Mumbai, India
Waste Picker-Run Biogas Plants
as a Decentralized Solution
By Virali Gokaldas

Parisar Bhaginis in their uniforms. (photo: Michael Atkin)

Mumbai’s rapid growth, high density, and sheer size present
significant challenges for its waste management system. The
enormous quantity of waste generated in the city makes largescale, technologically driven “solutions” tempting. However, the
opposite approach—a highly decentralized, people-powered
model of waste management—has proven successful. Dry waste
is separated out for recycling while organic waste, Mumbai’s
largest and heaviest waste stream, is treated close to its source
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through composting pits and biogas. This approach has reduced

Population density: 20,696/km2

the need for costly transportation and landfill space while

Altitude: 14 meters above sea level

providing green jobs for waste pickers.
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Average annual rainfall: 2,167 mm
Average temperature range: 17ºC to 33ºC
Waste generation: 0.53 kg/capita/day
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2000 require source separation of waste and prohibit
landfilling of biodegradable waste, there is no formal
recycling or composting program. However,
there is a thriving informal recycling economy.
A large percentage of dry recyclables—meaning paper,
plastic, metals, and glass—are recycled by households
or alternately, by waste pickers. This recycling sector is
considered to be ‘informal’ because it is not regulated
by government agencies, and there are no rules for
pricing recyclable materials or protections for the
health and safety of the waste pickers. Nevertheless,
Parisar Bhaginis operating a biogas plant. (photo: SMS)

Mumbai, the financial center and industrial hub of
India, is a megacity divided into 24 wards, each with
its own budget and responsibility for solid waste
management. The city government, known as the
Municipal Corporation of Greater Mumbai (MCGM),
utilizes both a communal collection system where
residents bring waste to collection points (78%) and
a house-to-house collection system where apartment
building managers collect the garbage for pickup
on designated routes (22%). The waste goes either
to transfer stations or directly to one of three local

their work reduces waste transportation costs,
provides raw materials to recycling facilities, and helps
to protect the environment.

A Decentralized Approach
to Zero Waste
In specific wards of Mumbai, there is a growing
movement to formalize the waste-picking sector
and address the growing issue of municipal waste
by integrating zero waste principles into waste
Figure 1. Solid Waste Costs for Greater Mumbai

landfills. For 2013, the city estimates a total cost of
2,019 crores1 (US $375 million) for solid waste
expenditures, a 40 percent increase from 2012.
The budget reflects large anticipated increases in
transportation, compacting, and dumpsite expenses.
There are currently three local dumpsites for Mumbai’s
waste. The oldest, Deonar, has been in operation for
over 80 years—much longer than the typical 30-year
lifespan—and is scheduled for closure. All the city
dumps have traditionally been a source of income for
waste pickers who scour the piles for reusable and
recyclable items. However, this is quickly changing, as
the landfills are either being covered daily with soil or
closed off to waste pickers by private operators.
While the Indian Municipal Solid Waste Rules of
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Source: MCGM 2012
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management. One non-governmental organization,
Stree Mukti Sanghatana (SMS), has been training and
organizing women waste pickers since 1975. Because
poor, low-caste women comprise 85 percent of the
waste picker population, SMS started the Parisar Vikas
(PV) program in 1998 to train this group as “parisar
bhaginis,” or “neighborhood sisters,” teaching them the
principles of zero waste, how to sort and handle waste
from multi-family dwellings, composting and biogas
plant management, gardening, and how to organize
as worker cooperatives and negotiate contracts. The
organization also helps with contracting and marketing
for individual workers and cooperatives.

SMS Operations

Dry waste collection, Tetra Paks. (photo: SMS)

Through SMS programs, including PV, a total of 600
women work in almost 150 locations in Mumbai,
ranging from institutional campuses to housing
apartments. Although each site is unique, at most
locations these waste pickers pull out, aggregate,
and sell dry recyclables. In addition, depending on
the nature of the waste stream and the contract,
the bhaginis offer other services, such as dry waste
collection (including Tetra Pak collection), composting,
buildings and grounds cleaning, collection of dry
waste in hospitals, and operation of small-scale biogas
plants.

management process, shown in Figure 2 below.
They collect waste directly from households or
community waste bins, and separate it. They bundle
the dry, recyclable waste for sale to industry recyclers.
Residuals and organics are either picked up by the city
for disposal at dumpsites, or by SMS to be processed in
composting and biogas facilities that produce manure
and biogas for industry and domestic end uses.
Bhaginis earn income from the sale of
recyclables and at many sites also receive a
service fee for collecting, sorting, or managing
composting pits/biogas plants. Most earn 100

Table 1. Summary of SMS Operations

Sites

Workers

Wet
Waste
(kg)

sale of recyclables, though this can vary considerably
Dry Waste
(kg)

depending on volume collected and sale prices. Some

418

apartments pay the waste pickers directly; others pay

Composting

27

57

Cleaning

26

42

318

the co-op. In many locations, bhaginis earn a regular,

Dry Waste Collection

70

282

14,212

additional income from running a biogas plant or

Hospitals

19

35

1,670

composting pit. There is a team structure with one

8

13

7,055

39

supervisor for every four or five bhaginis on site;

150

429

8,769

16,657

additionally, each ward has a supervisor. There are also

Biogas Plants
Total

1,714

- 150 (US $2 - $3) per day from collection fees and

Source: SMS 2012

Depending on the site’s size and operation, women
waste pickers can play several roles in the waste
Global Alliance for Incinerator Alternatives

specialized positions such as composting supervisors
who work citywide overseeing compost operations.
Supervisors are paid 5,000 - 6,000 (US $90 - $110)
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Figure 2. Parisar Vikas Waste Management Process
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Source: Adapted from MIT Colab 2010.

per month; senior employees can make up to 8,000 9,000 (US $145 - $165) per month.

picker cooperatives that manage sites. Initially, SMS
signed contracts on their behalf, but the signing
and management of contracts is transitioning to the

Contracts

cooperatives themselves.

SMS serves as the umbrella organization that runs

The cooperatives enter into recycling contracts with

the PV program and other services for waste pickers.

institutions, apartment complexes, businesses, and

It has also developed a sister organization that

the municipality. They have seen the greatest success

markets, negotiates, and signs contracts on behalf of

with private institutions and campuses, such as the

individual members. In addition, there are ten waste

Tata Institute for Social Sciences. At the institute, a
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Collection of dry waste with city vehicle. (photo: SMS)

cooperative operates a snack bar, sorting operation,

SMS has been seeking out new opportunities where

and biogas facility. The snack bar generates 25 - 30

apartments are being constructed or areas are being

kg of clean, source-separated, organic waste per

re-developed. Creating a recycling program at

day. Supplemented with outside sources, this feeds

new or re-designed developments has proven

the 100 kg/day capacity biogas plant. Gas from the

easier than where residents or businesses

plant meets a quarter of the canteen’s cooking gas

already have an established waste routine. For

needs. The operation has been so successful that the

example, Vasundhara, an SMS cooperative, applied

institute added another 500 kg/day plant at its larger

to provide recycling services for a special export

canteen, and is constructing a third plant to service

business zone. The area hosts approximately 100,000

their new 1,000-student hostel.

workers and 300 industries on 40+ hectares. The
cooperative won the contract and now employs 18
bhaginis to collect the zone’s 1 - 1.5 tons per day of
dry recyclables; it will also be bringing a biogas plant
online in June 2012.
Compared to private contracts, SMS has had less
success with municipal agreements. It contracts
directly with the city to collect dry recyclables at several
locations, using city trucks. However, these contracts
tend to be less lucrative since the municipality provides
the collection trucks only in the late morning, at which
point most locations have already been picked over by

Collection of dry recyclables. (photo: SMS)
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the municipal staff.
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Current contracts between the collector (SMS or

players and award waste contracts accordingly.

the cooperative) and their customers are short, basic

Having a variety of contracts and models allows PV

letters of agreement that allow bhaginis to come

to continue even when one site may close. Third, the

on-site to take dry recyclables away or to manage

waste-picking sector itself has high turnaround; as

an operation for a set fee. The letters are typically

women increase their income or their children begin

signed and renewed on an annual basis and detail

earning money, they leave this work and move onto

the number of bhaginis to be on site and the fee to

other activities. Keeping operations simple and having

be paid. Additional provisions include the necessity of

multiple sites lets PV manage turnover more easily.

safety and protection equipment, the need for identity

Finally, the model has allowed PV to experiment at

cards to allow ease of access, and a requirement for

different locations, leading to models like wet waste

worked hours to be documented.

processing and biogas production. Having a model
that is modular and opportunistic, that can provide

Flexibility Leads to Stability

services to complement its customer’s needs, that has
a diversified base of operations, and that has simple

SMS’s strategy with the Parisar Vikas program

components has allowed Parisar Vikas to bid for a

has been to localize the sorting and processing

variety of contracts, weather political changes and high

of waste as much as possible, whether on a

employee turnaround, and roll out new technology like

large campus or at an apartment building. This

small-scale biogas plants.

decentralization requires greater tailoring, at the
building or colony level, and makes it challenging to

The waste-picking sector is vulnerable to the threat

standardize and scale up solutions. However, it affords

of privatization of waste collection. In 2012, the city

SMS several benefits. First, being adaptable to the

awarded a 25-year contract worth

customer has increased demand for services and

(US $650 million) to a private firm to manage and

allowed PV to thrive. Second, smaller-scale enterprises

close the city’s landfills. The contract rules and state

can respond quickly to changes in the recycling

law governing waste management require that the

landscape due to turnovers in political leadership.

company, at a minimum, integrate waste pickers into

For example, new commissioners can favor different

its operations, but this has not happened.

3,500 crores

Table 2. Capacity Comparison of Different Nisargruna Biogas Plants
Capacity

Installation
Cost (US $)

Operating Cost/
Year (US $)

Daily Water
(recycled)

Daily Workers

Space
Daily Fertilizer
Required
(tons/day)
(m2)

Daily
Biogas*

500kg

22,000

2,000

1 kL
(500 L)

1
1 supervisor

.75 - 1

1 ton

30,000

3,000

1.5 kL
(1 kL )

2
1 supervisor

1.5 - 2

0.08 - 0.10

2 tons

44,000

5,000

3 kL
(2 kL )

3
1 supervisor

3-4

0.16 - 0.20

150

5 tons

100,000

8,000

6 kL
(5 kL)

4
1 supervisor

8 - 10

0.40 - 0.50

300

0.04 - 0.05

50
80

*In Liquified Petroleum Gas cooking cylinder equivalents; one cylinder lasts 45 - 60 days in an average household kitchen.
Source: Nisargruna brochure.
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Biogas: Creating a Local Food-toEnergy Cycle
A key innovation in PV’s model is the adoption
of a locally viable technology for biogas creation,
called the Nisargruna Biogas Plant. The plant was
developed to convert on-site organic waste at
an individual institution or apartment building
into useful methane and high-quality manure
(fertilizer) to then be sold back to households
or local businesses. It was designed to digest
almost any biodegradable waste including kitchen
waste, paper, animal dung, bio-sludge, poultry manure,
agro-waste, and biomass. The plant design is highly
scalable and can be made to handle 1, 2, 3, 4, 5,
10 or 25 metric tons of segregated biodegradable
waste. A plant processing one ton of waste requires
10 KWh of electricity per day. Generally, the plant
returns 10 percent of processed waste as nitrogenrich compost.
The Nisargruna Biogas Technology
The Nisargruna Biogas technology has three stages
of operation. First, waste must be properly separated
before entering the biogas plant as some materials
may damage the equipment. Even with good source
separation, waste pickers conduct a sort on-site to
pick out contaminants and inappropriate organic
material. Hence waste pickers are a critical part of
the operation’s smooth functioning. Second, because
microorganisms cannot easily digest solid waste,
the waste is placed in a mixer with an equal amount
of hot water to break down fibers and create a
homogeneous slurry. This slurry enters into the aerobic
tank to be converted to butyric, fumaric, acetic, and
other organic acids. Finally, the acidic slurry transfers
to the anaerobic tank, to be converted into methane.
The final products are nitrogen-rich manure, to
be used on gardens, and methane gas, which
can be used for heating or electricity. The water
used in the process is heated through solar power
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and recycled for new batches. Out of every 100 liters
of water used, 75 liters are recycled from the slurry.
Plant operation is relatively simple as the technology
was designed to be used by non-skilled workers. The
most important human activity is proper segregation
of material—the primary expertise of parisar bhaginis.
Operators occasionally measure pH to ensure it
is in the right range for digestion. The plant has an
inspection hatch so bhaginis can scoop out any
problematic material. Because of their size, the plants
are more suitable for community garbage streams
than for individual households. They are geared for city
corporations, big hotels, government establishments,
housing colonies, residential schools and colleges,
hospitals, agricultural markets, and factories.
SMS and its cooperatives operate eight biogas plants
throughout the city. Each plant belongs to the
institution or society where it is located, and
bhaginis are contracted annually to operate
them. In all instances, customers utilize the gas for
cooking, as the current plants are too small for costeffective electricity generation.
Benefits
Unlike composting operations, a biogas plant does not
create unpleasant decomposing odors, nor does it take
up a large amount of space. Only 50 m2 are required
for a plant that processes 100 kg per day. The
resulting biogas is 85 percent methane, more efficient
than the 50 percent methane typical of most biogas
plants, which SMS attributes to Nisargruna’s two-step
aerobic/anaerobic process. The small footprint, lack of
odors, and direct use of biogas for heating mean that
organic waste, the largest part of the waste stream,
can be processed and used very close to where it
is produced. This dramatically reduces the need for
waste pick up, transport, and disposal, as well as the
pollution associated with these activities. It also avoids
the pollution that results from landfilling wet waste:
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Figure 3. Nisargruna Process

Methane
Gas
for Sale

Source: MIT Colab

methane emissions, toxic leachate, and odors.

the number of bhaginis on site and the extent of
operations.

The PV model generates value in three ways: waste
collection, sale of recyclables, and generation of

The avoided municipality costs are not reimbursed

biogas or compost. In addition, the municipality

to PV at all. Yet these avoided costs may have the

saves considerable money in avoided transport

greatest economic impact. The city pays private

and disposal costs. The income from recyclables

contractors about 600 (US $11) per ton to transport

varies significantly with market conditions, locality,

the waste and another 500 (US $9) for disposal. So

etc. Waste collection and biogas are bundled

each one ton/day plant saves the city in excess of US

together and compensated through service fees.

$6,000 per year.2

These annual contracts range from

100,000 -

200,000 (US $1,800 - $3,700) depending on
Global Alliance for Incinerator Alternatives

For a biogas plant handling five metric tons per day of
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wet waste, the environmental benefits are significant.

Kale, Sharad P. “BARC – Nisargruna Biogas Plant.”

On an annual basis, the plant saves greenhouse

Bhabha Atomic Research Centre. 2011.

gas emissions equivalent to 4,197 tons of CO2 from
recycling wet waste. The same plant creates, annually,
biogas equivalent to 55,000 kg of liquefied petroleum
gas and 10,000 kg of organic compost. This is in
addition to the reduced impact of transportation on
Mumbai’s crowded streets.
SMS has successfully demonstrated the viability
of decentralized waste management in one of the

“Nisargruna, Nature’s Loan.” Bhabha Atomic
Research Centre.
SMS website: http://www.streemuktisanghatana.org.
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size-fits-all city-wide strategy, its greater flexibility and

laurenfarrow.wordpress.com/tag/parisar-vikas/.

customization is important to its success. Waste picker
cooperatives are instrumental in managing source
separation, and the small-scale biogas and compost
pits have generated higher-paying employment for
women waste pickers while significantly reducing the
waste burden on the municipality.

Bhada, Perinaz and Nickolas J. Themelis. “Potential
for the First WTE Facility in Mumbai (Bombay) India.”
16th Annual North American Waste-to-Energy
Conference. May 19-21 2008.
Wolfe, Jeanne M. and Darshini Mahadevia, ed. Solid
Waste Management in Indian Cities, Status and
Emerging Practices. Concept Publishing, New Delhi.

Sources:
Municipal Corporation of Greater Mumbai Website.
2012. http://www.mcgm.gov.in/irj/portal/anonymous
?NavigationTarget=navurl://35c3d6226ea0411f54
de929d60eabd06.
Municipal Corporation of Greater Mumbai Budget

2008.
Darshini Mahadevia, Bela Pharate, and Amit Mistry.
“New Practices of Waste Management – Case of
Mumbai.” School of Planning, CEPT University. 2005.
“Budget steps on gas, Kolkata fastens subsidy belt.”
Times of India. March 17, 2012.

Estimates 2012-2013. http://www.mcgm.gov.
in/irj/go/km/docs/documents/MCGM%20
Department%20List/Chief%20Accountant%20

Endnotes:

(Finance)/Budget/Complete%20English%20
Speech%202012-13.pdf.

1 One crore equals ten million.

Interview with Jyoti Mhapsekhar, President of Stree
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Mukti Sanghatana. May 5, 2012.
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President of Stree Mukti Sanghatana. May 9, 2012.
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This case study was originally published as part of On the Road to Zero Waste: Successes and Lessons from
around the World (GAIA, 2012). On the Road profiles nine diverse communities, each providing a real-world
example of authentic progress toward the goal of zero waste. None has yet achieved this goal, and a few still
employ practices that are incompatible with zero waste, such as incineration. Nonetheless, each community has
achieved considerable success with one or more elements of zero waste and has something to teach us. For
more case studies, visit: www.no-burn.org/ZWcasestudies.

