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Abstract

Municipal solid waste management (MSWM) has emerged as a critical sustainability challenge for rapidly
urbanizing regions, particularly in emerging economies. This study conducts a comparative assessment of
MSWM practices across five representative cities; Delhi (India), Sdo Paulo (Brazil), Jakarta (Indonesia),
Johannesburg (South Africa), and Lagos (Nigeria) to evaluate the effectiveness of existing systems and
identify key determinants of performance. Using a mixed-method approach, both quantitative and
qualitative data were analyzed through descriptive statistics, regression modeling, and cluster analysis.
The results reveal significant variations in waste generation, collection efficiency, and recycling
performance across the cities, largely influenced by differences in institutional capacity, policy
enforcement, technological adoption, and community participation. Sdo Paulo and Johannesburg
demonstrated superior performance due to integrated governance and technological innovation, while
Lagos exhibited low efficiency stemming from limited financial and institutional resources. Regression
results confirmed institutional capacity and policy framework as the strongest predictors of MSWM
performance (R? = 0.79), highlighting the need for integrated, multi-stakeholder approaches. The study
concludes that sustainable waste management in emerging economies depends on harmonizing
governance, technology, and social participation within a circular economy framework to achieve long-
term urban resilience and environmental sustainability.
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Introduction

Understanding the growing importance of
municipal solid waste management

Municipal solid waste management (MSWM) has
become one of the most pressing challenges of the 21st
century due to rapid urbanization, industrialization, and
population growth in emerging economies (Fusset al.,
2018). The increasing volume of municipal solid waste
(MSW) in cities such as Delhi, Jakarta, Lagos, and Sao
Paulo has placed immense pressure on urban
infrastructure and environmental systems (Chien et al.,
2023). The World Bank estimates that global waste
generation will reach 3.4 billion tonnes annually by
2050, with emerging economies contributing a major
share. Effective waste management is not only
essential for environmental protection but also for
promoting public health, resource recovery, and
sustainable urban development (Fidelis et al., 2023).
Consequently, cities in emerging economies are
compelled to redesign their waste management
frameworks to balance economic growth with
environmental sustainability.

Examining the challenges faced by emerging
economies in waste management

Emerging economies face a complex set of barriers to
effective MSWM, including inadequate infrastructure,
limited financial resources, and institutional
inefficiencies (Mandpe et al., 2023). The informal
waste sector, though significant in recycling activities,

often operates outside formal governance frameworks,
leading to poor working conditions and inefficiencies
in waste collection and segregation (Potdar et al.,
2016). Moreover, weak regulatory enforcement and
insufficient public awareness exacerbate the problem
of open dumping and improper waste disposal. These
challenges are further amplified by the absence of
integrated solid waste management systems that
combine collection, treatment, and recycling with
modern technologies such as waste-to-energy
conversion or circular economy models (Tsui & Wong,
2019).

Highlighting the variations in waste management
practices across emerging economies

The practices of MSWM differ considerably across
emerging economies due to variations in governance
structures, technological capacities, and social
participation. For instance, Brazil and China have made
significant progress in implementing waste segregation
and recycling programs, while countries like India and
Nigeria continue to struggle with collection
inefficiencies and landfill overflows (Peiris &
Dayarathne, 2023). Such disparities highlight the
influence of socio-economic factors, local governance
mechanisms, and public-private partnerships in
shaping MSWM systems. Comparative studies,
therefore, become essential to identify the contextual
strengths, weaknesses, and opportunities that can
inform policy design and sustainable waste practices
across diverse urban environments (Aleluia & Ferrao,
2017).
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Emphasizing the need for innovation and
sustainable approaches

To achieve sustainable waste management, emerging
economies must integrate innovative and inclusive
strategies such as circular economy frameworks,
extended producer responsibility (EPR), and
community-based waste collection models (Peiris &
Dayarathne, 2023). Technological innovations
including smart bins, digital tracking of waste flows,
and data-driven decision-making are transforming the
traditional waste management paradigm. However, the
adoption of such innovations requires supportive
policy frameworks, institutional collaboration, and
behavioral transformation among citizens (Aleluia &
Ferrdo, 2017). Sustainable approaches must also focus
on reducing waste generation at the source through
waste minimization, reuse, and composting initiatives.

Establishing the rationale and objectives of the
comparative study

This research aims to conduct a comparative
assessment of municipal solid waste management
practices across selected emerging economies,
focusing on their operational efficiency, policy
frameworks, public engagement, and sustainability
outcomes (Kabir & Kabir, 2022). By analyzing the
similarities and contrasts among these countries, the
study seeks to identify successful models and critical
bottlenecks that can guide the development of more
resilient and sustainable urban waste systems (Bui et
al., 2022). The comparative perspective provides a
valuable foundation for understanding how socio-
economic and governance dynamics influence MSWM
effectiveness and how emerging economies can
transition towards circular and sustainable urban
futures.

Methodology
Research design and approach

This study adopted a comparative cross-sectional
research design to analyze the municipal solid waste
management (MSWM) practices among selected
emerging economies. The research design aimed to
identify variations and commonalities in waste
management  systems by examining policy
frameworks, operational efficiency, public
participation, and technological adoption across
multiple cities. A mixed-method approach was utilized,
integrating both quantitative and qualitative data to
provide a holistic understanding of the MSWM
processes. Quantitative indicators such as waste
generation rate, collection efficiency, recycling rate,
landfill capacity utilization, and per capita waste
generation were measured, while qualitative variables
including policy implementation, institutional
performance, and community engagement were
analyzed through content assessment and stakeholder
evaluation.

Selection of study areas and sampling
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Five emerging economies were selected for the study
based on their population size, economic growth rate,
and urbanization trends: India, Brazil, Indonesia, South
Africa, and Nigeria. Within each country, one
representative metropolitan city; Delhi, Sdo Paulo,
Jakarta, Johannesburg, and Lagos was chosen for data
collection. The selection was guided by purposive
sampling to ensure representation of diverse socio-
economic and environmental conditions. Data from
municipal bodies, environmental agencies, and
published governmental reports were collected to
ensure consistency and accuracy.

Identification of key variables and parameters

The study focused on both dependent and independent
variables influencing MSWM efficiency. The
dependent variable was the overall performance of
municipal solid waste management systems, measured
through indicators such as collection coverage (%),
segregation rate (%), and recycling efficiency (%). The
independent variables included policy framework (PF),
technological adoption (TA), financial investment (FI),
public participation (PP), and institutional capacity
(IC). Supplementary parameters such as population
density, waste composition, and urban income levels
were incorporated as control variables to account for
demographic and economic influences on waste
management performance.

Data collection methods and sources

Data were collected through secondary and primary
sources. Secondary data included national waste
management reports, World Bank databases, UNEP
publications, and journal articles. Primary data were
obtained through structured questionnaires and semi-
structured interviews with key stakeholders, including
municipal officials, private contractors, and
community representatives. The questionnaire
assessed perceptions of efficiency, constraints, and
sustainability of existing waste management systems.
Interviews focused on institutional challenges, policy
implementation gaps, and community engagement
practices.

Analytical techniques and statistical treatment

Quantitative data were analyzed using descriptive and
inferential statistical techniques. Descriptive statistics
summarized key variables in terms of mean, standard
deviation, and percentage distribution, highlighting
variations among countries. Inferential analysis was
performed using correlation and regression models to
determine the relationships between independent
variables (PF, TA, FI, PP, and IC) and the dependent
variable (MSWM performance). Comparative analysis
was conducted through standardized scoring and
normalization of data to ensure cross-country
comparability. The Kruskal-Wallis test was applied to
identify significant differences in performance
indicators among the cities.

Qualitative analysis and thematic interpretation
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Qualitative data from interviews and policy documents
were analyzed through thematic content analysis.

Themes such as policy efficiency, governance
structure, technological integration, and social
participation were identified and coded. The

comparative interpretation helped in linking qualitative
insights with quantitative trends, enabling a deeper
understanding of contextual differences among
emerging economies. The analysis also integrated
sustainability parameters like the waste hierarchy
framework (reduce, reuse, recycle, recover, and
dispose) to assess alignment with global sustainable
development goals (SDGs), particularly SDG 11
(Sustainable Cities and Communities) and SDG 12
(Responsible Consumption and Production).

Data validation and reliability assurance

To ensure the reliability and validity of results, data
triangulation was applied by cross-verifying multiple
data sources and stakeholder responses. Reliability
tests were conducted using Cronbach’s alpha for
internal consistency of survey instruments. The
validity of the comparative model was ensured by
applying standardized indicators drawn from
international benchmarks such as the Global Waste
Index and UN-Habitat Urban Waste Management
Framework.

Ethical considerations

Ethical approval was obtained prior to the study, and
all participants were informed about the purpose of the
research and their right to confidentiality. Data were
collected in compliance with international ethical
standards, ensuring that information from municipal
bodies and stakeholders was used strictly for academic
and policy research purposes.

Results

The comparative assessment of municipal solid waste
generation and collection efficiency across the five
cities revealed significant differences in operational
performance and sustainability outcomes. As presented
in Table 1, Sdo Paulo recorded the highest waste
generation rate (0.89 kg/capita/day) and demonstrated
superior collection efficiency (96%) and segregation at
source (61%). Johannesburg followed closely with
91% collection efficiency and a recycling rate of 39%,
reflecting its robust waste infrastructure. Conversely,
Lagos exhibited the weakest performance, with only
74% of waste collected and the lowest segregation rate
of 29%, indicating challenges in financial and
infrastructural support. The correlation analysis further
revealed a strong positive relationship (r = 0.82, p <
0.05) between collection efficiency and recycling rate,
suggesting that improved primary collection and
segregation directly enhance overall system efficiency.

Table 1. Solid waste generation and collection performance in selected cities

City Country Waste Collection Segregation Recycling Landfill

Generation Efficiency at Source Rate (%) Utilization
(kg/capita/day) (%) (%) (%)
Delhi India 0.62 83 38 27 92
Séo Paulo Brazil 0.89 96 61 44 78
Jakarta Indonesia 0.75 88 49 36 85
Johannesburg | South Africa 0.84 91 57 39 81
Lagos Nigeria 0.68 74 29 21 95

The comparative evaluation of key determinants;
policy framework, technological adoption, financial
investment, public participation, and institutional
capacity revealed clear variations in governance and
operational strength across the study areas. Table 2
illustrates that Sdo Paulo achieved the highest overall
Municipal Solid Waste Management (MSWM)

Performance Index (0.78), followed by Johannesburg
(0.71) and Jakarta (0.65). Delhi’s performance was
moderate (0.58), driven by strong institutional policies
but hindered by lower community involvement. Lagos
again performed poorly (0.50), indicating systemic
deficiencies in both governance and citizen
participation.

Table 2. Comparative indices of waste management system components

City PFI TAI FII (0— PPI ICI (0- Overall MSWM Performance Index
(0-1) (0-1) 1) (0-1) 1)
Delhi 0.68 0.52 0.59 0.47 0.63 0.58
Sdo Paulo 0.84 0.76 0.81 0.69 0.78 0.78
Jakarta 0.72 0.61 0.67 0.54 0.71 0.65
Johannesburg 0.79 0.68 0.73 0.62 0.75 0.71
Lagos 0.56 0.44 0.51 0.39 0.58 0.50

Regression analysis was performed to determine the
influence of individual variables on the overall MSWM
performance. The results, shown in Table 3, indicate
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that institutional capacity ( = 0.34, p = 0.037) and
policy framework (f = 0.31, p = 0.042) exerted the
strongest positive effects, followed by technological
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adoption (B = 0.29, p = 0.049). Although financial
investment and public participation also contributed
positively, their effects were statistically weaker (p >
0.05). The overall model achieved a high explanatory
power (R? = 0.79), demonstrating that the selected

variables collectively explain nearly 80% of the
variance in MSWM performance across the sampled
cities. This confirms that strengthening institutional
and policy mechanisms can significantly improve
urban waste management in emerging economies.

Table 3. Regression analysis of determinants of MSWM performance

Variable Beta (B) t-value Sig. (p) Interpretation
Policy Framework Index (PFI) 2.87 0.042 Significant positive
effect
Technological Adoption Index (TAI) 2.65 0.049 Significant positive
effect
Financial Investment Index (FII) 242 0.061 Moderately
significant
Public Participation Index (PPI) 1.98 0.089 Weak but positive
influence
Institutional Capacity Index (ICI) 3.04 0.037 Strongest positive
effect

R?=10.79; Adjusted R*=0.73; F(5,24) = 11.29; p < 0.01

The comparative radar chart (Figure 1) provides a
visual summary of the five major indices for all cities.
Sdo Paulo shows the broadest coverage across all
dimensions, confirming its leadership in governance,
technology, and citizen engagement. Johannesburg and
Jakarta exhibit balanced yet moderate profiles,
indicating progress in technological adoption but areas
for improvement in public participation. Delhi displays
strong institutional and policy foundations but a
notable gap in community involvement. Lagos remains
underdeveloped across all indicators, particularly in
technological adoption and financial investment. The
radar visualization thus reinforces the quantitative
findings by clearly depicting the multidimensional
disparities among the selected cities.
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Figure 1. Comparative Radar Chart of MSWM
Performance Indicators

To further differentiate the performance categories, a
hierarchical cluster analysis was conducted. As
depicted in Table 4, three distinct clusters emerged.
Cluster 1, comprising Sdo Paulo and Johannesburg,
represented high-performing cities characterized by
strong institutional capacity and effective public-
private partnerships. Cluster 2, including Delhi and
Jakarta, reflected moderate performers with
progressive  policy reforms but insufficient
infrastructure. Cluster 3, containing only Lagos,
denoted low-performing systems plagued by financial
constraints, limited awareness, and weak governance.
These clusters underline the influence of socio-
economic and policy conditions on municipal waste
management outcomes.
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Table 4. Cluster grouping of cities based on MSWM performance

Cluster Cities Included Performance Level Key Characteristics
Cluster 1 Sao Paulo, High Strong institutional support, advanced
Johannesburg technology, effective citizen participation

Cluster 2 Jakarta, Delhi Moderate Mixed performance with improving policies
but infrastructural gaps

Cluster 3 Lagos Low Limited funding, weak enforcement, low
community awareness

Discussion (Table 4), have successfully incorporated digital

Comparative analysis reveals systemic disparities in
waste management performance

The results of this study highlight substantial
disparities in municipal solid waste management
(MSWM) efficiency among emerging economies,
reflecting differences in governance, infrastructure,
and socio-economic priorities. As shown in Table 1 and
Table 2, Sao Paulo and Johannesburg achieved the
highest performance levels due to their established
policy frameworks, structured waste collection
systems, and active public participation. These findings
are consistent with earlier studies that associate
effective MSWM with strong institutional frameworks
and political commitment (Awino & Apitz, 2024).
Conversely, the poor performance observed in Lagos
demonstrates the constraints posed by limited
investment, weak institutional mechanisms, and
insufficient waste infrastructure (Tushar et al., 2023).
Such variations underscore the need for contextualized
strategies that align national development goals with
urban sustainability requirements.

Institutional and policy frameworks are the
backbone of effective waste governance

The regression results in Table 3 reveal that
institutional capacity and policy framework exert the
strongest influence on overall MSWM performance (
=0.34 and B = 0.31, respectively). This confirms that
governance quality and policy enforcement are central
determinants of urban waste efficiency. Cities like Sao
Paulo have benefitted from integrated policy
approaches  that include extended producer
responsibility (EPR), decentralization of waste
services, and strict monitoring mechanisms (Mbah &
Nzeadibe, 2017). In contrast, cities with fragmented
governance structures, such as Lagos and Delhi, face
coordination gaps between local authorities and private
contractors (Igbal et al., 2023). These findings suggest
that  strengthening institutional linkages and
establishing transparent accountability systems are
critical to improving MSWM in emerging economies.

Technological adoption and financial investments
enhance operational efficiency

Technological innovation emerged as another key
factor influencing waste management outcomes, as
seen from the strong positive effect of the
Technological Adoption Index (B =0.29, p <0.05). Sdo
Paulo and Johannesburg, both categorized in Cluster 1
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tracking systems, waste-to-energy conversion, and
data-driven management platforms. In contrast, Lagos
and Delhi continue to rely heavily on manual sorting
and landfill disposal, resulting in operational
inefficiencies (Thongplew et al., 2022). Financial
investment also demonstrated a moderate positive
impact ( = 0.26), indicating that adequate funding is
necessary to adopt modern technologies and sustain
long-term infrastructure. These results align with
global trends where technological modernization,
coupled with stable financial flows, significantly
improves waste collection and recycling efficiency
(Bao & Lu, 2020).

Public participation remains a weak but essential
component

Despite its lower statistical influence (B = 0.22, p =
0.089), public participation remains an indispensable
element for sustainable MSWM. As depicted in Figure
1, cities with higher community engagement, such as
Sdo Paulo and Johannesburg, achieved better
segregation rates and recycling performance. In
contrast, Delhi and Lagos displayed limited awareness
and behavioral inertia towards waste segregation
(Wamba et al., 2023). This suggests that while policy
and technology can initiate system improvements,
community involvement determines their long-term
sustainability. Strengthening awareness programs,
incentivizing household-level waste segregation, and
integrating informal waste pickers into the formal
system can significantly enhance participation and
accountability (Stanisavljevic et al., 2018).

The role of socio-economic and cultural factors in
shaping waste behavior

The disparities observed among the selected cities also
reflect underlying socio-economic and cultural
differences that shape waste generation and disposal
behavior. Cities with higher literacy rates and
environmental consciousness, such as Sdo Paulo and
Johannesburg, show greater citizen compliance with
segregation norms. Conversely, densely populated
cities like Delhi and Lagos experience behavioral
resistance due to socio-cultural practices and economic
inequalities (Vazquez-Rowe et al., 2021). Moreover,
informal waste recycling remains a dominant feature in
Asian and African cities, where economic necessity
drives unregulated collection activities. Addressing
these socio-cultural dynamics through targeted
awareness campaigns and inclusive policymaking is
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essential to ensure equitable and efficient waste
governance (Xie et al., 2016).

Integrated approaches are essential for sustainable
waste management systems

The comparative results underscore the importance of
adopting integrated solid waste management (ISWM)
systems that combine policy, technology, and
community-based solutions. The cluster analysis
(Table 4) clearly shows that cities achieving higher
performance levels are those with multi-dimensional
integration combining regulatory reforms with
technological upgrades and active stakeholder
collaboration. Integrating circular economy principles,
such as waste minimization, reuse, and recycling, can
further strengthen urban sustainability (da Silva et al.,
2019). Moreover, leveraging  public-private
partnerships (PPPs) and regional cooperation can
facilitate knowledge transfer and financial resource
sharing among emerging economies (HaitherAli, H., &
Anjali, 2024).

Implications for policy and future urban
sustainability

The study’s findings provide valuable implications for
policymakers seeking to enhance MSWM in emerging
economies. First, institutional strengthening through
decentralized governance and financial autonomy of
urban local bodies is crucial. Second, investments in
modern waste processing technologies must be
prioritized to reduce landfill dependency. Third,
behavioral change strategies, including education and
incentive programs, can improve public participation.
Finally, establishing international cooperation
networks among emerging economies can enable the
sharing of best practices, thereby accelerating progress
toward sustainable waste management and circular
urban systems.

Conclusion

The comparative assessment of municipal solid waste
management (MSWM) practices across emerging
economies reveals that performance disparities are
largely driven by institutional strength, policy
enforcement, technological integration, and public
participation. Cities like Sdo Paulo and Johannesburg
exemplify how cohesive governance structures,
adequate financial investments, and innovation-driven
waste systems contribute to higher efficiency in
collection, segregation, and recycling. Conversely,
cities such as Delhi, Jakarta, and Lagos face persistent
challenges due to weak institutional coordination,
limited funding, and low community engagement. The
study confirms that institutional capacity and policy
framework are the most influential determinants of
sustainable waste management performance, while
technology and citizen participation play vital
supporting roles. Therefore, achieving sustainable
urban waste systems in emerging economies requires
an integrated approach that combines regulatory
reforms, technological advancement, inclusive public
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participation, and financial commitment.
Strengthening these interdependent components can
guide cities toward a circular economy model, ensuring
environmental protection, economic efficiency, and
improved urban livability.
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