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Abstract: The world’s global plastics waste crisis demands policy coordination and technologi-
cal solutions to improve waste management systems, and organizations worldwide have created
momentum around the concept of a circular economy. This paper advances a holistic, inclusive
circular economy framework that aims to empower waste pickers with the following basic pillars:
(1) build collaborative networks of stakeholders to enable inclusion of waste pickers; (2) establish
cooperative enterprise models to integrate waste pickers into the formal economy; (3) build waste
pickers’ technical skills and capacity for entrepreneurship; and (4) provide access to technologies and
markets that enable waste pickers to manufacture upcycled products.

Keywords: circular economy; inclusiveness; stakeholders; capacity building; entrepreneurship;
cooperative business models; collaborative networks

1. Introduction

The world faces a global plastics waste crisis that demands policy coordination and
technological solutions to improve waste management systems at every stage, including
the collection, transport, sorting, treatment, and final disposal or reprocessing of waste.
International organizations, governments, and the private sector have created momen-
tum behind rethinking the after-market plastics economy through a circular economy,
defined as “keeping materials and products in circulation for as long as possible through
practices such as reuse of products, sharing of underused assets, repairing, recycling and
remanufacturing . . . [and] restoring natural systems, designing out waste, and substitut-
ing non-renewable materials with biological and renewable ones” [1]. Circular economy
solutions have the potential to drive economic growth [2] and create between 9 and
12 million new jobs worldwide [3] in addition to alleviating the environmental and eco-
nomic consequences of plastic waste. Critically, circular economy solutions, if designed and
implemented with an eye for the needs of vulnerable workers, also offer new opportunities
to maximize social equity and economic inclusion.

This paper advances an inclusive circular economy solution that aims to empower
waste pickers in the developing world. Waste pickers have the potential to act as environ-
mental stewards by mitigating the effects of waste, contributing to the resilience of urban
systems, reducing greenhouse gas (GHG) emissions through recovery of materials from
waste streams, and saving energy and preserving natural resources by enabling recycling
and reuse [4]. They play critical roles in waste management, but their full potential to con-
tribute to the circular economy remains unrealized due to their marginalized social status,
lack of recognition by authorities, and disconnection from the formal economy. Addition-
ally, they face significant occupational hazards and social exclusion, and their livelihoods
are at risk of being displaced by private-sector-led waste management approaches.
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Due to the prevalence of plastic waste, combined with its unique harms and rela-
tive ease of reprocessing, this paper emphasizes the strong potential of plastics recovery
and remanufacturing as an initial input for this approach to catalyzing greater inclusion
and entrepreneurial capacity for waste pickers; however, the inclusive circular economy
solution described here has wide applicability for nearly any other waste stream. After
describing the global plastics crisis, we discuss the unique social, occupational, and eco-
nomic challenges faced by waste pickers. We then propose a new strategy for empowering
waste pickers through education and capacity strengthening that leverages cooperative
enterprise models, along with low-cost micro-manufacturing technologies, that will allow
waste pickers to create value-added products out of plastic waste—enabling new economic
opportunities for waste pickers-as-producers while realizing their enormous potential to
accelerate the transition to a circular economy.

2. The Growth in Plastics Use and Waste

Plastics are integral to the global economy, acting as an enabling technology in almost
every sector of economic activity. For decades, the production of plastics increased at a
compound annual growth rate of 8.4%, from 2 Mt in 1950 to 380 Mt in 2015—roughly
2.5 times the compound annual growth rate of global GDP during the same period. Only
a relatively small share of plastics produced throughout history have ever been recycled.
By one estimate, of the 6300 Mt of plastics produced from 1950–2015, 79% accumulated
in landfills or in the environment, 12% was incinerated, and only 9% was recycled [5].
The fate of plastics is invariably intertwined with waste management systems that are
poorly optimized for recycling and reuse. Globally 37% of waste is disposed in landfills,
33% is openly dumped, 11% is incinerated for final disposal, and only 19% is recycled. In
low-income countries, 90% of solid waste is still burned or openly dumped, and low- and
middle-income countries are expected to see a threefold increase in total waste production
by 2050 [6]—a fact that is especially significant to the solution described here, given the
large numbers of informal sector waste pickers in these countries.

3. Harmful Impact of Plastic Waste

The harms of plastic waste can broadly be categorized in environmental and economic
terms. Regarding the environment, plastic waste contributes to the destruction of natural
ecosystems, especially oceans and riverways. Ten rivers account for 88–95% of plastic
debris that makes its way to the ocean [7]. Eight million tons of plastic waste are deposited
into oceans each year—the equivalent of dumping a garbage truck full of plastic into the
ocean every minute. By 2050, the rate of plastic dumping into the ocean will increase to
four dump trucks per minute, and the volume of plastics by weight will exceed that of
fish [8]. Plastics that litter the earth also disintegrate into microplastic particles that become
atmospheric pollutants. One study recorded 365 microplastic particles per square foot
falling from the sky [9]. The health consequences of microplastics inhalation and ingestion
are unknown [10]. An additional environmental harm of plastics waste is the production
of GHGs from after-use incineration, estimated at 390 Mt in 2012. From now through 2050,
GHG emissions from the plastics sector will increase from 1% of global carbon emissions
to 15%, contributing significantly to climate change [8].

The mismanagement of plastic waste also has significant financial impacts. Ninety-
five percent of the material value of plastics packaging, estimated at 80–120 billion USD, is
lost after a single usage cycle [8]. Plastics waste annually causes 13 billion USD in damages
to marine ecosystems and 1.3 billion USD in losses to tourism, fishing, and shipping
industries in the Asia-Pacific Economic Cooperation (APEC) region alone. The total after-
use externalities created by plastic waste, accounting for GHGs emitted in production and
incineration, are estimated at 40 billion USD annually [8].
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4. Waste Picking as Informal Sector Labor

The informal sector accounts for 61% of employment globally—approximately 2 bil-
lion people—and comprises 90% of employment in developing countries [11]. Informal
workers are most heavily concentrated in the agricultural sector, but many informal occu-
pations exist ranging from housekeeping to construction. The International Labour Office
estimates that in the developing world, 1% of the urban workforce, or 15 to 20 million
people, is engaged in recycling [12]. Known as waste pickers, they collect, wash, sort,
and process waste from streets, waterways, and landfills. Waste pickers are generally not
compensated for collecting trash, but instead earn income through low-value forms of
resource valorization through volatile commodity markets.

International organizations have attempted to determine the number of waste pickers
from local to global scales, and although some data are available for cities, country-level
and global data are scarce. Waste pickers comprise an estimated 0.1–0.4% of workers
in seven West African cities; 0.7% of workers in South Africa; and 0.1% of workers in
India [13]. These figures, although proportionately small, represent millions of workers.
Some municipal and national governments, such as Brazil, have created employment
classifications to monitor the waste picker population and track the economic impacts
they create.

The level of organization and labor formality of waste pickers varies, and these two
factors bear heavily on their ability to earn a living wage. Generally, waste pickers fall
into three categories: unorganized (independent), organized (e.g., through a business
collective or union), and contract laborers [13]. Local authorities often maintain informal
arrangements with waste pickers who supplement formal private sector contracts by filling
small niches in urban waste management. In Pune, India, municipal authorities offer formal
recognition to waste pickers, providing identity cards and access to health insurance [14],
but this is an exceptional case; in most cities, local authorities reap significant benefits from
the contributions of waste pickers without formally recognizing or paying them [15].

5. Occupational Hazards of Waste Picking

Informal sector workers are uniquely vulnerable to exploitation and mistreatment and
lack the security provided by connection to the formal economy, such as banking services,
business licensure, and insurance. Waste pickers are no exception to these dynamics and
face unique additional challenges. First, waste picking is an inherently high-risk occupation
that brings significant health hazards, such as exposure to hazardous chemicals and biolog-
ical waste; threats to occupational safety; and lack of access to basic sanitation amenities
when working in landfills, such as drinking water, toilets, and places to wash [16]. In one
study of waste pickers in Mumbai, India, the “prevalence of morbidities was significantly
higher among the waste-pickers, particularly for injuries (75%), respiratory illness (28%),
eye infection (29%), and stomach problems (32%), compared to the comparison group
(17%, 15%, 18%, and 19% respectively)” [17]. Secondly, waste pickers face social alienation
and exclusion, ranging from daily mistreatment and humiliation to police harassment and
beatings [18]. Third, waste pickers face a variety of social problems including racial conflict,
violence and infighting, theft, insecure living conditions, and substance abuse [16]. Finally,
waste pickers are often deprived of opportunities for education and social mobility. In
families that rely on waste picking for income, children are often put to work before they
can finish school, reinforcing the cycle of social exclusion and poverty [19]. Importantly,
women in waste picking may also suffer gender-based income discrimination: One survey
showed that where there are larger concentrations of women in informal valorization, junk
shops pay women lower rates for materials [14].
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6. Economic Vulnerability of Waste Pickers

Waste pickers’ livelihoods are constantly under threat due to their dependence upon
volatility-prone commodity markets and the ever-present possibility of losing access to
waste streams as municipalities adopt “cleaner” private sector solutions. Both problems
are exacerbated by their lack of collective economic and political influence. Consequently,
waste pickers are uniquely economically vulnerable and often live at the edge of subsistence:
for example, in Mumbai, waste pickers earn between 2.71 and 3.62 USD per day [20].

Labor informality adds to the challenges that waste pickers face as service providers
at the bottom of the global waste value chain. The primary value that waste pickers
provide is in the highly labor-intensive tasks of door-to-door collection and segregation and
preparation of materials for recycling, which are sold to middlemen who pay low prices—
generally only about 10% of the acquired value of the materials, or one-third of what they
would pay to actors in the formal sector [21]. In recent years, the livelihoods of waste
pickers have also become increasingly vulnerable to displacement by the private sector,
such as when cities establish contracts with waste management providers—sometimes
at the behest of donor agencies [12]. For example, the Inter-American Development
Bank and the World Bank have encouraged Latin American countries to adopt Integrated
Solid Waste Management (ISWM) solutions that include source reduction, recycling and
composting, waste transportation, and landfilling. These systems, if designed without
an eye for inclusion of all stakeholders—including the informal sector—may limit waste
pickers’ access to the waste sources that are most profitable for recycling [19]. Although
some municipalities have consulted with waste picker cooperatives in ISWM planning to
create complementarities between waste pickers and the private sector, waste pickers are
generally left out of deliberation and planning processes that shape their futures [1].

Importantly, top-down, private-sector-implemented approaches to waste manage-
ment not only put waste pickers at risk financially, but also reinforce the linear economy.
Private sector actors handle waste in whatever manner is most profitable, even if it means
incineration—which creates 25 times the emissions of recycling [12]. In contrast, waste
pickers are incentivized to maximize the quantity and quality of recyclable material for
resale, and thus devote significant effort to segregating the waste and connecting to appro-
priate buyers using their local knowledge. One study of six cities found that where private
sector recycling has replaced informal valorization, results have been inconsistent, and
recycling plants have tended to show disappointing performance. The study concludes
that, partially as a result of waste pickers’ reliance on lower technology solutions (such
as human and animal transport of waste), “an integration of the informal sector would
contribute significantly to reducing GHG emissions, as it results in increases in the quantity
of recovered material . . . [and] more material recovery at lower environmental cost” [14].

7. An Inclusive Circular Economy Solution for Waste Pickers

The transition to a global circular economy is often characterized as a solution to
environmental problems, but this effort also presents opportunities to design solutions to
alleviate inequity and social exclusion. Prevailing top-down approaches to waste man-
agement in developing countries, even if they mobilize waste picker cooperatives to
facilitate recycling, encourage a race to the bottom in which waste pickers are squeezed
by middlemen and left to the mercy of commodity market price fluctuations. Holistic,
inclusive circular economy solutions would allow waste pickers to diversify their opera-
tions and develop new revenue streams; increase interdependency between waste pickers
and conventional waste management actors to facilitate mutually beneficial cooperation
that leverages their distinct competitive advantages; and achieve greater efficiency by
shortening waste supply chain movements through decentralized waste processing.

An approach that starts from the bottom up and mobilizes collaborative networks
to empower waste pickers with training, organization, and technology will allow them
to ascend the value chain by utilizing recyclable materials to manufacture value-added
products rather than limiting their role to collecting waste and brokering low-margin sales
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to commodity buyers. The integration of the informal sector into waste management
systems can increase recycling rates, while eliminating child labor; provide waste pickers
with the benefits of formalization such as healthcare, education, and social recognition;
and create new jobs and improved livelihoods [3]. More broadly, an equitable transition to
a circular economy will improve occupational health and safety for waste pickers, create
opportunities for job and venture creation and skills development, and reduce economic
harm and displacement.

Although the needs of waste picker communities vary from city to city and country to
country, a holistic, inclusive circular economy solution should incorporate the following
basic pillars: (1) foster collaborative networks of international, national, and local stake-
holders to support waste pickers; (2) establish and support cooperative enterprise models
to integrate waste pickers into the formal economy; (3) build waste pickers’ technical skills
and capacity for entrepreneurship; and (4) provide access to technologies and markets that
enable waste pickers to manufacture upcycled products.

7.1. Pillar #1: Building Networks of Stakeholders to Include Waste Pickers

The waste management ecosystems of developing countries comprise multiple ac-
tors, including municipalities, waste pickers and waste picker cooperatives, private waste
management companies, purchasers of recyclable material and products, academic insti-
tutions, international development organizations, and community-based organizations.
Successful ISWM planning can ensure the inclusion of the informal sector by facilitating
collaboration between these stakeholders through transparent, accessible, and participa-
tory decision-making and policymaking. Identifying complementary and differentiated
roles for waste pickers within ISWM systems can also improve waste diversion rates,
such as by capitalizing on their natural incentives to maximize collection and sort waste
effectively, and by leveraging their abilities to provide certain services with greater effi-
ciency. Improving the working conditions and income potential of waste pickers—and
realizing their full potential to increase recycling rates in order to reduce GHG emissions,
improve landfill lifespan and utilization, and maximize the economic value of recyclable
materials—requires raising awareness among diverse stakeholders of the benefits that
waste pickers provide. Better understanding and measurement of informal valorization
activities can contribute to national and international recycling goals [14] and facilitate
effective, sustainable collaboration towards common goals related to the empowerment of
waste pickers. Raising awareness among diverse stakeholders of the benefits that waste
pickers provide, and identifying complementary and differentiated roles for waste pickers
within ISWM systems, can ultimately improve waste system operational, financial, and
environmental performance, while improving the working conditions and livelihoods of
waste pickers.

7.2. Pillar #2: Forming and Strengthening Waste Picker Cooperatives

Waste picker cooperatives have proven to be a successful model for integrating waste
pickers into the formal economy and domestic and global supply chains, but realizing their
full potential requires targeted efforts to increase inclusion and empowerment, including
from international non-governmental organizations and development agencies [3]. Co-
operatives are critical to helping waste pickers to secure living wages by increasing their
ability to negotiate with municipalities to maintain access to waste and with buyers to
secure better prices [11]. They provide job security, improved working conditions and
higher wages, resilience to economic shocks, and leadership opportunities for women.
Most importantly, they provide connection to the formal economy, as cooperatives are
legally recognized entities that are considered to be part of the formal sector [4]. Inter-
ventions aimed at empowering waste pickers must therefore invest in the organization of
business cooperatives, especially in cases where cooperatives have not yet been formed or
are weak [22]. To be effective, solutions should strengthen “the internal organization of
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waste cooperatives by providing better business skills [and] management training, with
particular emphasis on the core values and principles particular to cooperatives” [19].

7.3. Pillar #3: Capacity Strengthening for Entrepreneurship

Engaging directly with cooperatives allows local and international stakeholders to
work with waste pickers to establish comprehensive, community-based economic devel-
opment mechanisms. An effective approach for catalyzing enterprise-building should
address topics such as financial literacy, venture formation, business skills, technical skills,
end market development, and cooperative formation and management. Addressing these
issues will empower waste pickers to improve the profitability of their current activities
and begin a shift towards diversified livelihoods, such as micro-manufacturing products
from recycled materials, that give them a larger stake in national and regional economies.
Capacity strengthening will also allow them to maximize their contributions to waste
management systems [23].

7.4. Pillar #4: Access to Technology for Remanufacturing and Production

Critically, even waste pickers who are organized into effective cooperatives and
trained in new business and entrepreneurship skills still find themselves at the mercy of
volatile commodities markets. Recycling machinery is prohibitively expensive for many
cooperatives, and even those that sell fully processed bulk recycled material will remain as
small players in a vast global market as long as their contributions are limited to the base
layer of the recycling value chain [11]. The value added from the work of waste pickers is
in collection, sorting, washing, and reselling of waste resources, limiting their ability to
secure and reinvest financial resources to expand the scope of their operations to engage in
higher value activities.

International organizations can play an important role in helping cooperatives to
ascend the value chain by helping them to obtain affordable, low-tech machines that uti-
lize recyclable materials to produce marketable plastic products. They can work with
waste picker cooperatives and local authorities to create networks of decentralized micro-
manufacturing facilities in low-income and underserved neighborhoods, helping to create
new revenues that revitalize communities. This approach has the added benefit of short-
ening waste supply chains, thereby reducing waste transportation costs and emissions,
as waste pickers can process and remanufacture waste nearer to the areas in which they
collect waste rather than at centralized materials recovery facilities. Several private sector
companies in India have demonstrated that the production of upcycled products can be
profitable, such as Aarohana Ecosocial Development, which produces crafts and clothing
from recycled bags [24]. Examples of the kind of products that can be produced with plastic
waste include yoga mats, shoes, clothing, jewelry, athletic gear, backpacks, tools, building
materials, and furniture. Machines for micro-manufacturing upcycled products can be
obtained at low cost, such as Precious Plastic USA’s open-source machinery, which costs
less than 10,000 USD for a full set including a shredder, compression oven, extruder, and
injector [25].

If waste picker cooperatives can be equipped with the organizational and technological
capacity to diversify into the production of value-added products, they can earn higher
margins by selling upcycled goods locally, nationally, and even internationally. Local
plastic picking and producing cooperatives could scale to become national cooperatives
similar to agriculture-based ones, such as the Amul Dairy Cooperative in India, which
supports nearly 1 million farmers and generates over 1 billion USD in revenue per year [26].
The revenues provided by waste reprocessing and micro-manufacturing, in turn, will allow
cooperatives to be self-sustaining, generating revenues that can support increased member
incomes, ongoing venture diversification, and reinvestment into community resources
such as education.
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8. Conclusions: Circular Economy as a Catalyst for Sustainable Development

Circular economy models are often characterized in terms of concepts such as techno-
logical innovation, policy change, industrial systems, and natural capital. These and other
conceptual lenses are essential, but an intentional focus on equitable, inclusive economic
development that creates new livelihoods and maximizes social value is also necessary to
realize the full potential of the circular economy. The case of waste pickers demonstrates
how top-down approaches—such as focusing on improving the recyclability of plastics, or
companies collaborating to standardize packaging protocols—are insufficient to address
the broader spectrum of socioeconomic concerns surrounding the transition to a circular
economy, especially the working conditions and livelihoods of workers in developing coun-
tries. Although these approaches are necessary, the inclusive circular economy solution for
waste pickers articulated here is an example of how a bottom-up approach can also ensure
that vulnerable workers are not left behind.

Waste pickers have long been marginalized and treated with suspicion by governments
around the world, holding them back from realizing their full potential to contribute to
resilient urban ecosystems as key players in effective waste management strategies. Even
where waste pickers have organized through business cooperatives, their reliance on
traditional business models—based on low-value valorization activities and brokering
the sale of recyclables at margins that barely turn a profit—limits their ability to earn a
living wage. Cooperatives have proven effective in helping waste pickers to earn better
livelihoods, improve their working conditions, and achieve formal recognition from local
governments, but these efforts are limited in their ability to create enduring economic
stability for waste pickers. For example, in Pune, India, the nearly 3000 members of the
Solid Waste Collection and Handling (SWaCH) cooperative provide waste management
services to 70% of the city [27]. However, SWaCH still faces threats from large scale, private-
sector-led approaches that deprive waste pickers of income while driving environmentally
unfriendly practices such as waste incineration [28].

A holistic, intentionally designed inclusive circular economy solution can build on the
success of cooperatives like SWaCH by mobilizing broad networks of stakeholders from
local to international scales to assist waste pickers in forming and maintaining cooperatives
and in brokering sustainable arrangements with local authorities that secure their access to
waste resources. With the training and technology to manufacture products that can be sold
for significantly higher profits than bulk recyclables, these picker–producer cooperatives
can diversify their revenues and realize higher returns for their members, catalyzing
bottom-up economic growth that has the potential to help waste pickers thrive financially
and transform the communities in which they live. Moreover, although plastic waste is
an ideal initial focus for this approach, this solution can readily be applied to many other
waste streams—including construction debris, textiles, and even organic matter.

Circular economy practices are critical to solving the global waste crisis, but with
holistic design that prioritizes inclusion of the world’s most vulnerable workers, they can
also drive the achievement of sustainable development goals related to poverty, hunger,
gender equality, and social inequality [1]. The approach described here is only one example
of how the transition to a circular economy can be leveraged to maximize inclusion and
equitable outcomes for the world’s poorest and ensure that the benefits of the circular
economy are accessible to all.
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