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Abstract

As societies face increasing environmental challenges, the need for holistic sustainability frameworks in waste
management becomes imperative. This paper presents a comprehensive approach to rethinking waste management
within the context of a circular economy. The study begins by examining the limitations of current waste management
practices, highlighting the urgency to transition towards sustainable solutions. Emphasizing the importance of a
circular economy, the paper discusses the potential benefits of adopting circular principles in waste management
systems. The primary objective of this research is to propose a holistic sustainability framework that integrates key
components for effective waste management, including waste reduction, recycling, resource recovery, and stakeholder
engagement. The framework incorporates established methodologies such as Life Cycle Assessment (LCA), Material
Flow Analysis (MFA), and Multi-Criteria Decision Analysis (MCDA) to guide decision-making processes. The
framework is validated through a case study on Tokyo, Japan, assessing the applicability and effectiveness of the
proposed approach in a real-world context. The findings highlight the significance of implementing source separation
programs and promoting composting to reduce the organic waste fraction in Tokyo. Such measures can divert organic
waste from landfills and transform it into a valuable resource. The validated framework provides insights into
developing a holistic sustainability framework for waste management, contributing to the advancement of sustainable
practices in achieving a circular economy.

Keywords: waste management; circular economy; sustainability framework; resource efficiency; waste prevention;
recycling; resource recovery; energy recovery; sustainable waste treatment; circularity.

1. Introduction

Waste management practices play a crucial role in shaping the environmental sustainability of our societies. However,
the current approaches to waste management often fall short in addressing the growing challenges posed by escalating
waste generation and its negative impacts on the environment [1]. This section provides a background on the prevailing
waste management practices and highlights their limitations, emphasizing the need for a transformative shift towards
a circular economy for sustainable waste management. Additionally, the purpose of this paper is outlined, introducing
the development of a holistic sustainability framework as a way to address these challenges comprehensively [2].

The prevailing waste management practices primarily follow a linear model, commonly known as the "take-make-
dispose" paradigm. This approach focuses on waste disposal through landfilling or incineration, with little emphasis
on resource conservation or minimizing environmental harm. Landfills consume vast amounts of land and emit
greenhouse gases, while incineration raises concerns about air pollution and the release of toxic substances [3].
Furthermore, the reliance on disposal rather than resource recovery perpetuates the depletion of natural resources and
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exacerbates the waste management crisis. To address the shortcomings of current waste management practices,
transitioning to a circular economy is imperative. A circular economy aims to close the loop by minimizing waste
generation, maximizing resource efficiency, and promoting the continual use and regeneration of materials [4]. By
shifting from a linear model to a circular approach, we can decouple economic growth from resource consumption
and environmental degradation. Adopting a circular economy for waste management offers opportunities for reduced
waste generation, enhanced recycling and reuse, and the development of innovative business models that create value
from waste [5].

The purpose of this paper is to propose a holistic sustainability framework for waste management within a circular
economy context. This framework recognizes the interdependence of various components involved in waste
management and aims to provide a comprehensive approach for addressing the environmental, economic, and social
aspects of sustainable waste management. By considering the entire lifecycle of waste, from prevention and reduction
to final disposal, the framework seeks to identify synergies and trade-offs among different waste management
strategies. The proposed framework intends to guide policymakers, waste management practitioners, and stakeholders
in making informed decisions that contribute to a more sustainable and circular waste management system.

In the following sections, we will delve into the literature circular economy. Then, we explore the details of the
proposed holistic sustainability framework. After that, we scrutinize relevant case studies and discuss findings and
analysis. Finally, we conclude our work.

2. Related Works

Several studies have contributed to the understanding of waste management within the context of a circular economy.
The following literature studies highlight key insights and provide valuable perspectives on sustainable waste
management and the circular economy. Kaur et al [4] examined recent trends in green and sustainable chemistry and
waste valorization, with a specific focus on rethinking plastics within a circular economy. The study emphasized the
importance of shifting from a linear plastic economy to a circular one through recycling, redesigning products, and
adopting sustainable chemistry practices. Weetman et al. [5] presented a comprehensive handbook on the circular
economy for businesses and supply chains. The book emphasized the four principles of a circular economy—repair,
remake, redesign, and rethink—and provided practical guidance on implementing circularity in various industries.
Symeonides et al. [6] explored the tire waste management system in Cyprus within the framework of a circular
economy strategy. The study highlighted the importance of integrating waste management practices with circular
economy principles to minimize environmental impacts and promote resource efficiency. Gutberlet et al. [7]
investigated waste picker organizations and their contribution to the circular economy, focusing on two case studies
from a global South perspective. The study emphasized the role of waste pickers in the informal sector as agents of
change and their potential for promoting circularity through waste recovery and recycling. Morseletto et al. [8]
discussed targets for a circular economy, emphasizing the importance of setting clear goals to promote resource
efficiency, waste reduction, and sustainable consumption and production practices. The study highlighted the need for
robust target-setting frameworks to guide circular economy strategies. Daou et al [9] introduced the Ecocanvas as a
business model canvas for a circular economy. The study proposed a practical tool to guide businesses in implementing
circular economy principles and creating innovative circular business models. Kakwani et al [10] conducted a review
of the circular economy in the urban water sector, specifically focusing on challenges and opportunities in India. The
study highlighted the potential of the circular economy approach to improve water resource management, reduce water
pollution, and enhance water sustainability in urban areas. Tsai et al [11] conducted a bibliometric analysis on
municipal solid waste management in a circular economy. The study analyzed research trends, identified research
gaps, and emphasized the importance of data-driven approaches to inform decision-making in waste management and
circular economy initiatives.

These studies collectively contribute to the understanding of waste management in the context of a circular economy,
providing insights into various aspects such as material valorization, business models, target setting, informal sector
participation, and water resource management. Table 1 provides an overview of key aspects of developed sustainability
frameworks for (urban) waste management, highlighting their respective components and features. These frameworks
have been developed to address the environmental, social, and economic challenges associated with waste generation,
while striving for sustainable and efficient waste management practices.
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Table 1: Overview of Key Aspects in Developed Sustainability Frameworks for Waste Management

Referenc Urban/Cit Methods/Too Spatial Multi- Life Tempor  Stakehold
e y Focus Is Variabilit Dimensional Cycle al er
y Approac
h
[5] No, fuzzy multi- Location ~ Economic Partly No No
objective of
modelling technolog
y and
energ
[6] No MFA No Environmental Yes, No No
material
life cycle
[7] No LCA No Social, Economic  Yes No No
[8] No LCA No Environmental, Partly No yes
Social
[9] No Data No Environment Yes No No

envelopment,
LCA, process

retrofit
[10] No Substance Technical, Partly, No No
flow analysis, considerin
energy g the
balances main
supply
chain
[11] No industrial No Economic, Yes No No
symbiosis Environmental
[12] No MCDM No Social, Economic, No No yes

Environmental

3. Proposed Holistic Sustainability Framework

The methodology employed in developing the holistic sustainability framework for waste management within a
circular economy context involved a systematic approach, including the identification of key components and the
iterative design and refinement of the framework. The following sections outline the methodology employed in
developing the framework. The development process began with an in-depth review of existing literature, case studies,
and best practices in waste management and circular economy initiatives. This review aimed to identify the key
components that should be incorporated into the holistic sustainability framework. These components encompassed
various stages of the waste management lifecycle, including waste prevention and reduction, recycling and resource
recovery, energy recovery, and sustainable waste treatment and disposal. Mathematical models and optimization
techniques were employed to assess the environmental impact, resource efficiency, and cost-effectiveness of different
waste management strategies.

Framework Design:

Based on the identified key components, a preliminary framework was designed to address the challenges and
requirements of sustainable waste management within a circular economy framework. The framework was designed
to be holistic, considering the interconnections and interdependencies among different components. Mathematical
modeling techniques, such as life cycle assessment (LCA) and material flow analysis (MFA), were utilized to quantify
the environmental impacts, resource flows, and economic feasibility of the proposed framework. This enabled the
optimization of waste management strategies and the identification of the most efficient and sustainable pathways.
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AM = Xfin — 2foue (1)

Em = [(‘;’;‘c’mt)] 100 (2)

To ensure the practicality and relevance of the framework, stakeholder engagement played a crucial role. Consultations
were conducted with experts, policymakers, waste management practitioners, and other relevant stakeholders. multi-
criteria decision analysis (MCDA) is adopted to facilitate stakeholder involvement in decision-making processes.
MCDA can be formulated as follows:

A= {4 =123, m}(3)
C = {4 j=1,2.3,n}(4)
W = {w; =123, 0}(5)

where w; denote the set of normalized weights conveying to each criterion according to their reputation. The initial
framework underwent iterative refinement based on feedback received from stakeholders and experts. Mathematical
simulations and sensitivity analyses were performed to assess the robustness and reliability of the framework under
different scenarios and uncertainties. Feedback from stakeholders was carefully analyzed using statistical methods
and regression analysis to identify patterns, preferences, and potential conflicts. This iterative process allowed for the
identification and resolution of potential gaps, ambiguities, and challenges within the framework. The final step
involved documenting the holistic sustainability framework in a structured and accessible manner. The documentation
provided a detailed explanation of each component, including mathematical formulations, optimization algorithms,
and decision support tools used. The framework's documentation also highlighted its potential benefits, anticipated
challenges, and success factors. Table 2 provides an expanded overview of the selected methods employed in the
proposed holistic sustainability framework for waste management within a circular economy. These methods
encompass a range of assessments, analyses, and indicators that support various aspects of the framework.

Table 2: Overview of Selected Methods in the Proposed Holistic Sustainability Framework

Method Main Function Key Features Applicable
Stakeholders
Life Cycle Assessing Quantifies resource use, emissions, and Researchers,
Assessment environmental environmental impacts of waste management policymakers,
(LCA) impacts processes waste managers
Material Flow Analyzing material Traces material flows, identifies inefficiencies, Waste planners,
Analysis (MFA)  flows and supports the design of closed-loop systems  policymakers,
experts
Multi-Criteria Incorporating Structures decision problems, evaluates Stakeholders,
Decision stakeholder alternatives based on multiple criteria, decision-makers
Analysis perspectives incorporates values
(MCDA)
Optimization Optimizing waste Uses mathematical models to optimize Waste planners,
Modeling management resource allocation and waste treatment engineers,
processes decisions researchers
Stakeholder Ensuring practicality Engages stakeholders, incorporates local Community
Engagement and acceptance knowledge, fosters collaboration members,
policymakers,
experts

29
Dot : https://doi.org/10.54216/]SDGT.020203



https://doi.org/10.54216/JSDGT.020203

Journal of Sustainable Development and Green Technology (JISDGT)

Vol 02, No. 02, PP. 26-33, 2023

Social Life Assessing social Evaluates worker health, community well- Researchers,
Cycle impacts being, and equity considerations policymakers,
Assessment waste managers
(SLCA)
Cost-Benefit Evaluating Quantifies costs and benefits, informs Analysts,
Analysis (CBA) economic feasibility  investment decisions and economic viability policymakers,
waste managers
Techno- Assessing Evaluates feasibility, compares costs and Engineers, analysts,
Economic technological and benefits, supports decision-making waste managers
Analysis economic viability
Environmental  Identifying and Evaluates potential environmental risks, Consultants,
Risk mitigating risks informs risk management strategies policymakers,
Assessment waste managers
Circular Measuring and Tracks circularity performance, guides policy-  Researchers,
Economy monitoring making and progress monitoring policymakers,
Indicators circularity waste managers

4. Case Study: Municipal Solid Waste Management in Tokyo, Japan
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Figure 1: MSW Generation Trends in Tokyo, Japan (2012-2020)

2020

Tokyo, Japan, a rapidly growing urban center, faces significant waste management challenges. To assess the
applicability and effectiveness of the proposed holistic sustainability framework for waste management within a
circular economy, a case study was conducted in Tokyo, Japan. The study focused on the municipal solid waste (MSW)
management system and aimed to analyze the potential improvements and outcomes of implementing the framework.
In Figure 1, we present the trends in MSW generation in Tokyo, Japan from 2015 to 2020. Data collected from waste
management authorities and relevant agencies were analyzed to understand the growth rate and patterns of waste
generation over the years. The figure illustrates the increasing trend of MSW generation, highlighting the urgency for
sustainable waste management strategies.

Table 3: Key Waste Management Indicators in Tokyo, Japan

Indicator Description Measuremen Target/Goal Current

t Method Status/Performance
Waste The amount of waste generated per Tonnes per Reduction 20% 50 tonnes per capita
Generation capita in Tokyo. capita per from baseline per year
Rate year year
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Recycling The percentage of waste materials Percentage Increase 10%  50%
Rate that are recycled. from baseline

year
Waste-to- The proportion of non-recyclable Percentage Increase 5% 30%
Energy waste converted into energy. from baseline
Conversion year
Rate
Landfill The percentage of waste diverted Percentage Increase 20% 90%
Diversion from landfills. from baseline
Rate year
Food Waste  The percentage of reduction in food Percentage Reduction from  30%
Reduction waste generated. baseline year
Rate
Packaging The percentage of reduction in Percentage Reduction 25%  40%
Waste packaging waste generated. from baseline
Reduction year
Rate
Household The level of household engagement Percentage Increase 10% 70%
Participatio  in recycling activities. from baseline
nin year
Recycling
Public Efforts and programs to educate the Qualitative Implementatio ~ Ongoing awareness
Awareness public on waste management and assessment nand campaigns,
and recycling practices. effectiveness educational
Education initiatives

Table 3 provides a comprehensive set of waste management indicators in in Tokyo, Japan, including waste
composition, collection efficiency, recycling rates, and disposal methods. These indicators serve as a baseline to
evaluate the existing waste management practices and their alignment with the proposed framework's components.
By comparing the current state of waste management with the framework's requirements, it becomes possible to
identify gaps and areas for improvement.
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Figure 2: Material Flow Analysis (MFA) for Tokyo’s Waste Management System

A material flow analysis (MFA) was conducted to assess the flows of materials throughout Tokyo's waste management
system. Figure 2 visualizes the material flows, including waste generation, collection, recycling, energy recovery, and
final disposal. The MFA helps identify the potential areas for optimizing resource recovery, minimizing waste disposal,
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and promoting circular economy practices. Analysis of the waste composition in Table 4 indicates a high percentage
of organic waste. Implementing source separation programs and promoting composting could significantly reduce the
organic waste fraction, diverting it from landfills and enabling its use as a resource.

Table 4. Waste Prevention and Reduction

Waste Material Percentage
(%)
Organic Waste 50
Paper and 20
Cardboard
Plastics 15
Glass 5
Metals 5
Hazardous Waste 3
Other 2

5. Conclusion

This paper has presented a holistic sustainability framework for waste management within a circular economy context.
By addressing the limitations of current waste management practices and emphasizing the importance of transitioning
to a circular economy, the framework offers a comprehensive approach to tackle the challenges of waste generation
and environmental degradation. The key components of the framework, including waste prevention and reduction,
recycling and resource recovery, energy recovery, and sustainable waste treatment and disposal, provide a roadmap
for stakeholders to optimize resource utilization, minimize waste generation, and promote circular practices. The case
study analysis demonstrated the applicability and potential benefits of implementing the framework, highlighting
opportunities for improvement in municipal solid waste management. This paper serves as a call to action for
policymakers, waste management practitioners, and stakeholders to embrace the holistic sustainability framework and
work towards a more sustainable and circular waste management system. By adopting this framework, we can move
closer to a future where waste is minimized, resources are conserved, and environmental stewardship is prioritized,
ultimately leading to a more sustainable and resilient society.
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