A SUSTAINABLE FUTURE FOR NAVI MUMBAI
THROUGH INFORMAL WASTE MANAGEMENT

— Sustainable Livelihoods for Slum Dwellers and Sustainable Development for the City
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01. BACKGROUND

Informal Waste Management as the Pathway to Sustainablility



INFORMAL WASTE MANAGEMENT IN INDIA

COLLECTION TRANSPORT TREATMENT MANUFACTURE

»> »> »>

The collection process involves a network of Dealers and wholesalers usually use motorised Some waste with recycling value is transported The treated waste has the potential to be reused
waste pickers, itinerant buyers, dealers and vehicles for transport, while waste pickers and to micro recycling units in slums for treatment or further manufactured to obtain a finished
wholesalers, etc. itinerant buyers transport by means of trolleys, and recycling. product.

tricycles, carts, etc.



THE ROLE OF INFORMAL WASTE MANAGEMENT IN INDIA

AAAA

informal waste management

INTERSECTION OF INFORMAL ECONOMY AND CIRCULAR ECONOMY

In the context of India, informal waste management (IWM) has the potential to be the pathway to sustainable
livelihoods for slum dwellers and sustainable development for cities. Collecting and processing hundreds of
tonnes of municipal solid waste per day, IWM supports the millions of people engaged in this business and
provides ecological and economic contributions to Indian cities. This industry also promotes the prosperity
of other informal businesses, as they are interdependent. Taking IWM as a design starting point, the result is
a framework for prosperous, humane and eco-friendly development, which sees slums as part of the growing
prosperity of India's cities rather than isolating them as barriers to urban progress.




INFORMAL WASTE MANAGEMENT AS INFORMAL ECONOMY

- SUPPORTING THE POOR

1. INCOME GENERATION

- Providing income generation for millions
of poor people involved in the processes
of collecting, transporting, processing, and
manufacturing.

2. AFFORDABLE EVERYDAY ITEMS

- Providing everyday items that are affordable to
the poor and meeting their consumption needs.

3. SUPPORTING OTHER BUSINESSES

- Many informal businesses rely on a network of
cooperative relationships. For example, recycling
units collect paint cans, clean them up and sell
to paint shops.



INFORMAL WASTE MANAGEMENT AS CIRCULAR ECONOMY

- PROVIDING RECYCLING SERVICE FOR THE CITY

1. TACKLING WASTE GROWTH 2. REDUCING RESOURCE CONSUMPTION 3. SECONDARY RAW MATERIALS
- Relieving pressure on overburdened municipal - Adding value to materials and reducing gas - Providing secondary raw materials to the
waste management systems and prevent cities emissions. manufacturing industry for the production of

from being overwhelmed by waste. products.



THE INTRINSIC LINK BETWEEN IWM AND SLUM

1. Slums are where most informal waste pickers
and itinerant buyers live.

2. Slums accommodate many small recycling units
engaged in IWM.

3. Slums are a breeding ground for a wide
range of other informal businesses that are
interndependent and associated with IWM (mainly
informal manufacturing production, such as
plastics, pottery, textiles and thread).

4. The built environment in slums serves as both
input and output of informal waste recycling,
which affects the efficiency of the business and is
in turn reshaped by recycled materials.
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INDIAN SLUMS DROWNING IN WASTE

WASTE AS BOTH AN OPPORTUNITY AND A CHALLENGE

Due to a lack of sound management practices and scientific waste treatment technologies, waste accumulates in large quantities in slums,
encroaching on private/public spaces and endangering sanitation and health.



THREATS TO INFORMAL WASTE MANAGEMENT

PROBLEMS

“ » Slum: internal vulnerability

» City: external threat

»>

»>

SUB-PROBLEMS

(Current situation)

|. Health hazards for workers and dwellers
Il. Unstable source of income

[ll. Exploitation from middlemen

IV. Negative environmental impact

V. Limited amenities

(Slum redevelopment)

VI. Large consumption of resources

VII. Slum dwellers lose source of income

VIII. Pressure on municipal waste management sysytem
IX. Slum dwellers lose social connections

X. Urban enterprises are under threat




SLUM - INTERNAL VULNERABILITY

I. HEALTH HAZARDS FOR WORKERS AND DWELLERS

- Much of the processing takes place in sweatshop conditions in terms of heat,
ventilation, safety and overcrowding.

- Sanitary issues in working and living places, such as unpleasant odours.

- Workers sort and process waste manually and are at risk of health hazards from
toxic, allergenic and sharp objects.

Il. UNSTABLE SOURCE OF INCOME

- The livelihoods of waste pickers are highly insecure as they have no rights to the
waste on which they depend on and therefore they need to compete with others.
- Sometimes they are harassed by security guards or stray animals.

I1l. EXPLOITATION FROM MIDDLEMEN

- The current multi-layered delivery and supply chain is chaotic and complicated,
and those at the bottom of the industry are vulnerable to exploitation by dealers and
wholesalers.

IV. NEGATIVE ENVIRONMENTAL IMPACT

- The handling and disposal of waste generates gases, noise, bioaerosols, smoke,
dust and particles that pollute the environment of residential areas.

V. LIMITED AMENITIES

- There is a very limited provision of schools, libraries, community spaces,
playgrounds or childcare for workers, dwellers and their kids.



CITY - EXTERNAL THREAT

VI. LARGE CONSUMPTION OF RESOURCES

- The demolition of slums and the construction of massive high-rise buildings
consumes resources and large quantities of building materials, putting pressure on
the environment.

VIl. SLUM DWELLERS LOSE SOURCE OF INCOME

- With no space allocated for informal business, these redevelopment projects cut
off the original support networks of the informal economy and the dwellers' source
of income. Some past slum redevelopment schemes have turned slums into massive
housing and commercial complexes, but there was no space for the poor.

VIIl. PRESSURE ON MUNICIPAL WASTE MANAGEMENT SYSYTEM

- With informal waste management in slums under threat, municipal waste
management systems have to be overloaded to avoid the city being overwhelmed by
waste.

IX. SLUM DWELLERS LOSE SOCIAL CONNECTIONS

- The form of tower would threaten the community sentiment and the vibrant social
structure that underlie the flourishing of informal micro-businesses in the slums.

X. URBAN ENTERPRISES ARE UNDER THREAT

- The disruption of the supply chains threatens thousands of businesses that
employ slum dwellers and the downstream industries that depend on raw secondary
materials and components from the slums.



TWO UNSUSTAINABLE DIRECTIONS FOR SLUM DEVELOPMENT
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Current Situation of slums

Possible interventions by developers

Social aspect

I. Health hazards for workers and dwellers
VIII. Slum dwellers lose social connections

V. Limited amenities

Economic aspect

Il. Unstable source of income due to lack of job security
Ill.Exploitation due to multi-layered supply delivery chains

VII. Slum dwellers lose source of income

X. Urban enterprises under threat

Environmental aspect

building materials

VIII. Pressure on municipal waste manage-
ment sysytem

IV. Negative environmental impact
VI. Large consumption of resources and

From the perspective of three pillars of sustainability framework, neither the
existing situation of slums nor the past interventions to them are sustainable.
It is necessary to explore a new direction for future slum development which
entails a synthesis of economic, environmental and social sustainability.

THREE PILLARS OF SUSTAINABILITY FRAMEWORK



RESEARCH QUESTION

With the approach of slum redevelopment, how does informal waste management operate in synergy with
other economic sectors in a spontaneous socio-economic cluster to promote sustainable livelihoods for
slum dwellers and sustainable development for Navi Mumbai?

SUB-QUESTIONS

- How to develop a sound operating model for IWM in slums to create healthy working mechanisms, life-work balance, and sustainable financial returns for people
engaged in this business?

- How can IWM positively influence (or be influenced by) other formal/informal businesses, and how do they interact and collectively bring direct and potential
economic benefits to the dwellers and the city (generating income or providing inexpensive goods)?

Economic
aspect

- How can IWM promote circularity through recycling resources/materials and saving energy, thereby improving the ecological sustainability and resilience of the
slums and the city?

Environmental
aspect

- How can IWM improve the quality of life of citizens and slum dwellers (for example, can recycled waste be used as new building materials or daily necessities)?
- How to enable a range of vibrant socio-economic activities grounded in a complex network of IWM and other informal industrials? Furthermore, how can an inclusive
community be developed on this basis, increasing its dynamism, diversity, cohesion and interconnectedness?

Social
aspect

- How does the built environment (including scales of city, community, neighbourhood, building, and dwelling unit) positively impact the above aspects?
- How do the output outcomes of the above aspects in turn reshape the built environment, thus creating a positive feedback loop?

Housing
aspect




02. APPROACH

A New Sustainable Trajectory



WASTE MANAGEMENT & BUILT ENVIRONMENT
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TWO MUTUALLY PROMOTING SYSTEMS

The approach to the challenge is based on a consideration of the relationship between two mutually promoting systems, waste management
and the built environment. The built environment in slums affects the efficiency of the industry and is in turn reshaped by recycled materials,
creating a positive feedback loop and bringing economic, environmental and social benefits.
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MAIN AIMS OF THE PROJECT

1. ENVIRONMENTAL SUSTAINABILITY

Improving the model of IWM and treating wet and dry waste scientifically to increase the

efficiency of recycling industry and bring positive environmental impacts.

2. SOCIAL SUSTAINABILITY

Upgrading the built environment to improve working and living conditions in current slums and

promote community participation and cohesion.

3. ECONOMIC SUSTAINABILITY

Enhancing linkages between IWM and other formal/informal businesses in slums to bring the

benifits of agglomeration economies and create diversified income generation.



HYPOTHESIS MODEL

PRINCIPLES AT THREE SCALES

Three design strategies at the city, community, and cluster scales
are proposed respectively, namely decentralised slum-based
waste management, technological and biological cycle, and
micro agglomeration economies. These strategies are mutually
supportive, contributing to and influencing each other at different
scales. They together set the principles for replicating the model
in other slums in the city, and indeed throughout India.

1. Decentralised slum-based 2. Technological & 3. Micro agglomeration
waste management biological cycle economies

LAY
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.** cluster scale

community scale

city scale



REINTERPRETING RELATIONSHIPS

1. DECENTRALISED SLUM-
BASED WASTE MANAGEMENT

city - slum

Slums are scattered throughout the city
as semi-formalised recycling sites

2. TECHNOLOGICAL &
BIOLOGICAL CYCLE

factory - recycling uint

~
>4

Factories and recycling uints work
together to process dry and wet waste
with different means

3. MICRO AGGLOMERATION
ECONOMIES

home - workplace

Workplaces and commercial units are
clustered together and stay in close
connection with the living space



A WIN-WIN SITUATION THROUGH A NEW SUSTAINABLE TRAJECTORY

Economic Aspect

@Qf - Improving waste supply delivery chains & specialising technology
- Semi-formalising and integrating the sector

- Allowing for a thriving informal economy in the community

- Generating income & providing affordable items

CITY:
SUSTAINABLE DEVELOPMENT

win-win situation

>

A SUSTAINABLE
FUTURE DEVELOPMENT

TRAJECTORY FOR SLUMS SLUM:

SUSTAINABLE LIVELIHOODS

Environmental Aspect Social Aspect

- Recycling waste from the city - Improving working & living conditions

- Minimising negative environmental impacts in the recycling - Providing affordable housing

industry - Introducing diverse amenities to the
- Reducing the consumption of natural resources and energy community

- Planting greenery - Strengthening community cohesion




03. URBAN SCALE

Decentralised Slum-based Waste Management



SLUM & WASTE IN NAVI MUMBAI

24.0 MSW MTs/day

82.0 MSW MTs/day

78.0 MSW MTs/day

124.0 MSW MTs/day

THE AMOUNT OF WASTE AND SLUMS BY REGION

85.0 MSW MTs/day

According to the 2011 Census of India, Navi Mumbai has 48,577 dwellings in slums, which house
approximately 1/5 of the city's total population. The informal sector in slums acts as a driving
force for recycling management.

134.0 MSW MTs/day
In 2018-19, the daily average solid waste generated in Navi Mumbai was 753 Metric Tons. Among
all nodes, Turbhe generates the highest daily average waste (134.0 MTs/day).

113.0 MSW MTs/day

113.0 MSW MTs/day

B Slums where household data is available
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CHANGING THE WAY WASTE IS COLLECTED AND TRANSPORTED

SEMIFORMALISING THE SYSTEM

Currently, most of the waste ends up in the city's centralised landfills,
leading to significant collection and transport costs. However, the
existing slums can potentially be integrated with the municipal
system and developed into a decentralised waste management
network, expanding the range of recycling services and generating
income for slum dwellers. This decentralised waste management
model has the potential to be applied in other Indian cities, as waste

and slums are common problems in India.

»>
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From centralised landfill-based waste management...
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...to decentralised slum-based waste management
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EXISTING CENTRALISED MODE

CURRENT WASTE DESTINATIONS

ncollected waste (30%)

u

NNNN\N

waste dumped at landfill sites (50%)

treated waste (20%)

NNNEN N

%)

municipal solid waste
in Navi Mumbai (100

Turbhe is a mixture of industrial and residential areas. Currently,

over half waste in this area ends up in the central landfill.

O existing landfill

e---> existing landfill-based waste management

200

100
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FUTURE DECENTRALISED MODE
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SEMI-FORMALISATION OF THE INDUSTRY
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o s EXPECTED FUTURE WASTE DESTINATIONS

!
N

dry waste -
technological cycle (27%)

municipal solid waste

in Navi Mumbai (100%) wet waste -

biological cycle (73%)

NAANNANANNNNNAS

Waste banking has proven to be a successful model in other third
world countries like Indonesia. Waste deposited by the customer
will be weighed and valued with a sum of money, enabling waste
separation at source and local wet waste treatment.

. future slum-based recycling site
e--» future slum-based waste management
“ highway, subway, road

future decentralised waste bank



NEW SUPPLY AND DELIVERY CHAIN
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REDESIGNING HIERARCHY OF THE INDUSTRY

TOP

d manufactu
HIERARCHY OF INFORMAL WASTE MANAGEMENT it lrdusites

junk shops, wholesalers

By promoting the establishment of cooperatives, reducing the
involvement of middlemen and introducing waste banks, .
waste pickers and itinerant buyers will have a higher position e craftsmen, processors
in the hierarchy of the industry. The semi-formalised

IWM system will provide workers with stable source of

. . . . . cam R : )
income, jOb security and a good social reputation. R ¥ 4 recycling micro and small enterprisess, scavenger co-operatives
m family-based units engaged in waste collection or scavenging/picking
3\@ individual waste scavengers/pickers/itinerant buyers

BOTTOM

»>

000
(1]

W

TOP

d manufactu

-ring industries

B

craftsmen, processors(waste bank

(recycling micro and small enterprises,(scavenger co-operatives)

family-based units engaged in waste collection or scavenging/picking

individual waste scavengers/pickers/itinerant buyers

BOTTOM



3. street waste picker



SITE & SCOPE OF WASTE MANAGEMENT SERVICE

SLUM INFORMATION

Area: 3.9 ha

Dwellers: 3200

Occupied dwellings: 740
Dwellings ownership rate: 62%
Site density: 215 dw/ha

The selected site for the project is one of the slums in
Turbhe, which will provide waste management services to the
surrounding area in the future.

Eﬁ E‘ ' m
)f-‘»"“’ '."azﬁ
33 e P

__i site boundary

‘ scope of services

Turbhe
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04. COMMUNITY (SLUM) SCALE

Technological & Biological Cycle



TECHNOLOGICAL CYCLE & BIOLOGICAL CYCLE
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- helping in building construction - helping in landscape construction
- enabling building materials from waste and - enabling plant composting and biogas
afforable everyday items / generation
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TECHNOLOGICAL & BIOLOGICAL CYCL

E PROCESS

SOURCE PRODUCTION CONSUMPTION
7 — s ‘ s
| VANTAN 0N (SN
TECHNOLOGICAL CYCLE - E”E F q 1%
axyii C
e P oo e
rom M Tww;‘rrﬁmtmmﬂﬂ aras of M Towear P Urban park structure

: ?ié@ a—

UPCYCLERECYCLE AND REUSE

=]

WASTE tﬂ% * @
T

Reuse- upeycle of wooden Reeyeling of wooden

:. material for artisanal work materials

e

- restoraton ecology
SOURCE PRODUCTION CONSUMPTION

$re v

Agriculture crops grown in the Urban f..rmins
Zina Peri-Urban Farm Urban agriculture
i the city

A

-
%
+

‘.

REUSE
WASTE
@ 3 S
b C g
v. I + :
‘ - Plant the remaining fruit and
urge!ahle seeds in the three
locations.

Home compast from
organic waste used as
fertilizer in three locations

BIOLOGICAL CYCLE

The technological cycle is achieved through dry waste recycling, bringing about alternative building materials for building construction. While the
biological cycle is achieved through wet waste recycling, bringing about renewable energy and landscape construction through plant composting.

Source: https://www.archdaily.com/942255/anasta

sia-elrouss-designs-a-vertical-eco-village-in-beirut-a-new-way-to-inhabit-the-built-environment
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NEW JOBS EMERGING FROM TECHNOLOGICAL & BIOLOGICAL CYCLE
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TRAINIMNG FOR WOMEN PRODUCTION TESTING
In Warchee Green In Warchee workshop In Zina Peri-urban farm
Wooden Pavilion Spaces - M Tower
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Pavilion and M tower
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TRAINING FOR WOMEN $:2|?:|—'§;'0” AND ?E:ﬂ':fIHGhGR'EiNS X MAINTAINING THE CITY
In Zina Peri-urban farm it Ll Tl
In Warchee's Green Market Space- M Tower

Wooden Pavilion

MAINTENAMCE OF ALL
THREE SITES

AGRICULTURAL TRAINING

Source: https://www.archdaily.com/942255/anastasia-elrouss-designs-a-vertical-eco-village-in-beirut-a-new-way-to-inhabit-the-built-environment
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INTEGRATION OF EXISTING WAREHOUSES

THG T e, j}
X ! o

SLUM INFORMATION

Area: 3.9 ha

Dwellers: 3200

Occupied dwellings: 740
Dwellings ownership rate: 62%
Site density: 215 dw/ha




WASTE MANAGEMENT WORKFLOW

<€ - - ® Technological cycle
<€ - - @ Biological cycle

4. finished products

2.3 vegetables, fruits, biogas

2.3 biological recycling
2.2 mechanical & chemical recycling

1.1 dry waste

1.1 dry waste

1.2 wet waste

2.3 biological recycling
4. finished products

)

FACTORY

. (

)

CLUSTER

C

» ( WASTE BANK )

CITY
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BIOLOGICAL CYCLE

PRODUCTS OF

U el

PRODUCTS OF BIOLOGICAL CYCLE
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SOURCES OF WASTE

COMPOSITION OF MUNICIPAL SOLID WASTE IN NAVI MUMBAI IN 2018-19

1%

0.6% » Metals 4.0 MTs/day

Rubber 7.0 MTs/day

Debris 7.0 MTs/day

Glass 22.0 MTs/day
13%

Paper 45.0 MTs/day

Cloth 45.0 MTs/day
+ ® Plastic 75.0 MTs/day
v ®m Coconut shells 97.0 MTs/day

v/ ® Organic matter 451.0 MTs/day

60%

TC
(TECHNOLOGICAL CYCLE)

BC
(BIOLOGICAL CYCLE)

The most waste generated by Navi Mumbai is organic matter, coconut shells and plastic. The organic matter will enter the biological cycle to

produce biogas or plants, while other materials have the opportunity to enter the technical cycle to produce various alternative building materials.
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TC — WASTE / RAW MATERIALS FOR CONSTRUCTION

1. PLASTIC

2. COCONUT

3. OTHERS

4. RAW MATERIALS

1.1 THERMOPLASTICS

drinking bottles, grocery bags,
food storage containers, etc.

2.1 COIR

seed-hair fibres obtained from
the shell or husk of coconuts

3.1 PAPER

office paper, newspapers,
magazines, cardboard, etc.

—

4.1 RESIN
thermosetting polymers as
epoxy, polyester resin, vinyl ester
resin, etc.

1.2 THERMOSET PLASTIC

gas & water pipelines, electrical
plugs, kitchen appliances, etc.

2.2 COCONUT HUSK

rough exterior shells of coconuts

3.2 TETRA PAK

packaging of dairy, beverages,
ice cream and prepared foods

4.2 CEMENT

limestone, shells, clay, marl,
shale, silica sand, etc.

,4’],

3.3 STRAW

stalks of cereal grasses as
wheat, oats, rye, barley, etc.

3.4 GLASS

beer and soft drink bottles, food
bottles and jars, etc.



TC — BUILDING MATERIALS FROM WASTE

1. PLASTIC

PLASTIC LUMBER

wall frame, cladding, tile

thermoplastics

- low-cost
- modular & demountable
- 100% recyclable

recycling

THERMOPLASTIC

(through reheating and remoulding)

GLASS FIBRE-REINFORCED
PLASTIC

column, beam, floor slab, roof

CONCRETE / ASPHALT CONCRETE

(WASTE PLASTIC AS AGGREGATE)

foundation, platform, pavement

cement

g
thermoset plastic

fragments
- cost efficient - low-cost
- strong and lightweight - durability & longevity
- modular & demountable - energy savings
closed-loop recycling
-~ \\
\
cross-linking , b downcycling
> | THERMOSET PLASTIC o= «= e= «= == < AGGREGATE/FRAGMENTS
(through irradiation techniques \ (as filler, reinforcement or
and chemical agents) / core material replacement)
~ _’/

(through mechanical recycling soulution)
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TC — BUILDING MATERIALS FROM WASTE

2. COCONUT

COCONUT FIBRE MAT

insulation

- low-cost
- local production
- thermal and acoustic perfermance

i

coconut husk

COCONUT HUSK BOARD

wall lining, cladding

- low-cost
- local production
- quick and easy installation

43

CEMENT FIBRE BOARD

sandwich wall, lining, cladding, flooring

cement

colr

- cost efficient
- long life span
- quick and easy installation



TC — BUILDING MATERIALS FROM WASTE

3. OTHERS

PAPER TILE

wall / floor tile

paper

- low-cost
- local production
- thermal and acoustic perfermance

Tetra Pak

TETRA PAK BOARD

wall lining, cladding, roof

- low-cost
- local production
- quick and easy installation

-44 -

STRAW PANEL

wall, insulation

- cost efficient
- thermal and acoustic perfermance
- quick and easy installation



TC — HIERARCHY OF MATERIAL TREATMENT PROCESSES

( TREATMENT ) ( MATERIALS FROM WASTE ) ( PROCESSING PLACE )

MANUAL HANDLING/
SIMPLE TOOLS

eececccco e

|-

sorting, soaking, weaving,
painting, coating, cutting...

ST 8 e K

paper tile coconut fibre mat recycling unit workshop

SMALL MACHINERY

IXERNEY 2

crushing, dyeing, drilling,
sawing, planing, polishing...

glass fibre-

-~ _ _ Tetra Pak board coconut husk board straw panel plastic lumber reinforced plastic workshop

& B P
z
(CRENI

LARGE / HIGH-TECH [ cecsep
MACHINERY
mixing, melting, pressurizing, b e o
extruding, moulding... cement fibre board  straw panel plastic lumber glass fibre- ~ concrete / asphalt factory
reinforced plastic concrete

o L § m

,45,



TC — GFRP AS MAIN STRUCTURE

GLASS FIBRE-REINFORCED PLASTIC

- stronger, lighter, cheaper
- modular, demountable, durable, environmentally friendly

,46,



TC — MANUFACTURING PROCESS OF GFRP

Heated Die
B

Step 1 Step 2 Step 3 Step 4 Step 5
Batching > Melting > Fiberisation > Coating > Cutting & Drying

GLASS FIBER-REINFORCED PLASTIC

Glass fiber-reinforced plastic is a synthetic amalgamated material made up of plastic and fine fibers of glass. The formation process of GFRP involves a
combination of extrusion and attenuation.The material is in demand for its high strength, light weight, corrosion resistance quality from last few decade.

Source: https://www.researchgate.net/figure/A-pultrusion-line-or-a-pultrusion-machine-is-used-to-produce-the-pultruded-GFRP-profile_fig10_303921353
https://www.pfh-university.com/blog/gfrp-manufacturing-process-properties-and-application.html
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TC — COMPARISON OF STRENGTH

Density (g/cm3)

Tensile
Strength (MPa)

Compressive
Strength (MPa)

Elasticity
Modulus (GPa)

Glass FRP

1.25-2.50

483-4580

103-206

35-86

Steel

7.85

483-690

250

200

Glulam

0.4-0.6

29-63

24-31

9-14.5

Concrete

2.24-2.40

2-5

20-40

14-41

Brick

1.6-1.92

0.35-2.1

7-14

3.5-34

STRUCTURAL FEASIBILITY

Pound for pound, GFRP has excellent structural properties comparable to steel in the lengthwise direction and weigh up to 75% less. The fibres provide the

main load-bearing capacity of the material, making its far stronger than traditional building materials such as glulam, concrete and bricks.

Data Source:

https://www.sciencedirect.com/science/article/pii/S2214785320357618
https://www.engineeringtoolbox.com/concrete-properties-d_1223.html

https://www.engineeringtoolbox.com/timber-mechanical-properties-d_1789.html|
https://www.engineeringtoolbox.com/compression-tension-strength-d_1352.html




GFRP I-BEAM CACULATION

CACULATION

Data source: https://fibrolux.com/grp/knowledge/static-calculation/

Dimensions
H: 240 mm
B: 150 mm
S: 12 mm
1 6 mm
Conditions
Distributed load: 12000 N/m
Density: 1.8 g/cm®
E-modulus: 80000 MPa
Length: 4000 mm
Results
Bending: 9.64 mm
Flex. moment: 24000 Nm
Tesion: 55.526 MPa
Elongation 0.069 %
Profiles rDimensions Conditions
" Rod H (mm) h {mm}) Dist.Load g (M/m) Uni.Load F (M) w B
 mube & o e igN 1
£ Flat Profle B {mm) b (mm} Density {gfcm? E-Modulus (MPa)
|150 | a0 RS | /o000 |
= rect. Tube n I
p s {mm) t {mm) Length (mm)
+ I-Profie |lZ | |6 | |4000 | I 1
L. D (mm) d (mm}) Predision t
= U-Profile |lU | |5 | |3 |
" U-Profile head
€ U-Profile sid [Result= 1 1 1 l 1 l
EEaiReRce Bending {mm) Flex.Moment (Nm)  Tension (MPa) Elongation (%)
" Angle p.64 | [24000 | |s5.526 | |p.oss | P_ T j:‘
" TProfile W (mm3) I (mm~4) Mass (kg) Area (mm?
" T-Profile head [432230.4 | [51887648 | [z5-251 | [2898 | [ioading Cose 2 =]

-
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TC — COMPARISON OF INITIAL MATERIAL COST

4*4M UNIT SIZES VOLUME PRICES

Local Material
Cost (Rs./m?3)

> Glass FRP 200000

Steel 430000

Glulam 70000 | ceeeeeeeee >

Concrete 8000

Brick 6000

21,600

Data Source:

https://www.globalwoodmarketsinfo.com/latest-timber-prices-in-india/

https://civiconcepts.com/blog/construction-and-building-materials-market-price
https://www.indiamart.com/proddetail/fiber-reinforced-plastic-sheets-7749244755 html
https://civilsircom/what-is-the-rcc-column-cost-per-sq-ft-in-india/#:~:text=For%20calculating%20rcc%20column%20cost,rcc%20column%20per%20square%20feet



TC — COMPARISON OF TOTAL COST IN LIFETIME

Estimated total cost
for a 4*4m unit

Glass FRP

142,100 /unit
A

COST EFFICIENCY OF GFRP

Steel

188,400 %/unit

Concrete

158,000 /unit

Maintenance and servicing
Surface treatment
Assembly

Production

Material

Project planning

Compared to concrete, GFRP requires a higher initial investment to manufacture the material. However, this investment is worthwhile in view of the whole
life span of the building, as GFRP requires less maintenance, assembly and transport costs.

Data Source:

https://fibrolux.com/grp/knowledge/advantages-cost/
https://civilsir.com/rate-analysis-for-concrete-calculate-quantity-and-cost/
https://www.rhinobldg.com/should-you-build-with-steel-or-concrete/
https://www.steelconstruction.info/Cost_of_structural_steelwork
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TC — FEASIBILITY OF APPLYING GFRP IN SLUMS OF NAVI MUMBAI

1. RAW MATERIALS

sufficient amount of waste

- Large amount of plastic and
glass waste resources;

- The collection and pre-
treatment processes can

be integrated into the IWM
system.

2. MANUFACTURE

local production

o tit %_'I;:)

- Local manufacturers already
have the technology and
machinery and do not need to
import;

- The existing warehouses can
be used as factories for local
production;

- The manufacturing process
is energy saving.

3. COST

high cost efficiency

- Affordable initial cost;
- Low total cost in its useful
life.

4. CONSTRUCTION

quick construction by local labour

=

- The strength is comparable
to that of steel,

- Lightweight and modular
design allows for quick self-
built construction, promoting
the participation of users and
reducing construction costs.

5. MAINTENANCE

low-maintenance

=~

- Long life span due to the
superior durability;

- Low-maintenance as it is
highly resistant to water, salt
and chemical corrosion.

6. END OF LIFE

reusable and recyclable

- The components can be
deconstructed and reused
thanks to the reversible design;
- GFRP can be incorporated

as filler or reinforcement
replacement into new
composite materials or as a
closed-loop recycling for the
same source-material.



BC — PLANT COMPOSTING

microorganisms
Organic waste + O, » CO,+ H,0 + Heat + Compost

[

l"_.
L4

SCRAPS
= ﬁ_ COMPOST
- = LIFE b
CYCLE _
FOOD COMPOST organic waite
o e
\\\
aliveness i .
GROW o i"
7 o B

THE PROCESS OF COMPOST

Compost is a mixture of ingredients used to fertilise and improve the oxygen
soil in a process that involves breaking down organic materials, such
as leaves and food scraps, into a humus-like material. It is an aerobic
method of breaking down organic solid waste and the resulting mixture is
rich in plant nutrients and beneficial organisms.

<l



BC — PLANT DIVERSITY

i.-local treatment of organic waste

biodiversity
iii. air purification
iv. noise reduction

v. rainwater harvesting + sewage treatment

vi. temperature reduction

renewable energy
income .generation

v
viii.

Maize / Urticaceae

Witch hazel

Amaranth

Lobelias

Neem tree




BC — SUPPORTING TECHNOLOGY

i,-local treatment of organic waste

ii. biodiversity

iii: air purification

iv. noise reduction

v. rainwater harvesting + sewage treatment

, . vi. temperature reduction
e vii.- renewable energy
viii. income.generation

. S : 5
constructed

wetlands plant composting

stormwater harvesting & treatment community-based biodigester




BC — COMMUNITY-BASED BIODIGESTER

Thermal energy Mechanical energy
(cooking & washing) (productive activities)

BIOGAS

1111
HEOF1H

output f
g

‘(\o} BIOFERTILIZER / SLUDGE

0\5

SEWERAGE / AGRICULTURAL \
WASTE / BIOWASTE y
e

BIODIGESTER

BIODIGESTER

A biodigester is a system that biologically digests organic matter and transform it into biogas for thermal or
productive purposes and fertilizer for plant growth. It is a scientifically effective means of dealing with wet
waste, improving community sanitation and providing a sustainable source of energy. As a community-based
infrastructure system, the biodigester in this project relies on the existing warehouse on the site.



05. CLUSTER SCALE

Micro Agglomeration Economies



DIVERSITY OF BUSINESSES IN SLUMS

I Organised/formal @ Unorganised/informal

100%

60%

50%

0%

THE VARIETY OF ECONOMIC ACTIVITIES IN THE SLUMS

It is important to note that there are many other informal businesses coexisting in slums in addition to waste recycling. They together contribute to the thriving informal
economy ecosystem in slums. There is a need to maintain their interconnections to sustain the socio-economic viability within slums. In fact, informal waste management
is also linked with many other industries, such as composting workshop, urban farming, manufacturing, etc.

https://ww3.rics.org/uk/en/modus/built-environment/construction/slumdog-billionaire--turning-rubbish-into-rupees.htmi

5Q
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HOW TO INTEGRATE PRODUCTION ACTIVITIES IN SLUMS

CLUSTERING OF BUSINESSES

N ‘ o

The clustering of economic activities within slums reduces
production costs and provides supply networks and well-trained
workers. The vertical and horizontal traversability (street, lane,
ladder, stairs, platform,, etc.) further strengthens interconnections
between related informal businesses.

OPEN SPACE CONTACTING THE GROUND

The open spaces provide a rich social life and informal spaces
that can be freely occupied for living, production or commercial
use.

,59,

LIVE-WORK LIFESTYLE

/

There is an intricate relationship between the home and the
workplace in slums. Houses or public spaces directly connected
to them are often used as workplaces.




HOW TO INTEGRATE PRODUCTION ACTIVITIES IN SLUMS

Working area Shop extending on the street Window shop

In slums, people use all possible public or semi-public spaces, such as street corners, sheds, verandahs, terraces and steps, for various productive activities like buying, selling, drying, or stacking
goods. These spaces are occupied informally or temporarily to carry out these economic activities or daily activities, which gives vitality to the public space.

Source: Bartosz Kobylakiewicz; Development Induced Empowerment: The Roof Villages of Addis Ababa

,60,



THE MULTIPLE ROLES OF THE CORRIDOR / PLATFORM

1. Circulation 2. Daily life use 3. Socialisation & leisure 4. Stacking & production 5. Buying & selling

CORRIDOR IMMEDIATELY ADJACENT TO THE LIVING SPACE

The corridor immediately adjacent to the living space takes on a variety of roles, with functions such as circulation, daily life use, socialisation, stacking & production, buying & selling, etc. These
activities make the corridor an overlap of living and working.
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AN ALTERNATIVE COMBINATION OF LIVING & WORKING

1\

TRADITIONAL SLUM B e platform & stairs

(Verticalised streets
and open space)

S: diverse productive and commercial activities;
the living space is highly interlinked with the working space; 4
W: ambiguous boundaries lead to mutual interference;
lack of communal facilities and amenities

&/A....... . living unit & domestic
industry

@sodecccccs 0 recycling/manufacturing

@cccleccccce - commerce & facility

MICRO AGGLOMERATION ECONOMIES

The cluster is an alternative combination of living and working. The ground floor is for commerce and

| | 1 facility, the first floor is for light industry, and the upper floors are for living and domestic industries.

The platforms and stairs in between are considered as verticalised streets, taking activities from the
ground level to upper levels.

TRADITIONAL CONDOMINIUM Iiving unit
S: improved living conditions (ventilation, etc.);
larger residential population and greater economic benefits
W: no space allocated for informal business;
lack of diverse open spaces

home-based industry / office
light industry / manufacture

private communal amenity

DEROGD

. communal use commercial shop
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HOW TO INTEGRATE ECONOMIC ACTIVITIES INTO THE LIVING SPACE

_J - < LIVE-WORKLIFESTYLE

(domestic industry, independent
workplaces adjacent to living units)

CLUSTERING OF BUSINESSES & - - b i )V e e - OPEN SPACE

(commerce, light manufacturing,
recycling, domestic industries, etc. )

(platform attached to units, inner
courtyard, outdoor extended platform)

,63,



SOCIO-SPATIAL MIX

Domestic industry & living

Rental apartment

EWS & LIG

Light industry / production / manufacturing

Commercial use

Communal facility

EWS & LIG, rental apartment

,64,

EWS & LIG CLUSTER

RESIDENTIAL
60%

INDUSTRIAL

25%

FACILITY

5%

COMMERCIAL
10%



CIRCULATION

EWS & LIG CLUSTER

Residential Facility
60% 5%
- N
A AR
/
|
\
N\ /
D N -
Industrial Commercial
25% 10%
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CIRCULATION

,66,

EWS & LIG CLUSTER

Residential Facility

60% 5%

/7 \
/ \
| |
\ ]
\ /
~_ - N
Industrial Commercial

25% 10%



MICRO AGGREGATION ECONOMY AXONOMETRY

GROUND FLOOR

Commerce; Residence; Facility

residence

facility

industry

commerce

-67 -

FORMAL MARKET

COMMOM FACILITY
(SHBA, training room, tea-
shop, gym, etc.)

INNER COURTYARD

NEIGHBOURHOOD SHOP

STREET VENDOR
(mobile shop)



MICRO AGGREGATION ECONOMY AXONOMETRY

~~~-* PLATFORM

(informal workplace)

- — - - - LIGHT INDUSTRY/
RECYCLING

FIRST FLOOR

Light industry; Manufacturing; Recycling

residence facility industry commerce
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MICRO AGGREGATION ECONOMY AXONOMETRY

SECOND FLOOR

Residence; Domestic industry

residence

facility

industry

commerce

- 60 -

Sl — @

EWS & LIG RESIDENCE

SOCIAL RENTAL FLAT

PLATFORM

DOMESTIC INDUSTRY
WITH LIVING SPACE



MICRO AGGREGATION ECONOMY AXONOMETRY

THIRD FLOOR

Residence; Domestic industry

residence

facility

industry

commerce

-70 -

-—— -

EWS & LIG RESIDENCE

SOCIAL RENTAL FLAT

PLATFORM

DOMESTIC INDUSTRY
WITH LIVING SPACE



MICRO AGGREGATION ECONOMY AXONOMETRY

FOURTH FLOOR

Residence; Domestic industry

residence

facility

industry

commerce

-77 -

EWS & LIG RESIDENCE

SOCIAL RENTAL FLAT

PLATFORM

DOMESTIC INDUSTRY
WITH LIVING SPACE



MICRO AGGREGATION ECONOMY AXONOMETRY

o o e e e e e m e — - e RESIDENCE &
DOMESTIC INDUSTRY

FIFTH FLOOR

Residence; Domestic industry

residence facility industry commerce
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MICRO AGGREGATION ECONOMY AXONOMETRY

€ -- - —ee——-—---4+ COMMUNITY CENTRE

-—----------- CHILDREN PLAYGROUND

- - — e porch

- - ---------- EXTENDED PLATFORM

CLUSTER

= ----------------------e CONSTRUCTED WETLANDS

(stormwater harvesting &

composting)

Commerce; Industry; Residence; Facility

-73-



24H ACTIVITY CYCLE

16:00

08:00

4. Playground

18:00

5. Food grocery / street vendor

2. Workshop

10:00

3. Tea-room / canteen

6. Open space

12:00

—— e e e e e e e e e e e e e mm e e e e e e e e e e e e e e e e e e mm e M e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mm w w o

3
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DIVERSITY OF ACTIVITIES IN THE CLUSTER

1. social rent flat 2. EWS & LIG residence / 3.light industry /
domestic industry recycling

6. walkway /
constructed wetlands

i

1




FACADE - SECTION

LRI

Z T2 b} I
e =
1 [
/
/| L4
T

The function of each unit is in part reflected in the facade. Spectators can recognise the rich diversity of the cluster by the type of materials and openings.
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INNER COURTYARD
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FOOT TRAFFIC IN A DAY

Il

1. LIVING /
DOMESTIC INDUSTRY

2. WALKWAY
3. COMMERCE

4. INDUSTRY

82

The foot flow of people on
different levels of the cluster
changes throughout the day. The
streets and commercial spaces
are crowded during the daytime,
promoting various economic
activities; while in the evening
the upper living spaces become
more crowded, and the platform
becomes a place for relaxation
and socialising.



COMMERCIAL USE - GROUND FLOOR PLAN
D ® ® @ 6B 6 @ ® ©Q

1.1 independent neighbourhood shop
1.2 household shop
1.3 formal brand market

1.4 street Mobile shop

Talalal
4000

aYaYa!
VAV

40

4000
RVAVAV/

100N
4000

N
U

40

00

400!
\VAVAV)

4000

JUAL




COMMERCIAL SPACE TYPE

1.1 INDEPENDENT NEIGHBOURHOOD SHOP
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COMMERCIAL SPACE TYPE

1.2 HOUSEHOLD SHOP
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COMMERCIAL SPACE TYPE

8
|l
|

|

[T P TT [ [T 1T T ?[I[II[

1.3 FORMAL BRAND MARKET
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COMMERCIAL SPACE TYPE

1.4 STREET MOBILE SHOP
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INDUSTRIAL USE - FIRST FLOOR PLAN

i

D 2 3 4) G 6 (7)) B8 (10)
| 7 36000 Size
l 4000 T 4000 * 4000 T 4000 4000 4000 4000 4000 4000
| I | |
_;@ -_1I e o \__ _\_ __I o | ) B __\
@ @ | | | I | 8
il il S
¢ W 1
~ ‘
O
L
- INDUSTRIAL USE:
O
=
; Size a 32m?
é Sizeb  32m?
_ Size ¢ 64m’
S S Sized  96m?
| =
looo ! =
I [ g
COTTT e
- B O
g S
o S =
= |
o
~ G fo §
i W £ 0
‘ ‘ ‘ F = 2.1 Service industry
‘ ‘ AT A = .
‘ ‘ ) g g | = 2.2 recycling industry
| |

2.3 Manufacturing
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INDUSTRIAL SPACE TYPE

2.1 SERVICE INDUSTRY
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INDUSTRIAL SPACE TYPE

2.2 MANUFACTURING

-90 -




INDUSTRIAL SPACE TYPE

2.3 RECYCLING INDUSTRY
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RESIDENTIAL USE - THIRD FLOOR PLAN

1 2 B @

4000 T 4000 ‘ 4000 * 4000

36000
4000

6 @

4000

4000

4000

10,

4000

O3 [FI 1]
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EWS & LIG LIVING:

Size a

Size b

Size ¢

Size d

Size e

32m?
48m?
56m*
64m?

72m?

2-4ppl.
3-5ppl.
3-5ppl.
6-8ppl.

6-8ppl.

3.1 EWS & LIG living unit

(social rental)

(social rental)

3.2 domestic industry with living space

3.3 Social rent apartment



RESIDENTIAL USE

3.1 EWS & LIG LIVING UNIT

-03-



RESIDENTIAL USE

3.2 SOCIAL RENT APARTMENT
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RESIDENTIAL USE

—————

3.3 DOMESTIC INDUSTRY WITH LIVING SPACE
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DOMESTIC INDUSTRY LIVING UNIT

SECTION

PLAN

AXONOMETRY



COMMUNITY PLAN
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COMMUNAL FACILITY / PUBLIC STRUCTURE

4.1 CLUSTER FACILITY

-08-



COMMUNAL FACILITY / PUBLIC STRUCTURE

] Il

4.2 STREET FACILITY
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COMMUNAL FACILITY / PUBLIC STRUCTURE

H H H
H H H

B H HE

o
e 5";;:3?}

iﬂi 4.3 COMMUNITY FACILITY
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COMMUNAL FACILITY / PUBLIC STRUCTURE

4.4 FACTORY
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THE ROLE OF WASTE MANAGEMENT

INTERDEPENDENT WITH OTHER FUNCTIONS

Among these functions, waste management occupies the core
position, complementing other functions and helping form a vibrant
social-economic structure. Waste management provides material or
economic support for other activities to take place, and also receives
the waste generated from daily activities. The materials produced from
waste management also reshape the built environment in the slum.

r-—_-—_-—_--—_-—_-—_--—_-—_q

\

--—-—--—-—--?—-—-
\/

reusable items  secondary raw
materials

discarded discarded
+ waste waste
[
|
| WASTE MANAGEMENT
[
[
discarded discarded
waste waste

Affordable secondaryh

commodities materials

ka8 COMMERCIAL USE

-———_—-———_—-———_—-———1

A

L-—--———-—-—--———-—--—-———-—-J
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RESIDENTIAL USE INDUSTRIAL USE

COMMUNAL FACILITY
DA / PUBLIC STRUCTURE



SOCIO-SPATIAL MIX

Home office

MIG

Commercial use

Communal facility

103

MIG CLUSTER

RESIDENTIAL FACILITY
65% 8%

INDUSTRIAL COMMERCIAL
12% 15%



TYPICAL FLOOR PLAN

10)

36000
4000

MIG LIVING
64m?”

Type a

SN

00002
000+ % 0007 % 0007 ﬁ 000+

4000

96m?

Type b
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SITE PLAN

30 40 50m

20

10

Dwellers: 3800

Density: 246 dw/ha

1.76

2

F

Sl: 0.35

O

Area: 3.9 ha
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WASTE LOGISTICS IN THE COMMUNITY
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1. municipal solid waste 4. technological & biological cycle 7. affordable items
2. waste (entailing large machinery or having negative impacts on the environment) 5. plant composting 8. finished products
3. waste (entailing hand work or small machinery) 6. local waste
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RECYCLING WORKFLOW IN THE CLUSTER

Wet waste will be used for composting, while dry waste will be further processed.
Reusable items can be directly sold to shops, while others will go through the
process of crushing, cleaning, drying, and finally fabricating or selling.

2.2 Hand sorting

(e.g. plastics)
\ N

1. Waste delivery ey

3.2 Crushing — . Cleaning

2.1 Composting / biodigester 6.2 Selling secondary raw
(organic matter) materials



VERTICAL & HORIZONTAL CIRCULATION IN THE CLUSTER
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PLATFORMS, STAIRCASES, LIFTING PLATFORM

/

J

§§
g

A

Staircases and platforms are the main spaces for pedestrians to move
around in the cluster and meet their daily circulation needs. As the
link between the various units, they are also important social nodes
and informal workplaces for a range of socio-economic activities.
Large bundles or heavy materials or waste destined for the first floor
workshops can be transported vertically via the lifting platform.
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06. CLIMATE STRATEGY

Passive Design



TROPICAL CLIMATE IN NAVI MUMBAI

HOT AND HUMID CLIMATE IN NAVI MUMBAI ae 3 33 o,
31° o o 31°
30 30
- in summer the temperature difference between day and night is only five 57e
to six degrees ) 54° 26° 25° 25° 25°
- thermal mass prevents heat loss at night Highs 51°
- insulation reduces heat gain by preventing heat flow from the outdoor 18°
. m Lows 17°
surfaces to the indoor ones
Jan Feb Mar Apr May Jun Jul Aug Sep
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34°

24°

Oct

34°

21°

Nov

32°




COOL BUILDING DESIGN STRATEGIES

HOT & HUMID

O,

,’\
o’ ”
C
Open without AC Closed with AC

Lightweight building, encouraging constant
air circulation

Mid-weight building, cooling down
mechanically in the most efficient way
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Open without AC

Massive building, blocking heat and
encouraging air circulation

HOT & DRY

Closed with AC

Massive building, blocking heat and cooling
down mechanically



CLIMATE STRATEGY

1. Double roof
Sunlight protection & ventilation to remove heat

2. Shutter
Diffused sunlight & permanent cross-ventilation even on rainy days

3. Envolope cavity cooling
Cooling through ventilation in the skin cavity

4. Rainwater and stormwater harvesting
Water collection tanks & water treatment system

5. Internal courtyard

Pleasant microclimate & stack ventilation

6. Planting through composting (biological cycle)
Air purification, biodiversity, shading, and cooling by transpiration |




STACK VENTILATION CACULATION

OPEN DOOR & WINDOW

I

|| 27°C (80.6°

CACULATION

Dimensions

Results

30°C(86°F)

CLOSED DOOR & WINDOW

Hn-Hb

ASASENNNENNY

111 27°C (80.6%F)

CACULATION

Dimensions

Results




HYBRID WASTEWATER SYSTEM

( On-site wastewater management )

T

nl

DECENTRALIZED WASTEWATER SYSTEM

- grey water
- rainwater & stormwater harvesting

toilet flushing, constructed wetlands, irrigation, washing or other non-potable uses

I l |

(" Municipal wastewater management )

\
|

YZANNNNSN:

=TT Tl

CENTRALIZED WASTEWATER SYSTEM

/| \ NN = VAN
A —
L T

— I f ‘ﬁj///’ ‘ i ‘

- black water
- flooding

000000

treating water in a central location and then distributing the treated water via dedicated distribution networks



STORMWATER HARVESTING

underground tank & water treatment

curb v—\

permeable pavement e———
1
1

pumped outflow to irrigation

/ system

open graded base &
subbase storage

e |
sub-surface drain pipe ~—/

permeable geotextile

STORMWATER HARVESTING

Black water will go to the sewer and treated centrally in a factory, while grey water and rainwater are
treated on site. Stormwater flows through the permeable pavement into the drain pipe and is stored and
treated in the underground tank and treatment system.
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WATER REUSE SYSTEM

wastewater

grey water
overflow
\ treated water
' treatment Irrigation
rainwater system

to sewer

GREY WATER & RAINWATER TREATMENT

Grey water and rainwater are collected and treated locally and then can be used for toilet flushing,
constructed wetlands irrigation, washing or other non-potable uses.



07. HEALTH

Workflow, Lifestyle, Technology



EXISTING HEALTH HAZARD & IMPROVED WORKFLOW

EXISTING HEALTH HAZARDS IN SLUMS

1. Proximity of waste accumulations to living space

gases, dust, leachate

2. Manual sorting of mixed waste within living space

toxic, allergenic and infectious components, sharps

3. Hazards arising from waste processing

odour, noise, vibration, accidents, air and water
emissions, residuals, explosions, fires

4. Open burning of organic waste

gaseous emissions, bioaerosols, dust, and particles

WORKFLOW INTERVENTIONS

|'—E] - Storing the majority of waste in the factories

The collected waste is stored away from living areas, thus avoiding
contamination of living them.

% - separating waste at source under regulated guidance

ooaA Toxic and hazardous waste is sorted out and disposed of
separately.

- Carrying out hazardous or polluting processes at the factories

Recycling MSEs in living areas only carry out processes that have
a minimal impact on the environment. The landscape design will
also reduce the impact of noise, odours and particles, which are
dependent on the biological cycle.

f | Eé IE) - Integrating wet waste into the biological cycle

Wet waste contributes to community landscape and urban farming
through composting, or produces biogas through biodigester.
The greenery will bring a high level of biodiversity, which will be
beneficial to health.



IMPROVED LIVING AND WORKING CONDITIONS

1. Semi-formalised workflow

Toxic or hazardous waste is
transported directly to the
factory for disposal, staying
away from the living areas of
the residents.

2. Separation of workplaces
from home

Workshops are separated from
the living space but remain in
close proximity, adapting to the
lifestyle of slum dwellers while
keeping the living spaces free
from noise and stale air.

3. Landscape & greenery

The composting process
promotes plant growth
and wetland construction,
cooling buildings and bringing
biodiversity.
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4. Facility & outdoor space

Outdoor spaces and communal
facilities enable residents to
enjoy socialisation and public
spaces, leading to physical and
mental well-being.

3. Sanitation, water and
energy

The biodigester and water
reuse system scientifically and
efficiently treats the wet waste
and grey water generated by
the residents and brings clean
energy.

6. Ventilation & sound
insulation

Shutters provide continuous
ventilation even on rainy days;
coconut fibres act as an infill
between the frames to block
out noise.



08. MANAGEMENT

Waste Recycling & Housing Construction



MANAGEMENT IN DIFFERENT SCALES
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Individual waste iv-based . b . icipal
-> picker/buyer/worker --» Family-based MSEs --» Cooperative --» Labour union --» Municipal waste system
i i i Micro aggregation economies i i
' ' ? ' '
® @ @ . @ @
Individual Family Family Group Cluster Community Navi Mumbai
people: 1 people: 2-6 people: 40-200 people: 120-300 people: 3,000-4,500 people in slums: 207,645
¢
°

Self-help build association (SHBA)

Community E
land trust

,.___
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-» Self-build labour
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STAKEHOLDER RELATIONSHIP

=
oooooooooooooooooooooooooooooooooooooooooooooooooooooo y- D I R R R R R A A I R I R I I I Y

WASTE RECYCLING

AFFORDABLE HOUSING
— urban citizens ) (_ waste picker/buyer )
| |
( local community »——— waste bank r— investors — () stakeholder
() entity
p —— relationship
S cooperatives ) — funding flow
; —— material flow
( recycling MSEs J1
(_secondary raw materials ) —
—( other informal business ) (_ production workshops ) ( factories ) (_ local manufacturers )
|
—(_enterprises in the city ) (_ local contractors NGOs/companies )
l
— ||| O : B |
( labour union ) ( CIDCO —— community land trust ) (architect/technical expert —
‘ S — """""".— ]
(_municipal waste system ) - support P (self-help build association)——
: T
—— infill ——elf-build labour/craftsmen—
— urban market — ( landscape —

=]

(_ currentresidents  ——(iving & working units) ( facilities ) (commercial properties )
(
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COMMUNITY LAND TRUST

Functions:

BANKING

PLANNING & MANAGEMENT

CONSTRUCTION

FACILITIES & LANDSCAPE

EDUCATION & HEALTHCARE

DEVELOPMENT

- funding management
- cost control

alojaq

- preliminary planning
- self-help build association management

- materials storage and sale
- on-site supervision

- operation and maintenance of
community facilities
- infrastructure

Burnp

- playground, school and library
- sanitation maintenance
- community clinic

- cross-subsidisation and social rent
- sale or lease of properties
- daily community stewardship

e



COMMUNITY LAND TRUST AND SELF-HELP BUILD ASSOCIATION

Members:
COMMUNITY LAND TRUST
Self-help build Self-help build Self-help build Self-help build Self-help build
association A association B association C association D association E

(cluster A) (cluster B) (cluster C) (cluster D)

(cluster E)



CLUSTER-BASED SELF-HELP BUILD ASSOCIATION

Functions:

BANKING

PLANNING & MANAGEMENT

CONSTRUCTION

FACILITIES & LANDSCAPE

EDUCATION & HEALTHCARE

DEVELOPMENT

alojaq

Bulinp

laye



CLUSTER-BASED SELF-HELP BUILD ASSOCIATION

Members:

e . reviewing and making decisions

.

CHAIRPERSON

a community land
trust officer

designing, monitoring, e .
managing, providing '
advisory services

..... . Managing money and
controlling costs

A &
s &
e \4
Z
5 &
Q&
Q
&
&Q. "
Providing training and e s familie§ iq the $ S negotiating and taking charge
technical support association (O\Q of labour deployment
3
Q&
MEMBERS
s . constructing the infill and taking charge of daily
CIDCO/NGOs/companies operation and maintenance of the cluster

Community land trust

Local resident



USERS

- Rather than a lottery system, the current
residents have priority;

- Families who originally owned a house
received a certain amount of free area
based on the size of their house.

- For EWS and LIG, social rent is offered
to lower the threshold;

- If residents wish to have a unit for
commercial or industrial use, they will
need to purchase a leasehold or buy a
unit at a higher price than social housing;

- The government finances or loans the
initial construction, and social renting and
ownership properties for EWS and LIG are
cross-subsidised by properties for middle-
income households and commercial and
industrial use units.

|:| SHBA member

properties for cross subsidization

60%

RESIDENTIAL

Ownership

| <

Tenancy

purchase

| current owner | | newcomer| currenttenant newcomer

(EWS & LIG) (MIG)

(EWS & LIG) (EWS & LIG)

20% 18% 12% 10%

18%

INDUSTRIAL

Ownership

[current owner|
(informal business)

Tenancy

current tenant newcomer

(informal business) (formal & informal
business)
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12%

COMMERCIAL

Ownership

[current owner]|

Tenancy

current tenant newcomer

(informal business) (informal business) (formal & informal
business)
10%
FACILITY
For-profit Non-profit
gym self-build assosiation
canteen labour union
game room healthecare
office education



ECONOMIC MODEL

investments or loans from
investors or government

R

local contractors

STAGE 1

The government or investors provide initial funds to help with the construction of the

support.

investments or loans from
investors or government

RX
\J
self-help build
association
R R
families in the communal facilities/
association properties for rent or sale

STAGE 2

The government or investors provide initial funds to help with the construction of the

infill.




ECONOMIC MODEL

self-help build
association
4 R
families in the communal facilities/
association properties for rent or sale
STAGE 3

Association members make a regular payment; communal facilities and commericial
properties generate profits to realise cross subsidization.

self-help build
association

R

\l

maintenance / unit in need of
upgrade / new householder

STAGE 4

The association funds the maintenance of the external spaces and supports new
householders or families in need of upgrad. This funding can also be used to upgrade
their workplace.




ECONOMIC MODEL

investments or loans from
investors or government
A
R
self-help build self-help build
association association
g R
families in the communal facilities/
association properties for rent or sale
STAGE 5 STAGE 6
The association continues to collect financial contributions from the members and The association pays back the loans or pay dividends to investors.

facilities/properties over time.
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09. FLEXIBILITY

Constants & Variations



REPRODUCIBILITY OF THE SCHEME IN DIFFERENT LOCATIONS

REPLICATION OF THE SCHEME TO OTHER SLUMS

This design was made in a way that allows for its implementation in other slums in Navi Mumbai. The size of the units used in the project is very flexible and can
be adapted to suit the conditions of the site. The platforms connect the units of various functions and act as informal places which are an extension of both the
working and living spaces. The courtyard in the middle of the cluster improves the quality of life, providing greenery and contributing to the ventilation and cooling

of the living and working spaces.
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PRINCIPLES

1. POLICY 2. TECHNOLOGY 3. LIFESTYLE

Decentralised slum-based waste Technological &biological cycle Micro agglomeration economies
management

CONSTANTS AND VARIATIONS

Within the framework of the three principles of policy, technology and lifestyle (namely decentralised slum-based waste management, technological &biological
cycle, micro agglomeration economies), residents are empowered with decision making regarding form, materials, function, unit size and layout. However, residents'
customisation needs to be limited to a certain extent and under the guidance of architects in order to avoid property disputes or chaos.



FLEXIBILITY

1. FORM 2. MATERIALS 3. FUNCTION

Cluster size and scale Diverse building materials from waste Living / Working / Amenities

4. UNIT SIZE 5. LAYOUT
g

.

Different unit types available Personalised space layout
depending on income and family size according to family needs

CONSTANTS AND VARIATIONS

Within the framework of the three principles of policy, technology and lifestyle (namely decentralised slum-based waste management, technological &biological
cycle, micro agglomeration economies), residents are empowered with decision making regarding form, materials, function, unit size and layout. However, residents'
customisation needs to be limited to a certain extent and under the guidance of architects in order to avoid property disputes or chaos.



MULTI-STYLE FACADE SYSTEM

COCONUT HUSK RECYCLED PLASTIC SLATTED PLASTIC TRANSLUCENT
BOARD CEMENT FIBRE BOARD BRICK LUMBER PVC SHINGLE PLASTIC PANEL

51%_;.1:.,.

cost efficiency
durability

local production
quick installation
soundproofing

re———————p

———————

Coconut Cement & Sand Plastic



10. CONSTRUCTION

Support & Infill



COMMUNITY TEMPORALITY

STAGEO STAGE 1

The relocated households would temporarily be housed in vacant houses on the site. The first cluster will be built by occupying vacant land and demolishing unoccupied houses.

STAGE 2 STAGE 4

Recycling units in clusters would work in synergy with the factories to produce alternative building Composting helps with landscape construction in the community. Finally MIG clusters will be built,
materials to contribute to community construction. which are close to the forest to the east of the site.



STAGES OF CONSTRUCTION

SUPPORT & INFILL

FINANCE

investments or
loans from investors
or government

community
land trust &
SHBA

urrent and new
households &
businesses

architects

2technical
experts,

residences

local waste recycling
plants & informal
waste MSEs

SUPPLIER

Residents have the right to make decisions or changes to their property, but this
customisation needs to be limited within a framework and under the guidance of
architects in order to avoid property disputes or chaos. For example, they can decide on
the form and size of the windows, the material of the fagade, or the type of awning, but
these variations are limited to a certain extent. Residents can also choose a well-designed

scheme from the options provided by architects.




STAGES OF CONSTRUCTION

DEMOLITION

FINANCE

investments or
loans from investors
or government

current

. %
households Clomdnlunltty /\
& businesses and trus
7 o
Z /7;%// /7,

architects
and technical

local contra-
ctors and
craftsmen

local supplier of
machinery

SUPPLIER

The initial construction work, including demolition, building infrastructure and constructing
the main structure, will be carried out by local contractors and craftsmen. Slum dwellers
will have the option to receive training from SHBA and participate in the construction as
a self-build workforce (which is possible due to the lightweight of GFRP and reversible
design), generating extra income and enabling customised design at a later stage.



STAGES OF CONSTRUCTION

INFRASTRUCTURE

FINANCE

investments or
loans from investors
or government

current
households
& businesses

community
land trust &
SHBA

N

l‘\e?\m(crete foundation

o (PIQTSJQ@\S\ aggregate)
S IR

architects
and technical

local contra-
ctors and
craftsmen

local manufacturers
and waste recyc-
ling plants

SUPPLIER

The initial construction work, including demolition, building infrastructure and constructing
the main structure, will be carried out by local contractors and craftsmen. Slum dwellers
will have the option to receive training from SHBA and participate in the construction as
a self-build workforce (which is possible due to the lightweight of GFRP and reversible
design), generating extra income and enabling customised design at a later stage.




STAGES OF CONSTRUCTION

SUPPORT

FINANCE

investments or
loans from investors
or government

urrent and new
households &
businesses

community
land trust &
SHBA

architects
and technical

local contra-
ctors and
craftsmen

local manufacturers
and waste recyc-
ling plants

SUPPLIER

The initial construction work, including demolition, building infrastructure and constructing
the main structure, will be carried out by local contractors and craftsmen. Slum dwellers
will have the option to receive training from SHBA and participate in the construction as
a self-build workforce (which is possible due to the lightweight of GFRP and reversible
design), generating extra income and enabling customised design at a later stage.

N

S




STAGES OF CONSTRUCTION

SUPPORT & INFILL

FINANCE

plastic corrugated
roofing sheet

investments or
loans from investors

or government coconut husk board

urrent and new
households &
businesses

self-build
labour & local
craftsmen

—— .GFRP shearing wall

~@%

local waste recycling
plants & informal
waste MSEs

SUPPLIER

Residents have the right to make decisions or changes to their property, but this
customisation needs to be limited within a framework and under the guidance of
architects in order to avoid property disputes or chaos. For example, they can decide on
the form and size of the windows, the material of the fagade, or the type of awning, but
these variations are limited to a certain extent. Residents can also choose a well-designed
scheme from the options provided by architects.



STAGES OF CONSTRUCTION

INFILL

FINANCE

rotating savings and
credit association &
cross subsidization

plants through
composting

urrent and new
households &
businesses

self-build
labour & local
craftsmen

local waste recycling
plants & informal
waste MSEs

SUPPLIER

Residents have the right to make decisions or changes to their property, but this
customisation needs to be limited within a framework and under the guidance of
architects in order to avoid property disputes or chaos. For example, they can decide on
the form and size of the windows, the material of the fagade, or the type of awning, but
these variations are limited to a certain extent. Residents can also choose a well-designed
scheme from the options provided by architects.
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STRUCTURE & CONSTRUCTION PROCESS

GFRP box element

GFRP beam

~ o GFRP column e

concrete foundation
(plastic as aggregate)

o - -



STRUCTURE & CONSTRUCTION PROCESS

plasterboard e—

sheathing

acoustic insulation

shearing wall frame

N
L

N
N

STEP 2 s
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insulation, vapourproof

» 3-ply core plywood, floating,
with tongue and groove



STRUCTURE & CONSTRUCTION PROCESS

//

//

batten e—f
e

vapour barrier %N\

NS
//%\

y/4

ST /7

S/MASNNNNNNNN

\ #»—= plasterboard
///
v
\ -

~
7“ studdirjg
- insulation

waterproofing

coconut fiber cement board / coconut husk board

STEP 3
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STRUCTURE & CONSTRUCTION PROCESS

balcony connector

®

GFRP beam

(balcony)

STEP 4
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STRUCTURE & CONSTRUCTION PROCESS




DETAIL

X —! FLOOR CONSTRUCTION

: | - 3-ply core plywood, floating,
‘ I = %IHIIIII[IIIIIIIIIH[IIIHIIIHIHIII\IIII]I[IIIHIIIIH[IIIIHIII'i Wlth tongue and groove 27 mm
| = ; - Acoustic insulation
‘ R N | (gypsum / coconut cellulose fibre) 50 mm
| i g | - GFR plastic box element 100 mm
‘ i ; | Total 177 mm
I @ E |
! roller blind e———— 4 il !
| |
i quide rail o i WALL CONSTRUCTION
! ! - Coconut fiber cement board/
‘ 1 | Coconut husk board 20 mm
! ! - Horizontal battens 40 mm
‘ | - Vertical battens (ventilated cavity) 40 mm
! ! - Waterproofing 18 mm
‘ | - Timber studding, cellulose insulation
' water barrier strip ' (coconut cellulose fibre) 150 mm
‘ >;r | - Plywood (vapour barrier) 12 mm
| /'—/ H | - Vertical battens (space for services) 50 mm
! drip groove @ X ! - Particleboard / plasterboard 12 mm
‘ | Total 342 mm
| ventilated cavity e——|} i
| |

constructed wetlands i mmmmmm

ermeable || L L L L
i pavement
i ] o S FLOOR CONSTRUCTION
" S oo a

b . - 3-ply core plywood, floating,

|

CAA DA AT |

B4 S R S = D ] *

L/%% NS | with tongue and groove 27 mm
Lﬁi Ii‘ L L e Uy L T T T TR T ! - Insulation, vapourproof 50 mm
‘ sub-surface drain pipe | - Gravel 200 mm

I

|

|

N
a T
cal LAl

(stormwater harvesting)

! - Waterproofing 18 mm
‘ - Soil

i Total 295 mm
|
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DETAIL

r " /g1
| 1
. | .
| BT T T T T T T T
il =
| = 1
| ‘ |
. ©) .
| m |
| 1
| 1
| & |
H

| 1
I 1
| 1
| "l |
[ |
[ !
[ |
7 % |
| 1
| 1 |
I L 1

L L 1
| ﬁ#'\ - [NRRRRRARRRRRRR R AN NRRRR RN RN R RNRRRRRR RN NARRRRRRRN NN |

—e drainage !
| drainage E |
. - = |
IGFR plastic beam o—/ba\cony connector |
S 11 = 1

WALL CONSTRUCTION

- Coconut fiber cement board/
Coconut husk board

- Horizontal battens

- Vertical battens (ventilated cavity)

- Waterproofing

- Timber studding, insulation
(coconut cellulose fibre)

- Plywood (vapour barrier)

- Vertical battens (space for services)

- Particleboard / plasterboard
Total

FLOOR CONSTRUCTION

- 3-ply core plywood, floating,

with tongue and groove
- Acoustic insulation

(gypsum / coconut cellulose fibre)
- GFR plastic box element

Total

160

20 mm
40 mm
40 mm
18 mm

150 mm
12 mm
50 mm
12 mm

342 mm

27 mm

50 mm
700 mm
177 mm



DETAIL

|
| ROOF CONSTRUCTION
|

- Plastic corrugated roofing sheet

4 - Shed roof GFR plastic frame
I ——

- Protective mat 20 mm
- Waterproofing 18 mm
- Insulation (coconut cellulose fibre) 80 mm
- Plywood (vapour barrier) 12 mm
- GFR plastic box element 1700 mm
GFR plastic frame Total 225 mm

i

ST T T

=T

WALL CONSTRUCTION

- Coconut fiber cement board/

= Coconut husk board 20 mm
@ = - Horizontal battens 40 mm
o - Vertical battens (ventilated cavity) 40 mm
- Waterproofing 18 mm
- Timber studding, insulation
(coconut cellulose fibre) 150 mm
- Plywood (vapour barrier) 12 mm
- Vertical battens (space for services) 50 mm
T - Particleboard / plasterboard 12 mm

FLOOR CONSTRUCTION

- 3-ply core plywood, floating,

|
|
|
|
|
|
|
|
|
|
| Total 342 mm
|
|
|
|
|
|
|
|
|
|
|

with tongue and groove 27 mm

X = I - Acoustic insulation
B : (gypsum / coconut cellulose fibre) 50 mm
- | - GFR plastic box element 100 mm
| | Total 177 mm

r
|
|
|
|
I
|
|
|
|
|
|
!
|

I _I




DETAIL

T T T T e e e e e e e N
| !
| !
S |
- N !
j \!': Tl 578 :I!‘ == “EI

WALL CONSTRUCTION

- Coconut fiber cement board/
Coconut husk board

- Horizontal battens

- Vertical battens (ventilated cavity)

- Waterproofing

- Timber studding, insulation
(coconut cellulose fibre)

- Plywood (vapour barrier)

- Vertical battens (space for services)

- Particleboard / plasterboard
Total

20 mm
40 mm
40 mm
18 mm

150 mm
12 mm
50 mm
12 mm

342 mm



11. REFLECTION

Economic Sustainability, Environmental Sustainability, Social Sustainability



SUSTAINABILITY

Environmental Sustainability

Social Sustainability

Economic Sustainability

i. Decentralised slum-based waste recycling sites in the city
ii. Alternative building materials
iv. Plant composting / constructed wetlands / biodigester

v. Passive climate strategy

i. Improved living and working conditions / communal facilities
ii. Community participation
iv. Neighbourhood contact / community inclusiveness and diversity

v. Semi-formalisation of IWM / social recognition / career security / identity

i. Strengthened links between businesses / agglomeration economy benefits
ii. Diverse source of income / new jobs
iv. Cheap building materials for affordable housing

v. Self-help group and cross subsidization






