existing and proposed developments
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C. Rain water harvesting
The method for calculating Rainwater Harvesting Potential has been derived from Aladenola and
Adeboye (2009) analysis of Abeokuta in Southwest Nigeria. Runoff collection from rainfall can be
classified into two broad categories: land based and roof based. The emphasis of this study is on roof
based rain water harvesting for non-potable domestic consumption. The land based rainwater collected
is considered to be used for recharging underground water, and not integrated into the supply system.
The volume of rainwater that can be harvested per development per month was determined using the
equation:
VR = (R x HRA x RC) / 1000
Where,
VR= monthly volume of rainwater per household (in cubic meters)
R = monthly rainfall depth (in millimetres)
HRA = total roof area (in square meters) and
RC = runoff coefficient (no unit).

The amount of rainwater that can be harvested depends on the roof area, rainfall depth and runoff
coefficient136 which depends on roof material and design. The roof areas for the existing and proposed
development have been calculated from the drawings. In the existing development, the total roof area
includes balconies and terraces, in addition to the roof of all building on the site, irrespective of their
use. In the proposed development, the total roof area includes both the podium and roof top of
redeveloped buildings and the roof area of all existing buildings on the site. The average runoff
coefficient for hard roof in humid tropics is taken as 0.85 (Thomas & Martinson, 2007). The average
monthly rainfall data for 50 years for Greater Mumbai (Colaba weather station) is used in the
calculations. The roof area for collecting rainwater, for both existing and proposed developments (see
Table 33), have been calculated from the drawings.

Table 33: Amount of rainwater harvested in existing (ED) and proposed (PD) developments
The annual harvested rainwater was calculated by summation of the volume for the 12 months. Thus,
the potential for Rainwater Harvesting (i.e., percentage of the demand that can be met by RWH) is
derived as follows:
Potential for Rainwater Harvesting = (Total Amount of Harvested water/Total Water Requirement) x 100

136

‘Run-off coefficient’ takes into account evaporation from the roof and losses between the roof & any storage tank.
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D. Water Balance
Table 34 illustrates the total annual and seasonal input and output of water in the existing and proposed
developments, and the potential of the two developments to meet the requirements through waste-water
recycling and rainwater harvesting technologies. Since the potential for recycling waste-water depends
on the waste-water generated, it does not have seasonal implications. However, since rainfall in Mumbai
has high seasonal variation, the potential for harvesting rainwater is maximum during the monsoons and
negligible during rest of the year. Table 34 also indicates a greater decrease in the potential for rainwater
harvesting in the proposed development, compared to the potential for waste-water recycling due the
dual effect of increased requirement (due increased population and per capita consumption) and
decreased generation (due to reduced roof area).

*Refer to Table 74 for detailed calculation of non-potable water requirements.

Table 34: Total input and output of water in the existing and proposed developments
Table 35 demonstrates that even after implementing grey-water recycling and rain-water harvesting,
water supply needed from external sources (mainly municipal supply) would increase in the proposed
development by 46.85% compared to the existing development without any provision for renewable
technologies.

Table 35: Average daily requirement (CMD)
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7.4.2 Energy use: Electricity and transport fuel
While there are various sources of energy whose contribution to the final use varies from place to place,
electricity and petroleum products (petrol, diesel and LPG) are the most commonly used final forms of
energy use by urban users (see section 3.2.2). Though, food is the primary source of energy for human
beings, neither data on the food habits nor the relationship between the amount of food consumption and
urban form is available. Also, the impact of the redevelopment of cooking habits (and LPG consumption)
is likely to be the least compared to electricity. Therefore, this section focuses on electricity and transport
fuel (petrol and diesel) as previous studies have established strong relationships between urban form and
electricity and transport energy use. However, it should be noted that the Central Government of India
has recently capped the supply of LPG at a subsidised rate to 12 cylinder per annum per household in an
attempt to regulate the fuel consumption (Press Trust of India, 2014).
A. Electricity
The residential sector is an important sector contributing to the rise in electricity demand, and its share
in India is 23% of the total electricity consumption (Piyush Tiwari, 2000). The demand for electricity in
this sector is basically due to lighting, comfort (cooling, hot water and use of appliances such as washing
machines, fridge and microwave ovens) and entertainment (such as televisions, radio and computers)
for the residents. Each type of urban area has different energy consumption patterns, partly due to
income and cultural differences.
According to a survey of 6358 households in Mumbai by Piyush Tiwari (2000), the monthly expenditure
on electricity of a household is only 3% of the total monthly income. Electricity consumption of
households depend significantly upon various factors such as demographic characteristics (7.7%
increase per additional member), housing unit structure (11% increase per additional room), age of the
structure (10-year-old house has 4% more requirements), use of electric appliances (increasing use of
air conditioning), building design at urban, architectural and construction scales (Schiller & Evans, 2000;
Piyush Tiwari, 2000; Wong & Chen, 2009). The elasticities indicate that the residential electricity
demand in Bombay is inelastic with respect to income as well as price (Piyush Tiwari, 2000).
Electricity consumption for both the existing and proposed development was categorised as per users
and total consumption by the different users depends on the number of equipment per household, the
hours of use of each equipment and the load of each appliance. The approximate load of each appliance
was estimated from various sources (Bureau of Energy Efficiency, n.d; "Energy conservation booklet,"
n.d.; INTEC Controls, n.d.; Menendez & P.E., 2010; "Power Consumption Table," n.d.; The Engineering
toolbox, n.d.). The size of the units and increasing numbers and use of electrical appliance per unit were
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considered in determining the number and hours of use of various electrical appliances. While the
number of equipment for residential and commercial use were estimated based on the number of
equipment in each unit (see Table 75), for common areas and parking areas, the number of equipment
was based on the total area (see Table 76 and Table 77). The number of equipment in other buildings,
such as the masjids and schools was estimated based on both area and number (see Table 78 and Table
79). Electricity consumption depends to a large extent on the consumers’ behaviour and the efficiency
of the equipment, and significant saving can be made from efficiency, as discussed in section 3.2.5.
Table 36 is based on average load of appliances available in India. The total electricity consumption in
either of the developments accounts only for areas inside the buildings, and not for lighting of external,
such as streets, podiums and recreational open spaces.

Table 36: Electricity consumption by various users in the existing and proposed development.
Table 36 show the proposed development would result in a 115.53% increase (over twice as much) in
the total consumption of electricity. Though the highest increase is in the lighting and ventilation of
parking areas, its contribution to the consumption is still very low. Residential electricity consumption
remains the highest, not only due to its share in the total area occupied, but also due the increasing use
of electrical appliances.
Energy produced from photovoltaic systems
A photovoltaic system, consists of an arrangement of several components, including solar panels to
absorb and directly convert sunlight into electricity, a solar inverter to change the electrical current
from DC to AC, as well as mounting, cabling and other electrical accessories to set-up a working
system. PV systems range from small, roof-top mounted or building-integrated systems with capacities
from a few to several tens of kilowatts, to large utility-scale power stations of hundreds
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of megawatts. This thesis accounts for only roof-top mounted PV system for providing energy to the
buildings. Solar street lighting systems have not been included.
The amount of energy that can be harvested from solar panels depends not only on the amount of sunlight
received and technology (efficiency of the panels), but the orientation and placement of the panels. The
south orientation at a tilt angle of 20-30 degree is considered to be ideal in Mumbai (Energy Saving
Trust, n.d.).
The roof area of the two developments are measured from the drawings. Since the existing development
comprises of buildings mostly with sloping roofs with pitches ranging between 25-30 degrees, the roof
areas were measured based on the orientation. For the existing development, north-facing roofs were not
considered, whereas for the proposed development, the roof area of only the tower buildings was
measured as all lower levels would be in shadow for most part of the day. For the existing development,
the effective roof area for providing solar panel was considered to be 70% of the measured area as the
shape, size and level (due to over-shadowing) of some roofs would make them unfeasible; whereas, for
the proposed development, effective area was considered to be 50% to account for lift rooms, staircase
blocks, overhead water tanks and circulation space.
The energy output was based on 1m x1.5m panels with 240 watt power (Alpex Exports, n.d.), operating
for 6 hours (10am to 4pm) per day at 1/3rd the capacity during monsoon season (due to cloud cover) and
full-capacity for rest of the year. Though Mumbai receives the maximum rainfall between July to
September, due to the cloud cover before and after the main season, the calculations consider Monsoon
(June to October) to be of 153 days and rest of the year to be of 212 days. While PV panels on southfacing roofs were considered to be operating at optimum level, the east and west facing roofs were
considered to be operating at 78% efficiency (see Figure 158). PV panels on flat-roofs were also
considered to be operating at optimum level as the orientation and tilt of the panels can be adjusted as
required. The potential for harvesting solar power (i.e., percentage of the demand that can be met by
PVs) is derived as follows:
Potential for Solar power (%) = (Total Amount of energy harvested/Total electricity required) x 100
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Orientation

Roof area
Actual

Effective

No. of
units

Monsoon

Energy output
Rest of the year

Total

Potential
(%)

Existing Development
East-west

14,528.58

10,170.01

6,780.00

388,380.33

South

5,490.37

3,843.26

2,562.17

188,165.96

Flat-roof

10,252.96

7,177.07

4,784.71

351,389.45

Total

30,271.91

21,190.34

14,126.89

927,935.73

1,614,443.70
782,180.07

2,002,824.03
970,346.03

1,460,677.69

-

1,812,067.14
3,857,301.47

46.51
4,785,237.20

Proposed Development
Flat-roof

14,969.83

7,484.92

4,989.94

366,461.44

1,523,329.90

1,889,791.34

8.52

Table 37: Potential for harvesting electricity from roof-top solar panels
Table 37 highlights the combined impact of increased electricity consumption and changing built-form
(reduced effective roof area) on the potential to harvest solar energy. While the photovoltaic panels in
the existing development can produce almost half of the requirement, those in the proposed development
can meet on 8.52% of the requirement.
Electricity balance

Table 38: Average daily requirement (kilowatt-hour)
Table 38 indicates that even with the provision of photovoltaic panels for generating electricity on-site,
the proposed development would require a 97% increase in external supply compared to existing
development without photovoltaic panels and 302% increase if the existing development is also provided
with photovoltaic panels. However, this analysis is based on the hypothetical assumption that the
maximum potential roof area will be covered with PVs. More important is the relative potential for PVs
between the two developments. The solar PV potential in the existing development is over five times
greater than in the proposed development.
B. Transport – Usage & Fuel consumption
The proposed new development requires additional parking standards that far exceed the existing
parking provisions. Given the increasing affordability of private vehicles in India, increasing aspirations
of people to buy cars and the current restricted ownership of vehicles due to the absolute lack of parking
provisions, the new possibilities of parking are likely to encourage ownership and use of private vehicle,
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and hence increase the consumption of fuel and emission of wastes. Therefore, the total distance
travelled and fuel consumed are based on the parking space availability.
Due to the lack of data on the distance travelled for various activities in the existing development, the
distance travelled and modes of transport used, have been estimated based on the statistics available for
the city. The average distance travelled per day is considered to be 43 km for four-wheelers and 38 km
for two-wheelers (see Table 81). It is also assumed that 40% of the four-wheelers are used daily and
60% are used only on weekends, as opposed to 60% of the two-wheelers being used daily and 40% being
used only on weekends.
Table 39 depicts the distance travelled by the various modes of private transport and the corresponding
fuel consumption, which in turn would impact the emission of greenhouses gases (evaluated in the
following sub-section). Table 39 indicates a 533% increase in the transport fuel consumption in the
proposed development compared to a 193% increase in the number of vehicles, due to the increasing
share of four-wheelers compared to two-wheelers.

Table 39: Total annual distance travelled and fuel consumed by private vehicles in the existing and
proposed developments

7.4.3 Waste
A. Green House Gas Emissions
Greenhouse gases are a cause of major concern, not only because of their potential contribution to global
warming, but also because they directly impact the heath of people and the environment. This section
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estimates the change in greenhouse gas emission in the proposed development compared to the existing
development based on electricity and private-transport use.
GHG produced by Coal-based thermal power plants for electricity generation
The various sources of electricity generation in India has been noted in section 3.2.2. However, due to
lack of data pertaining to other generation sources, and the major contribution of coal-based thermal
power plants to electricity generation in the country, it is the only source used in the calculation of
emissions from electricity use.
CO2 and NOx emissions depend upon the carbon content in the coal used (quality and type of coal) and
the plant efficiency (operating conditions, maintenance, and plant design) while the formation of NOx
is also influenced by the concentration of oxygen (which depends on the excess air) in the system and
the flame temperature. SO2 emissions from coal combustion, on the other hand, mainly depends on the
sulphur content in the coal. Mittal, Sharma, and Singh (2012) have estimated the yearly emissions of CO2,
SO2, and NO based on the yearly data for the electricity generated and the specific coal consumption of 86
power plants. CO2 emissions per unit of electricity range between 0.82 and 1.0 kg/kWh (Mittal et al.,

2012), while Chakraborty et al. (2008) have estimated an average emission factors for CO2 emission as
0.iii kg/kWh (range 0.776-1.49 kg/kWh). These are regional average and change year to year. The
national average SO2 emission, based on the 86 power plants, is 8.04 g/kWh whereas Chakraborty et al.
(2008) have estimated average emission factors for SO2 emission as 8.7 g/ kWh (range 5.21-15.99 g/
kWh). NO emissions were found to vary between 2.0 to7.0 g/kWh (Mittal et al., 2012), while Chakraborty
et al. (2008) have given an average emission factor for NO emission as 2.42 g/ kWh (range 1.54-3.263

g/kWh).
Emissions (metric tons)

Total electricity
produced*

CO2

NOx

SO2

Standard Emissions (g/kWh)
Existing
without PV
development
with PV

-

998

2.42

8.7

12,860,362.94

12,834.64

31.12

111.89

4,983,999.07

4,974.03

12.06

43.36

without PV

27,718,092.48

27,662.66

67.08

241.15

with PV

24,439,699.71

24,390.82

59.14

212.63

11,579,336.77

11,556.18

28.02

100.74

Proposed
development
Increase**

*Considering 20% production and transmission losses
**Comparing existing development without PV to proposed development with PV

Table 40: Greenhouse gas emissions from electricity use
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The emission of greenhouse gases is directly proportional to the consumption of electricity. Table 40
demonstrates a significant increase in the greenhouse gases produced due to electricity consumption as
a result of the redevelopment. The electricity is produced at a distant location and, therefore, the pollution
is also created at a distant location from the site. However, the increased use of electricity contributes to
air pollution at the regional and national level, and has an indirect impact on the quality of life in the
city.
GHG produced by private vehicles

Table 41: Annual greenhouse gas emissions from vehicles owned by residents
The main emissions from internal combustion engines used in vehicular transport are carbon monoxide
(CO), carbon dioxide (CO2), nitrogen oxides (NOx), sulphur oxides (SOx), particulate matter,
carbonaceous material (soot), hydrocarbons (HC), and other trace gas species. Emissions of these
pollutants depend on the combustion technologies, the fuel used, the intake air, the engine conditions,
and possible technologies that are used to control emissions, as well as the speed. For example, (Mittal
& Sharma, n.d.) estimate that improving the average speed of two-stroke-two-wheeler vehicles from 15
km/hr to 25 km/hr will decrease fuel consumption by 17%, CO emissions by 36%, CO2 emissions by
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11%, NO emissions by 9%, and HC emissions by 46%. Wagner (02 August, 2013) stresses that a single
old diesel truck might pollute as much as dozens of new ones. As a result, even the Mass Emission
Factors (i.e., emissions per vehicle per km) measured and computed by different researchers in different
locations (see) are varying. Since neither of the studies provides the mass emission factors for all the
greenhouse gases, data has been used from both sources. The annual emissions for each vehicle type
were calculated by multiplying the mass emission factors (see Table 82) and the annual distance covered
by each vehicle type.
Carbon sequestration from trees
Ecological footprint analysis assumes that to sequester 1.8 tonnes of carbon emitted from burning fossil
fuel, one hectare is needed per year, or the land-to-energy ratio is one hectare per 100 GJ per year for
fossil fuel. This land-to-energy ratio is the average value for all types of forests. While this may be
useful for converting energy use to land area required, it does not help in calculating the capacity of an
individual tree to sequester carbon, as the number of tree per hectare is not specified. However, various
other studies consider the carbon sequestering potential of trees in tropical countries (15 degrees north
and south of the equator) to be 22.6 Kg (50 pounds) per year per tree (Dombro, 2011). These trees are
considered high leaf density tropical trees between 20-50 years of age. However, fast-growing young
trees (that reach maturity in 10 years) are likely to sequester more carbon that is likely to reduce with
the age of the tree (Dombro, 2011).
While there are barely 2-3 trees existing on the site, the proposed development intends to plant 770 trees
and 1301 shrubs. Due to lack of available data on the carbon sequestration rates of shrubs, it is assumed
that shrubs would sequester carbon at one-tenth the average rate as the tree (this is considering that
though shrubs are smaller, they grow more rapidly compared to trees and sequester carbon at the higher
rate, though without figures of the size and type of shrubs it is difficult to be precise.). However, 39%
of the trees and 88% of the shrubs are to be planted on the top of podiums at about 8-32 m above ground
level. Therefore, considering the limited growth of these plants, the carbon sequestration rate of these
trees is considered to be 30% lesser than their counterparts on the ground.

Table 42: Carbon sequestration potential of vegetation in proposed development
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Table 42 illustrates the amount of carbon that can be sequestered in the proposed development per
annum, with the provision of 770 trees and 1301 shrubs. However, a comparison of Table 41 and Table
42 reveals that the CO2 produced by the increased number of private vehicles is disproportionately large
than the potential for sequestration (less than 1%).
B. Solid Waste
The per capita generation of wastes in Mumbai in 2004 was about 630g per person per day (Mahadevia,
Pharate, & Mistry, 2005), which is higher than the national average (0.46 kg/person/day). The per capita
waste generation in Mumbai has increased from 0.45 kg to 0.53 kg to 0.630 kg per day between from
1981 to 2001. Upadhyay et al. (2005) emphasise that industrialization and the high level of affluence
influence the composition and quantity of waste. Specific data pertaining to municipal solid waste
(MSW) generated by residential, commercial or other users is not available, for the site, ward or city.
Therefore, the total MSW generated is based on average per person per day waste generation and the
total number of residents as these average figures are considered to account for all uses. While the per
person per day waste generated in the existing development is considered to be 630g, in the proposed
development an additional 25% is considered due the likely changes in the consumption behaviour.
Table 43 illustrates the total waste expected to be generated from the two developments and the increase
in waste output. It should be noted that in addition to the land required for dumping the waste, a
considerable amount of energy and labour is spent in collecting, sorting, transporting and processing the
waste, in addition to the greenhouse gases released from their decomposition.

Table 43: Total waste generated on site
The solid waste generated can be used to generate electricity, either by controlled incineration (as
opposed to open-air burning) or bio-methanation. Bhada (2007) states that the heating value of MSW in
Mumbai presently is 9,022 kJ/kg. He estimates that for the given composition of waste in Mumbai,
assuming that the average efficiency of a waste-to-energy plant is 25%, and 15% for the plant’s internal
use, each ton of MSW combusted could contribute 533 kWh to the grid. While this method is estimated
to reduce the volume of output by 96.74% (Bhada, 2007), Table 44 indicates that the contribution to the
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electricity requirement would be very small and a lesser contribution in the proposed development
compared to the existing development.

Table 44: Electricity generation from MSW and consumption on site (K. P. Nair, 2013)
Pendse (2012) estimate the composition of waste in 2004 to be 57.68% biodegradable, 6.41% dry waste
(comprising of paper and cardboards, plastics, metals, glass, etc.), 32% debris and silt and 0.32%
biomedical waste (see Table 83). Biodegradable wastes can also be processed into methane (biogas)
which can be used for electricity generation. Considering a 10 tonnes/day bio-methanation plant can
generate 700-800 cu. m per day of methane that can generate 50 kW of electricity per day, Table 44
indicates that the contribution to the electricity requirement would be negligible, though this process
would produce a considerable amount of manure that can be used for landscaping within the site or sold
to other urban agriculturalists. For example, the Siddhivinayak Temple trust in Mumbai, have been able
to sell the compost at Rs. 8 per kg. It should also be noted that the operation of waste treatment plants
has additional water requirements and operational cost.

7.5 Urban quality indicators
Though quantifying ‘quality of life’ or urban quality needs an in-depth study after the completion of the
proposed development in order to make accurate comparison, some basic observations can be made at
this stage.

7.5.1 Infrastructure
It is evident from the above evaluation that the proposed development has severe infrastructural
deficiencies that the proposed development to some extent has addressed while it has been unsuccessful
with some and ignored others. The proposed development makes a positive contribution to the much
needed civic amenities available within the neighbourhood by providing a refuge shed, public toilet
block, a municipal chowki, a store shed and a municipal primary school (in addition to relocating the
existing school). It has provided an increased area of open spaces that can be used for landscaping and
recreational uses by the residents, though most of it would not be accessible to the public.
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It also aims to provide sewage treatment plants, an organic waste converter, rainwater harvesting tanks
and photovoltaics (for street lighting), in order to reduce the stress on city’s infrastructure. However, it
is evident from the above analysis that these renewable technologies would have limited success in
reducing stress on the city’s already constrained infrastructure. For example, rainwater harvesting can
meet only 2.9% of the total water requirements of the development and the solar panels can contribute
only an absolute maximum of 5.2% of the total electricity requirement assuming all practical roof areas
are utilised for PVs.
The new development would also replace the existing water supply, drainage pipes and electrical lines
and increase the width of the streets. However, the replacement of this infrastructure would be limited
to within the site area, and therefore would not be helpful as they would still have to connect to the main
networks that are already beyond their carrying capacity. For example, not only is the area of the streets
within the site reducing, the width of only the internal streets are increased without making any provision
for increasing the width of the peripheral streets. Therefore, it is likely to increase the traffic congestion
within the site rather than reduce it. Similarly, increasing the diameter of water pipes within the site
would not be helpful, unless the water supply network for the entire city is updated and there is sufficient
water in the reservoirs to supply.

7.5.2 Accessibility
Though the site is within walking distance from several modes of public transport (that is bus stops and
train stations), neither of them pass through the site. The nearest bus stops are on the streets adjoining
the site. Since, the proposed development does not intend to widen the adjoining streets, its contribution
to the public transport network would be nil, though the increased population would increase the demand
for public transport. The same is true for semi-public modes of transport, such as taxis and service
vehicles, as the area of streets within the site is reduced in the proposed development.

7.5.3 Housing quality
The per capita availability of space for residential tenants in the existing development is very low: about
4.4 sq. m of carpet area and 6.2 sq. m of BUA per person. The redevelopment would provide the
rehabilitated tenants a carpet area of 6.6 sq. m per person and BUA of 19.03 sq. m per person; whereas
the residents of the sale component would enjoy about 10.83 sq. m of carpet area and 31.11 sq. m of
BUA per person. Also, compared to the existing development that is characterised by common toilet
facilities (on every floor), the proposed apartments are designed to be self-contained units that would
provide the much-needed privacy. The buildings in the proposed development are not only spaced much
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wide apart compared to those in the existing development, but also oriented in an east-west direction to
maximise natural light and ventilation into the residential units.

7.5.4 Employment and community
The existing development has a mix of 72% residential and 28% commercial units. However, in the
proposed development, additional residential units have been planned while the number of commercial
units remains the same. Since, majority of the commercial units are known to be owned by the residents
in the area, this would mean that more people would have to travel outside for work, which would in
turn increase the transport requirements of the neighbourhood. Also, the relocation of 69.5% of the
commercial units from ground floor to upper levels is likely to push them out of the neighbourhood, as
several commercial activities are incompatible with upper level location while others rely completely on
pedestrian traffic passing by the shops for business.
In addition to bigger and better apartments, the proposed development would make the tenants of the
existing development into home-owners, at no cost. However, the provision of providing free housing
has been criticised by urban planners as being illogical and unfeasible. Also, the high-rise form and
additional amenities provided on-site would increase the maintenance and operation cost of the proposed
development. While, a corpus fund would be maintained by the developers for the first ten years, the
increase cost of maintenance, provided with the option to sell the apartments (that are highly priced realestate due to their location in the city) with a huge profit margin, is likely to cause several residents
(especially those in the lower income categories) to sell their units and move to the suburbs. This would
not only change the character of the neighbourhood, but also its metabolism as income levels are known
to impact resource consumption.

7.5.5 Air pollution and Microclimate
Urban greenery is a quality factor in the ecology of cities. In particular, the supply of urban green spaces
strongly influences climatic conditions and air hygiene, in addition to sequestering carbon. The type,
level, and spatial distribution of urban vegetation are determined by the uses to which land is put (Arlt,
Deilmann, & Lehmann, 2008). While the proposed development would increase the volume of greenery
on-site considerably, it is not sufficient to deal with the increased emissions from the increased number
of private (and possibly semi-private and service) vehicles on site or compensate for the emission from
the electricity generation required for the smooth functioning of urban activities. Cities need to curb
pollution from all sources, but vehicles need special attention as they emit toxic fumes within our
breathing zone.
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7.6 Summary
The existing development is characterised not only by the large proportion of cessed buildings (84.9%)
and very low per capita BUA (of about 0.1 sq. m per person in residential units and 8.8 per job in
commercial units), but also other design and infrastructural issues such as pedestrian-vehicular traffic
conflict, poor waste management and extreme lack of open spaces and amenities, which affect the quality
of life. While the proposed development has tried to address the infrastructural issues (such as providing
larger units and increased parking space), it is not consistent with its positive contributions (such as
reduced per capita street-space for pedestrians and vehicles), in addition to increasing the demand for
natural resources, while mostly reducing the capacity for harnessing benefits from renewable
technologies to meet the demand on site. Thus, the proposed development increase the metabolism of
the neighbourhood, without significant improvement to the quality of life of the residents.
This chapter has analysed a case study of a proposed cluster development that will replace existing
housing units on a 16.5 acre site. In addition to being the biggest proposal so far, this site has progressed
further than other proposals for cluster developments elsewhere thus providing useful data on built form,
capacity and uses. Therefore, it provides a useful model to project onto the whole of this are of the City.
The built up area of the new development is almost double that of the existing while the increase in
population is approximately 50%. This is achieved by the demolition of most of the existing structures
(without any parking) and the construction of 17 new towers with basement and podium parking for
1400 cars and podiums for shopping areas. Altogether the floor area of commercial uses has remained
the same. However, the podium commercial areas are not compatible with the traditional patterns of use
of retail along street fronts.
The towers allow blocks to be more separate, and the introduction of trees and shrubs is an improvement
on the existing form and layout of housing. However, much of the green areas are located above the
podiums and are inaccessible for public use. The trees will have limited capacity to grow in planters and
will be an additional demand on water outside the monsoon period. Increasing the car parking spaces is
of concern since it will induce greater car ownership which can contribute to negative impacts on fuel
use, GHG emissions and congestion.
It has been calculated that the increase in water consumption on the site will be almost 300%, due to a
combination of increased population, irrigation, maintenance of the common areas and increased
consumption due to private bathrooms and increased appliance use such as washing machines.
Furthermore, the reduced roof area for collecting rainwater, combined with the increase in demand of
water results in rainwater harvesting having a negligible contribution to the new development.
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Electricity consumption on the site is calculated to more than double. This is due to an increase in
population but also due to the common areas and parking areas in the development. This demand could
be offset by the use of PVs. However, the absolute maximum contribution they could make to the new
development is approximately 5% of demand while they could contribute about 30% to the existing.
This is due to both the different demand profiles of the developments but also due to the reduced roof
areas of the proposed development.
The GHG emissions on the proposed development increase proportionately with electricity demand.
However, the introduction of private vehicles is calculated to increase emissions by about 600%. The
increase in the number of trees and shrubs on the proposed site is calculated to have less than a 1%
impact on carbon sequestration.
Solid waste is also calculated to increase because of the increased population but also because of the
increased affluent lifestyle associated with modern developments.
An overriding issue that is not addressed in the new development is that the increase in the demand for
resources requires increased reticulation and cable capacity. The development is an ‘island’ amidst
existing cessed buildings and it is not only the infrastructure on the site that will need to increase but
also supplies to and reticulation from the site will need to be upgraded across the City.
The next chapter extrapolates the results of this case study to the areas covered by cessed properties in
the seven wards (A to G) of the Island City to evaluate the change in urban metabolism of the City as a
result of the proposed Urban Renewal, accompanied by intensification.
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Chapter 8: Changing metabolism due to urban
renewal: Results and analysis
The case study presented in chapter 7 is, by itself, a drop in the ocean of the housing in the Island City.
Of concern is the impact on the City if these forms of ‘Urban Renewal’ are replicated on a wider scale;
the whole intention of the municipal authorities. This chapter investigates the likely impact.
The DRC 33(9) regarding the redevelopment of cessed properties in the Island city of Mumbai, also
known as the ‘Urban renewal’ schemes, was introduced on 2nd March 2009. However, the first two
projects to be developed under this scheme, in Bhendi Bazaar and New Islam Mill compound, have
started the demolition and construction process (respectively) only recently (2013). The previous chapter
analysed the urban metabolism of one of these projects. This chapter evaluates and extrapolates the
applicability of the results of the case study if the Urban Renewal projects are implemented in the rest
of the city. The FSI consumed by the existing settlements are evaluated to establish the average BUA
currently consumed in different wards and, therefore, the potential increase in BUA as a result of
redevelopment, under current regulations. The physical characteristics of the rest of the city are analysed
and compared with the case study, to establish the similarities, before extrapolating the metabolic flows
from the case study to the city. Selecting a representative area for the study is justified by a
morphological survey of areas of the City containing cessed buildings and also an analysis of building
typologies carried out in chapter 6. Thus, an estimate of the infrastructural requirements and impact on
environment (or urban quality) for the city as a result of change in urban metabolism is derived.
The large size of the city, and the wide range of physical characteristics (such as the variety of building
heights, ground coverage, roof size and orientation, existing landscape, width and area of streets) in
addition to the lack of precise and accurate data, increased the complexity of extrapolating the result of
the case study to the rest of the city. However, based on the analysis of the physical characteristics of
cessed properties in the city and its similarities with the case study analysed in the previous section, a
rough estimate of the change in metabolic flows, infrastructural requirements and environmental impacts
for the city can be derived. It is important to note that the aim is to evaluate the change in metabolic
flows as a result of the urban renewal, rather than to estimate the absolute metabolic flows. The methods
used to extrapolate the results from the case study to the rest of the city are described in each sub-section.
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8.1 Physical characteristics
8.1.1 Space utilization and population density
In order to extrapolate the urban metabolism results of the case study to the rest of the City district, the
scale of the existing and the potential proposed developments in each Ward was required. Therefore,
physical characteristics of the existing cessed properties, such as the number of tenements, BUA and
FSI utilised were derived by reviewing, analysing and categorising the data from the list of 1,135 projects
approved for redevelopment in the Island city provided by Mumbai Transformation Support Unit
(MTSU). Table 45 summarises the data into various categories for each ward in the Island city along
with those of the Bhendi Bazaar case study. It highlights the similarities in the redevelopment models
across the city and the case study, such as the percentage of cessed buildings in the development and the
percentage of BUA dedicated to the sale component. It also provided the much needed information of
the average FSI of the cessed properties in the different wards (that is much higher in the inner city
compared to the outer city) that is required for the extrapolation of the metabolism results. However, it
is important to note that since these buildings (in Table 45) were redeveloped under the prevailing DCR
33(7) that allowed a minimum of 2.5 FSI compared to the DCR 33(9) for Urban renewal that allows a
minimum of 4, the average FSI utilised is 2.65, which would be much higher in the potential
redevelopment under the urban renewal scheme.
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Table 45: Ward-wise area statement: Characteristics of cessed properties and their redevelopment under
DCR 33(7) and the case study
Source: (Mumbai Transformation Support Unit, 2012a )
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While the number of cessed properties in each ward was available, data pertaining to total BUA or plot
area was not available. Since the population (size and density) and hence the metabolism are dependent
of the total BUA of the existing properties, the same was calculated by multiplying the average FSI
(derived from Table 45) and the plot areas of cessed properties of each ward. The total plot area of the
cessed properties in the Island city (see Figure 109) was estimated from the ward plans provided by
Mumbai Transformation Support Unit.
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Figure 109: Total plot area of cessed properties in Island city of Mumbai
Table 46 demonstrates the potential configuration of the redevelopment of the remaining cessed
buildings in the Island City for each ward.

Table 46: Ward-wise area statement: Existing cessed properties and potential redevelopment under
DCR 33(9)
While the number of cessed buildings in the City were available from Remaking of Mumbai Federation
(2008-2014) (except wards G/N and G/S, which were calculated from the ward maps), the number of
redeveloped buildings is estimated based on the Bhendi Bazaar case study: 236 buildings (excluding
those that are to be retained) to be replaced by 22 buildings (of which 17 are tower blocks).
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Figure 110: Total number of buildings in each ward
While the average FSI of the existing developments (ED) was derived from Table 45, the average FSI
for the potential redevelopment was based on the percentage increase, by a factor of 1.9, in the case
study. However, since FSI utilisation of potential redevelopment in wards D to G/S were found to be
less than the minimum provision of 4 FSI, this was adopted as the potential FSI, resulting in a much
higher percentage of increase in BUA and tenement densities (see Figure 111). The global density
(cumulative of all wards) would increase from 480 units per hectare to 949 units per hectare.
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Figure 111: Percentage increase in tenement density and BUA
The number of residential and commercial units for each ward was derived from the total BUA based
on the average size of units in the case study137 and considering a similar mix of 72% residential-28%

137

Except for Wards A, F/N and G/N where the average size of the units was found to be about 1.8 times more than case study, based on
the study conducted by KRVIA and SNDT (2006-07). Since, redevelopment requires the commercial units to be the same carpet area as in
the existing development and the residential units to be 700 sq. m maximum (free of charge), the size of the residential and commercial
units were increased accordingly in these wards.

224

commercial in the existing development and 78% residential-22% commercial in the potential
redevelopments. Figure 112 indicates the total number of units in the existing developments in each
ward and the additional number of units that can be provided as a result of urban renewal. A total of
175,233 additional units (104,139.11 residential and 71,093.63 commercial units) can be provided in the
Island city, though the maximum number of additional units would be in F/N ward due to the largest
amount of plot area available and relatively low FSI consumption in the existing development. The total
population, before and after redevelopment, was calculated as described in the previous chapter. The
cumulative total increase in population in all wards is likely to be around 100%.
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Figure 112: Ward-wise distribution of total number of units

8.1.2 Concentration and location of cessed properties
The concentration of cessed properties varies not only among the different wards, but also within the
wards. From Figure 113 it is evident that C-Ward has the highest concentration of cessed properties
(considering it has the maximum number of cessed properties and the smallest ward area), in addition to
the highest population density. However, in spite of having almost equal number of cessed properties as
Ward C, the concentration and clustering of cessed properties in Wards D, F/S and G/S are lower and
more dispersed (see Figure 114). Though the total number of buildings in the city is not available, the
combination of Figure 113 and Figure 114 indicate that not only is the building density high in Wards
B and C, but majority of the buildings are cessed, compared to the Wards F/S and G/S that have high
concentration on cessed properties in only small pockets. Figure 114 categorises urban blocks based on
the percentage of cessed properties, highlighting the high concentration of cessed properties in Ward C,
western part of Ward B, eastern part of Ward D and western part of Ward F/N 138 (for detailed ward
maps, refer to Appendix E).

138

Western part of Ward F/N consists of Dadar & Matunga schemes that were planned developments by the Improvement Trust between
1899-1900, whereas the rest of the high concentration areas are the original native town locations, outside the fort boundary (refer to section
5.3.2).
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Note: Since almost half of the area of Ward B is dedicated to port and railways-related activities, concentration of cessed properties and
residential population density in the other part of the ward is almost double of that in the graph.

Figure 113: Ward-wise concentration of ‘cessed’ buildings in Mumbai city and population density in c.
2001
Source: (Municipal Corporation of Greater Mumbai, n.d.; Remaking of Mumbai
Federation, 2008-2014)
The categorisation of blocks based on their concentration of cessed properties helps in identifying
clusters that can be redeveloped under the urban renewal scheme. Though the DCR 33(9) does not
specify the percentage of buildings in the selected cluster that need to be cessed, the approval for
developing clusters with large number of non-cessed buildings is highly unlikely. Since, the minimum
area of the site needs to be 4,000 sq. m under the current DCR 33(9), most of the blocks (even parts of
blocks identified with less than 30% of the building as cessed) are eligible for redevelopment under this
rule. However, considering the ineffectiveness of the 4000 sq. m cluster to contribute to the improvement
of the city’s infrastructure, recommendations have been made by MTSU to increase the minimum site
area to 25 acres (101,171 sq. m) (Johari, 2012; Manasi Phadke, 2013). This would render several blocks
with very low concentration of cessed properties ineligible for the urban renewable scheme. The
remaining cessed properties can still be redeveloped under the previous DCR 33(7), if required, but with
lower FSI provisions.
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Figure 114: Areas with high concentration of cessed properties within the block
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8.2 Metabolic flows
8.2.1 Water: consumption, harvesting, recycling and sewage
The analysis of urban patterns provides the number of residential and commercial units in the existing
development and the potential redevelopment. However, data pertaining to other uses (BUA or number
of users), such as educational and religious structures and public amenities, adjacent to cessed properties
(that can be part of the potential cluster in case of redevelopment) in the Island city’s wards is not
available. However, these uses also contribute to the input-and-output on water and would form a part
of any potential redevelopment. Therefore, the per unit (household or shop) consumption of water and
generation of waste-water and sewage, by residential and commercial users is calculated by loading the
water requirement of other users proportionally (see Table 47). The total rain water harvested is
calculated from the total roof areas as explained in the previous chapter.

Table 47: Average annual input and output of water (million litres) in Bhendi bazaar case study
Figure 115 compares the water supply required by the cessed properties in their current form (without
implementing any renewable technologies) with the municipal supply required post-redevelopment with
the implementation of rainwater harvesting and waste-water recycling. It is evident from Figure 115 that
even with the implementation of renewable technologies, the pressure on the infrastructure would
increase. The total increase in the required supply is estimated to be 38,097.30 million litres per annum
or 104.38 MLD. This can be compared to the capacity of Vihar dam (110 MLD) which was the first dam
built in 1872 to supply water to the Island city and is located 35 km away from the city. In other words,
the increased requirement for water would require the construction of another dam or increasing the
capacity of existing dams, which would have to be located even further away from the city, while also
having enormous environmental impact and socio-economic impact in the rural areas where they are
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constructed (refer to section 5.4.1). Without the mandatory implementation of the both renewable
technologies (not just rainwater harvesting), the increased requirement would be 58,560.64 million litres
per annum or 160.44 MLD (see Table 84). It should be noted that though the potential of rainwater
harvesting to meet the demand in the redevelopment is only 4.64%, it about 14.71 MLD of water. This
can be compared to the capacity of Tulsi dam (18 MLD), which was the second dam built in 1872 to
supply water to Mumbai.
Inner Island City
A
B
C
D
E
Existing 281,901 195,021 453,052 474,549 276,476
Roof
Area Redevel 234,918 162,518 377,543 249,138 367,553
oped
Wards

Outer Island city
Total
F/N
F/S
G/N
G/S
356,650 189,950 183,667 361,125 2,772,392
764,250 284,926 344,376

285,099 3,070,319

Table 48: Total roof-area (sq. m) in each ward
In order to evaluate the potential for rainwater harvesting, the total roof-area of the existing development
and potential redevelopment needed to be estimated. The total roof-areas for each ward, as shown in
Table 48, were estimated by a combination of the results from the case study and the ward plans provided
by MTSU.
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Figure 115: Municipal supply of water required (million litres per annum) before and after
redevelopment
Figure 115 does not account for the potential for rainwater harvesting or wastewater recycling in the
existing developments. It should be noted the implementation of these technologies, though difficult in
the existing configuration due to lack of space for water tanks and processing plants in some wards,
could save the city 13.34 MLD and 42.73 MLD from rainwater harvesting and waste-water recycling
respectively. Also, rainwater harvesting would reduce the pressure on the storm-water drainage system,
which would in turn help reduce instances of water logging during monsoon season.
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Figure 116: Output of used water (million litres per annum) before and after redevelopment
Figure 116 illustrates the water output – wastewater and sewage - from the cessed properties in their
current form and potential redevelopment. The existing developments do not have plumbing requirement
to separate waste-water and sewage, whereas the potential redevelopments are required to implement
recycling of waste-water. However, Figure 116 illustrates that the output after redevelopment would still
be higher than the existing development, if they receive the amount of water supply required. The total
increase in output is estimated to be 58,360.43 million litres per annum or 159.89 MLD (see Table 84).
This can be comparable to the waste-water treatment plant at Colaba (125 MLD).

8.2.2 Electricity: consumption, solar potential and emissions
Similar to the water calculations, the per unit (household or shop) consumption of electricity by
residential and commercial users is calculated by loading the electricity consumption of other users
proportionally to these (see Table 49).

Table 49: Average annual electricity consumption (Kilo-watt hour) in Bhendi bazaar case study
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The electricity generation from the solar panels is calculated based on the solar-effective roof (see Table
50) as described in the previous chapter. The solar effective roof areas were considered to be 50% and
20% of the total roof area for the existing development and potential redevelopment, respectively, based
on the case study. Table 50 illustrates the total solar-effective roof area available in each ward.

Table 50: Total solar-effective roof-area in each ward
Figure 117 compares the electricity required by the cessed properties in their current form (without
installing solar panels) with the supply required post-redevelopment, after deducting the electricity
produced from solar panels. It is evident from Figure 117 that even with installing solar panels, the
requirement for external supply would increase significantly (193.8%). The total increase in the required
supply is estimated to be 922.902 gigawatt-hour per annum. This can be compared to the annual
electricity generated by a 100 megawatt unit (coal based thermal-power plant)139. However, without the
installation of solar panels, the increased requirement would be 1,195.892.32 gigawatt-hour per annum
(see Table 84). It should be noted that the electricity generated by solar panels can potentially meet only
8% of the demand in the redevelopment.
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Figure 117: Annual electricity supply required (Megawatt-hour per annum) before and after
redevelopment
Figure 118 provides the emissions per ward base on the electricity supply required in Figure 117.
Emissions from the generation of electricity, calculated as described in the previous chapter, are

139

Rihand plant in Uttar Pradesh is a 2,000-megawatt plant that in 2008 produced 17,000 gigawatts of electricity using coal (Cropper &
Malik, 2012), averaging 935 gigawatts of electricity from 110 megawatt unit.
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dependent on the amount of consumption, and therefore, are proportional to the total requirement. Figure
118 also highlights that CO2, known for its greenhouse effect on the global climate, forms the bulk of
the emissions.
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Figure 118: Emissions from electricity generation (metric tons per annum), before and after
redevelopment

8.2.3 Transportation: modes, fuel consumption and emissions
The ownership of private vehicles by the residents in the cessed properties in their current form and after
redevelopment is estimated based on the case study. While the ownership of private vehicles in the
existing developments is based on the same assumptions as in the previous chapter, the average
ownership per household after redevelopment is calculated based on the total vehicular ownership of
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two-wheelers and four-wheelers in the case-study by the total number units. Figure 119 illustrates the
ownership of private vehicles before and after redevelopment.
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Figure 119: Vehicular ownership before and after redevelopment
The average distance travelled, fuel consumption and emissions are calculated as described in the
previous chapter. The change in the ownership of private vehicles has a significant impact on the fuel
consumption (see Figure 120), a large portion of which is imported in India; emission of greenhouse
gases (see Figure 121) that have negative health impacts; and traffic congestion on streets (causing loss
to time and energy). According to a study conducted by Wibur Smith Associates (2008), Mumbai (along
with Delhi) had the lowest average journey speed on major corridors among 30 sample Indian cities and
highest amount of traffic congestion (0.85 on the congestion index). The increased number of private
vehicles is likely to make the situation worse.
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Figure 120: Fuel consumption (metric tons per annum) by private vehicles before and after
redevelopment
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While strict standards (for emissions and fuel quality) are being implemented across the country to
reduce vehicular emissions, it should be noted that standards only limit the rate at which pollutants are
emitted and not the total amount of pollutants released into the atmosphere. Controlling total vehicular
pollution entails also taking measures to limit the number of vehicles in the fleet and how much they are
used, which requires coordination between those responsible for land-use planning, infrastructure
development/maintenance, and monitoring vehicular emissions, as well as other policies.
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Figure 121: Vehicular emissions before and after redevelopment

8.2.4 Open space, landscaping and carbon-sequestration
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Figure 122: Existing open space (sq. m) in Mumbai City
Data source: (P K Das and Associates, 2011)
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Access to public open spaces in the form of parks (PG), recreational grounds (RG) and gardens in
Mumbai city is very limited and varies substantially among the different wards (see Figure 122). While
Ward A has the highest amount of total open-space (see Figure 122) and open-space per person (see
Figure 123) among all the wards, it should be noted that a significant part of it is in defence areas that
have limited public access. Also, the share of gardens, which have higher vegetative cover compared to
playgrounds and recreational grounds, in the total open-space is the lowest. This has significant
consequences for ‘metabolism’ since landscaping can have an impact on both shading and carbon
sequestration as well as amenity value. Municipal regulations (MCGM, 2007) require new developments
to provide both open space and landscaping.
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Figure 123: Percentage of ward area dedicated to open space and its per capita availability in Mumbai
City
Source: (P K Das and Associates, 2011)
Figure 123 indicates that Mumbai City averages 1.27 sq. m of open space per person (based on 2011
population), which is only about 1/7th the recommendation of the World Health Organisation
(sustainablecitiesnetwork, 13 July, 2011). Figure 123 also indicates that there is a significant difference
in the ratio of open-space to ward area in the various wards; Ward C having the median amount of open
space. However, it still has the lowest person availability of open-space due its extremely high
population density. This further supports the case for using Ward C as the study area.
The case study site of 66,264 sq. m provides 7,946 sq. m open-space (12% of site area), though only
30% of it is on ground level. However, following the Supreme Court of India’s ruling of providing the
compulsory recreational space at ground level, the entire recreational open-space is considered to be at
ground level. While, urban renewal can potentially contribute 4,149,886 sq. m open-space to the Island
city (see Figure 124), it would not contribute to increasing the per person availability of open space due
to the accompanied increase in population. The per person availability of open space would in fact reduce
to 1.07 sq. m per person, from 1.27 sq. m per person.
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Figure 124: Contribution of urban renewal to the total open-space (sq. m) in the Island City
D. Landscaping
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Figure 125: Number of trees (per hectare) in Mumbai City
Data source: (Choksi, 2008)
According to the tree census carried out in 2008 by the civic body, there are 19 lakh trees in Greater
Mumbai covering an area of 603 square kilometres, of which about 376,020 trees are in the Island City.
However, it should be noted that these figures include dead trees as well, a choice that has been criticised
by environmentalists. While more recent estimates are yet to be conducted, it is estimated that the
number of trees is likely to go up by 20% across the city in the new census (Waghmode, 2010).
Moreover, just as with the open-spaces, the number and concentration of trees in the City are not
uniform. While some of the neighbourhoods have dense vegetative cover, others are completely devoid
of any form of vegetation (see Figure 126). Figure 125 indicates that the number of trees per hectare in
Wards D to G/N are much higher than those in Wards A to C, though the amount of open-space in Ward
A is the highest. This is because of the large number of trees that are along the streets and part of private
properties.
In order to evaluate the potential of the vegetation on site to sequester CO2 and to measure the net
increase in CO2 emissions (after sequestration) as a result of using private vehicles, the total number of
trees (excluding dead trees) on or adjoining the cessed properties was required. A considerable variation
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in the distribution of trees across the different wards and even within the wards was observed during site
visit, with a high concentration of cessed properties and high population density areas having fewer trees
than lower density and non-cessed areas. Therefore, the number of trees in the existing development was
calculated from the aerial images. The number of trees (and shrubs) in the potential redevelopment was
estimated based on the provisions in the case study.

Figure 126: Varying amount, type and condition of vegetation
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Figure 127: Total number of trees in the existing development and potential redevelopment
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Figure 127 indicates that the number of trees in the existing development is extremely low, with Ward
F having significantly higher number of trees compared to the remaining wards. Figure 127 also
highlights a significant increase in the number of trees in all wards, with an average increase of about
525% after urban renewal.
E. Carbon-sequestration
Figure 128 not only highlights the increase in the CO2 emissions from private vehicles, but also the
significant amount of emissions compared to the capacity of the vegetation to sequester it. Even with the
over 500% increase in the number of trees, and additional shrubs, the potential for sequestration remains
as low as about 3%, due the increased private vehicle usage.
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Figure 128: Comparing CO2 emission from private transport and potential carbon sequestration on site
(metric tons per annum)

8.2.5 Solid waste
Total municipal solid waste (MSW) generated is calculated as discussed in the previous chapter and is
proportional to the increase in residential population. Figure 129 illustrates the increase in waste
generated in the different wards, before and after redevelopment. The total increase in MSW is expected
to be 117,339.26 metric tons per annum or 321.48 metric tons per day. Though the segregation of
recyclable waste was mandated in Mumbai in 2000, it is rarely carried out and everything ends up in
the open dumping yards that are located nearly 30-40 km north of South Mumbai (Pendse, 2012).
However, it is expected that the urban renewal would insure better waste management on site.
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Figure 129: MSW generated before and after redevelopment (metric tons per annum)
In order to ease the pressure on the dumping grounds, the BMC is reportedly planning to develop three
waste-to-energy plants (one each for Island City, eastern and western suburbs), each with a capacity of
1,000 metric tonnes per day (Messenger, 02 April, 2013). Based on the method described in the previous
chapter, the waste from the existing development and potential redevelopment can contribute to 190.50
megawatt-hours and 361 megawatt-hours of electricity, respectively (see Table 84). While this is
expected to reduce the volume of the final output by 96.74% (Bhada, 2007), its contribution to the
electricity consumption requirement would still be only 14.6% and 8.69% respectively and a
considerable amount of fuel energy would still be spent on transporting the waste.
Bio-methanation plants, on the other hand, can be set up at community or ward level, reducing the
distance the waste needs to be transported. However, bio-methanation plants can process only
biodegradable waste (57.68% of total in Mumbai) and produce 0.38 megawatt-hours and 0.71 megawatthours of electricity, respectively (see Table 84). If the dry-waste (6.41% for Mumbai) is segregated on
site, it would reduce the waste sent to dumping grounds to only 35%, that is, 125.09 and 237.61 metric
tons per day, for existing development and potential redevelopment, respectively.

8.3 Summary
This chapter has extrapolated the results of the analysis of the case study in Chapter 7 to the whole of
the Island City in order to demonstrate the full impact of the ‘Urban Renewal’ schemes that are being
promoted by the municipal authorities.
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In order to extrapolate the urban metabolism results of the case study to the rest of the City, the scale of
the existing and the potential proposed developments in each Ward was analysed in terms of their Built
up Areas, tenement densities, proportion of cessed properties and FSIs.
It was found that the cumulative density of all the Wards would increase from 480 units per hectare to
949 units per hectare and that the population would increase by about 100%. While these are the intended
consequences of the Urban Renewal schemes, there are also unintended consequences both spatially and
environmentally that impact the metabolism of the City. Spatially, the developments are intended to
create greater open space in a City that has an area of open space per person of only 1/7th that
recommended by the World Health Organisation. However, the developments result in a reduction of
the open space per person by 10%.
The existing ‘grain’ and block structure encourages walking within the City. The hierarchy of roads,
lanes and alleys allow for connectivity and reduces vehicular traffic allowing for street trading. The new
developments are vehicle orientated by increasing road width and the number of car parks. This induces
greater vehicle ownership and use.
Environmentally, there are a number of issues which indicate that, should the Urban Renewal schemes
be replicated, the demand on resources would be of considerable significance and the existing
infrastructure is likely to be inadequate.
The demand on water would be in excess of 100,000,000 litres per day. This is approximately the same
volume as the water supplied by the Vihar dam which once supplied all the water to the City. There is
less potential for rainwater harvesting in the new development due to the reduced roof areas of tower
blocks. However, if all the roofs were utilised, rainwater harvesting would only contribute about 4.6%
of the water and this would be seasonal due to the monsoons. This increased demand for water would
require additional dams to be built since the City already experiences daily water rationing.
The increased water usage results in an increased burden on the sewage infrastructure. The total sewage
generated in these Urban Renewal projects across the City would be approximately eight times greater
than existing amounts. This is due largely to the significant increase in private bathrooms; a change from
the communal facilities in cessed buildings. The increased volume of sewage is slightly greater than the
capacity of the Colaba waste treatment pump station; one of 7 pump stations for the Island City.
Electricity demand increases by almost 200% and would require a small new 100MW coal-fired thermal
power plant to meet the new demand. If all the available roof areas were installed with PVs, the
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electricity demand on the new developments could be reduced by about 8%. The GHG emissions would
also increase proportionately with the demand for electricity.
Wider roads and increased parking standards of the Urban Renewal developments induce private vehicle
ownership, thereby increasing fuel consumption which is calculated to increase by a factor of almost 9.
Emissions will also increase proportionately to fuel consumption. The significant number of new trees
and vegetation in the developments only has a small impact on sequestering CO2 with a calculated 3%
reduction.
The number of new trees will increase the percentage of trees in the developments by about 500%. While
these do not significantly contribute to carbon sequestration (due to the scale of carbon being produced),
they have amenity value and serve to shade streets.
The next chapter summarises the findings of the whole thesis and includes a discussion concerning the
wider implications for Mumbai and other cities that are increasing density as a policy.
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Chapter 9: Intensification and Urban Renewal of
Mumbai: A Sustainable Solution?
The previous chapters have established several findings in relation to the changing (mostly increasing)
metabolic flows of Mumbai, with a focus on cessed properties in the island city and their redevelopment
(accompanied by intensification). The main purpose of this chapter is to summarise and discuss the
implications of the key findings in order to determine their relevance to the sustainable development of
Mumbai, and thereby contribute to the compact city and sustainability debate.
Section 9.1 provides a summary of the main findings of the Bhendi Bazaar case study and the urban
renewal (redevelopment of cessed properties) of the Island City of Mumbai. This is followed by a review
of the implications of these findings to the “vision” for Mumbai to become a “world-class” city in section
1.1. Section 9.3 addresses the main research question. The contribution to knowledge and the limitations
of the research are also presented in sections 9.4 and 9.5 respectively. The chapter provides
recommendations for further research in section 9.6, before concluding.

9.1 Summary of key findings
Chapters 5 to 8 have analysed a) the metabolic flows in Mumbai and its selected neighbourhoods, b)
identified the key urban drivers and patterns impacting the metabolism, and c) the resultant urban quality.
The following section summarises the key findings of the research.

9.1.1 Transformation of Mumbai
Mumbai has undergone several transformations over the years: starting with a small rural community on
a group of seven islands to a major port and for trade under the colonial rule to being the economic capital
of India. Since its development into a major city, let alone one of the largest and densest metropolitan
regions of the world, was never envisaged, it developed initially without a clear plan or development
control regulations. As a result of the unplanned growth and increasing population (total and density),
the city has faced several infrastructural differences for most part of its history. In spite of the local and
state governments’ efforts at upgrading the infrastructural capacity (by building dams, roads, flyover and
increasing bus and railway services), the population has been growing at a rate faster than infrastructural
development can adequately service, resulting in high population densities, shortage of resources and
pollution of the environment.
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Figure 130: Population (in thousands) of Mumbai City140 between 1820 and 2011141
Source: (Census of India, 2011a; Lahmeyer, 1999/2001; MCGM, 2005 to 2025b)
Though the population of Mumbai increased rapidly in the 19th century and almost exponentially in the
20th century as a result of the industrialisation process resulting a huge influx of people (see Figure 61),
it was accompanied by the maximum increasing land area due to the large-scale reclamation projects
underway. However, post-independence (in 1947), the reclamation of land in the Island city was limited,
indicating an increase in population density as a result of the increased population. However, both total
population and density peaked by 1981, due to lack of new housing and deteriorating condition of old
housing stock.
In spite of the very high population density in the city, the government proposed to redevelop the city
through intensification by providing increased FSI by introducing DCR 33(7) in 1991 (and other
programs such as the redevelopment of mill land). As a result, several high-rise buildings were developed

140 The distinction between the city and the suburb was not clear before 1900, though the population was mainly concentrated in the city
area.
141 The dip in the population between 1865 and 1871 was due to serious economic crisis and failure of numerous banks and financial
associations in Bombay. By January 1865, with the American Civil War having ended and American long-staple once again reaching the
English market, the price of Indian cotton in the Liverpool market began to fall and share prices in Bombay consequently to decline.
The higher rate of increase in the population between 1941 and 1961 was due to the large scale migration as a result of the partition of India
and separation of Pakistan, and the subsequent communal violence and dislocation of people, mostly along the eastern and western boarders.
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by replacing the existing low and medium-rise buildings, creating increased pressure on the already
overloaded infrastructure.
Table 51 summarises the capacity of the key infrastructure in the city, while Figure 61 indicates that the
rate of increase in population has accelerated again since the introduction of redevelopment in the city.
DCR 33(7) was criticised by several urban planners and activists, and even contested in court.
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Table 51: Summary of infrastructural capacity of Greater Mumbai (various sources in chapter 5)
Considering the complex group of problems facing Mumbai, a study was conducted by Mc Kinsey
consultants (commissioned by Bombay First and incorporated in the Greater Mumbai development plan
2005-2025) to formulate an action plan to transform Mumbai (once again) into a ‘world-class’ city in ten
years, which was released as the “Vision Mumbai” report in 2003. The Mumbai Transformation Support
Unit (MTSU) was set up in 2005 to oversee this transformation. Based on MTSU’s recommendations,
‘cluster-based’ redevelopment of the City was proposed in 2009, known as the ‘Urban renewal of
Mumbai’ or DCR 33(9). While the regulations hoped to encourage infrastructural improvements, it did
not implement several key recommendations by MTSU. Thus, a new regulation for redevelopment [DCR
33(9)] was implemented again without proper infrastructural analysis of such large amounts of
redevelopment and further increase of density in the City. Table 52 summarises the key events and
administrative decisions that led to the introduction of DCR 33(9).
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Table 52: Timeline of administrative decisions impacting and controlling total population and density
in Mumbai
This thesis has conducted a detailed analysis of the largest (and typical) proposal approved under DCR
33(9) and then extrapolated the results to understand the impact of the Urban Renewal Scheme on the
urban patterns and subsequently on the urban metabolism of the City. The metabolism, which is the
inflow of resources and outflow of wastes, provide a good understanding of the infrastructural
requirements as well as environmental impact. The following sub-sections summarise the key findings
from this analysis.

9.1.2 Bhendi Bazaar case study
Among the eight urban renewal projects under DCR 33(9) approved in principle, Bhendi Bazaar is the
largest. It is also situated in Ward C that has been identified as the ward that needs the most and immediate
redevelopment, in addition to displaying typical characteristics. In spite of being predominantly inhabited
by Muslim Population, it is still considered to be a typical case (best case available) due to the high
concentration of cessed properties, typical low-to-medium rise building typology, small block structure,
narrow internal streets, overstretched infrastructure (that includes only 2-3 hours of water supply,
insufficient parking space availability and congested streets, ineffective garbage disposal system),
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absolute lack of open spaces (and vegetation) and very low availability of floor area per person. The
following sub-section summarises the key changes in the urban pattern and resultant change in urban
metabolism, as a result of the proposed redevelopment, which have been used to carry out the metabolic
and infrastructural assessment of ‘Urban renewal’ of the Island City.
A. Physical characteristics
The demolition of the low-rise housing and replacement with residential towers provides additional units:
the total number of residential units in the proposed development will increase by 46% (see Figure 131),
while the number of commercial units remains the same. This results in an increase in the residential
population of about 52%, while the FSI area and total BUA will increase by 92% and 311% respectively
(see Figure 132). Therefore, the residents will have significantly greater floor are per person in new units
with improved facilities (see Figure 133). The more ‘up-market’ apartments for sale average about 150
sq. m floor area while those to be handed to the existing tenants average about 40 sq. m, significantly
more than the existing average floor area in the cessed buildings of 25 sq. m. The tenement density on
the site would increase by 35% (see Figure 134).
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Figure 135: Existing and proposed built-forms of the Bhendi Bazaar case study (Author)
Although the site will have a dramatically different appearance due to the amalgamation of plots and
increased heights of the new towers (see Figure 135), the site may appear less dense at ground level since
the site coverage has reduced by 15% (see Figure 136) and number of buildings has reduced by 88% (see
Figure 137). However, the active frontages, where retail and commerce take place, have been radically
reduced by 69%. There will be more open space and trees, but about 40% will be above ground level,
which will be restricted in growth and require watering and feeding.
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The consumption of resources will increase significantly. Those aspects of the development that impact
on resource supply and demand include; reduced roof area to collect rainwater (and the reduced potential
for solar water heating or electricity generation (PVs), see Figure 136), less mutual shading by buildings
resulting in increased solar heat gains and cooling loads. Retail and commercial outlets with less natural
ventilation and daylight requiring more artificial lighting and cooling. Increased electricity and water use
for common areas and a significant increase in electricity use due to the introduction of basement parking.
B. Urban metabolic flows
Water collection and consumption
Water demand in the new development is calculated to almost double the existing (198% increase), and
even with the implementation of rainwater harvesting and wastewater recycling, the proposed
development would require 47% more water supply from external sources, than the existing development.
This is partly due to the cleaning required to the increased amount of common areas and also the amount
of trees and shrubs (above ground level) that require irrigation outside the monsoon period. However,
the bulk of increased water usage comes from greater use within apartments (see Figure 138). The
reduction in shared bathing/toilet facilities, increased number of private water taps (sink, basins, showers,
washing machine) and the ‘take-back’ effect of potentially more efficient water control systems being
offset by a change of behaviour in the use of the appliances (duration of use of bathrooms or use of
washing machines).
The reduction in site coverage and the taller, but fewer, buildings results in a decrease in overall roof
area of 21% (Figure 136) with the corresponding decrease in amount of rainwater harvested (see Figure
139), resulting in potential to meet the water supply requirements on-site reducing from a 11% to 3%.
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Sewage and wastewater
Related to the additional water consumption is the sewage and wastewater generated by the new
development. The increase in sewage is mainly due to increased amenities in the proposed development
and the increase in population. However, there will be significantly more wastewater related to the
increased appliances and change in lifestyles (especially the higher-income residents in the sale
component of the proposed development).
The increased population on the site with
consequent increased wastewater and sewage,
results in a sewage volume that has increased by
355% increase (see Figure 140). At present the
sewage treatment plant for the zone (Worli)
manages to treat less than 20% of the sewage, the
rest is pumped directly to the sea without
treatment. The increased sewage volume will
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is sewage treatment on site.

The wastewater volume has also increased by 120%. However, recycling it for non-potable uses can
reduce the demand for fresh water by 48% in the new development, as well as reduce the total discharge
from the site.
Electricity consumption and solar potential
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Figure 141: Total Electricity Use on Site (megawatt hour per annum)
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Residential electricity is the largest consumer on the site and almost doubles (121% increase) in the
proposed development. This is combined with two new loads incurred by the development: i) lighting
and ventilation to car parks (basement and podium levels) amounting to about 1.5% of the total residential
load and ii) electricity use for other communal facilities that include; pumping water to the towers, lifts,
lighting of corridors all of which amount to about 6.9% of the total residential load (see Figure 141).
The increased residential electrical load is due to several factors (see Figure 142). The average floor area
of each unit has almost doubled which results in additional lighting, fans and air-conditioning use. While
improved facilities and changing lifestyle would increase the use of electrical appliances, such as washing
machines and water heaters, among the rehabilitated residents, higher income residents in the sale
component would have even higher ownership and use of electrical appliances. Household appliances
(e.g. microwaves, home entertainment and larger television screens) are likely to become commonplace
and used more frequently. However, air-conditioning is likely to become the single largest consuming
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Figure 143: Commercial/Retail Electricity Use
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Electricity consumed by commercial and retail spaces will more than double (110% increase) in the new
development (see Figure 143). This is due to mainly to the configuration of the commercial areas that,
although having the same overall floor area to the increased use of both fans and air-conditioning as well
as artificial lighting. Although the light fittings may tend to be more efficient, this is likely to be offset
by the opportunity for increased display lighting in retail areas, mainly by the 70% of commercial units
that are relocated to upper levels. Miscellaneous include the increased use of computers, display screens,
electronic retail systems and signage. All of these not only directly increase the electrical load but also
increase the cooling load within the retail and commercial spaces. Although refrigerators in retail areas
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may become more efficient, they are also likely to increase as the area will become more affluent and
increase the demand for more pre-prepared food.
Transport
Car parking for the 3863 number of vehicles (288%) increase has been provided in the proposed
redevelopment. It is expected that due to the low ownership of private vehicles in the existing
development and increasing affluence of people, these spaces would be filled up. The transport sector
influences sustainability significantly because it is a major user of energy and contributor of pollution.
While standards can control the emissions per vehicle, the total emissions are largely dependent of the
increasing number of motorised vehicles. The increased use of private vehicles by the residents would
not only result in 533% increase in fuel consumption, but also increased emissions: 454% CO, 543%
CO2, 514% NOx, 549% PM and 653% SO2.
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within the city limits while the power plants for
generating electricity are located outside city limits.

9.1.3 Urban renewal of Mumbai City district
A. Physical characteristics
Based on the existing patterns and the case study, it is estimated that the urban renewal would replace
the 17,987 low-and-medium rise buildings with 1,677 40-storied high towers (see Figure 145), which
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would provide an additional 104,139 residential and 71,093 commercial units in the Island City (see
Figure 146). As a result, an additional 615,190 residents and 213,281 workers would be using the same
land area, increasing the population density from 1,939 persons per hectare to 3,963 persons per hectare.
However, the increase in the population (as a result of the increased number of housing units) would be
the maximum in the F/N ward due to its currently lower (than other wards) density and the large plot
area under cessed properties see Figure 147).
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B. Urban metabolic flows
The increase in population and change in built-form, together with the increasing affluence of people
would result in an increased metabolism of the redevelopment.
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The requirement for water supply from external sources would increase by 156% (104 MLD), even with
the implementation of rainwater harvesting and waste water recycling. At the same time, the output of
sewage would increase by 711% (or 160 MLD). These can be compared to the capacity of Vihar dam
(110 MLD) which was the first dam built in 1872 to supply water to the Island city and the waste-water
treatment plant at Colaba (125 MLD).
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Transportation by private vehicles would consume an additional 146 metric-tonnes per day of fuel (petrol
and diesel) per annum, which is an increase of 726% (see Figure 152). This would result in additional
emissions. However, emissions from the production of electricity outweighs emissions due to private
transport (Figure 153and Figure 154).
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While, urban renewal can potentially contribute 4,149,886 sq. m open-space to the Island city (see Figure
16), the per person availability of open space would in still reduce to 1.07 sq. m from 1.27 sq. m, due to
the increased population. However, Figure 155 illustrates that the per person availability of open space
is not uniform in all the wards, with the open space availability being as low as 0.41 sq. m per person in
Ward C, even after redevelopment.
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Figure 155: Per capita availability of open space after redevelopment in Mumbai City
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9.2 Intensification of Mumbai: Achieving the ‘Vision’
The “Vision Mumbai” report released in 2003 provided various strategies to transform Mumbai into a
“world-class” city by drawing inspirations from Shanghai and Cleveland (Bombay First, n.d.). The
recommendations focused on six key areas: 1) Boost economic growth, 2) Improve and expand
transportation, 3) Increase housing, 4) Other infrastructures, 5) Financing and 6) Governance. The
strategies for increasing the housing stock included:
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a. Connecting to the mainland on the east by constructing the trans-harbour link
b. Releasing Mill land and Port Trust land for redevelopment,
c. Relaxing Coastal Regulatory Zone regulations for Mumbai
d. Increasing the FSI to an average of 3-4 in as many zones as possible, by linking it to
cluster redevelopment program such that infrastructure can also be improved
simultaneously
While the first strategy intended to increase the supply of land for building more houses, the remaining
three seek to accommodate more people within the city. Having been incorporated in the Greater
Mumbai Development Plans, it formed the basis for several regulations (and amendments) introduced
in the following year. These include the DCR 33(9) for urban renewal in Mumbai that provides
additional FSI as incentive to promote cluster based redevelopment of cessed properties in the City.
The floor Space Index (FSI) of developments has historically been limited in the Island City in order to
limit population growth (Sridhar, 2010) and increasing the FSI would increase the population of the city
( and thereby its density). Intensification of Mumbai through redevelopment is justified as means to
accommodate population growth and renew the infrastructure, in addition to increasing the per capita
consumption of space. Contractor and Kapoor (2011) recommend an FSI of 3.68 for Greater Mumbai,
the existing permissible FSI being 1.33 in the Island City and 1 in the Suburbs. Similar (or even higher)
recommendations for increasing the density of Mumbai has been made in the ‘2013 Vision Plan’ for
Mumbai developed by Singapore-based Subarno consultants. The recommendations include increasing
the FSI in a) CBD redevelopment to 8-15, b) residential areas in Inner City to 3-5, c) mixed-use corridors
in the Inner City to 4-6 and d) transit nodes in Inner City to 8 (Surbana Consultants, 2013). Bertaud
(2004) promotes the increasing FSI limits in Mumbai based on the argument that increasing FSI does
not increase population density of the city, as people simply relocate and do not migrate into the city.
Also increasing the FSI for a large area of the city would significantly increase the supply of floor space
and, therefore, decrease prices and increase average consumption of floor space. However, in the case
of Mumbai, increased per capita floor space availability for the existing residents has been due to (and
restricted to) the minimum unit size permissible in the redeveloped properties, while much larger units
are available only for the higher income group (in the luxury apartment buildings that form the sale
component), which is mostly not meant for the existing residents. For example, the One Avighna
development, which is part of the Islam Mill Compound project claims to implement ‘no-hawking
zone’(Avighna India Ltd., 2014) and ‘screening [of] buyers to ensure creating a community of likeminded people’(Balakrishnan, 2013).
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The existing redevelopment regulations [DCR 33(7) and DCR 33(9)] do not provide an upper limit to
increased FSI (that currently depends on the FSI achieved in the existing development and the number
of units. This research estimates that if the urban renewal scheme is carried out across the City, the global
FSI is likely to increase from 1.77 to 4.63 with a corresponding increase in population density from
39,314.62 people per sq. km to 45,816.67 people per sq. km. These additional 1,158,236 people are
estimated to be a result of only redevelopment of cessed buildings, and do not include redevelopment of
mill and Port Trust lands (that would be additional). While the average consumption of floor space would
increase due the minimum prescribed size of residential units in redeveloped buildings being
significantly higher than the existing size of units, the redevelopment is unlikely to decrease prices as
the sale components are clearly aimed for the higher income groups. As a result, most of the additional
units are likely to be occupied by people moving into the city (from the suburbs or even other parts of
the city) rather than those already in the City.
The intensification of Mumbai is accompanied by a major change in its built-form: towers, with average
height of 40 floors, replacing the medium-to-low rise buildings. Compacting the Island City of Mumbai,
the densest city in the world, cannot be achieved by any other method than ‘going up’(Bertaud, 2011)
and the conference organised by Council on Tall Buildings (2010) in Mumbai, reinforced the aspiration
of the City leaders and developers to become a ‘world-class metropolis’ and ‘a model for sustainable
redevelopment’ by building upwards. What has been referred to in Mumbai as ‘vertical with a vengeance’
(Rathod, 2012). These visions of an archetypal global city are supported by the technological
possibilities of towers. For example, Al-Kodmany (2011) suggests that it is now possible to build one
mile high in order to house the ‘migration of the rural population to cities’. This vision is also supported
by economic theory such as Sridhar (2010) who suggests that in Indian cities, ‘[r]egulations must be
relaxed to enable cities to grow vertically’ p 1561. It is suggested that vertical growth reduces land prices,
reduces commuting, results in more affordable housing and that jobs will follow people. It is claimed
that if FSI regulations are relaxed, developers will be induced to redevelop residential areas with tall
buildings with small footprint and thereby create open spaces.
A secondary issue that it raises is the amount of increase in open space and how the open space between
the new tower developments will be used. This thesis estimates that due to the extremely low availability
of open space per person and the increase in density associated with the redevelopment, the Urban
Renewal of Mumbai would not help remedy the existing situation. In fact, the per person availability of
open space was found to reduce. There is also an assumption that this will be ‘open space’ with public
access to be used for recreation and vegetation. However, with the current trends in encroachment of
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open spaces and poor maintenance of public property, the fate of the open spaces and vegetation remains
to be seen.
Not only do the arguments not consider the increase consumption of resources associated with increased
size of units and affluence, but they also do not consider the availability of natural resources at all. The
focus is mainly on increasing physical/immediate infrastructural provisions (such as building more roads,
creating more parking spaces and relaying the pipelines), without considering the corresponding increase
in demand for resources or their availability. However, the thesis has illustrated that the intensification
and change in built-form of Mumbai as a result of redevelopment would result in increased demand for
natural resources and infrastructure, as well as the output of wastes. For example, the carrying capacity
of the public transport is highly constrained 142 and needs to be increased immediately. This, in
combination with the existing high usage, increasing affluence and aspirations, and better parking
facilities would increase the use of private vehicles. The increased ownership and use of private vehicles
as a result of the redevelopment would require an additional 53,215.27 metric tons of fuel per annum
and increase annual emissions of CO (4,735.45 metric tons), CO2 (152,409.60 metric tons), NOx (452.43
metric tons), PM (509.15 metric tons) and SO2 (356.61 metric tons). While the Vision Mumbai report
acknowledges the ‘dangerously high levels of air pollution currently prevailing’ and recommends
reducing air pollution by improving fuel quality and phasing out old vehicles to reduce the emissions
per vehicle, the total emissions depend largely on the total number of vehicles. Similarly, addition water
supply of 160 MLD (in spite of rainwater harvesting and wastewater recycling) and 3,276.42 megawatts
per day of electricity (in spite of providing photovoltaics) will be required to be supplied to the City from
the hinterland at the cost of the metropolitan region (that faces load-shedding or blackouts and the rural
areas outside the region (villages that adjoin the dams that supply Mumbai water are left thirsty). On the
other hand, 140 MLD of sewage and 90 metric tons per day of solid waste will have to be removed
(treated). Not only is the supply of both resources skewed (with higher income groups using much more
than the average consumption), but also the increasing distance of the source from the point of
consumption leads to increased losses (and contamination, in the case of water), in addition to increasing
the vulnerability of the systems to both natural and man-made disasters. Installing new infrastructure or
increasing the capacity of existing infrastructure (such as dams and thermal power plants) not only have
a high economic cost, but also have huge environmental impacts (that, in the case of Mumbai, effect
mostly the rural population outside its administrative boundaries).

142

Each train carries some 5,000 people, thrice the designed capacity, and eight people standing per square metre for journeys that can last
an hour or more.
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A further argument for increased densities is the ‘social acceptance’ argument where it is argued that
‘perceived density’ is more important than actual density. Research started in the UK (Williams et al.,
1999) was adapted and extended to Mumbai (Dave, 2010). The latter research, albeit on a diminutive
sample, reported on the positive and negative impacts of perceived density in various locations in
Mumbai with the result that the views are normative of the situation. Questionnaire responses to social,
economic and environmental sustainability indicators tended to be neutral or negative with the exception
of travel issues. The perception was that access to schools, walking to work and walking to shopping
may benefit from high density. However, these benefits can be achieved with the existing density and
further increase in density is not required. In fact, the increased density would reduce the access of
amenities such as schools, hospital and fire services, unless regulations specific to their increase are
implemented (which are currently not present). Also, the change in the nature of the commercial
activities could increase the price of everyday commodities making the area unaffordable for the lower
income groups.
It is evident from the above discussion that in a bid to provide more housing and transform the city, the
government and the urban planners of Mumbai have overlooked both the environmental and social
implications of the large-scale redevelopment. Since the presence of wide roads and tall towers are not
sufficient to attract foreign business nor the only criteria for making cities ‘liveable’ or ‘world-class’,
Mumbai is unlikely to achieve its “vision” under the current regulation and plans for intensification of
the Island City. Mumbai needs to plan its future development based on its ability to provide the resources
required for the smooth functioning of the cities and develop infrastructure that help improve the quality
of both natural and urban environment.

9.3 Compact city and Sustainability: Addressing the research
questions
9.3.1 Does intensification of high-density cities (in developing countries) yield
similar benefits as low-density cities (in developed countries)?
Increased density has been widely accepted as a requirement for a sustainable city. While some scholars
have suggested that there is an optimal population size for a city (Newman, 2006), metrics for optimal
density or height are not forthcoming Sridhar (2010). Most arguments for compacting cities have been
generated by research in the developed countries, especially, the New World cities (Newman &
Kenworthy, 1989, 2006) which Kaji, Kanegae, Ishibashi, and Hara (2003) argue have a slow population
growth, are already largely urbanised, have adequate infrastructure to accommodate compaction and are
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more concerned with ‘quality of life’ than ‘poverty alleviation’. The argument for compaction is driven
primarily by transport energy use and supported by the indicators of compaction including, walkability
and mixed-uses. While the assumptions made in Newman’s work lend themselves more to New World
cities, others have also been advocating compact cities in both developed and developing countries.
(Jenks, Williams, & Burto, 2000), (Jenks & Burgess, 2000) and Jenks et al. (1996) sought to investigate
the relationship between sustainability and the compact city model. While the titles of the series of books
produced by these authors imply that compact cities are beneficial, the content is inconclusive. The
danger of these arguments is that they have been transferred to and imposed them on cities in developing
countries, which already have high densities and where resources are stretched. For example, the lowest
density areas of Mumbai are still higher than the highest densities of many New World cities and about
85% of Mumbai‘s travel demand is already carried out through mass transport systems (MCGM, 2005
to 2025c).
Some scholars have focussed on social issues of sustainability in developing cities (Pugh, 2000) such a
health, poverty and governance issues. In these discussions, the problem is fundamentally population
growth which results in a simple measurement: the denser the less sustainable. Other scholars have
focussed on the environmental issues such as urban metabolism (Wolman, 1965) or ecological footprint
(Wackernagel & Rees, 1996), with similar results; there are limits to growth. Rees and Wackernagel
(1996) argued that the most important insight of their study of ecological footprints was that ‘no city or
urban region can achieve sustainability on its own. Regardless of local land use and environmental
policies, a prerequisite for sustainable cities is sustainable use of the global hinterland’. For those who
promote density, these models based on either population or ecology can be inconvenient. For example,
Newman (2006) considers population growth models to be of ‘dubious value’ and ecological footprints
to be ‘a negative measure’ which is not surprising because, when the ecological footprint tool is used to
optimise urban density, it results in promoting densities that are similar to suburbia. For example, S.
Ghosh (2004) compared the ecological footprint of various urban densities in the city of Auckland and
found an optimum of 18 dwellings per hectare. This can be compared with the Island City of Mumbai
which has densities of between 214 to 588 dwellings per hectare (Dave, 2010). Though the quality of
life or prosperity within a defined area is of huge importance, ultimately it is the access to resources that
underpins them. The ease with which the ‘ecological footprint’ can be dismissed as a ‘negative measure’
reflects the relative ease by which cities in the New World can obtain resources. Avoiding the
environmental model of sustainability is unrealistic in Mumbai where water is available only a few hours
per day and where electricity ‘load shedding’ (blackouts) is routine.
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The evidence that is missing from those advocating increased density and high-rise form for cities in
developing countries, and in the redevelopment proposals themselves in Mumbai, is some idea of
magnitude of the environmental implications of ‘vertical with a vengeance’. This research has identified
the environmental implications of the Urban Renewal proposals using the extended urban metabolism
model. The results indicate an absolute shortage of resources available to the urban users, or extreme
environmental degradation, or possibly both to some extent. It also highlights the increasing pressure on
the hinterland to provide the resources for urban consumption resulting in loss of quality of life, sources
of income and natural habitats, which in turn would cause more urban migration. It does not suggest
optimum densities or heights of buildings because, from an environmental point of view, they have
already been exceeded in the existing development. However, what the analysis indicates, by means of
case studies, is that the Island City of Mumbai is unlikely to be able to function if the current
redevelopment proposals are extended across the City. The models that have been used to support the
argument that the City should be denser by ‘vertical vengeance’ relate the shape of the City to the
functions of housing an increased population. Without taking account of the metabolism of the City, it
is no longer a case of ‘form follows function’ but rather ‘form follows finance’. Sustainability, resilience
and self-sufficiency are not only a global requirement, but also of high local importance in a resource
deficit country like India: it is a matter of survival in a world where resources are increasingly becoming
scares, climate is increasingly becoming unpredictable and price of commodities is continuously
increasing (and subsidies reducing, especially with respect of fossil fuels).

9.3.2 Can ‘smart’ technologies solve Mumbai’s problems?
In August 2014, Mumbai became a ‘smart city’ on the National Geographic’s A-list (Rajghatta, 2014).
This thesis has avoided the terms ‘smart cities’ and ‘intelligent cities’ despite the current trend which
assumes that, if these terms are applied to a city, it will become somehow immune to the problems facing
ever-growing and ever-hungry cities.
The underlying assumption is that if a human characteristic (intelligence) is given to a city, it will sort
out its own problems. Advocates of smart cities look to information technology as the panacea for
obtaining sustainability; a ‘technological fix’ that allows a blind eye to be turned to the problem of
limited resources that lies beneath.
‘Smart’ technologies allow for a more efficient use of resources but are ultimately limited by the
availability of resources. For example, Matthewman and Byrd (2014) in their analysis of electrical
blackouts, state, ‘no matter how ‘smart’ a city may be, it becomes ‘dumb’ when the power goes out.’
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Excluding natural disasters, cities tend to fail due to inadequate infrastructures. These failures tend to be
operational and short-term, but can be ‘fixed’. These failures are inconveniences that can be overcome
by improving infrastructures.
However, as cities grow and demand ever-greater quantities of resources from their hinterlands, there
comes a point when the resources are inadequate to meet demand. Mumbai has already reached that
point and this is manifest in such things as systematic blackouts, rationing of water supplies or untreated
sewage being washed up on the shores around the island.
The increasing demand on resources is a direct result of an increasing population. But this thesis has
also identified that it is also a direct result of policies regarding urban form. Creating dense urban living
by vertical structures results in a dependency of resources from centralised sources and denies access to
self-generation of electricity or collection of rainwater. ‘Smart’ technologies may assist in a more
efficient use of resources, but, in a City already starved of resources and plagued by inadequate
infrastructures, ‘smart’ technologies should not be seen as a way of curing the problem.

9.3.3 Is Mumbai a model for other cities around the world and does this thesis
have relevance to other cities?
The population of Mumbai reached 1 million in the year 1910 with only about another 10 cities around
the world achieving a greater population. There are now approximately 500 cities around the world with
a population of 1 million or more (Brinkhoff, 2014), many in the process of growing.
The number of mega-cities is estimated to rise from the current 28 (2014) to 41 by the year 2030 (United
Nations, 2014). In terms of scale and rate of growth, Mumbai is an important model and metaphor for
other cities which will eventually also reach limits to the resources needed for urban metabolism to
operate effectively.
It is also of relevance because of its planning policies. The Island City of Mumbai is constrained by its
shoreline. Although there is outward growth in the greater metropolitan region of Mumbai, the Island
City can no longer grow outwards; it can only grow upwards.
With a concern for ‘sustainability’, many other cities in the world have artificially constrained the
boundaries of cities and encouraged ‘compact’ growth. This is generally a response to the idea that
suburbia is unsustainable due mainly to the consequences of private transport (Newman & Kenworthy,
1989).

263

With policies of compaction and constraints on the dispersal of cities, urban form will inevitably grow
vertically. With verticality grows dependence on centralised ‘flows’ of energy, water supplies and waste
disposal. While suburbia offers some degree of resilience by its ability to collect energy and water from
individual roofs and food from individual gardens, this thesis has demonstrated that vertical urban form
offers little resilience.
Mumbai is also a relevant model because the motivation behind the ‘verticality’ is partly due to image
and the desire to become a ‘world-class’ city. Tower blocks are perceived as modern and offer a ‘high
standard of living’ (The Cities Alliance, 2014). The pursuit of cities to become ‘smart’, ‘world-class’,
‘liveable’, ‘green’ or ‘eco’, has been promoted alongside compaction. This planning goal must also reach
a point where resources are inadequate for fully functioning metabolism.

9.4 Contribution to knowledge
Though some social activists in Mumbai have voiced concerns over the impact of redevelopment and
intensification on the availability of resources (such as water), managing output (like storm-water and
sewage) and infrastructural capacity (such as vehicular congestion on roads), no formal study has been
conducted to evaluate the impact of the proposed urban renewal at increased densities. The thesis has
compared the metabolic flows of existing development with potential redevelopment to quantify the
infrastructural requirements and impact on the environment as a result of the intensification and change
in built-form that would accompany the urban renewal under DCR33(9). The thesis qualitatively and
quantitatively evaluates the urban drivers and patterns that impact the metabolism of
neighbourhoods/clusters eligible for redevelopment and compares the change in metabolic flows
between the existing and potential development by quantifying the impact of resources and outputs of
wastes from the site and then analyses the potential benefits (if any) of the urban renewal process.
The thesis has contributed to the compact city debate by highlighting and quantifying the impact of
resource constraint on dense urban areas. The literature on compacted cities has attempted to identify
the advantages of higher density. However, what is lacking is the quantification of the impact of the
upper limits of urban density. This thesis has demonstrated a method of evaluating density with resource
use and has demonstrated that planning policies, that do not take account of this, are unsustainable.

9.5 Research limitations
The thesis does not provide a comprehensive accounting of the urban metabolism of the urban system
as it is concerned with ‘operational’ flows rather than ‘embodied’. Instead, it focuses on five thematic
areas, as discussed in section 4.3. Even within the selected thematic areas, finding reliable data,
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especially which are from the same year and based on the same administrative boundaries (appropriate
special scale), was a major challenge, especially at the ward and neighbourhood level.
Though a questionnaire based survey was designed to collect primary data on resource consumption at
household level, it was unsuccessful due to reasons discussed in section 4.4. Therefore, the thesis had to
rely mostly on secondary data sources for analysing the case studies. This problem of fragmented
availability and gaps in data required for metabolism studies, has been highlighted by several researchers
(Codoban & Kennedy, 2008; Sahely et al., 2003), irrespective of the scale of the study at different spatial
levels (national, regional, city or neighbourhood). It is even more difficult to find data in developing
countries as records are not maintained properly nor are they shared willingly. However, in the case of
Mumbai, data regarding even the total number of buildings or total floor area in the City is not
documented (Jain & Chhapia, 2013). While supply of resources such as water are not metered (at
building of household level) in large parts of the city (particularly in cessed properties that were the
focus of this thesis), records even at ward level are not maintained. Due to this data deficit at the
appropriate scale and same year, some data were acquired on the basis of expert estimates, while other
were from studies conducted in urban areas with similar characteristics, city-level statistics or previous
years.
Lack of transparency of the redevelopment process and the reluctance of developers to share information
were the other issues with data collection. While the proprietors of both the projects (Chira Bazaar and
Bhendi Bazaar) promised information during site visits, they later refused to share data. In addition, not
only were constant changes being made to the design of the case study (as the project was still in approval
stage), but the regulation pertaining to urban renewal [DCR 33(9)] was also being modified in the
duration of the thesis.
Due to the data intensity of the task and severe restrictions in terms of data availability, the study only
quantifies the materials and energy directly imported/exported to/from the system, that is, it does not
account for the embodied energy, water or CO2. Also, this study does not provide estimates of the energy
consumed by public and infrastructural systems such as the public buses, taxis, railways, water supply
system, etc. although conceptually desirable. However, due the comparative nature of the case study,
these exclusions are not expected to have seriously affected the results of the research. However, in spite
of these exclusions, due to the comparative nature of the thesis, it still clearly demonstrates the increasing
pressure and negative impact on infrastructure and environment (both natural and urban) as a result of
the urban renewal due to of the increasing metabolic flows and reducing potential of meeting demands
locally. In fact, the current estimates of metabolic flows are almost certainly significant underestimates
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of the actual infrastructural and resource requirements, and inclusion of more indicators (with the
availability of more data) would produce large flows.

9.6 Recommendations for future research
During the course of this thesis various area were identified that require further study, but were beyond
the scope of this thesis. This researcher recommends that further research be undertaken in the following
areas:
1. Closing the data gaps: As identified in the thesis, data availability for conducting metabolism
studies is largely unavailable. However, data regarding demand and supply of resources is
extremely important, not only at a district level, but at neighbourhood and household level in
order to plan future development and formulate strategies to control consumption. Average
values at the district and regional level are not sufficient as they do not distinguish in
consumption pattern due to income, size of units or building typology. Thought the thesis has
made some informed guesses based on personal experience and some evidence from existing
studies, a much better understanding of these potential changes is needed. A questionnaire based
survey of the residents of both the old and redeveloped properties would provide valuable
information that can be used to modify existing or develop future regulations. In the absence of
a completed redevelopment project under DCR 33(9), buildings redeveloped under its
predecessor DCR 33(7) can be analysed. While data regarding resource consumption needs to
be properly documented and made available for analysis, it is also important to survey and
document the existing infrastructure (including the built-form).
2. Impact of redevelopment on user behaviour: Change in design, size and typology of buildings
is likely to effect the users (residents and shop-owners), socially, economically, as well as their
consumption pattern.
a. Social: the low-to-medium rise buildings with their common facilities (especially long
and open passages of the chawls) and small size of units, promote increased of the
common areas and social interaction between the residents. The increased size of units,
shorter enclosed corridors and stacking of people in high-rise buildings (resulting in
increased use of lifts and fewer number of people per landing) could result in reduced
social interaction. However, a detailed comparative study needs to be done to evaluate
the effect of the built-form (and separate it from impact of technology) as it indirectly
effects metabolism.
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b. Economic: It is evident from the research findings that a large number of commercial
units (that are now at ground level) would be relocated to upper levels and that several
types of commercial activities are not suitable for such relocation. This is important for
metabolism studies as a change in the type of commercial activities (for example,
replacing a number of small repair shops, tailors and groceries by a large back office,
bank or high-end restaurant) can increase the metabolism significantly (due to the
increased use of water, lighting and air conditioning), in addition to affecting the jobs of
the residents in and around the neighbourhoods.
c. Consumption pattern: While the thesis acknowledges that the per capita consumption
is increasing, not only in Mumbai but also globally, as more 'luxury items' are becoming
'necessities', there is a need to identify the role of building typology, form and design,
and urban planning in changing the consumption pattern in urban areas. For example,
while the thesis has factored the increase in consumption of water (take-back) due to
improved amenities such as better and more private toilet and bathing facilities, in
addition to improved water supply (due to recycling and harvesting of water), but was
not possible to accurately calculate the percentage increase. Similarly, increased parking
would induce ownership of four-wheelers, but the amount of usage would also depend
on other factors such as distance of workplace from residence, and availability and
condition of public transport.
3. Monitoring displacement of existing population (residents and shop owners) as a result of
redevelopment: The redevelopment of cessed building requires the existing tenants to be
provided free housing in the new development. However, with the high property value in the city,
increased maintenance cost and newly acquired ownership, several existing residents (who
currently occupy the rent controlled tenanted properties) are likely to sell their units and move to
the suburbs (a trend that has been observed with slum rehabilitation projects), and thus change
the demographics of the locality/neighbourhood. A higher income group replacing the existing
middle-to-low income population (in addition to the higher income population in the sale
component of the redevelopment) is not only likely to have a significantly higher metabolism,
but would also defeat the purpose of creating better housing conditions for the existing residents,
in addition to increasing the travel demand of the existing residents (most of who are currently
employed in the City, close to their residence). The same is also true for commercial activities
that might move out of their existing neighbourhoods due to increased expenses and
incompatibility of use at various levels above ground level. Therefore, there is a need to monitor
any such in-and-out migration of the resident of the redeveloped properties in the Island City,
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through surveys and property registration, as it would not only have significant impact on the
metabolism and infrastructural requirements, but also on the economy of the City. No such
studies were available for Mumbai and it was outside the scope of this study to conduct such
comparisons.
4. Monitoring post-occupancy performance of redevelopment proposals: Monitoring postoccupancy performance: while various renewable technologies (such as rainwater harvesting,
wastewater treatment plants, solar panels), as well as increased vegetation, are planned (and
recommended) in the Urban Renewal of Mumbai, it is important to monitor their performance to
evaluate if the targeted potential claimed in the proposals are met.
The results of the above-mentioned research, in addition to their own value, also provide precise data
that would vastly improve the accuracy of the methodology used in this thesis to evaluate the impact of
intensification on the sustainability of Mumbai. However, it should be noted that the above mentioned
areas of research (including this thesis) are not specific to Mumbai, but need to be conducted in other
cities of developing countries that are seriously resource constrained and have high existing densities.

9.7 Concluding remarks
This thesis demonstrates that intensification (or high-density) cannot reduce the metabolic flows, even
with the incorporation of the renewable technologies, in the cities of developing countries, which are
characterised by very low ecological footprint and high population densities. Instead, it reduces the
potential of a city to meet its resource requirements (such as water and electricity) through the
incorporation of renewable technologies (such as rainwater harvesting and solar panels), and increases
the dependency on the hinterland. Thus, intensification increases the pressure on the already stretched
infrastructure, leading to further deterioration of the environment and urban quality of life while
negatively affecting the rural population in the hinterland. ‘Economies of scale’ achieved due to
intensification can increase sustainability by reducing travel demand (especially using private vehicles)
and laying new infrastructure (such as roads, and water and electricity lines) in urban areas of developed
countries that have high private vehicle usage, well-developed infrastructure of high capacity and lowdensity suburbia. However, it has no (best case) or negative impact in the cities of the developing
countries as intensification through redevelopment is often accompanied with improved amenities (such
as more parking, bigger houses and better toilet facilities) that, together with increasing affluence and
existing low ecological footprint per capita, induce increased resources consumption.
In the case of Mumbai, promoting redevelopment by increasing FSI (and thereby increasing density)
does not provide the claimed advantages of reduced traffic congestion and more open space, instead, it
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has a whole range of negative environmental effects. Unless the infrastructure required to support the
additional population within the City limits is set up, in addition to the upgrade needed to support the
already high population density, before the City is redeveloped and intensified, it would lead to huge
environmental degradation and negative impact on the health of the population (if not a complete failure
in the urban system). While increased infrastructural provisions (such as improved water supply,
drainage and treatment facilities, and increased electricity supply and road network) can improve the
quality of life, providing the required infrastructure (such a more dams, power plants, vehicles for
transporting both people and materials) itself has negative impact on the environment (such as
submerging natural ecosystems and increasing emissions) and the urban quality of life (such as health
impact of increased concentration of air pollutants).
Therefore, there is a need to stop considering intensification (or increasing FSI, in case of Indian cities)
as a means to solve urban problems, as stacking the urban population into increasingly taller towers
without the ability to provide the required resources and infrastructure (such as water, electricity, sewage
and waste disposal) would not improve the ‘quality of life’, nor would it help achieve the “world-class
city” status.
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Appendix A
Major area
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Europ
e

Africa

Asia

Oceania

Total

millions

348

597

739

1,046

4,207

37

6974

%

4.99

8.56

10.60

15.00

60.32

0.53

100.00

Crude Oil

1039.7

282.0

899.8

155.5

1558.1

63

4028.1

%

25.81

7.00

22.34

3.86

38.68

1.56

100.00

Natural
Gas
%

767.4

132.9

938.9

94.5

888.1

35.8

2858.1

26.85

4.65

32.85

3.31

31.07

1.25

100.00

Population*

Consumption
**

Table 53: Population and consumption of Crude Oil and Natural Gas in the world regions
Source: (**Central Statistics Office, 2012; *United Nations, 2011)

Year

Coal & Lignite

Crude Petroleum*

Electricity**

770

Natural
Gas
25

1970-71

1,491

1975-76

1929

933

43

2169

1980-81

2288

1082

59

2965

1985-86

3051

1797

191

4432

1990-91

3800

2168

492

6853

1995-96

5059

2459

697

9973

2000-01

5396

4331

1073

11398

2005-06

6828

5448

1195

14828

2010-11

10179

8632

1974

21879

1574

*Crude oil in terms of refinery crude throughput
**Includes thermal, hydro & nuclear electricity from utilities

Table 54: Trends in consumption of conventional energy in India (in Peta Joules)
Source:(Central Statistics Office, 2012, p. 48)
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As on

Thermal*

Hydro

Nuclear

Railways

45

SelfGenerating
Industries
1,517

31.03.1971

7,906

6,383

420

31.03.1981

17,563

11,791

31.03.1991

45,768

31.03.2001
31.03.2011

Total

14,709

860

60

3,041

30,214

18,753

1,565

111

8,502

66,086

73,613

25,153

2,860

0

16,157

101,626

131,279

37,567

4,780

0

32,900

173,626

Table 55: Installed generation capacity143 of electricity (In Mega Watt = 103 X Kilo Watt)
Source:(Central Statistics Office, 2012)

Year
1970-71

Industry Agriculture Domestic Commercial Traction &
Railways
29579
4470
3840
2573
1364

Others

Total

1898

43,724

1980-81

48,069

14,489

9246

4682

2266

3615

82,367

1990-91

84209

50321

31982

11181

4112

8552

190,357

2000-01

107622

84729

75629

22545

8213

17862

316,600

2010-11

272589

131967

169326

67289

14003

39218

694,392

Table 56: Consumption of electricity (from utilities144) by sectors in India
Source:(Central Statistics Office, 2012, p. 59)

143

Measured at the terminals of the stations, after deduction of the power absorbed by the auxiliary installations and the losses in the station
transformers.
144 Undertakings of which the essential purpose is the production, transmission and distribution of electric energy.
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Type of appliance

Stock
(in million)

Rate
(in kWh/year)

Total
( in TWh)

Percentage of
Total (%)

Fan

246

112

27.60

18.17

Incandescent bulb

302

80

24.22

15.95

Refrigerator

37

588

21.95

14.45

Television (TV)*

99

175

17.27

11.37

Tube light

280

107

30.08

19.81

Air conditioner

5

1199

6.05

3.98

Room heater

9

555

5.00

3.29

Electric Water
heating (Geyser)

10

438

4.58

3.02

Air cooler

19

195

3.70

2.44

3.06

2.02

Stand-by-power
Washing machine

15

185

2.77

1.82

Radio

60

33

1.96

1.29

68

22

1.49

0.98

37

34

1.24

0.82

Computer*

6

105

0.60

0.40

Set-Top Box*

11

22

0.24

0.16

DVD Players*

29

1

0.03

0.02

VCR VCP

3

2

0.01

0.01

151.86

100.00

Compact
Fluorescent Lamp
(CFL)
Tape recorder, CD
player

Total
Note: *without Stand-by-power

Table 57: Stock and consumption of electrical appliances for Indian households in 2008
Source: (Boegle et al., 2010)
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Number of Vehicles
Category
Passenger
Vehicles
Commercial
Vehicles
Three
Wheelers
Two
Wheelers
Grand Total
% increase in
sales

2007-08

2008-09

2009-10

2010-11

2011-12

2012-13

1,549,882

1,552,703

1,951,333

2,501,542

2,618,072

2,686,429

490,494

384,194

532,721

684,905

809,532

793,150

364,781

349,727

440,392

526,024

513,251

538,291

7,249,278

7,437,619

9,370,951

11,768,910

13,435,769

13,797,748

9,654,435

9,724,243

12,295,397

15,481,381

17,376,624

17,815,618

0.72

26.44

25.91

12.24

2.53

Table 58: Automobile Domestic Sales Trends
Source: (Society of Indian Automobile Manufacturers, 2013 )

Year

Two

Cars, Jeeps Buses

Goods

Others

All

Wheelers

and Taxis

Vehicles

1951

27

159

34

82

4

306

1956

41

203

47

119

16

426

1961

88

310

57

168

42

665

1966

226

456

73

259

85

1099

1971

576

682

94

343

170

1865

1976

1057

779

115

351

398

2700

1981

2618

1160

162

554

897

5391

1986

6245

1780

227

863

1462

10577

1991

14200

2954

331

1356

2533

21374

1996

23252

4204

449

2031

3850

33786

2001

34118

6143

562

2715

5319

48857

2006

64743

11527

992

4436

7920

89618

Vehicles

Table 59: Total number of motor vehicles registered in India from 1951 to 2006 (In thousand)
Source: (Motor Vehicle Department, n.d.)
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291

292

293

294

295

296

297

298

299

Table 60: Chronological review of urban metabolism studies (Author)
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Appendix B

301

302

303

304

305

306

307

308

309

310

311

312

313

314

Appendix C

Table 61: Daily Mean Temperature for Greater Mumbai (for the City and Suburban districts) - in Degrees
Celsius
Source: Regional Plan for Mumbai Metropolitan Region: Chapter 2. Regional Setting

Table 62: Mean Humidity in Greater Mumbai (for the City and Suburban districts)
Source: Regional Plan for Mumbai Metropolitan Region: Chapter 2. Regional Setting

Table 63: Monthly Average Sunlight (Hours/Day)
Source: http://www.climatetemp.info/india/mumbai.html (accessed on 06 May, 2010)
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Table 64: Normal Rainfall in mm in Greater Mumbai (based on 50 years data)
Source: Adapted from Regional Plan for Mumbai Metropolitan Region: Chapter 2. Regional
Setting
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Table 65: Ranking of cities as per population density
Source: (Wikipedia, 2013)
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Table 66: Key development in water consumption and availability in 19th century

Zone

Ward

Area

Population

(sq. Km)

Inner
Island
city

Outer
Island
city

Inner
Western
Suburbs

Density

per sq. Km

per
Hectare

Garbage
Generation

Silt Debris
Generation

Metric Tons
per day

Metric
Tons per
day

A

12.50

210,926

16,874

169

400

24

B

2.84

140,481

49,465

495

190

35

C

1.78

202,216

113,604

1,136

265

60

D

8.03

360,778

44,929

449

375

40

E

7.32

410,824

56,123

561

525

21

F/N

12.94

702,470

54,287

543

366.5

95

F/S

14.00

477,136

34,081

341

512

15

G/N

9.07

590,609

65,117

651

670

50

G/S

10.00

563,195

56,320

563

365

58

H/W

11.50

421,141

36,621

366

350

80

H/E

18.53

579,123

31,253

313

400

50

K/W

23.28

694,000

29,811

298

600

250
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(sq. Km)

Zone
Inner
Island
city

Outer
Inner
Island
Island
city
city

Inner
Western
Outer
Suburbs
Island
city
Inner
Eastern
Suburbs
Inner
Western
Suburbs
Outer
Western
Inner
Suburbs
Eastern
Suburbs
Outer
Eastern
Outer
Suburbs
Western
Suburbs

Outer
Total/
Eastern
Average
Suburbs

per sq. Km

A

12.50

210,926

B
Ward
C

2.84
Area
1.78

140,481
Population
202,216

D

360,778

E

8.03
(sq. Km)
7.32

F/N
A

16,874

Hectare
169

49,465
495
Density
113,604
1,136

per day

Tons per
day

400

24

190
Garbage
Generation
265

35
Silt Debris
Generation
60

410,824

44,929
per sq. Km
56,123

449
per
Hectare
561

Metric Tons
375
per day
525

Metric
40
Tons per
21
day

12.94
12.50

702,470
210,926

54,287
16,874

543
169

366.5
400

95
24

F/S
B

14.00
2.84

477,136
140,481

34,081
49,465

341
495

512
190

15
35

G/N
C

9.07
1.78

590,609
202,216

65,117
113,604

651
1,136

670
265

50
60

G/S
D

10.00
8.03

563,195
360,778

56,320
44,929

563
449

365
375

58
40

H/W
E

11.50
7.32

421,141
410,824

36,621
56,123

366
561

350
525

80
21

H/E
F/N

18.53
12.94

579,123
702,470

31,253
54,287

313
543

400
366.5

50
95

K/W
F/S

23.28
14.00

694,000
477,136

29,811
34,081

298
341

600
512

250
15

K/E
G/N

28.00
9.07

806,360
590,609

28,799
65,117

288
651

700
670

210
50

L
G/S

15.90
10.00

590,609
563,195

37,145
56,320

371
563

512
365

86
58

M/W
H/W

19.37
11.50

413727
421,141

21,359
36,621

214
366

60
350

20
80

M/E
H/E

32.5
18.53

674850
579,123

20,765
31,253

208
313

322
400

45
50

P/S
K/W

29.56
23.28

451907
694,000

15,288
29,811

153
298

265
600

120
250

P/N
K/E

46.67
28.00

789645
806,360

16,920
28,799

169
288

260
700

60
210

L
R/S

15.90
17.78

590,609
829127

37,145
46,633

371
466

512
370

86
140

M/W
R/C

19.37
50

413727
681377

21,359
13,628

214
136

60
225

20
125

M/E
R/N

32.5
18

674850
363991

20,765
20,222

208
202

322
315

45
10

P/S
N

29.56
25.96

451907
614945

15,288
23,688

153
237

265
130

120
70

P/N
S

46.67
64

789645
691107

16,920
10,799

169
108

260
325

60
100

R/S
T

17.78
45.42

829127
510472

46,633
11,239

466
112

370
170

140
60

R/C

50

681377

13,628

136

225

125

Greater
R/N
Mumbai
N

18
524.95
25.96

363991
12771016.00
614945

20,222
24,328
23,688

202
243
237

315
8672.50

10
1824.00

130

70

S
Island city
T
Suburb

64
78.48
45.42
446.47

691107
3,658,635.00
510472
9,112,381.00

10,799
46,619
11,239
20,410

108
466
112
204

325

100

170

60

Greater
Table
67: Ward524.95
wise distribution
of area,24,328
population and
density in8672.50
Mumbai
12771016.00
243

1824.00

Mumbai

Source:
Total/ (Municipal Corporation of Greater Mumbai, n.d. )(derived per ward) and (Patankar
et al., 2010)
Average
78.48
3,658,635.00
Island city
Suburb

446.47

9,112,381.00

46,619

466

20,410

204
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Category

Twowheelers

Masstransport

Goodstransport

Agricultur
al and
others

104482
9

Type of Fuel Used
Diesel

Petrol

LPG

CNG

Others

2

680537

0

0

0

0

331258

0

0

0

0

33032

0

0

0

146555

372413

8776

34777

5

Motor Cycles

680539

Scooters

331258

Mopeds

33032

Cars

562526

Jeeps

23892

21253

2637

2

0

0

Station Wagons

3943

3146

797

0

0

0

Taxi Meter
fitted
Taxi Meter
fitted
Auto-rickshaws

41820

40

4002

987

36791

0

9094

5570

2955

140

429

0

108715

0

1839

0

0

Stage Carriages

4850

2997

0

0

10687
6
1853

Contract
Carriages
School Buses

4171

3866

0

3

302

0

1344

225

162

0

957

0

Private Service
Vehicles
Ambulances

1148

1010

0

0

138

0

1328

772

554

0

2

0

Arti./ Multi.
Vehicles
Trucks &
Lorries
Tankers

11

11

0

0

0

0

7458

0

0

239

0

Fourwheelers :
private
Semiprivate

Total No. of
Vehicles

590361

159629

12852

7697

60285

371

371

Del. Van four
Wheelers
Del. Van Three
Wheelers
Tractors

20156

18175

1235

208

538

0

32061

18384

4134

176

9367

0

639

0

0

0

0

Trailers

204

0

0

0

0

204

Others

1512

1512

0

0

0

0

639

2355

0

0

0

Total

1870311

231986

143555
5

10292

19226
9

209

Percentage of Total

100

12.40

76.75

0.55

10.28

0.01

Table 68: Total Number of Motor Vehicles and their fuel type, in Greater Mumbai as on 31st March 2011
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Source: (Motor Vehicle Department, n.d., p. 47 & 62)

Wards

A

B

C

D

E

F/N

F/S

G/N

G/S

Total

Gardens

106,19
0.84

695.8
0

21,03
0.45

101,4
72.09

276,3
66.43

70,23
4.16

25,42
0.26

23,11
8.87

100,5
79.57

725,10
8.47

Recreational
Ground

774,88
7.72

75,21
8.13

27,54
1.19

523,3
79.21

187,1
88.67

695,5
10.09

335,9
54.01

222,2
01.20

362,8
84.26

3,204,7
64.48

Playgrounds

126,96
7.48

18,25
8.97

29,16
3.02

8,303.
95

122,8
67.15

153,1
38.09

52,81
7.02

114,6
14.38

96,51
6.63

722,64
6.70

Total open
space

1,008,0
46.04

94,17
2.90

77,73
4.66

633,1
55.25

586,4
22.25

918,8
82.35

414,1
91.29

359,9
34.45

559,9
80.46

4,652,5
19.65

Encorached
open spaces

37,123.
77

46,29
8.02

32,85
3.53

32,55
1.87

145,5
86.21

311,9
52.44

117,1
89.63

71,00
8.16

31,84
6.67

826,41
0.30

Total free

970,92
2.27

47,87
4.88

44,88
1.13

600,6
03.38

440,8
36.04

606,9
29.91

297,0
01.66

288,9
26.29

528,1
33.79

3,826,1
09.35

% encroached

3.68

49.16

42.26

5.14

24.83

33.95

28.29

19.73

5.69

17.76

(sq. km)

12.50

2.84

1.78

8.03

7.32

12.94

14.00

9.07

10.00

78.48

Total ward
Area (sq. m)

12,500,
000

2,840,
000

1,780,
000

8,030,
000

7,320,
000

12,94
0,000

14,00
0,000

9,070,
000

10,00
0,000

78,480,
000

Population

210,92
6.00

140,4
81.00

202,2
16.00

360,7
78.00

410,8
24.00

702,4
70.00

477,1
36.00

590,6
09.00

563,1
95.00

3,658,6
35.00

4.60

0.34

0.22

1.66

1.07

0.86

0.62

0.49

0.94

1.05

8.06

3.32

4.37

7.88

8.01

7.10

2.96

3.97

5.60

5.93

Open space
per person
% of area
open

Table 69: Mumbai city’s open spaces
Source:
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322

323

324

325

326

327

328

329

330

331

332

333

334

335

336

337

338

339

340

341

Appendix E

342

343

344

345

346

347

Table 70: Area statement for existing development
Source: Calculated from(Samoon and Associates, 2012a, 2012b).

348

Households

2001

2011

Percentage

Numbers

Percentage

Numbers

1 person

4.5

29,171

5.7

36,524

2 persons

9.8

63,313

10.8

69,186

3 to 5 persons

55.1

48,798

57.9

369,160

6 to 8 persons

23.1

35,410

20.1

128,284

9 persons and above

7.5

149,898

5.4

34,584

Table 71: Break-up of household sizes in Mumbai
Source:(Census of India, 2011b)

Figure 157: Roof plan of the proposed development
Source: (Saifee Burhani Upliftment Trust, 2014b )
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IS: 11721993*

Activity

Amount

Actual
Water Requirement for Mumbai**
Max.

Avg.

consumption145***

Min.

Amount

%

3.78

4.2

1.53

1.7

15.66

17.4

Drinking

5

Cooking

5

Cleaning Dishes

10

Bathing

55

50

25

15

21.33

23.7

10

25

10

-

5.94

6.6

Washing Clothes

20

50

20

15

21.87

24.3

Flushing Toilets

30

50

40

30

19.44

21.6

-

5

-

-

0.45

0.5

135

230

135

90

90

100

Cleaning
House146

Car Washing/
others
Total

50

40

30

Table 72: Activity-wise break-up of Minimum Domestic Water requirements (in litres per consumer
per day)
Source: Derived from (*Ruet et al., 2002; ***Shaban & Sharma, 2007; **Sule, n.d.)

Type of Building

Consumption
(per day per person)

Offices/Shops

45

Restaurants

70

Day School

45

Note: Additional,15 litres per head per day is to considered for visitors

Table 73: Water requirements (in litres) for some non-residential uses identified in the study areas

145

The activity-wise distribution of water consumption for Greater Mumbai established as per cent of total consumption by households/day
by Shaban and Sharma(2007), was converted to litres per consumer per day, based on the mean per capita consumption provided by them,
for ease of comparison and calculations.
146 Sule’s list included gardening with cleaning

350

Table 74: Breakup of non-portable water uses by the different users

351

352

* The number of appliances takes into account the potential percentage ownership of the various equipment, considering the trends in increasing ownership, along with the increasing size of the re-developed
units and likely higher income demographic in the sale units.

Table 75: Residential and commercial electricity consumption
Source for load of appliances: (Bureau of Energy Efficiency, n.d; "Energy conservation booklet," n.d.; Girimaji, 2013; "Power
Consumption Table," n.d.)
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Appliance

Approx.

Total connected

Average

No. of

Load

Load (watts)

hours/da

days in a

y

year

(Watts)

Existing

Proposed

Approx. Units/year
Existing

Proposed

Common Areas (including passages, staircases, lobbies and amenity spaces)
CFL Lamp

11

Regular Lamp

40

Pump motor
(water)*
Lifts

134,278.3

-

0

253,729.
20

598,310.0

31,490i

0

na

105.70

0.317007ii

-

1,681.44

4.00

365

4.00

365

2.00

365

na

365

196,046.31

370,444.63
436,766.30
38,582.00

613,727.00

Waste-water
treatment

328.72

Plant**
Total

253,834.

734,269.7

Communal

90

4

409,026.63

1,246,539.61

Parking (basement and podium)
CFL Lamp

150.00

1,686.93

6.02iii

7.45

158,391.7

4.00

365

2,462.91

231,251.92

6,995.49

4.00

365

10.88

10,213.41

-

-

2,473.79

2,473.79

241,465.33

2

Exhaust fan
(for
basement)***
165,387.

Total Parking

21
i.
iii.

Considering flow capacity of 45cu.m/h and average height of 110 m
ii.
Based on per litre of wastewater treated (see Table 32)
Considering approx. total 75 HP (Horsepower) for 100,000 sq. ft. parking space

Table 76: Electricity consumption in common areas
Source: (***INTEC Controls, n.d.; Menendez & P.E., 2010**; *The Engineering toolbox,
n.d.)

354

Cluster

Power
consumption per
lift*
Existing Development

Total

No. of floors

No. of lifts

20.00

2

6,721.00

13,442.00

22.00

2

6,950.00

13,900.00

10.00

2

5,620.00

11,240.00

6
Proposed Development

Total

38,582.00

15.00

3

6,161.00

18,483.00

11.00

2

5,728.00

11,456.00

31.00

4

8,004.00

32,016.00

23.00

4

7,065.00

28,260.00

30.00

4

7,885.00

31,540.00

37.00

4

8,732.00

34,928.00

42.00

4

9,352.00

37,408.00

45.00

4

9,731.00

38,924.00

34.00

4

8,366.00

33,464.00

40.00

4

9,102.00

36,408.00

22.00

2

6,950.00

13,900.00

46.00

4

9,858.00

39,432.00

50.00

4

10,373.00

41,492.00

41.00

4

9,227.00

36,908.00

50.00

4

10,373.00

41,492.00

58.00

4

11,430.00

45,720.00

50.00

4

10,373.00

41,492.00

Cluster 9

32.00

4

8,124.00

32,496.00

Car lifts

4.00

2

8,954.00

17,908.00

Cluster 1

Cluster 2

Cluster 3

Cluster 4

Cluster 5

Cluster 6
Cluster 7

Cluster 8

Total

69

613,727.00

*The power consumption of lifts is calculated considering 630kg load and 2.5m/s speed (Fat Knowledge, 21 February, 2007)

Table 77: Power consumption of lifts (kWh per annum)
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Users
Masjid*
(Retained)

Imambada
(Relocated)

CFL Lamp
Regular
Lamp
Tube Lights

70

5

Public
toilets
(Proposed
only)
12

5

-

10

-

Table/Ceiling
Fan

35

5

-

Computer

-

-

Exhaust fan

-

-

Miscelleneous
& stand-by

14

2

Appliances

70
70

Schools**
Proposed

Refuge shed
(Proposed
only)

63

2

-

-

63

120

-

125

240

-

5

10

8

-

-

3

Existing

Total
Existing

Proposed
152

75
143

200

165

280

-

5

10

8

1

-

17

6

1

19

23

*The number of equipment is the total for the seven existing religious structures that are to be retained
** The number of equipment for schools is based on the floor area: The existing development has one school of 1250 sq. m and proposed
development has 2 schools of 2340 sq. m total.

Table 78: Number of equipment provided in additional uses

Approx.
Load
(Watts)
11

Total no. of
equipments*
Existing Proposed
152.00

CFL Lamp
Regular
Lamp
Tube Lights

100

Table/Ceiling
Fan

100

Computer

200

5.00

Exhaust fan

150

Miscelleneous
& stand-by

100

Total

36

Total Connected
Load (watts)
Existing
Proposed
1,672.00

Average
hours/day

No.
of
days

2.00

365

2.00

365

Approx. Units/year
Existing
-

Proposed

5,475.00

-

1,220.56

75.00

-

7,500.00

-

143.00

200.00

5,148.00

7,200.00

3.00

365

5,637.06

7,884.00

165.00

280.00
16,500.00

28,000.00

8.00

245

32,340.00

54,880.00

10.00

1,000.00

2,000.00

3.00

365

1,095.00

2,190.00

-

17.00

-

2,550.00

19.00

23.00

1,900.00

2,300.00

4.00

365

2,774.00

3,358.00

407.00

682.00
32,048.00

43,722.00

47,321.06

69,532.56

*The number of equipment is the total for the seven existing religious structures that are to be retained
** The number of equipment for schools is based on the floor area: The existing development has one school of 1250 sq. m and proposed
development has 2 schools of 2340 sq. m total.

Table 79: Electricity consumption in other structures (additional users)

356

Residential requirement
Sale apartments

Municipal

Redevelopment

Visitors

CA (sq. m)

98

54

45

28

32.5

70

-

No. of units

72

550

802

215

3338

175

-

Parking

72

275

201

27

417

88

270

Total

1,349

Commercial requirement
BUA (sq.
m)
Parking

-

38,557.15

-

771

Table 80: Residential Parking calculation for 4-wheelers in the proposed development

*includes two-stroke and four-stroke engines
# includes cars, taxis, and jeeps
## also include tractors, trailers and other vehicles

Table 81: Population (P: in thousands) and Distance Travelled (D: km/day) by Vehicles in Mumbai
Data source: (Mittal & Sharma, n.d.)
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Figure 158: Variation in vehicular emissions with respect to speed
Source: (Dhakras, 2004)
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Vehicle type

Emissions (gm/km)
CO

CO2

HC

NOx

PM

SO2

0.97

-

-

-

-

-

Norms*
(India 2000)

4W

2.72

-

2W

2.0

-

Measured
across
India*
(1996-2000)

4WG

3.9

-

0.8

1.1

0.05

-

4WD

1.2

-

0.37

0.69

0.42

-

2W-2S

4.0

-

3.3

0.006

0.1

-

2W-4S

2.6

-

0.7

0.3

.006

-

4WG

24.8

233.6

0

3.3

0

0

4WD

2.0

208.3

0

116.9

1.56

10.3

2W-2S

2.0

26.66

6.6

0.8

-

-

2W-4S

1.4

28.3

-

1.4

-

-

4WG

12.4

243

-

-

-

-

4WD

5.12

557.9

-

-

3.92

2.75

2W-2S

1.1

24.2

-

-

-

-

2W-4S

1.95

27.9

8.84

-

-

-

Computed*
(1996-2000)

Actual in
Mumbai**

2.0

Table 82: Mass Emission Factors for Different Vehicles
Data source: (Dhakras, 2004**; Mittal & Sharma, n.d.)

Table 83: Physical Characteristics of Municipal Solid Wastes by Region (% weight)
Data source: (Pendse, 2012)
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Appendix F
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Table 84: Metabolic flows of the different wards in the Island City, before and after Urban renewal
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