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Abstract

Solid Waste Management (SWM) has emerged as one of the most pressing urban challenges in
India, particularly in megacities like Delhi, where rapid urbanization, increasing population
density, and changing consumption patterns have led to an exponential rise in solid waste
generation. Amid this challenge, waste collectors—particularly those engaged informally—play a
critical yet often overlooked role in maintaining the urban sanitation ecosystem. However, these
individuals frequently work under precarious conditions, without recognition, social security,
adequate tools, or access to training. This study, titled "Capacity Building of Waste Collectors for
Effective Solid Waste Management: A Study in Delhi," explores the role of capacity enhancement
of waste collectors as a vital strategy for improving the efficiency and sustainability of SWM in
Delhi.

The primary aim of this research is to evaluate the current skill levels, working conditions, socio-
economic status, and institutional support mechanisms available to waste collectors across
different districts of Delhi, and to propose a strategic framework for capacity building. The study
employs a mixed-methods approach, combining quantitative data from 1000 waste collectors with
qualitative insights from key stakeholders such as municipal officers, NGOs, and civil society
organizations. Stratified random sampling was adopted to ensure representation across all major
municipal zones of Delhi.

The findings reveal that a majority of the waste collectors operate informally, without protective
gear, technical training, or formal recognition. Over 68% of respondents reported that they had
never received any formal orientation or skill enhancement related to waste segregation, hazardous
waste handling, or hygiene practices. Socioeconomic vulnerabilities—low income, poor living
conditions, lack of healthcare access—were widespread, further limiting their upward mobility
and institutional integration. Moreover, the study found that existing policies and programs, while
well-intentioned, suffer from implementation gaps, lack of monitoring, and inadequate outreach,
especially to women and migrant workers in this sector.
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Notably, the study identifies a significant positive correlation between capacity-building
interventions (such as NGO-led training, access to safety tools, and awareness sessions) and
improvements in work efficiency, self-perception, safety awareness, and earnings. Trained waste
collectors were 24% more likely to practice segregation at source and reported better engagement
with RWAs and municipal officials. The study also uncovers the importance of social capital, with
those affiliated with waste-pickers' collectives or Self-Help Groups (SHGs) having improved
access to welfare schemes and legal identity documents.

Based on the empirical data, the study proposes a multi-level capacity building framework
focusing on individual skills development, institutional support integration, digital literacy, health
and safety education, and policy advocacy. Recommendations include the development of certified
training modules for waste collectors, recognition under formal urban planning frameworks,
creation of an inclusive waste management workforce policy, and active engagement of public-
private partnerships in empowering the sector.

In conclusion, this thesis underscores the strategic importance of building human capital among
waste collectors—not just for improving solid waste management outcomes in Delhi but also for
promoting social inclusion, dignity of labor, and urban environmental sustainability. The research
offers both a micro-level perspective (the daily life and skills of the waste collector) and a macro-
level lens (policy and governance) on the pressing need to elevate this invisible workforce into the
fold of formal urban development.

Keywords

Waste Collectors, Capacity Building, Solid Waste Management, Delhi, Informal Sector, Urban
Sustainability, Environmental Management, Social Inclusion, Waste Pickers

1. Introduction

Delhi, the capital of India, generates over 11,000 tonnes of solid waste daily, making it one of the
most challenging waste management scenarios globally (1). The rapid urbanization has resulted in
an annual population growth rate of 3.85%, nearly double the national average, creating
unprecedented pressure on the city's waste management infrastructure (2). Despite technological
advances and policy interventions, Delhi's solid waste management system continues to grapple
with systemic challenges that threaten both environmental sustainability and public health.

At the heart of this challenge lies an invisible workforce—the waste collectors and pickers who
operate largely within the informal economy. These individuals, estimated to number between
80,000 to 120,000 in Delhi alone, are responsible for collecting, segregating, and processing
approximately 20% of the city's total waste (3). Their contribution extends beyond mere collection;
they serve as the backbone of India's recycling ecosystem, diverting millions of tonnes of waste
from landfills annually and contributing significantly to resource recovery and circular economy
principles.
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However, this critical workforce operates under conditions of extreme vulnerability. Most waste
collectors lack formal recognition, social security, adequate protective equipment, and access to
skill development programs. Studies indicate that most pickers have incomes below the poverty
line set by the Planning Commission of India, whereas the majority of collectors earn marginally
higher than the poverty-line income, with their poverty being chronic rather than transitory (4).
The COVID-19 pandemic further exacerbated these challenges, disrupting livelihoods and
highlighting the urgent need for systematic capacity building interventions.

Delhi currently generates about 7000 tonnes/day of MSW, which is projected to rise to 17,000—
25,000 tonnes/day by the year 2021, with only 70-80% of generated MSW being collected and
the rest remaining unattended on streets or in small open dumps (5). This growing waste generation,
coupled with inadequate formal collection systems, makes the role of informal waste collectors
even more critical for maintaining urban sanitation.

The concept of capacity building in the context of waste management encompasses not merely
technical skill development but a holistic approach that includes institutional strengthening, social
recognition, economic empowerment, and policy integration. The informal sector performs largely
waste collection and material recycling activities in developing countries including India, and
integration of this sector is necessary to achieve a paradigm shift in waste management (6). This
research addresses the gap between the critical role played by waste collectors and the systematic
neglect they face in terms of capacity development and institutional support.

The study is particularly relevant in the context of India's Solid Waste Management Rules 2016,
which mandate source segregation and integration of informal waste management systems. Recent
Supreme Court warnings to Delhi government and MCD regarding implementation of the 2016
Rules highlight the urgency of developing comprehensive waste management strategies (7).
Moreover, global commitments to Sustainable Development Goals, particularly SDG 11
(Sustainable Cities and Communities) and SDG 8 (Decent Work and Economic Growth),
necessitate a focus on inclusive and sustainable waste management practices.

2. Objectives

1. To assess the current socio-economic status, working conditions, and skill levels of waste
collectors across different districts of Delhi

2. To evaluate existing capacity building initiatives and their effectiveness in improving waste
collector livelihoods and work efficiency

3. To identify key barriers and challenges that hinder the integration of waste collectors into
formal waste management systems

4. To analyze the correlation between capacity building interventions and improvements in
waste management outcomes

5. To examine the role of institutional support mechanisms including NGOs, government
programs, and private sector initiatives in waste collector empowerment

6. To propose a comprehensive framework for capacity building that addresses technical,
social, economic, and institutional dimensions
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3. Scope of Study

1. Geographic coverage encompasses all major municipal zones of Delhi including North,
South, East, West, and Central districts

2. Target population includes informal waste collectors, waste pickers, and recyclers
operating across different waste streams including municipal solid waste, construction
debris, and e-waste

3. Institutional analysis covers Municipal Corporation of Delhi, Delhi Pollution Control
Committee, NGOs, and private waste management companies

4. Policy analysis includes examination of national and state-level waste management
policies and their implementation status

5. Temporal scope covers data collection over 18 months to capture seasonal variations in
waste generation and collection patterns

6. Sectoral focus includes residential, commercial, and institutional waste collection systems

4. Literature Review

The literature on waste management in developing countries consistently highlights the critical
role of the informal sector in maintaining urban cleanliness and resource recovery. A recent study
of six Indian cities found that waste pickers recovered approximately 20% of waste, with 80,000
people involved in recycling approximately three million tonnes, and every tonne of recyclable
material collected saved the ULB approximately INR 24,500 per annum (8). This economic
contribution, however, remains largely unrecognized in formal policy frameworks.

Research on the socio-economic conditions of waste workers reveals systematic patterns of
marginalization and vulnerability. Studies of waste-pickers in Mumbai found significantly higher
prevalence of morbidities, particularly for injuries (75%), respiratory illness (28%), eye infection
(29%), and stomach problems (32%), compared to the general population (9). Similar patterns
have been documented across Indian cities, suggesting that occupational health and safety remain
critical concerns requiring systematic intervention.

The concept of capacity building in the waste management sector has evolved from a narrow focus
on technical training to a more comprehensive approach that addresses institutional, social, and
economic dimensions. UNDP's work with informal waste workers emphasizes the importance of
providing waste collection tools, protective gear, financial assistance, and access to social
protection systems (10). This holistic approach recognizes that sustainable improvement in waste
collector livelihoods requires addressing multiple interconnected vulnerabilities.

Studies on successful integration models provide valuable insights into effective capacity building
strategies. Organizations like Recykal have developed cloud-based technologies that connect
waste generators with collectors, ensuring transparency in supply chains and recorded electronic
payments to improve conditions for waste pickers (11). Similarly, Saahas Zero Waste has initiated
Social Inclusion Projects that leverage the entrepreneurial nature of stakeholders in the informal
sector through capacity building, customer introduction, compliance requirements, and assistance
with local government interactions (12).
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The policy landscape for waste management in India has undergone significant transformation
with the introduction of the Solid Waste Management Rules 2016. However, implementation
challenges persist, with studies identifying issues such as incomplete waste production data
recording systems, inefficient source separation programs, inappropriate waste storage, and
limited management capacities (13). These challenges underscore the need for capacity building
initiatives that address both individual skill development and institutional strengthening.

System dynamics modeling of informal waste management in Delhi reveals that efficient
implementation of policies can reduce recyclable waste in landfills to zero and increase waste
recycling capacity from 39 percent to 100 percent by strengthening the informal recycling
coefficient (14). This finding highlights the potential impact of targeted capacity building
interventions on overall waste management outcomes.

The COVID-19 pandemic has brought additional attention to the vulnerabilities faced by waste
workers. Research on women waste pickers during COVID-19 revealed the intersection of gender,
socioeconomic status, cultural identity, and occupation in determining health outcomes and access
to support systems (15). These findings emphasize the need for inclusive capacity building
approaches that address the specific needs of vulnerable groups within the waste worker
community.

5. Research Methodology

This study employs a mixed-methods approach combining quantitative surveys with qualitative
interviews and focus group discussions to provide a comprehensive understanding of capacity
building needs and opportunities among waste collectors in Delhi. The methodology was designed
to ensure representation across different waste management zones, worker categories, and socio-
economic backgrounds while maintaining scientific rigor and ethical standards.

5.1 Study Design

The research follows a cross-sectional descriptive design with embedded case studies to capture
both broad patterns and specific experiences of waste collectors across Delhi. The study design
incorporates multiple data collection methods to triangulate findings and ensure validity of results.

5.2 Sampling Strategy

Stratified random sampling was employed to ensure representation across all major municipal
zones of Delhi. The sample was stratified based on geographic location (North, South, East, West,
and Central Delhi), type of waste work (collection, sorting, recycling), and employment status
(independent, affiliated with organizations, employed by contractors). A total sample size of 1,000
waste collectors was determined using standard statistical formulas for population surveys with
95% confidence level and 3% margin of error.

5.3 Data Collection Methods
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Primary Data Collection:

e Structured questionnaire surveys with 1,000 waste collectors covering socio-economic
demographics, working conditions, health status, income patterns, training experiences,
and institutional affiliations

e In-depth interviews with 50 key informants including waste collectors, NGO
representatives, municipal officials, and private sector stakeholders

e Focus group discussions with 20 groups of waste collectors to explore collective
experiences and community-level challenges

o Participant observation at waste collection sites, sorting centers, and training programs

Secondary Data Collection:

e Review of municipal records on waste generation, collection efficiency, and processing
capacity

e Analysis of existing policy documents, training materials, and program evaluation reports

o Literature review of national and international best practices in waste worker capacity
building

5.4 Data Collection Instruments

The structured questionnaire was developed in Hindi and English, pre-tested with 50 respondents,
and refined based on feedback. The questionnaire included modules on:

o Demographic and socio-economic characteristics

o Work patterns and employment conditions

o Health and safety practices

e Income and expenditure patterns

o Training and skill development experiences

o Institutional affiliations and support systems

o Attitudes toward formalization and capacity building

5.5 Data Analysis

Quantitative data was analyzed using SPSS 26.0, employing descriptive statistics, correlation
analysis, and regression modeling to identify factors associated with improved outcomes.
Qualitative data was analyzed using thematic analysis to identify key patterns and themes related
to capacity building needs and barriers. Geographic Information System (GIS) mapping was used
to analyze spatial patterns of waste collection and identify areas with high concentration of
informal workers.

5.6 Ethical Considerations

The study received ethical clearance from the institutional review board. Informed consent was
obtained from all participants, and confidentiality was maintained throughout the research process.
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Participants were provided with information about available support services and training
opportunities as part of the research engagement.

6. Analysis of Secondary Data

6.1 Waste Generation and Management in Delhi

Delhi's current waste generation stands at approximately 7,000 tonnes per day, with projections
indicating an increase to 17,000-25,000 tonnes per day by 2021 (5). The composition of waste
has evolved significantly over the past decade, with increasing proportions of packaging
materials, electronic waste, and non-biodegradable components. Recent data indicates that Delhi
generates more than 11,000 tonnes of solid waste every day while the MCD has the capacity to

Gender Distribution

process only 8,073 tonnes (7).

Demographic Profile of Waste Collectors in Delhi (N=1000)
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Fig-1

The waste management infrastructure in Delhi comprises three major landfill sites: Bhalswa
(operational since 1994), Ghazipur (since 1984), and Okhla (since 1996). Additionally, there are
three waste-to-energy plants and multiple composting facilities with varying operational capacities.
An Integrated MSW management plant of 4000 TPD capacity has been developed at Narela-

Bawana, currently operational for 2000 TPD (16).

6.2 Policy Framework Analysis

1951

Ms. Mitali Yadav et al 1945-1962



Journal of Computational Analysis and Applications VOL. 33, NO. 5, 2024

10.48047/jocaaa.2024.33.05.34
The Solid Waste Management Rules 2016 represent a paradigmatic shift toward decentralized
waste management with emphasis on source segregation, waste minimization, and integration of
informal sector workers. However, implementation challenges persist, with the Supreme Court
warning Delhi government and MCD of 'harsh orders' if stakeholders do not present a time-bound
schedule for implementing the 2016 Rules (7).

Key policy provisions relevant to waste collectors include:

e Mandatory source segregation of waste into biodegradable, non-biodegradable, and
hazardous categories

o Integration of informal waste pickers into formal waste management systems

e Provision for training and capacity building of waste management personnel

o Extended Producer Responsibility (EPR) frameworks for packaging and electronic waste

6.3 Existing Capacity Building Initiatives
Analysis of secondary data reveals several ongoing capacity building initiatives across Delhi:
Government Programs:
o Skill development programs under the Pradhan Mantri Kaushal Vikas Yojana (PMKVY)
e Training modules developed by the Delhi Pollution Control Committee for e-waste

handling
e Municipal corporation initiatives for door-to-door collection training

Impact of Training on Waste Collector Performance
Comparison between Trained vs Untrained Workers (N=1000)

100%

75%

50%

25%

0,
e Untrained Workers (68%)

e - o . ’ ' *itutional ealth Insurance
Key Finding: agement Traipegadiorkers (32%)
Trained waste collectors show 24% improvement in segregation practices
and 35% higher average income compared to untrained workers.
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Fig-2

NGO and Civil Society Programs: Organizations like Saahas Zero Waste have implemented
Social Inclusion Projects focusing on capacity building, customer introduction, compliance
requirements, and assistance with local government interactions (12). The Centre for Science and
Environment has developed training programs on integration of informal sector in solid waste
management (6).

Private Sector Initiatives: Technology platforms like Recykal provide end-to-end waste
management solutions that connect waste generators with collectors while ensuring transparency
and electronic payments (11).

Health and Safety Conditions Among Waste Collectors

1N

Work-Related Health Issues (%)

58%

Fig--3
6.4 Gap Analysis
Despite various initiatives, significant gaps persist in capacity building efforts:

e Limited coverage: Most programs reach less than 10% of the total waste collector
population

o Fragmented approach: Lack of coordination between different agencies and organizations

e Focus bias: Emphasis on technical training with limited attention to social and economic
empowerment

o Sustainability challenges: Short-term project cycles without long-term institutional support

1953 Ms. Mitali Yadav et al 1945-1962



Journal of Computational Analysis and Applications VOL. 33, NO. 5, 2024

10.48047/jocaaa.2024.33.05.34
e Gender and inclusion gaps: Limited specific provisions for women and marginalized
communities

7. Analysis of Primary Data

7.1 Demographic and Socio-Economic Profile

The survey of 1,000 waste collectors across Delhi reveals significant insights into the
demographic composition and socio-economic status of this workforce. The majority of
respondents (72%) were male, with women comprising 28% of the sample. Age distribution
showed that 45% of waste collectors were between 25-40 years, 35% were 18-25 years, and 20%
were above 40 years. Educational levels were predominantly low, with 42% having no formal
education, 38% having primary education, and only 20% having completed secondary education
or higher.

Impact of Institutional Affiliation on Waste Collector Outcomes
Comparative Analysis: Independent vs Affiliated Workers (N=1000)

Worker Affiliation Distribution

Independent (34%)NIGO Affiliated (28Bntractors @@
Key

Performance Indicators by Affiliation Type

18,000
%15.6K
315,000
78%
12,000
%9,000
36,000
%3,000
g0
Average Monthly Income Training Access (%) Safety Equipment (%) Govt. Scheme Access (%)
Key Finding: . Independent Worker. NGO Affiliated . Contractors. SHGs

Workers in SHGs/Cooperatives earn 64% more and have 10x better training access than independent workers

Fig-4

Migration patterns indicate that 68% of waste collectors in Delhi are migrants from other states,
primarily Uttar Pradesh (34%), Bihar (18%), and Rajasthan (16%). This migrant population faces
additional challenges in accessing government schemes and social security benefits due to
documentation issues and lack of local connections.

Income and Employment Patterns: Average monthly income among waste collectors ranged
from INR 8,000 to INR 15,000, with significant variations based on type of work, location, and
institutional affiliations. Independent waste pickers earned an average of INR 9,500 per month,

1954 Ms. Mitali Yadav et al 1945-1962



Journal of Computational Analysis and Applications VOL. 33, NO. 5, 2024

10.48047/jocaaa.2024.33.05.34
while those affiliated with organizations or contractors earned INR 12,800 per month. Seasonal
variations were pronounced, with income dropping by 25-30% during monsoon months due to
reduced waste generation and collection difficulties.

Living Conditions: Housing conditions reflect the precarious nature of waste collector
livelihoods. 58% lived in temporary structures or slums, 32% in rented accommodation in low-
income areas, and only 10% owned permanent housing. Access to basic amenities was limited,

with 40% lacking access to clean drinking water at their residence and 35% without adequate
sanitation facilities.

Proposed Multi-Level Capacity Building Framework

Intearated Approach 1or Waste Collecto TRONEST

Level 1: Individual Capacity Building

e D

Level 2: Institutional Support Systems
-

Level 3: Technology Integration

[

Level 4: Policy & Governance Support N
= v

Implementation Timeline: Target KPls:

Fig-5
7.2 Working Conditions and Health Status

The analysis reveals concerning patterns regarding working conditions and occupational health
among waste collectors. Consistent with international research, the most common occupational
hazards were physical (77.6%), social (70.7%), and biological (65.5%), with health outcomes
including epidermal (50.0%), communicable disease (46.6%), and respiratory disease (41.4%)

(17).

Safety Equipment and Practices: Only 23% of waste collectors reported having access to basic
protective equipment such as gloves, masks, and appropriate footwear. Among those with access,
68% indicated that the equipment was self-purchased rather than provided by employers or
organizations. Knowledge about occupational safety practices was limited, with 72% reporting no
formal training on hazardous waste handling or safety procedures.
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Health Challenges: Self-reported health problems were prevalent, with 65% of respondents
reporting at least one work-related health issue in the past year. The most common problems
included:

e Respiratory issues (45% of respondents)
o Skin infections and injuries (58%)

e Qastrointestinal problems (32%)

e Musculoskeletal disorders (28%)

Access to healthcare was limited, with 52% relying on private practitioners and only 18% having
access to government health facilities. Health insurance coverage was minimal, with only 15%
covered under any formal health insurance scheme.

7.3 Training and Capacity Building Experiences

The survey revealed significant gaps in formal training and capacity building opportunities. 68%
of respondents reported never receiving any formal training related to waste management, safety
practices, or skill development. Among those who had received training, sources included:

e NGO programs (45%)

e Government skill development schemes (25%)
o Peer learning and informal mentoring (20%)

e Private sector initiatives (10%)

Training Effectiveness: Among waste collectors who had received training, 82% reported
improvements in their work efficiency, safety awareness, and income generation. Specific
improvements included:

» Better waste segregation practices (75% of trained workers)
o Improved safety awareness and equipment usage (68%)

o Enhanced negotiation skills with customers (55%)

o Basic financial literacy and savings behavior (48%)

Training Needs Assessment: When asked about priority training needs, respondents identified:

Technical skills for waste segregation and handling (78%)
Health and safety practices (71%)

Basic literacy and numeracy (64%)

Business and entrepreneurship skills (52%)

Digital literacy and technology use (41%)

MRS

7.4 Institutional Affiliations and Support Systems

The study found varying levels of institutional affiliation among waste collectors. 34% worked
independently without any organizational connections, 28% were affiliated with NGOs or
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community organizations, 23% worked through contractors or middlemen, and 15% were part of
Self-Help Groups (SHGS) or cooperatives.

Impact of Institutional Affiliation: Waste collectors affiliated with organizations or SHGs
demonstrated significantly better outcomes across multiple indicators:

e 35% higher average monthly income

e 60% more likely to have access to protective equipment

e 45% more likely to have received formal training

e 50% better access to government schemes and social security benefits
e 40% higher rates of savings and financial inclusion

Social Capital and Networks: The research revealed the importance of social networks in
determining access to opportunities and support systems. Waste collectors with strong community
connections were more likely to:

e Access information about training programs and government schemes
o Negotiate better rates with customers

e Receive support during illness or emergencies

o Participate in collective action for improved working conditions

7.5 Technology Adoption and Digital Literacy

Digital literacy levels among waste collectors were generally low, with only 25% owning
smartphones and 18% having basic digital skills. However, among those with access to technology,
positive impacts were observed:

o Digital payment systems improved transaction transparency and reduced disputes
e Mobile-based training applications enhanced learning accessibility
e (GPS-enabled waste collection apps improved route optimization and customer service

Technology adoption was higher among younger waste collectors and those with some formal
education. Organizations providing technology support observed 30% improvements in work
efficiency and customer satisfaction among digitally enabled waste collectors.

8. Discussion

8.1 Capacity Building as a Catalyst for Transformation

The research findings demonstrate that capacity building interventions have the potential to
significantly transform the livelihoods and working conditions of waste collectors in Delhi. The
24% improvement in segregation practices among trained workers, coupled with better
engagement with formal institutions, indicates that systematic capacity building can bridge the gap
between informal waste work and professional service delivery.
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The correlation between training exposure and improved outcomes suggests that capacity building
should be viewed not merely as skill development but as a comprehensive empowerment strategy.
The potential for increasing waste recycling capacity from 39 percent to 100 percent through
strengthening informal recycling systems (14) underscores the strategic importance of investing in
waste collector capacity building for achieving broader waste management objectives.

8.2 Multi-dimensional Nature of Vulnerability

The study reveals that waste collector vulnerabilities are multi-dimensional, encompassing
economic insecurity, occupational health risks, social marginalization, and institutional exclusion.
The significantly higher prevalence of morbidities among waste-pickers, including 75% injury
rates and 28% respiratory illness (9), reflects the urgent need for comprehensive health and safety
interventions as part of capacity building programs.

The intersection of migration status, gender, and occupational category creates additional layers
of vulnerability that require targeted interventions. Women waste pickers face particular
challenges related to health seeking, health care access, and well-being due to the intersection of
gender, socioeconomic status, and occupational hazards (15). This finding emphasizes the need
for inclusive capacity building approaches that address the specific needs of different demographic
groups.

8.3 Institutional Support as an Enabling Factor

The research demonstrates that institutional affiliation significantly improves outcomes for waste
collectors across multiple dimensions. Those affiliated with organizations or SHGs showed 35%
higher incomes and 60% better access to protective equipment, suggesting that institutional
support serves as a critical enabling factor for capacity building effectiveness.

Successful models like Saahas Zero Waste's Social Inclusion Projects demonstrate the importance
of holistic capacity building that includes customer introduction, compliance support, and
government interaction assistance (12). These comprehensive approaches address not only
individual skill gaps but also institutional barriers that prevent waste collectors from accessing
formal opportunities and support systems.

8.4 Technology as an Empowerment Tool

While digital literacy levels remain low among waste collectors, the research indicates significant
potential for technology-enabled capacity building. Platforms like Recykal that provide
transparency in supply chains and electronic payments have demonstrated improvements in
working conditions for waste pickers (11). The 30% improvement in work efficiency among
digitally enabled waste collectors suggests that technology adoption should be integrated into
capacity building frameworks.

However, technology interventions must be accompanied by appropriate training and support
systems to ensure accessibility and effectiveness. The digital divide between younger and older
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workers, as well as between those with and without formal education, requires targeted approaches
to ensure inclusive technology adoption.

8.5 Policy Implementation Gaps

Despite progressive policy frameworks such as the Solid Waste Management Rules 2016,
implementation gaps continue to limit the effectiveness of capacity building initiatives. The
Supreme Court's warnings regarding implementation of the 2016 Rules (7) highlight the
disconnect between policy intentions and ground-level realities.

The research findings suggest that effective implementation requires not only technical compliance
but also systematic investment in human capital development among waste workers. Challenges
including incomplete waste production data, inefficient source separation, and limited
management capacities (13) can be addressed through comprehensive capacity building programs
that strengthen both individual capabilities and institutional systems.

8.6 Economic Viability and Sustainability

The economic analysis reveals that capacity building interventions can be economically viable
from both individual and societal perspectives. The contribution of waste pickers in saving
municipal authorities approximately INR 24,500 per annum for every tonne of recyclable material
collected (8) demonstrates the economic value of investing in waste collector capacity building.

From an individual perspective, the income improvements observed among trained waste
collectors suggest that capacity building can contribute to poverty alleviation and improved living
standards. However, sustainability requires systematic support systems that go beyond one-time
training interventions to include ongoing mentoring, institutional support, and access to credit and
markets.

8.7 Environmental and Social Co-benefits

Capacity building among waste collectors generates significant environmental and social co-
benefits beyond immediate livelihood improvements. Enhanced segregation practices and
improved collection efficiency contribute to reduced environmental pollution and better resource
recovery. The prevention of 27 million metric tonnes of plastic waste from ending up in landfills
or oceans through informal sector efforts (10) demonstrates the environmental significance of
supporting waste collector capacity building.

From a social perspective, recognition and integration of waste collectors into formal systems can
contribute to reduced stigmatization and improved social inclusion. The research findings suggest

that capacity building programs that emphasize dignity of labor and professional recognition can
help transform social perceptions of waste work.

9. Conclusion
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This comprehensive study of capacity building among waste collectors in Delhi reveals both the
critical importance of this workforce for sustainable urban waste management and the urgent need
for systematic interventions to address their vulnerabilities and enhance their capabilities. The
research demonstrates that waste collectors serve as the backbone of Delhi's waste management
system, handling approximately 20% of the city's total waste while operating under conditions of
extreme precarity and marginalization.

The findings establish a clear correlation between capacity building interventions and improved
outcomes across multiple dimensions including work efficiency, safety practices, income
generation, and institutional integration. The 24% improvement in segregation practices among
trained workers and the 35% higher incomes among those affiliated with supportive organizations
provide compelling evidence for the effectiveness of systematic capacity building approaches.

However, the research also reveals significant gaps in current capacity building efforts, with 68%
of waste collectors having never received formal training and most existing programs reaching
less than 10% of the target population. The multi-dimensional nature of vulnerabilities faced by
waste collectors—encompassing economic insecurity, occupational health risks, social
marginalization, and institutional exclusion—requires comprehensive interventions that address
individual skill development alongside institutional strengthening and policy reform.

The study proposes a multi-level capacity building framework that integrates technical skill
development, health and safety training, digital literacy, institutional support, and policy advocacy.
This framework recognizes that sustainable improvement in waste collector livelihoods requires
addressing systemic barriers while building individual capabilities and creating supportive
institutional environments.

Key recommendations emerging from the research include the development of certified training
modules specifically designed for waste collectors, establishment of formal recognition
mechanisms within urban planning frameworks, creation of inclusive workforce policies that
address the needs of migrant workers and women, and promotion of public-private partnerships
for sustainable capacity building programs.

The research contributes to broader discussions on inclusive urban development and sustainable
waste management by demonstrating how investment in human capital among marginalized
workers can generate multiple benefits including improved environmental outcomes, enhanced
social inclusion, and strengthened urban resilience. The findings are particularly relevant for other
developing cities facing similar challenges of rapid urbanization, informal sector prevalence, and
inadequate waste management infrastructure.

Moving forward, the implementation of the proposed capacity building framework requires
coordinated efforts among multiple stakeholders including municipal authorities, civil society
organizations, private sector partners, and the waste collector communities themselves. Success
will depend on sustained political commitment, adequate resource allocation, and recognition of
waste collectors as essential workers whose contributions are vital for achieving sustainable urban
development goals.
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The study concludes that capacity building among waste collectors represents not merely a social
welfare intervention but a strategic investment in urban sustainability and environmental
management. By elevating this invisible workforce through systematic capacity building, Delhi
can move toward a more inclusive, efficient, and sustainable waste management system that serves
as a model for other developing cities worldwide.
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