MUNICIPAL
SOLID
WASTE
MANAGEMENT
study on Personal Protective Equipment
for waste disposal in the province of
Ahmedabad, Gujarat (India).

Student:
Andrea Pradella
National Institute of Design - Mentors:
Praveen Nahar, Sahil Thappa, Dario Scodeller, Davide Turrini
Università degli Studi di Ferrara - Mentors:
Dario Scodeller, Davide Turrini

2018/2019

INDEX
- Introduction

5

THE
PROCESS
- Analysis of the state of the art
- Sketching
- Historical research
- Second phase of sketching
- Functional models
- Analysis of materials and production techniques
- Production of final prototypes and shooting

THE
RESEARCH
- Context
- Initial phases
- System Thinking
- Rag-picking
- Paryavaran Mitra
- Ahmedabad Municipal Corporation
- Survey
- Kabadiwala
- Recycling Centre
- Initial brief
- The PM Model
- Design sprint
- Workshop
- Report and feedback

PROPOSAL
OF A NEW
MSW
SYSTEM

8
12
20
22
28
40
46
48
52
58
60
68
76
80

86
- Current situation
- Imagining a future scenario

THEME
OF THE
PROJECT

90
94

100
- Concept

104

108
116
134
140
150
156
160

OUTPUT
AND
FUNCTIONALITY
- The kit
- Protection of the respiratory tract
- Protection of the upper limbs
- Protection of the lower limbs
- Carry bag and user manual

166
168
180
188
200

CONCLUSIONS

206

BIBLIOGRAPHY

210

SITOGRAPHY

214

Introduction

The project that we will define in the following pages was
born from my experience during the “Atlante Program”. More
precisely was born in Ahmedabad, the largest city in the state
of Gujarat, India. In this book I chose to tell the whole project
path, first in India and then in Italy, including inspections,
opinions, errors and improvement proposals.
The goal of the book is to document this experience and try
to make the reader understand the context and the personal
choices that led me to design the final output as it appears.
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THE
RESEARCH

Context

Ahmedabad is the seventh most populous city in India with
5,571 million inhabitants registered only in the city area. It’s
the most important metropolis of Gujarat and covers 464.16
km² with a density of 12,000 inhabitants per km². It is the
location of the Gandhi Ashram, Mahatma Gandhi place of life,
its historic centre (old city) has been UNESCO World Heritage
Site since 2017. 34% of the population lives in “slums”. In the
summer months the temperature reaches 47-50 degrees and
the living conditions are at minimum levels. Water shortages,
food contamination and low sanitation are social problems.
Government initiatives have been carried out for years (e.g.
Swachh Bharat Mission) trying to develop the infrastructures
and clean the public areas of the city.
Ahmedabad currently produces more than 4,000 tons of
waste per day with 0.72 kg produced per person. According
to the estimates of “Forbes India” in 2025 almost 11,000
tons will be produced daily. Officially, only about 50% of the
waste produced is recycled. The companies present in the
territory are not able to process all the city’s garbage which is
thus dumped in the open-air municipal landfill. Since around
2000, a large waste market has been born and is now growing
wildly due to corruption and lack of regulation. All the sections
of the population, from the poorest to the big industries, are
involved in trying to profit from such abundant material as
garbage. In 2016 the government tried to make a turnaround
at a national level introducing the “SWM regulation”, only in
2018 Ahmedabad and AMC actually started mobilizing with
significant interventions.

Ahmedabad, Paldi road: man driveing
a dromedary cart. Personal photo.
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Ahmedabad currently produces more than 4,000 tons of
waste per day with 0.72 kg produced per person. According
to the estimates of “Forbes India” in 2025 almost 11,000
tons will be produced daily. Officially, only about 50% of the
waste produced is recycled. The companies present in the
territory are not able to process all the city’s garbage which is
thus dumped in the open-air municipal landfill. Since around
2000, a large waste market has been born and is now growing
wildly due to corruption and lack of regulation. All the sections
of the population, from the poorest to the big industries, are
involved in trying to profit from such abundant material as
garbage. In 2016 the government tried to make a turnaround
at a national level introducing the “SWM regulation”, only in
2018 Ahmedabad and AMC actually started mobilizing with
significant interventions.
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Initial phases

The project began with a big research for, so-called, “wicked
problems”. A collective brain-storming phase produced a series
of complex problems, which have been outlined and evaluated.
I then started to explore the topics that are most interesting
to me, deepening my knowledge through articles and web
searches. I felt the need to “touch” the problem of waste
management. So, without excluding any of the alternatives, I
went to Pirana, Ahmedabad’s municipal landfill, to see what
was happening there.

Pirana landfill site: view from the
outside. Personal photos.
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Pirana landfill site: top of the garbage
mountain.

Pirana landfill site: kids playing in the
trash.

Pirana landfill site: rag-picker’s
bivouac.

After receiving the authorization from the head of the security
guards, we reached the top, sitting in the trailer of a garbage
truck. The environment on the top of the 34 ha mountain
of trash is prohibitive: it’s difficult to breathe, the sense of
nausea is constant, my eyes and skin are burning because of
the toxic gases released in the air by the decomposing waste
under the sun. The surface of the dump is constantly watered
(48,000 litres of water per month) to prevent spontaneous fires.
I’m struggling to keep my eyes open because of the smoke,
there’s the risk of being hit by the heavy vehicles at work. I try
to interview the workers: they don’t speak English and they
don’t want to talk because they’re there illegally. I find a boy,
around 12, who tells me about his daily routine and about the
issues he and his family face every day. I try to gather as much
information as I can by looking at the activities that are taking
place at the moment. I take pictures. There are a lot of project
opportunities to develop.
I left the place with a lot of questions.
The research method used in Pirana, the interview, is not
effective. As a foreigner it’s difficult for me to establish a
relationship of mutual trust, therefore the answers will never be
decent enough and the interviewee will not feel free to express
any of his need/complaint or intervene in a critical-constructive
manner. Using a local exponent the problem remains.
I therefore limited myself to observation.
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System Thinking

Back in the studio, thanks to the in-depth analysis obtained and
after further research, I draw an initial rough map of the waste
management system in Ahmedabad, trying to extract all the
problems/project possibilities I can identify.
“System Thinking” method helps me to better understand the
problem. This technique gives you a systemic perspective of the
case study: not as a single element detached from the context,
but as part of a more complex system. Every part of this system
affects the others. Only the right combination of the right parts
makes the system work properly. A good metaphor can be a
complex machine made up of many gears.
The only way to deal with a wicked problem like waste
management is to try to visualize it as a system. In this sense,
“System Thinking” helps to create connections between
different stakeholders, draw a map of the entire process and
find possible gaps in the current system.
With the desire to improve the working conditions of the people
working on the top of Pirana mountain, I need more clarity. I
decide to read the project of Dishant Pradhan, Tirtha Mandal
and Rajdeep Savenkar, NID students (National Institute of
Design) who have already worked on a project about the ragpicking in Ahmedabad.

System Thinking: schema per
ricercare opportunità di progetto.
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Rag-picking

The rag-pickers, more suitably called waste-collectors, are
people usually belonging to the poorest section of society,
and 90% of them are women. They are often stuck on the old
division in castes. They don’t have a job and they sell garbage
(with a market value) per kg, to third parties, for a livelihood. The
waste-collectors come out at night, or early in the morning,
to do their work without any kind of protection and expose
themselves to considerable health risks. After collecting the
waste, they divide it in their houses, creating a toxic and
unhealthy environment, even in the presence of elderly people
and children. During the day they beg along the way or do other
small jobs to round off their incomes. Usually they come from
families with alcohol and drug problems.

Pirana landfill site: rag-picker waiting
the next truck full of garbage.
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Pirana landfill site: rag-pickers
couple.

Principali caratteristiche dei rag-pickers

90% women
25% of the inhabitants of Ahmedabad
work in the waste sorting / disposal
field. Many of them are rag pickers.
The latter are about 90% women.

NO PPE
The autonomous rag-pickers do not
wear Personal Protective Equipment
or use dedicated tools during work.
They often report health problems
related to poor hygiene conditions.
They aren’t protected in any way,
they cannot count on health
insurance or medical check-ups.

Castes division
Waste collectors are often victims
of social discrimination because thet
belong to an inferior religious caste.
Furthermore, according to Hindu
beliefs, working with garbage and
dirt makes these people impure. It
is therefore easy for rag-pickers to
be ashamed of their work and try to
cover up their belonging to a poor
social bracket.

Dangerous environment
Collectors work in degraded and
dangerous environments. They are
exposed to weather conditions and
attacked by stray animals. Having no
dedicated work areas, they end up
dividing the garbage at home, thus
damaging the elderly and children
as well. They cannot afford regular
meals and clean water. What they
eat is often consumed in critical
hygiene conditions.

Poor education
The level of education is very low
and often affects subsequent
generations. Ignorance and poverty
mean that children don’t even go to
primary school. As a result, entire
families are looked to ancient beliefs
and superstitions.

Poverty
Rag pickers are very poor and often
live on the streets. They often beg or
commit small thefts to survive.
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Vices and abuses
The lack of prospects of a better
future leads many rag-pickers to
drugs, alcohol or gambling abuse.
Violent behavior are not uncommon.

“Daylight robbery” victims
Kabadiwalas often have low market
prices and not correctly calibrated
weighing scales. It’s easy, for these
people, to lend money to rag-pickers
in exchange for waste. This practice
forces waste-collectors to sell to the
same buyer their collected trash to
pay off the debt. The interests are
very high. It’s the start of a “daylight
robbery” relationship that can last for
generations.
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Paryavaran Mitra

To find out more on this reality, after obtaining an appointment,
I go to PM (Paryavaran Mitra) a non-profit NGO working in
the field of waste separation before the waste arrival at the
recycling centre. The association daily engages rag-pickers who
work (well paid) in its sorting centres.

Paryavaran Mitra: rag-picker team.
Personal photo.
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The head office is based at Manav Sadhna, place of many
initiatives (dentist, doctor, school, food conservation service,
recreation centre for the workers’ children and workers
themselves) and is located in the middle of the slums (very
poor, high density area, characterized by unhealthy and informal
buildings, temporary barracks, and lack of social service
facilities). Paryavaran Mitra is mainly focused on waste dealing
but also works with the rag-pickers to manually segregate
the waste in designated spaces. It has several centres where
external waste-collectors can decide to work as paid waste
separators for the organization itself. Then the segregated
waste will be sold to the recycling centres.
During the visit to one of the centres, I’m able to observe the
working method, tools and conditions of the rag-pickers, no
longer illegal like the ones in Pirana, but now members of an
association that protects them.

Paryavarn Mitra: women dacing in
the sorting centre. NGO’s photo.
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Thanks to an interpreter I can interview some of the women
during the waste separation phase and consequently
understand very important concepts about this group of
workers. Simple things like breakfast and morning group prayer
or a group uniform, make these women more proud of their
work. Another important factor to understand is the free time/
freedom concept. None of these women are in fact employees
of the organization, they simply chose to work there. However,
they retain the property of deciding their future without having
to be accountable to an employer. This concept is a cornerstone
of the rag-picker’s lifestyle: rag-picking is just a momentary
job that lets you earn enough to be free to do what you want.
Secondly, collecting garbage is traditionally considered an
impure work, to be ashamed of, and consequently is disliked
especially by people still tied to the old mentality of caste
division.

Paryavaran Mitra: first sorting centre.
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Paryavaran Mitra worker’s benefits.

Medical check-up
The organization provides to the
workers a complete periodic medical
check-up. Health coverage is also
extended to children of working
women.

Team-building
The organization allows many
breaks during the work. Group
prayer and morning breakfast
encourage teamwork and keep
workers mood high. Are also
organized numerous events and
workshops.

School education
A school with many classrooms
was built at the Ahmedabad
headquarters. International and
local teachers follow the education
of the workers’ children. Afternoon
courses for workers and after-school
service for workers’ children are also
promoted.

Benefit and salary
Workers are paid on quantity and
quality of their work. In addition to
various benefits, the organization
undertakes to pay any debts with
external people of its affiliates:
no more “daylight robbery” at the
Kabadiwalas.
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Social redemption
Affiliate women wear a common
uniform and are part of work
teams. As a result, public opinion is
completely different: no more shame
or frustration.

Dedicated workplace
PM provides its rag-pickers with
the necessary spaces for work. In
this way, women aren’t forced to
sort waste inside their houses or
hazardous environments. Even
independent rag pickers can use the
NGO’s spaces.
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Paryavaran Mitra: worker moving
PET bottle sacks.

Back in the studio, after reviewing the information and the
photos collected, I prepare an online survey to share with the
students of the Institute. My aim is to understand what their
opinion/perception of rag-picking is. I then draw a first map of
the MSW (Municipal Solid Waste) system’ stakeholders, now
convinced that I want to direct my project in this direction.

Stakeholders of MSW system map.
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Ahmedabad Municipal
Corporation

One of the most important “figures” in the Ahmedabad scene,
moreover a source of complaints from Paryavaran Mitra, is AMC
(Ahmedabad Municipal Corporation), the government body that
is responsible for the city’s waste collection. After managing
an appointment, I meet Jayesh Trivedi, Municipal Councillor.
The interview with him gives me access to municipal data and
documents and clarifies the dynamics of the collection phases.
AMC’s work does not take rag-pickers into consideration.
These people are not included in the system, except for a
collaboration with SEWA (Self Employed Women’s Association).
Let me be clear: after a series of in-depth analyses, and
comparing the data in my possession, I agree that there were
some discrepancies between what I have been told by PM and
AMC. Further checks are necessary.
The city of Ahmedabad is divided into 6 different zones, in
which 7 RTS (Refuse Transfer Station) are active. All the waste
in a given area flows into the dedicated RTS, here is where
SEWA rag-pickers work. Thus, I go to the nearest station:
Khadia RTS.
After struggling to get in, I meet one of the employees who
accompanies me during the visit of the entire plant. Photos are
strictly prohibited, but a selfie with the office boys has to be
done!

RTS Central zone: selfie with the
boys!
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According to “SWM regulation 2016” the city waste must
be divided into DRY WASTE: non-organic; and WET WASTE:
organic, compostable. Therefore (only in January 2018)
Ahmedabad introduced separate public bins along the roads
and AMC equipped itself with double container trucks. The
street cleaning takes place through the use of more than
1300 workers equipped with a broom and manual trolley. The
trucks take care of emptying public bins and of the door-todoor collection. Ahmedabad produces more than 4,000 tons of
waste daily. This waste is transported in the relative RTS. Then,
the garbage, even if in some cases properly divided, is dumped
all in a single machine. It’s compacted, weighed and sent, with
an additional truck, directly to the landfill.
Adjacent to the compactor, a small quantity of dry waste is
discharged, so that a group of rag-pickers, certified by SEWA,
can divide the garbage and extract the waste with value.
Despite belonging to an organization such as SEWA, non-profit
NGO dedicated to protecting workers, the waste-collectors
work under the sun, without any type of protection or PPE.
These people are not paid by AMC but they earn some money
by selling to external waste dealers what they found in the
garbage. I then noticed that the AMC employees know the ragpickers but treat them as clearly inferior, making fun of them
(cit: - Now Andrea I will introduce you to this ... thing! - he said
to me laughing one of the boys of AMC, pointing the supervisor
of the rag-picking team).
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Most frequent types of waste

Metal
There are different types of metals.
Really easy to find is the tin but there
are also other “precious” metals
in smaller quantities. Here are the
market prices per kg.
Aluminum 80.00 INR
Brass 230.00 INR
Steel 17,00 INR
Copper 280.00 INR
Steel 30.00 INR
Tin 12.00 INR

Hazardous waste
Without any value, they are
composed of used diapers, gauze,
bandages and used medical
products. They are very dangerous
for the workers and for the
environment: they are often infected
or composed of chemicals that can
contaminate the soil.
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Paper
One of the most present materials
among the waste is the paper. As
the metal it falls into several subcategories.
Books 6.00 INR
Magazines 7.00 INR
Newspapers 8.00 INR
Packaging box 4,00 INR
Gray rigid cardboard 2,00 INR
Tetrapack or similar 13.00 INR
Matte paper 10.00 INR

E-waste
There is an E-waste collection
program promoted by AMC. It’s
mainly used by companies and
private businesses. However, the
private citizens throw away their
“technological waste” in the pubblic
bins. It is therefore possible to find
this type of waste mixed with others.
Single price on the market: 5,00 INR
per kg.

Plastic materials
The most present material on the
market is certainly transparent PET,
synonymous with water bottles.
There are more “precious” types of
plastics but they are difficult to find
in large quantities and therefore not
very profitable. Here are just some of
the prices per kg.
Mixed plastic 6.00 INR
Hard plastic 4.00 INR
PP 15.00 INR
Polythene (High) 20.00 INR
Polythene (Mix) 3.00 INR
PET 8.00 INR

Wet Waste
Wet waste includes twigs, food
waste or slaughter from small
businesses and any other type
of waste considered “organic” or
biodegradable (there is no real
regulation). It has no retail market
value but is sold by AMC to private
companies for the production of
compost and derivatives.

1,00 EUR = 80,00 INR, Indian rupee
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Survey

The RTS inspection allows me to observe and understand what
is really happening in Ahmedabad, and after interviewing the
employees, I’m able to fill the gaps and discrepancies of the
previous interviews. Once back in the studio I sketch a map of
the “waste flow” of the city
The result of the survey is positive, however the gap between
the two social groups is too high to receive convincing feedback.
Rag-picking is considered a socially positive work because
it’s useful for the waste recycling but at the same time, it still
belongs to a world that is too “dirty” and poor, therefore it is not
considered a real job.
It’s now easy to understand that rag-pickers have great
potential: an excellent ability to recognize the different materials
mixed in the waste, an ability to work in hostile environments
and the flexibility of a worker paid by the piece. They are also
difficult to fit into a “typical” job, rooted in tradition and religion,
often trapped into the division of castes, without an education
and prone to cheating.

On-line survey results.
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Kabadiwalas

To better understand my “subject” I decide to spend a day
observing his daily routine. His next step after working in the
RTS is to sell the collected material to street waste dealers. I
then visit the dealer, also called kabadiwala, next to the Khadia
station. These kabadiwalas are spread all around the city,
they buy the waste that has been already separated by the
rag-pickers and resell it to the recycling centre which is more
convenient depending on market fluctuations.

Kabadiwala next to RTS Central zone:
workers in front of the shop.
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The price list is clearly very low (buying price for PET bottles
per kg - Kabadiwala of khadia: 10 rupees - PM: 25 rupees).
Very often the scales for the waste weighing are not properly
calibrated. Despite this, the rag-pickers continue to sell to these
people out of habit or simply by the fact that recycling centres
are too far from the city to be reached by foot, or they buy only
with large quantities.
It is also a widespread practice by the kabadiwala to lend money
to collectors in economic difficulty and to request the return
of them in kgs of waste. Clearly the interests are too high,
and the rag-pickers will never be able to repay the debt. This
relationship is like a “daylight robbery” that forces the wastecollector to always sell his waste to the same buyer, regardless
of prices. The unbridgeable debt, moreover, will be passed from
generation to generation in case it is not repaid.
To cut off the kabadiwala, Paryavaran Mitra offers to the ragpickers who want to join the organization, a cash payment to
repay their previous debt and the possibility to work without
any pressure in the new association. However, the Kabadiwala
are too widespread to make PM able to cover/protect the entire
amount of the city rag pickers.
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Recycling centers

Back in the studio, after looking at existing solutions (best
practices) and useful examples, I start to investigate the
recycling centres present in the city.
AMC has several collaborations with the waste disposal/
recycling industries in Ahmedabad. The only source of income
for the municipality body, in addition to the amount of land
rented to the industries (2 rupees per square meter, 0.02
euro), is the royalty of 30% on the sale of the finished compost
product.

Excel Ind. Ltd. View from the outside.
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EXCEL IND. LTD.
Excel ind. has a 15-year contract for the disposal of 300 t
of MSW per day. The 10-hectare factory is located on the
slopes of the Pirana mountain. The industry mainly produces
compost: mixed waste is wet and left to decompose; it is then
passed through a series of “filters” that separate the organic
material from the non-organic one. The compostable material
is deposited in large heaps and left to rest for the creation of
the compost; the non-compostable but recyclable material
is divided and reduced in small parts based on colour and
composition; eventually the non-recyclable material is simply
abandoned in the landfill.
ABELLON CLEAN ENERGY LTD. - JITF URBAN
INFRASTRUCTURE LTD.
With a 29-year contract they produce electricity by disposing of
1000 t of MSW per day. The method used is Waste-to-Energy:
mixed waste of all kinds is burned at high temperatures, the
steam produced moves a turbine that produces electricity.
Toxic gases are filtered. The ashes remaining at the end of the
combustion are compacted and often used to create E-bricks
(ecological bricks used in constructions).
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BHARUCH ENVIRO ENGINEERS LTD. (UPL DJAI POWER LTD.) CREATIVE ECO RECYCLE PORT PVT. LTD.
Enviro and Creative both have a 25-year contract and 6 and
5 hectares respectively available to dispose of 250 and 400 t
of MSW per day. Both companies produce compost with the
same procedures as Excel ind. ltd. The non-compostable waste,
on the other hand, is not divided and processed individually
but grinded in a fine powder and compacted into small pellets
to create RDF (Refuse Derived Fuel). This outcome, which is
proposed on the market as an industrial carbon substitute due
to its high combustion properties, is highly toxic if burned. Due
to its compacted composition, once burned it will release toxic
and polluting substances into the air. Several Indian companies
produce and use RDF today in their centres.
INNOVATIVE ECO CARE PVT. LTD. - GUJARAT CONSUMER IND.
Innovative Eco-Care and Gujarat Consumer with a 5-year
contract process 1 t of wet waste per day, producing compost
and agricultural products.
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NEPRA IND. LTD.
Nepra, with a 15-year contract, built the only dry waste
separation station in Ahmedabad: the MRF (Material Recovery
Facility). The waste to be sorted (30 t per day) comes from
the network of private buildings, partners of Nepra (hotels,
restaurants, shops, etc.). A small part of it also comes from the
activity of the rag-pickers who sell their waste directly to Nepra,
in the MRF or in organized points in the city. Prices fluctuate
according to the market. The waste division takes place first
manually for PET bottles, cans and metals; then the rest of
the material is moved with a conveyor belt into an automatic
sorter which divides plastic from paper through the use of an
optical recognition technology. A further manual phase divides
the plastic by type and colour. All the recyclable material is
either processed in the facility or sold to the recycling centres.
Everything that is not recyclable becomes RDF according to the
“Zero waste to the landfill” philosophy.
An interesting feature of this company is the fact that it has
created an entirely digital system for monitoring the waste
collection from the private facilities and a system to collect
waste on call for rag-pickers. The company is in fact trying to
map the city waste-collectors and protect them with a policy
of transparency of prices and procedures.
Particularly interested in the work of this industry, I reach its
facility and observe from the outside what is happening inside
the building. After the inspection I move to the headquarter,
located in the city centre, to interview one of the three
managers of the company. I request a permit to access the MRF
and observe the working process of the most technologically
advanced centre in the city.

Nepra Ind. Ltd. view from the inside
of the factory.
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Initial Brief

Back in the studio I redraw the “waste flow” map, updating it
with new information and stakeholders. Trying to concentrate
my efforts in one direction, I write down the initial rough project
objective (initial brief): introduce the rag-pickers, and their
positive features, in a formal waste collection system that
protects them but doesn’t force them into a permanent job.
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The PM Model

I have to go deeper into PM methodology, so after contacting
the organization’s leader, Ashishbhai Agrawal, I manage to get
an appointment to visit the new waste sorting centre. This
centre is using what Ashish defines as the PM model.

PM new centre: worker weighing the
waste
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PM new centre: rag-pickers sorting
Wet e Dry waste.

The facility processes all types of waste. The dry waste is
manually separated by rag-pickers (paid in working hours). It is
then compressed or grinded and sent to the recycling centre.
The wet waste becomes compost. Unlike the other three PM
centres, here, the waste comes from door-to-door collection.
The women affiliated with the association, after having been
provided with a cargo bike and the necessary equipment, leave
for work in the morning (5:30). The collection is preceded by
group breakfast and prayer (team building). Once back, the
women segregate the waste and receive a fixed salary that
is based on the quality of the performed work. This approach
allows the worker to have a part-time job and the opportunity
of free afternoons.
In this way the rag-pickers are motivated to work by the free
time at their disposal and by the team building events, therefore
absenteeism is rare. They are protected and supplied with PPE
and the necessary equipment for their job, including the cargo
bike. They are wearing the uniform of the organization, so are
seen as real workers and no longer labelled as impure or dirty.
The payments are transparent and follows the market prices;
no more exploitation. The centre also guarantees all the other
benefits mentioned before (chap: Paryavaran Mitra).
Interviewing the manager, I understand that the main problems
for the PM model development are the municipal authorization
to collect door-to-door waste all around the city, and the lack of
facilities for processing all the waste collected.

PM new centre: woman sorting the
Dry waste in material categories.
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I propose to Ashish a collaboration (traineeship) and I start
working on a series of short-term and long-term project ideas
according to my project goal.
I spend the rest of the morning to observe and talk to the ragpickers working in the sorting area. I get as much information as
I can by looking at each work phase.

PM new centre: compactor area and
waste unloading phase.
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Design Sprint

Back in the studio, I put together all the feedback I collected and
start a “Design Sprint” to create a bank of ideas useful for the
project. According to the “Design Sprint” method, I divide the
ideas into 4 main categories: Product, Service, Organization
and Social Transformation. I therefore try to produce as many
project ideas as possible and organize them according to the
categories. Once I create a consistent bank of ideas, I start to
choose the most interesting ones in order to develop them and
then share them with the stakeholders. The aim of the whole
process is to get as much feedback as possible and be able
to move in the right direction by narrowing down the range of
design possibilities to the ones most valid.
The next step is therefore sharing the ideas with the PM
manager.

Design Sprint ideas list and sketches.
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After a long talk with him, I receive several constructive
criticisms that make me move in two directions. A shortterm project: create a workshop for educational/recreational
purposes, for the organisation women; then a long-term project
to improve their working condition.
I then meet Jatin Kohli, head of Nepra’s MRF, and the
responsible for one of the most important stakeholders in
Ahmedabad’s MSW management system. He takes me along
a guided tour of the facility’s machinery (photos are forbidden)
I just observe and ask questions. He explains to me that the
company development project is to expand throughout the
country. Ahmedabad’s MRF is in fact the only sorting centre
with optical technology in India, but Nepra now wants to spread
this technology in Indore and Mumbai. We talk about the
project, Jatin shows interest in it and asks me to share with him
any future developments.
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Workshop

After the opening of the new waste collection centre in
Suraksha Swachhta Kendra (Ahmedabad), the main activities
and events linked to Paryavaran Mitra take place there. The
new facility is rented to PM by Ahmedabad Cantonment,
a public authority other than AMC which is responsible for
the management of this area of the city. For this reason PM
workers have the authorization for the door-to-door collection,
otherwise carried out by AMC. The Suraksha Swachhta Kendra
centre is divided into several sectors: weighing and storage,
separation, compacting and/or grinding (dry waste), filtering
(wet waste), composting (wet waste) and preserving tub for
compost worms. There is also a section dedicated to team
building activities. It’s in this area that the workshop will
take place. With the purpose of celebrating Earth Day, the
association organized an educational/recreational event for its
working women and their families. The target of my workshop
therefore aims to include different age groups, with different
“skills”. (eg: parents only speak Gujarati, the local language,
children often also know English).
After an introductory speech, the guests will be guided through
a journey in stages. Each stage is characterized by a workshop.
The common theme is how to reduce, reuse, recycle waste.
To conclude a small Pani Puri (typical dish) refreshment will be
organized for everyone by the organization.
The PM manager and I decide to select one of my projects for
the workshop activity. The project is about a packaging for a toy
car creation kit: the packaging itself, obtained by compressing a
waste-derived papier-mâché in a mould, is dissolved in water
by the purchaser. The packaging, thus, becomes new papiermâché that, after been squeezed in a supplied mould, creates
the upper part of the toy. The car chassis, made of wood, is
given with the kit. The process is repeatable countless times.
The aim of the project is to rediscover an old technique like
papier-mâché. In this way, once learned, the car body can be
PM new centre: workers meeting.
Photo by PM.
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designed, by the kid, without the use of the mould. The kid can
even decide to create another game. My target group therefore
is going to be mainly children.
The workshop consists of 4 main phases. Phase 1: introduction
of the project and the used technique; children and parents
can touch the prototypes already made. Step 2: preparation
of the papier-mâché using water and waste material. Step
3: compression of the papier-mâché in the mould. Step 4:
extraction and drying.
The goal of the workshop is to entertain children by playing with
water and paper but at the same time encourage families to
repeat the activity in a domestic environment.
PM new centre: workshop phases.
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Report and Feedback

The communication of the instructions for the workshop was
translated simultaneously from English into the local language.
In my opinion some of the information may have been lost in
translation. Despite this, the activity was greeted with the right
spirit, especially by the children who, though initially shy, soon
became engaged with the activity. The mothers were mainly
dedicated in tearing apart the paper for the production of the
papier-mâché, the children creating toy cars. The fathers were
contemplating, not the work of their loved ones, but of the
packaging prototype, amazed by its resistance. To sum up, the
objectives of the event and of the workshop were in my opinion
obtained. We celebrated with lots of Pani Puri.
There were also several errors on my part during the design of
the workshop: not having taken into consideration the fact that
the time available to me was far less than the time required for
the maceration of the paper, so the car lost in compactness and
resistance; moreover, the time for drying the car was too long.
Therefore, the child who built the car could not take it home as
a souvenir or colour it.

PM new centre: teamwork during
the workshop.

80

PM new centre: teamwork during
the workshop.

Proposals for a future workshop: prepare enough papiermâché in advance for the children and start a purely
demonstrative process of the technique for the mothers;
develop a delivery system of the car once it’s dry or prepare
ready-to-paint cars. Potentially, change the subject: no longer
a toy car, which requires its own chassis, but a more diverse
range of toys.
Interacting with people in the field is not always easy, in my
case especially the cultural gap is quite wide. To be able to
communicate effectively, it’s useful to work alongside a person
whom the user trusts. Another important part is being able to
win the trust of the people you are interacting with, not just
talking but getting your hands dirty, demonstrating and working
with them.
In this way, by getting closer to people, small details, small
movements and gestures, otherwise hidden complications and,
above all, much more convincing feedback will be captured.
Observing the behaviours of the workers during the “free time”
phase was useful for understanding key concepts for my longterm project:
Respect for hierarchies during the work, even if the job
is for recreational purposes. Usually it is the older or more
experienced woman who starts the job and then leads the
group. Thus, during the implementation phase of the project,
it will be useful to establish the roles based on old group
hierarchies with the aim to achieve improved performance.
Initial hesitancy and reluctance of the new/unexpected. It
is therefore necessary to include in the elements of novelty
something familiar that can make the worker feel at home and
sufficiently prepared to face the new challenge.
Team spirit. Despite being the oldest woman to start, a group
of at least 4 people is needed to ensure that the work is
undertaken with commitment and fun. A team working method
will be required to make the task more dynamic and efficient.
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Man/woman division. The woman works, the man observes
and comments with other male friends. The woman seems
indifferent to the opinion of man, she instead tries to enjoy the
moment and have fun with her female work mates. There is
hardly an exchange of man-woman opinions. This makes me
think that even in the everyday life, the man is not interested
in his wife’s work, therefore it will be difficult to involve the
husbands in the project.
Need to break and share food. The practice of sharing food
with friends and/or guests is very important in the Indian
culture, even more in poor or rural areas. To be able to have an
intimate conversation, it’s necessary to sit together and share
a meal, even with a simple snack or a tea (chai). This factor is to
be taken into consideration during the design process in order
to reduce stress on work teams.
Carelessness of the environmental factor. The lack of regard
for the environment in which the worker finds herself makes
her try to carry out the assigned work without complaint.
This factor is very dangerous because, even if the worker is
in a dangerous condition, she will continue to carry out her
activity, putting at risk both her personal health and that of
her colleagues, without denouncing the problem but trying to
bypass it in the easiest way possible. A lot of attention must
be paid to the environmental factor. It’s appropriate to provide
safety devices and controls in order to guarantee the health of
the worker, the maintenance of working tools/equipment and
the correct output.
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PROPOSAL
OF A NEW
MSW
SYSTEM

The goal of a new system should be: to use the positive
characteristics of waste-collectors by introducing them into
a waste disposal system that protects them; to improves their
living conditions, eradicating them from social exclusion and
cultural / educational flattening of subsequent generations; to
reorganize the stakeholders in the Ahmedabad MSW system;
and to regulate the informal waste market in the city.

PM new centre: group picture with
the workers.
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Current situation

The waste produced by the city is divided into 4 main
categories: mixed waste coming from street cleaning; mixed
waste from the emptying of public bins and containers;
separated waste from the door-to-door collection; and
separate waste produced by private or public facilities.
Most of this garbage is collected by AMC according to the
process already explained above, and then redirected to private
companies for the disposal, or compacted and dumped in the
landfills. A small part of the waste is instead directly donated
by private structures (hotels, restaurants, schools, etc.) to
Paryavaran Mitra or to Nepra Ind. Ltd. Another part of the
garbage amount is then sold by private structures directly to
the recycling centres. The last part of it is collected by ragpickers and sold to kabadiwala or other private organizations.
AMC plays a fundamental role in maintaining the cleanliness
of the city but there is not enough “complicity” and
communication between the stakeholders and no active
involvement of the rag-pickers. The result of it is a growing
landfill and continuing exploitation situations. There is a need for
a starting point for channelling everyone’s energy, and municipal
funds, in the right direction.
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Mumbai central bazar.

Imagining a future scenario

Let’s imagine a scenario in which each RTS use the Paryavaran
Mitra model and rag-pickers work teams.
The door-to-door collection takes place through the use of
properly equipped cargo bikes and a team of rag-pickers
equipped with the necessary PPE. In this way, the CO2
emissions of the collection vehicles are reduced and the
human relationship between collectors and waste producers
is increased. Furthermore, rag-pickers can explain how
to properly divide the trash, house by house (or whatever
structure is desired), thus breaking down the social wall of
communication.
Emptying the baskets and cleaning the streets are done using
the traditional method.
Once collected, all the waste is taken to the right RTS and the
manual segregation begins.
All the activities indicated above will be planned according to the
team building perspective already followed by Paryavaran Mitra,
arranging common areas and work breaks.
In this way the city will have a regulation of the rag-picking
and a consequent waste flow control.
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PM new centre: workers and vehicles
of the organization. Photo by PM.

Main advantages of the new system

Regulation of the rag-picking
With the introduction of the new
system, the number of autonomous
rag-pickers would drop dramatically,
allowing AMC to control the affiliate
waste-collectors. Consequently
there would be regular control of city
waste-flow and increase in jobs.

Worker safety and protection
AMC would be forced to provide
Personal Protective Equipment to
workers, thus protecting all ragpickers involved in waste disposal.

Drop in CO2 emissions
The use of cargo bikes instead of
heavy vehicles such as trucks would
drastically reduce the fossil footprint
of the waste collection phase.

"Zero waste to the Landfill"
Political slogan launched by the
government to reduce the increase
in landfills in the country. A common
goal of every municipal body in India.
With the new system, all recyclable
waste would be processed with a
consequent possible zero waste
destined for landfills.

No “daylight robbery”
As they are no longer autonomous,
rag-pickers, should no longer sell
the waste to the Kabadiwalas thus
reducing the practice of daylight
robbery created in the past.
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THEME
OF THE
PROJECT

A new scenario means different opportunities and needs.
I wanted to focus my attention on Personal Protective
Equipment. Indian workers have different needs than European
ones. The PPE currently on the market are designed in
the West for the West. Almost all Indian workers, especially
those linked to the poorest and most ignorant groups of the
population, do not wear any type of protection in the workplace.
Current PPE are considered excessive, unsightly, uncomfortable
and in some cases in conflict with religious or popular beliefs,
therefore they are not used. Indian people do not have long
industrial history and above all they are not prepared for the
advent of new technologies with the consequent arrival of
new dangers, risks and diseases. There is therefore no “link”
in the field of occupational health and safety that can guide
the Indian worker from an almost total unconsciousness
and ignorance of new danger and health risks, towards a
responsible protection of himself/herself, similar to the “weststyle” one.

PM workers. Photo by PM.
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Concept

Create a PPE kit that can be used by waste disposal workers
(90% women). In addition to protecting the user, the product
family has to guide them towards a more responsible and
aware conduct at the workplace. To ensure that the kit can
be received in a positive way by the workers, we will need to
address some key points:
Affordability. Cheap products and of easy access even to the
poorest segment of the population.
Adaptability. Create “customizable” products that adapt
themselves to the user in terms of fit and versatility at work.
Making the user safer without changing his/her habits.
Acceptance. The products must not harm or conflict with
popular beliefs or customs, religions and superstitions.
Interchangeability. Each individual part of every product in
the kit must be interchangeable or replaceable once broken or
damaged. The parts must therefore be easy to separate and to
get.
Replicability. The products must have a simple and effective
aesthetics, they must be composed of readily available
materials and must have a design that allows them to be
replicated by hand. In this way even the poorest workers will be
able to use “ makeshift” components to recreate their PPE on
the model of those in the kit.
The fundamental idea of the kit is to educate by protecting.
According to the new scenario opened up through the use
of the “PM Model”, the AMC itself must provide the kit to its
workers. Once the kit spread, it will seek to raise awareness
among all workers by inviting them to a behavioral imitation
that could, in the long run, bridge the gap in terms of workplace
safety between India and the West.
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THE
PROCESS

Analysis of the state of the art

To better understand what is already present on the market, I
started an analysis of the state of the art. I therefore decided
to divide the research into: protection of the respiratory
tract, protection of the upper limbs and protection of the
lower limbs. We will now analyze some of the most relevant
examples.

Ahmedabad central bazar: man with
sandals.
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Protection of the respiratory tract

Internal nasal filter
Price: 1,50 EUR a piece.

Safety Facial mask
Price: 2,00 EUR a piece.

Respiratory mask
Price: 20,00 EUR a piece.

O2 TODAY anti-pollution mask
Price: 15,00 EUR a piece.

The nasal filter exists in different models. The one
in the picture above is produced by Sanispira: an
internal layer of a viscous material is applied to a
contoured structure in natural rubber that attracts
dangerous particles during breathing. This PPE lasts
8 hours and is bio-degradable. Other internal nasal
filters are produced with a plastic structure and
activated carbon filters that can be replaced, but
they are less ergonomic, more visible and not biodegradable once the filters have been thrown away.

There are several manufacturing companies on
the market that differ in costs, quality of materials
and design. The masks are divided into two main
types: with or without a valve; and in 3 main
protective categories: FFP1, FFP2 and FFP3. As
the number increases the protective properties
increase. They are generally indicated for protection
against allergens and even very fine powders. Once
saturated with dust, they must be changed.

These masks are used when basic masks
protection is no longer enough. They are often
combined with eye protection and act against
gases up to 0.1% by volume. They are equipped
with replaceable filters that can be purchased
separately. Filters have different costs depending
on the type of protection they must provide. Once
exhausted the filter must be replaced, however you
can continue to use the mask structure.

Mask designed by Marcel Wanders for protection
against urban air pollution. The mask doesn’t have
PPE certification. It’s interesting to observe the
filtering capacity of merino wool. The front part of
the mask, thanks to this material, is also printable
with different patterns, washable and therefore
reusable.
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Protection of the upper limbs

Turtleskin-Bravo glove
Price: 70,00 EUR a piece.

Glove in continuous thread
Price: 4,00 EUR a piece.

Cut resistant sleeve
Price: 7,00 EUR a piece.

Long sleeve rubber glove
Price: 7,00 EUR a piece.

“Turtleskin” is one of the many technologies that
are applied to fabrics to make them resistant to
perforation and cutting. The structural fabric is
Kevlar (trade name) which is soaked in a nonNewtonian fluid. This combination does not
allow blunt objects to penetrate the fabric: the
surface is therefore immune from knife strokes to
syringe bites. Impact protection is then provided
by technologies such as “D30”: flexible plastic
materials that stiffen to impact. These innovations
are often applied to protective gloves, but obviously
they raise the price.

Less expensive and long-lived than a
“technological” glove is the continuous thread glove.
These gloves are produced with a single thread
that weaves the entire covering of the hand up to
the wrist. The fabric is then combined with one
or more coatings in plastic materials. The gloves
are designed according to their function and are
classified according to European standard EN 388.

Often coupled with a protective glove, the anti-cut
sleeve protects the forearm and arm, based on the
length, from accidental cuts. The fabric used is very
often Kevlar or others with similar performances.

The long sleeve glove is often produced with
waterproof coatings and used in processes that
involve liquids, oils or viscous materials. Its function
is to protect the forearm from dirt as well as the
hand.
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Protezione degli arti inferiori

Rubber sandals
Price: 20,00 EUR a piece.

Overshoe toe protection
Price: 65,00 EUR a piece.

Safety plinth
Price: 65,00 EUR a piece.

Safety shoe
Price: 70,00 EUR a piece.

“Sandal type” shoe is widely used by Indian
workers. It has a very low price, it is washable and
it makes the foot “breathe”. It’s also easy to wear
and remove: in India it is customary to take off your
shoes when entering a closed space or in a sacred
area. This shoe, however, does not offer any type of
protection at work, exposing the worker to injury.

Produced almost exclusively by Gaston Mille, it is
an anti-crush toe to which a silicone strap has been
added. The worker can therefore wear a simple
sneaker and dress the toe securing it with the lace
behind the heel. This product is mainly used for
visitors and not for permanent workers. It offers
protection from crushing but not from puncturing
the sole.

The open plinth allows the foot to “breathe” in
the back while offering protection from crushing
and perforation. There are different models with
different levels of protection depending on the
function.

The shoe provides total protection. It is produced
in countless models with very different materials.
The correct type of shoe is chosen based on the
protection it has to provide. Very often, however,
these items are expensive and often hurt the feet
of the user even after a day of work.
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Sketching

After defining the project concept, based on the research and
the analysis of the state of the art, I start a sketching phase
dividing it into three main areas: protection of the respiratory
tract, protection of the upper limbs and protection of the lower
limbs.

First sketches.
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Historical research

According to tradition, the Indian woman wears the typical
dress: “saree”. Literally “strip of cloth”, this cloth consists of
three parts: a petticoat with a skirt, a top to cover the chest
leaving the abdomen bare and a single cloth of fabric, 5m long,
that envelops the body. The saree was born in India around
100 BC and it immediately became popular because, as there
are more than 80 different ways of wearing it, it enriched the
wardrobe of a woman.
Another very popular traditional dress is the “kurta”. Brought to
India by the Mughal dynasty Muslims in the early 1500s, this
dress immediately spread among men and women due to its
practicality and comfort. It is a simple tunic, of different lengths,
without collar and with three buttons to close the chest.
Traditionally in cotton or silk, it’s worn by women along with
wide pants and a scarf to cover the head: “dupatta”.
According to the tradition, in fact, the Indian woman, Hindu, Jain
or Sikh wears a veil: “ghoohghat”. Very often the last part of the
saree is brought to cover the hair. According to the etymology
of the word “ghoohghat” derives from hide, mantle. In ancient
times the veil was used by women to embellish and protect
their hairstyles from the wind, so it was often associated with
particular occasions such as a gallant outing or a marriage. Over
time this custom also became a form of respect for others and,
today, it continues to be used by women to protect themselves
from wind, dust and sun during the hottest periods of the year.
Another peculiarity of the Indian woman’s clothing is jewellery.
Often inherited from mother to daughter, or part of the
marriage dowry, jewellery is worn constantly. It is normal
for women to work completely decorated and wearing
traditional clothes. Some of the most popular jewels are
bracelets, hand and foot rings, anklets, earrings and nostril,
also called “nathori”. The interesting fact is the meaning of this
typically feminine jewel that has its roots in antiquity. In the
indigenous tribes of Indian peninsula, was a man custom to
Picture from Wikipedia archive.
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pierce the nasal septum with the bone of the animal they had
hunted as a declaration of supremacy. Over time, the bone was
replaced by a real jewel and worn as a symbol of wealth by men
and women of the dominant clan. When the tribes began their
progression towards civilization, the “nathori” appears in sacred
paintings and over the years the piercing began to shift from
the central cartilage of the nasal septum to the soft part of
the left nostril. This ornament was among the most important
jewels of a woman. In fact, since it is not easy to steal, it was
traditionally believed that it could be a woman’s safety. In case
of emergency a woman could tear this last ornament off to sell
it and survive. Thanks to the advent of the Hippie movement in
India during the 1960s, this piercing has now become popular
worldwide. However, this jewel remains very tied to the Indian
tradition and that’s why it’s worn by Hindu girls as the main
ornament during the marriage.
Going down then, the Indian woman is usually barefoot but to
walk outside she wears sandals or a particular type of shoes
called “jutti”. Born in the Punjab region, this open shoe, similar
to a ballerina’s model, simply covers the back of the heel to
the Achilles tendon and the fingertips leaving the ankle and
the instep uncovered. An interesting property of the “jutti” is
that they have no distinctions between right and left but over
time they take the shape of the foot. Formerly produced in
leather, today they are easy to find even with a rubber sole;
however, in both cases they are richly decorated. The tip of the
shoe is often flat and, depending on the model, turned upwards
towards the instep.
These insights on traditional Indian women’s clothing allowed
me to better understand trends over time. Thanks also to a
careful observation, I was therefore able to understand the
motivations of women’s clothing choices. Despite the ragpickers are constantly in contact with dirt, they try to raise their
social status wearing all their jewels and traditional clothes
Picture from Wikipedia archive.
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anyway. It means that for these female workers appearance is
more relevant than their safety at the workplace or, in a better
way, the fear of social discrimination forces them to work in
an unsafe way. This aspect must therefore be considered as a
key point in the realization of the PPE that they should use.
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Second phase of sketching

During the research phase I continue sketching to try to
visualize on paper the project ideas that come to my mind. The
sketching phase is very useful to create connections between
concepts and forms. I then divided the ideas into the first three
fields of investigation. I start thinking about the kit as a unitary
element and try to give an identity to the whole family of
objects.

NID student during sketching
session.
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Protection of the respiratory tract.

Protection of the upper limbs.

Protection of the lower limbs.

Carry bag to put PPE after work.

Functional models

After having visualized the most interesting project proposals
in two dimensions, I want to make them 3D to verify their size
and functioning. Using materials similar to the ones that could
be applied to definitive prototypes, I create functional models.
These models are useful to understand aspects that are
impossible to design in 2D and they can be a starting point for
the final project.

First prototype of veil with paper
model of the nasal filter. First nasal
filter in non-woven fabric and model
of the filter valve.
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Sewing pattern in cloth for the “cap”
in the upper part of the veil.

First prototype of the thimble.
Instead of the rubber thimble, I used
the cut finger of another glove tied
with an elastic band.

First prototype of sandal made in
polystyrene. The coloring highlights
the main curves of the prototype.

Analysis of materials and
production techniques

After making the first models and design sketches I need to
understand which materials are more suitable for the functions
that my PPE family should have. According to the key points
of the concept, I began to analyse how the PPE in the Indian
market are produced.
Protection of the respiratory tract
For the veil realization I chose to use 100% natural printed
cotton. Cotton fabric, together with silk, are popular materials
in Indian clothing. The first one, however, is cheaper. Cotton
can be very finely woven, light and breathable but at the same
time easy to sew and “shape” because it maintains a structural
rigidity. It is also more resistant than silk and can be washed
without any problem. A double elastic band is inserted inside
the cotton headset to keep the veil fixed on the head. For the
nasal filter, a shell-shaped mask in TNT (non-woven fabric)
is printed. The inner layers of filter fabric are heat-sealed to
the outer cover and then, by pressure, a valve with a silicone
membrane is applied. During the final assembly phase, a metal
band is added to let the mask adhere to the nose. In this phase
is also fixed a small metal hook to secure the nasal filter to the
elastic band of the veil.

moulding technique. The natural rubber is biodegradable and
has excellent elastic properties. It gives a sensitivity almost
equal to the touch with the bare hand.
Protection of the lower limbs
The shoe consists of a few elements. The sole with toe cap is
produced using a single polyurethane injection mould: it is a
material with a very low weight and good comfort. It has good
resistance to chemicals and oils, but no resistance to strong
acids. The softness of this material gives a good grip and a very
high slip resistance to the sole. The sole is then glued to a textile
anti-perforation insole, much more flexible than the classic rigid
insole, and to an inter-sole in Elastopan: low-density PU, easy
to print by injection, guarantees flexibility, excellent ergonomic
capacity and shock absorption. An anti-crush tip is glued to
the front of the shoe. The final product is light and completely
washable. The back strap is printed in PU and joined to the sole
by a pair of plastic pins.

Protection of the upper limbs
For the continuous thread gloves I chose a Nylon fabric. This
material is a very resistant, flexible and elastic synthetic fibre.
It can be finely woven and become adherent to the hand. It
ensures excellent sensitivity combined with good abrasion
resistance. The fabric “body” is immersed in the nitrile rubber
(NBR) material with high resistance to abrasion and good barrier
properties against oil, grease and other liquid substances.
The sleeves are instead made of elastic fabric with “Ice Silk”
technology: it protects from sun and dirt but allows the skin to
breathe. The thimble is made in natural rubber with an injection
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Some examples:

Mask production.
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Gloves production.

Sandals production.

Safety shoes production.
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Production of final prototypes
and shooting

After selecting the materials and analyzing the production
techniques, I modify the initial models and verify their
functioning. I then move on to prototyping the final output. The
materials used are as similar as possible to the real ones. In this
way we can see the real functioning and the final 3D shape.
In choosing the colour I wanted to take the shades used by
Paryavaran Mitra for its worker uniforms.
The prototyping phase is followed by the studio shooting.

Shooting phases.
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OUTPUT
AND
FUNCTIONALITY

The kit
1.

4.

6.

7.

5.

2.

8.

3.

9.

10.

Legend
1. Protective sleeves
   2. Work gloves
   3. Thimble
   4. Cotton socks with separate
big toe
   5. Protective sandals
   6. Nasal filter
   7. Head elastic band
   8. Veil
   9. Carry bag
10. User manual

Protection of the respiratory
tract

Respiratory protection is inspired by the Indian women way
of using the veil. As we saw before, there are two types of
traditional clothes: the “kurta”, a long shirt similar to a tunic,
dressed together with trousers and veil on the head; or the
“saree”, a unique cloth of 5m long fabric that is wrapped to the
body in a traditional way. The head is, in both cases, covered
with a veil.
In this PPE, the veil, secured in its place by an elastic band on
the forehead, covers hair and head from the sun, and protects
nose and mouth from dust and dirt in the front part of the face.
In addition, a rubber band holds a FFP2 category nasal filter
with valve in place. The user will have the mouth free to speak,
sing and pray but, at the same time, during work phases the
respiratory tract is always protected by the nasal filter.
During the garbage collection phase riding the cargo bike, the
worker can move the front part of the mask to breath in a
better way. The elastic, in addition to holding the veil firmly in
place, retains sweat thus avoiding the user to dry it off using her
dirty hands.
The worker can decide to get the full veil and wear it with a
“kurta”; or only the elastic band together with the filter and use
her saree to cover her head. The single filtering element is also
given as a spare part.

Components of the complete veil.
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Complete veil PPE. The filter is
covered, in the front part of the face,
by the veil which also protects the
mouth from dust and dirt.

Functioning of the elastic with nasal
filter. The worker can decide to buy
even these two spare parts and
wear her own saree.

Scale 1:1

Main dimensions of the nasal filter
(in mm). On the following page: the
dimensions of the two elastic bands
and pattern for the realization of the
veil.

Scale 1:1

Scale 1:8

The front part of the veil, together
with the filter, can be moved on the
neck allowing better breathing during
the collection phases with the cargo
bike.

Complete veil PPE. The nasal filter
and the elastic band are completely
covered by the veil making them
impossible to see from the outside.
The workers’ sense of shame is
eliminated.

Protection of the upper limbs

For protection of arms and hands I used a continuous thread
protective glove with a nitrile palm coating, combined with
a pair of elastic fabric sleeves with “Ice Silk” technology: this
material protects from sun and dirt but allows the transpiration
of skin. The right glove doesn’t have the cover of the index
finger phalanx. Placed in that location there is a specially shaped
latex thimble. The thimble can be removed to expose the index
finger in case of need. In some cases in fact, women workers
need to touch the plastic to distinguish the different types of
this particular material. The index is in the most sensitive finger
of our hand and therefore allows a better recognition.
The sleeves in addition to protecting from the dirt during
waste division phase, retain the bracelets that Indian women
traditionally wear, even at the workplace, so they do not get
dirty or constitutes an impediment to the worker. The sleeves
are easily adjustable to the required length.
The three single products can be bought and worn at the same
time or individually at the worker’s discretion.

Components of the protection of the
upper limbs.
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Above: the sleeves protect the
forearm from sun and dirt and, at
the same time, serve to block the
ornamental bracelets during the
work phases. They can be adjusted
in height by simply sliding or rolling
them.

Bottom: the latex thimble is
removable to be able to touch the
plastic in order to recognize the
type of material. On the back of the
right hand there is a loop to hold the
thimble once removed.

Automatic clip that allows to secure
the sleeve to the glove. In this way,
they can be worn quickly as if they
were a single component.

Gloves worn with thimble and pair
of fully extended sleeves. In this
modality the upper limbs are almost
totally protected from dirt, sun and
insect bites.

Protection of the lower limbs

The sandals, which can be combined with a pair of socks,
follow the Indian fashion of wearing open shoes. Inspired by
traditional shoes, they are easy to put on and off.
The sandals, produced only in a few sizes (S, M, L, XL), are
adaptable to worker’s foot thanks to the adjustable rear strap
fixed to the sole through automatic clips. This strap can tilt and
be worn on the instep or behind the heel for a better grip. In
the front of the sole there’s a special concavity that facilitates
riding the cargo-bike during the waste collection phase. It’s
easy for the bicycle pedals to break and, leaving the rotation
pin exposed. The worker will be able to place this pin in the
concavity of the sole in order to keep riding in an optimal way
during work. The shoe is printed in PU, it’s light and completely
washable.
The sandals are supplied in the kit complete of rear strap and
automatic adjustment clips.

Sandals components.
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Scale 1:2

Main dimensions of the sandal
components (in mm).
The dimension “a” varies depending
on the size of the shoe.
S = 230 mm
M = 260 mm
L = 275 mm

The rear lace can be carried
behind the heel or on the instep.
The rotation is made easy by a
small protrusion which helps the
movement even during the quick
removal of the sandal.

Detail. The pairs of holes, serve to
move the rear lace to adapt the shoe
to your foot. In the picture, we can
also see the concavity of the sole
which facilitates pedaling.

Side view of the sandals. The detail
of the sole is highlighted here: it has
a concavity to facilitate pedaling
during the collection phase by cargo
bike.

Top view of the sandals. The tip
of the shoe is curled towards the
instep. It’s inspired by traditional
Indian sandal.

Sandals worn with bare feet. To
encourage the use of closed shoes,
a pair of socks is also provided in
the kit. In addition to helping blood
circulation during long work sessions,
the socks protect feet and ankles
from dust and dirt.

Carry bag and user manual

Once the work phases ended, the PPE can be stored in a carry
bag. In this way the rag-pickers can remove the gloves and the
veil and continue their daily errands without running the risk of
losing them.
In the state of Gujarat the textile tradition is very old, so I
decided to use the typical embroidery techniques to decorate
the carry bag of women workers. The bag is made by hand
and can be easily customized, for example with the logo of the
organization to which it belongs. Typical is also the insertion of
small pieces of mirrors in the weave of the fabric to make the
bag shine with sunlight.
A user manual is then provided together with the kit: a small
booklet that, using easy to understand drawings, explains how
to compose and wear PPE.
The choice to not use texts derives from the fact that in India
there are more than 22 local languages and different alphabets.
Although the institutional language is English and the one
most commonly spoken is Hindi, it is easy to find people who
do not know either, especially in the poorer section of society.
Therefore, in order to make the manual available to the widest
possible range of users, all the explicit processes are displayed
through drawings.

Example of a simple carry bag.
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User manual
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CONCLUSIONS

The kit wants to give a “group identity” to all the rag-pickers
who wear it. I therefore intend to create a “typical” female
worker who inspires behavioral models that can be imitated
by autonomous rag-pickers. The goal is to bridge the
dangerous gap between India and the “West”, in the field of
workplace health and safety.
By redesigning the MSW-Municipal Solid Waste management
system, the rag-pickers are placed in a formal regulated
system, are protected and equipped with PPE for safety at
work. In this way, women workers are part of a team with a
common goal, they are no longer discriminated but can become
a model for other workers in their sector.
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