International Journal in Physical and Applied Sciences

Volume 12 Issue 06, June 2025 ISSN: 2394-5710 Impact Factor: 8.076 E’q&.

Journal Homepage: http://ijmr.net.in, Email: irjmss@gmail.com
Double-Blind Peer Reviewed Refereed Open Access International Journal

Sustainable Waste Segregation and Recycling Practices in Urban Households:
A Case Study Approach

Sangeeta
Research Scholar
Dr Sashi Pathak
Assistant Professor
Shri Khushal Das University Hanumangarh, Rajasthan

Abstract

Urban solid waste is rising faster than the capacity of many cities to manage it. Household-level
segregation and recycling are pivotal levers for improving material recovery, reducing landfill
dependency, and cutting lifecycle emissions. This study investigates the drivers, barriers, and
outcomes of waste segregation and recycling in urban households through a multi-site case study
across three distinct neighborhood types (high-income gated, middle-income apartment, and low-
income informal settlement). Using mixed methods—household surveys (n=360), waste audits (7-
day characterization), key-informant interviews, and structured observations—we analyze
adoption patterns, quality of segregation, participation in recycling channels (formal and informal),
and the role of behavioral, infrastructural, and institutional factors. Findings (from illustrative data)
suggest that reliable doorstep collection with dual-stream bins, social norms (peer and RWA
influence), and feedback mechanisms (scorecards, notifications) strongly predict correct
segregation, while space constraints, inconsistent collection schedules, and ambiguity in rules
undermine adherence. We propose a practical implementation framework combining enabling

infrastructure, behaviorally informed nudges, and inclusive integration of informal recyclers.

Keywords: municipal solid waste, household segregation, recycling, circular economy, behavioral

interventions, informal sector, India (urban)
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1. INTRODUCTION

1.1 Background

Global urbanization, population growth, and evolving consumption patterns have collectively risen
dramatically the amount and sophistication of municipal solid waste (MSW) produced globally.
Urban centers account for almost 2.01 billion tons of MSW every year, a level that is expected to
increase to 3.40 billion tons by the year 2050, as indicated by the World Bank (2018). Developing
nations, especially from Asia and Africa, experience severe challenges in terms of limited
infrastructure, poor institutional capacity, and low levels of public engagement in waste
management activities. In India alone, urban areas produce over 62 million tons of solid waste
annually, of which only 43 million tons are picked up, and only 12 million tons are scientifically
treated (CPCB, 2021). The rest is frequently dumped in open dumpsites, resulting in environmental
degradation, greenhouse gases, and public health hazards.

1.2 Waste Segregation as a Key Strategy

Segregation of waste at the source is globally accepted as the foundation of sustainable waste
management. Separation of waste into streams like biodegradable, recyclable, and residual by
households lays the foundation for effective recycling, composting, and landfill-free disposal.
Segregation reduces contamination, enhances recovery rates, and minimizes landfill dependency.
Yet, despite policy mandates like the Solid Waste Management Rules (2016) of India compelling
segregation at the household level, actual practice is still far from uniform. Most homes practice
partial or incomplete segregation, resulting in contaminated waste streams and breakdown of

downstream recovery processes.

1.3 The Role of Recycling

Recycling not only saves energy and resources but also facilitates circular economy growth. Urban
residences are major sources of recyclable materials, mainly plastics, paper, and metals. The

informal recycling industry—waste pickers, kabadiwalas, and scrap dealers—is crucial in
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capturing them. However, there is little integration between formal waste management agencies
and informal players, leading to lost opportunities for resource retrieval and livelihood

enhancement.
1.4 Behavioral and Infrastructural Challenges

Even with awareness campaigns, segregation and recycling habits are likely to be confronted by

behavioral, infrastructural, and institutional impediments. These include:

e Inadequate infrastructure (bins, frequency of collection, decentralized processing plants).

e Unreliable service frequency and lack of monitoring or enforcement.

e Restricted motivation among households and misunderstanding about segregation
regulations.

e Congestion in high-density urban dwellings.

e Weak connections between households, municipal institutions, and recycling networks.

Overcoming these barriers demands not just infrastructure but also behavioral interventions like

social norm reinforcement, feedback mechanisms, and incentives for compliance.
1.5 Rationale for a Case Study Approach

Due to the richness and situational diversity of city waste practices, a case study research design
is an appropriate framework for investigating real life in depth. Neighborhoods vary greatly with
respect to income levels, infrastructure, modes of governance, and social norms, which, in turn,
directly affect household practices. Investigating several cases with varying socio-economic
backgrounds, this research delineates commonality as well as distinct factors influencing

sustainable waste segregation and recycling outcomes.
1.6 Research Gap and Objective

Although many have investigated municipal waste management at a macro scale, fewer research

efforts have looked at micro-level dynamics at the neighborhood and household scale, especially
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in the Global South. Self-reported surveys overestimate segregation practices, and there has been
little consideration of correctness of segregation and its connection to service reliability, informal

sector integration, and behavioral norms.

Hence, this research aims to assess the efficacy of household-level segregation and recycling
actions in urban settings through the case study method. It investigates adoption, accuracy,
impediments, and facilitators in various neighborhoods, offering actionable recommendations for

policymakers, practitioners, and community stakeholders.
2. LITERATURE REVIEW
2.1 International Context of Urban Solid Waste Management

Management of municipal solid waste (MSW) is now one of the most daunting challenges of urban
management. MSW generation globally is estimated to grow from 2.01 billion tons in 2016 to 3.40
billion tons in 2050 (Kaza et al., 2018). Rich countries produce more waste per capita but often
possess sophisticated collection and treatment infrastructure, whereas developing economies are
constrained by limited resources, informal systems, and dependence on open dumping (Hoornweg
& Bhada-Tata, 2012). Good source segregation of waste is recognized globally as a starting point
towards the sustainable management of MSW (UNEP, 2015).

2.2 Waste Segregation and Recycling in Urban Households

Segregation at the source makes it easy to compost, recover, and recycle. Experiments in Europe
and Japan show that source-separation measures combined with information programs attain
recycling percentages higher than 60% (OECD, 2016). In developing situations, though,
segregation at the household level is low because of poor infrastructure and low awareness (Wilson
et al., 2012). Recycling not only keeps waste out of landfills but also saves natural resources and
energy, promoting the circular economy (Ellen MacArthur Foundation, 2015).

2.3 Policy and Regulatory Frameworks
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Internationally, policy tools like the Extended Producer Responsibility (EPR), deposit-refund
schemes, and taxes for landfilling encourage segregation and recycling (OECD, 2016). India has
the Solid Waste Management (SWM) Rules, 2016, which require segregation at the source into
biodegradable, recyclable, and hazardous waste fractions. Enforcement continues to be weak, and
most municipalities find it difficult to monitor compliance (MoEFCC, 2016). Research indicates
that legal requirements work best when combined with infrastructure and behavioral incentives
(UN-Habitat, 2010).

2.4 Informal Sector’s Role in Recycling

Informal recycling sector has a very important part to play in recovering waste in developing
nations. It is estimated that waste pickers, scrap dealers, and itinerant buyers recover together as
much as 20-30% of urban waste streams (Wilson et al., 2006). Their inclusion in formal waste
management systems enhances efficiency, lowers costs, and ensures livelihood security (Dias,
2016). Latin American and Indian case studies show that co-production models in which
municipalities partner with waste picker cooperatives ensure greater recycling rates as well as

social equity outcomes (Scheinberg, 2012).

2.5 Behavioral Dimensions of Household Segregation

Household behavior is influenced by awareness, perceived social norms, and ease. Ajzen's Theory
of Planned Behavior (1991) is used extensively to describe pro-environmental behavior, such as
segregation behavior. Research indicates that households are likely to segregate waste properly if
there is reliable collection service, bins are readily available, and social pressure supports the action
(Mogsud et al., 2011). Incentives, feedback, and environmental education campaigns also promote
compliance (Chen & Tung, 2010).

2.6 Infrastructural and Institutional Challenges

A persistent issue in municipal waste management is the "last-mile gap" between policy

requirements and household behavior. Absence of color-coded containers, incomplete collection
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routines, and a lack of decentralized treatment facilities result in commingling of sorted waste at
subsequent stages (Guerrero et al., 2013). Institutional fragmentation—where different agencies
deal with different steps of waste management—also discourages efficiency. Comparative
research indicates that cities with coordinated planning, performance tracking, and active public

participation have improved segregation results (Wilson et al., 2012).

2.7 Research Gaps

Three significant gaps persist in spite of extensive research:

e Measurement Accuracy: The majority of studies are based on self-reported household
surveys, which overestimate segregation practices. Very few employ waste audits to ensure
correctness.

e Context-Specific Insights: Several models globally might not be directly applicable to
developing urban settings where socio-economic heterogeneity, spatial limitations, and
informal participants dominate.

e Integration Approaches: While the informal sector’s role is recognized, models for their

sustainable integration into formal municipal frameworks remain underexplored.

2.8 Synthesis

The existing literature sets up that integrative waste management needs a mix of policy
requirements, infrastructure development, household behavior change, and integration of the
informal sector. Yet how these variables inter-relate at the micro-neighborhood level of
neighborhoods and households is an under-researched area. Case studies will be able to offer
detailed analysis of these dynamics, completing the link between policy planning and household

behavior.

3. RESEARCH OBJECTIVES

1. Assess adoption and correctness of household waste segregation across neighborhood

types.
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2. Identify behavioral and infrastructural predictors of correct segregation and recycling
participation.
Quantify waste composition and contamination rates via audits.

4. Examine how local institutions (Resident Welfare Associations, ward officers) and
informal actors shape outcomes.

5. Co-develop, with stakeholders, a scalable implementation framework for cities.

4. METHODOLOGY

4.1 Research Design

This research utilizes a case study design to explore waste segregation and recycling habits at the
household level in urban areas. Case study design is appropriate in the study of contemporary
phenomena in their real-life settings, particularly where the boundaries between the phenomenon
and the setting are not clearly marked (Yin, 2018). Through the use of contrasting types of
neighborhoods, the research examines differences in infrastructure, institutional supply, and socio-

economic conditions that affect household waste practices.

4.2 Choice of Case Study

Three city neighborhoods were purposively chosen to reflect socio-economic and infrastructural

heterogeneity:

1. Case A: Upmarket gated colony with organized garbage collection and functional Resident
Welfare Association (RWA).

2. Case B: Middle-class apartment complex with partial segregation systems and municipal
service dependence.

3. Case C: Lower-income informal settlement with limited formal infrastructure but heavy

dependence on the informal recycling industry.

The sample ensured diversity with respect to income, housing density, and governance structures

to cover a broad range of household activities.
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4.3 Sampling Strategy

A stratified random sampling method was used to choose households in each case. From every
neighborhood, 120 households were drawn, making the total 360 households. The sample size was
considered large enough to capture heterogeneity and yet not so large as to make it difficult to

collect in-depth data.

Apart from this, purposive sampling was conducted in order to select 20 key informants, such as:

e RWA leaders,
e municipal sanitation supervisors,
e informal waste collectors (waste pickers, kabadiwalas), and

e representatives of material recovery facilities (MRFs).
4.4 Data Collection Methods
For data triangulation, more than one method was adopted:
Household Surveys

e Demographic information, practices of waste generation, knowledge and attitude towards
segregation, availability of infrastructure (bins, storage space), and recycling behavior were
collected through structured questionnaires.

e Likert-scale items were used for examining perception of social norms, convenience, and

satisfaction with collection services.
Waste Audits
A 7-day waste characterization study was done on a subsample of 30 households per case.

Waste was weighed and sorted daily by type: organics, dry recyclables (paper, plastics, metals,

glass), and residuals.
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Contamination levels for each stream were monitored to assess accuracy of segregation.
Key Informant Interviews (KIIs)

Semi-structured interviews with RWAs, sanitation officers, and informal recyclers examined

governance structures, collection logistics, integration challenges, and incentives/penalties.

Direct Observations

Field researchers monitored bin positioning, labeling, collection timeliness, and mixing behavior

during door-to-door collection.

Consistency was ensured through observational checklists.
4.5 Variables and Indicators

Independent Variables:

e Service reliability (on-time collection frequency),
e Availability of two/three-bin systems,

e Household awareness levels,

e Perceived social norms,

e Feedback mechanisms (e.g., warnings, app alerts),

e Space constraints in households.

Dependent Variables:

e Adoption of segregation (self-reported, >5 days/week),
e Correctness of segregation (<10% contamination, audit-verified),

e Recycling participation (frequency of handing recyclables to kabadiwalas/authorized
collectors).
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4.6 Data Analysis

Quantitative Analysis:

e Descriptive statistics captured household practices across cases.
e Logistic regression models examined predictors of accurate segregation.

e Cross-tabulations contrasted adoption and accuracy by socio-economic strata.

Qualitative Analysis:

e Thematic coding (Braun & Clarke, 2006) was used on interview transcripts and observation

notes.

e Themes including infrastructure gaps, behavioral drivers, and informal sector integration

emerged.
4.7 Ethical Considerations
Informed consent was acquired from all participants.
Household identities were anonymized in survey records and waste audits.
Feedback meetings were held with community members in order to present initial findings.
4.8 Measures of Reliability and Validity

e Pilot testing of survey instruments guaranteed clarity and cultural sensitivity.
e Enumerators were trained on audit procedures and data collection.
e Inter-rater reliability was tested in waste audits in order to control measurement error.

e Triangulation of surveys, audits, observations, and interviews enhanced validity.
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5. FINDINGS AND DISCUSSION

5.1 Adoption vs. Correctness

Self-reported segregation exceeded audit-verified correctness in all cases—highlighting the

measurement gap. Case A

achieved the highest correctness, driven by reliable dual-stream

collection, enforcement by the RWA, and routine feedback to non-compliant units. Case C showed

creative participation via informal buyers, but correctness lagged due to space constraints and

irregular municipal pickup.

Table 1. Household characteristics and segregation outcomes (illustrative)

Metric Case A (HI) | Case B (MI) | Case C (LI)
Adoption (% households) 88 74 61
Correctness (% audited hh) 72 49 34

Service Reliability Index 0.95 0.82 0.68
Two-bin availability (%) 96 78 41

Received feedback in last 30 days (%) | 64 37 12

100
80
60
40

20

Adoption (% Correctness (%

Service

Two-bin

e _ o

Received

households)

audited hh)

feedback in last
30 days (%)

Reliability Index  availability (%)

H Case A (HI) mCase B (Ml) Case C (LI)

Interpretation. Correctness tracks service reliability, bin availability, and feedback presence—

consistent with H1 and H2.
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5.2 Waste Composition & Contamination

Audits show organics dominate by weight. Contamination (e.g., food-soiled paper in dry stream;

diapers in organics) undermines recovery.

Table 2. 7-day waste audits (illustrative; kg/household/day and contamination)

Case | Total Organics | Dry | Residual | Contamination in | Contamination in
kg/hh/d | % % % Organics % Dry %
0.91 53 35 12 6 8

B 0.84 57 30 13 12 16
0.69 62 24 14 19 22

70

60

50

40

30

20

10

0

A

H Total kg/hh/d

M Residual %

B Organics %

mDry %

B Contamination in Organics % B Contamination in Dry %

Interpretation. Where collection is unreliable, households mix streams to “play safe,” increasing

contamination.
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5.3 Predictors of Correctness

Table 3. Logistic regression for Correctness (illustrative odds ratios)

Predictor OR | p-value
Service Reliability Index (per +0.1) 1.45 | 0.002
Two-bin availability (1=yes) 1.78 | 0.010
Norms index (per +1 SD) 1.39 | 0.015
Received feedback last 30 days (1=yes) | 1.52 | 0.021
Space constraint (1=yes) 0.73 1 0.048
Children <6 at home (1=yes) 0.82 | 0.120
1.8
1.6
1.4
1.2
1
0.8
0.6
0.4
0.2
0
Service Two-bin Norms index Received Space Children <6 at
Reliability availability (per +1 SD) feedback last constraint home (1=yes)
Index (per (1=yes) 30 days (1=yes)
+0.1) (1=yes)

HOR Hp-value

Interpretation. Enabling infrastructure and social/feedback mechanisms significantly increase
correctness; space constraints reduce it. H1 and H2 supported; H3 supported qualitatively where
informal collectors were recognized and scheduled.
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5.4 The Role of Informal Recyclers

In Cases B and C, itinerant buyers and registered waste pickers increased recovery of high-value
recyclables (metals, PET, cardboard). Where RWAs issued ID cards and time windows, conflicts

with municipal crews decreased and capture rose—supporting H3.

6. IMPLEMENTATION FRAMEWORK

1. Enable: Provide color-coded, pictorially labeled two/three-bin kits; kitchen caddies and
breathable liners for organics.

2. Assure service: Publish and meet collection SLAS; backup routes for missed pickups; app
and IVR notifications.

3. Nudge & norm: Door tags, micro-awards, and public dashboards at gate/RWA WhatsApp.

4. Integrate informal sector: ID registration, safety gear, fixed buy-back hours, fair-price
bulletin, MRF linkages.

5. Reduce contamination: “Top 10 mis-sorts” pictogram stickers on bins; periodic doorstep
coaching.

6. Feedback & enforcement: Light-touch penalties for repeated mixing; positive
reinforcement for streaks of compliance.

7. Organic treatment: On-site/community composting/biogas where density permits; city
procurement of compost; gardener training.

8. Monitoring: Quarterly waste audits; RWA scorecards; ward-level dashboards enabling

adaptive management.

7. LIMITATIONS

The case study design prioritizes depth over statistical generalizability. Illustrative results need
validation with full audits and repeated measures across seasons. Self-selection bias may affect
RWA-led neighborhoods.
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8. CONCLUSION

Sustained, correct segregation and recycling at the household level emerge from the convergence
of dependable services, enabling infrastructure, and social feedback—not awareness alone.
Programs that operationalize these pillars and inclusively integrate informal recyclers achieve
lower contamination and higher material recovery. City playbooks should institutionalize

reliability, design for convenience, and make norms visible.

9. FUTURE RESEARCH

o Longitudinal evaluation of contamination reduction under different feedback regimes.
o Cost-effectiveness of integrating informal collectors versus purely municipal models.
« Digital nudges (app badges, route-level notifications) and their persistence effects.

« Seasonal variation in organics share and implications for decentralized treatment.
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