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a b s t r a c t

The integration of sustainable consumption, education, and circular economy principles is essential for
effective waste management and achieving the United Nations sustainable development goals (UN
SDGs). This research approach, including applied project conclusions, examines the role of education in
promoting sustainable consumption and circular economy practices, highlights key aspects of circular
economy solutions and addresses the challenges of waste management in India, China, and the
Philippines. This paper draws on sessions from the 18th and 19th International Conference on Waste
Management and Technology, which focused on expanding waste management services and integrating
quality education for sustainable practices. The findings underscore the importance of robust waste
management policies, public awareness, and innovative recycling technologies to achieve sustainable
consumption and production (SCP). Furthermore, the paper emphasizes the need for collaboration
among policymakers, educational institutions, and industry stakeholders to foster a culture of sustain-
ability and circularity. By leveraging education to drive systemic changes in consumption patterns and
waste management, this study contributes to a deeper understanding of how these elements collectively
support the achievement of the UN SDGs, particularly SDG 12 (responsible consumption and production)
and SDG 4 (quality education).
© 2025 The Author(s). Published by Elsevier B.V. on behalf of Tsinghua University Press. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

The United Nations sustainable development goals (SDGs) rely
on promoting sustainable and responsible consumption while also
providing education on the circular economy. Sustainable con-
sumption entails using resources efficiently and selecting products
with minimal environmental impact, ensuring that present needs
vier B.V. on behalf of Tsinghua U
are met without compromising the ability of future generations to
meet their needs (Khajuria et al., 2022). This approach is crucial for
several SDGs, especially Goal 12, responsible consumption and
production (UNEP, 2018a); Goal 13, climate action (UNEP, 2018c);
and Goal 15, life on land (UNEP, 2018b). The promotion of sus-
tainable consumption practices can significantly reduce waste,
decrease greenhouse gas emissions, and conserve natural re-
sources, thereby contributing to a resource-saving and environ-
mentally friendly society for all humans.

The pursuit of sustainable development has never been more
crucial than in the current era, where environmental degradation
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and resource depletion pose significant challenges to global well-
being (Huo & Peng, 2023; Khajuria and Verma, 2025). At the
heart of this effort lies the promotion of sustainable and responsible
consumption, quality education, and the circular economy. These
interconnected concepts are crucial for achieving effective waste
management, which is vital for meeting the UN SDGs. In particular,
SDG 12 seeks responsible consumption and production, whereas
SDG 4, which is related to quality education (UNEP, 2019), un-
derscores the importance of sound education in fostering informed
and responsible global citizens. Integrating these goals through the
principles of the circular economy can significantly contribute to
the broader objective of sustainable development.

Sustainable consumption means using resources more effi-
ciently andmindfully to meet current needs without compromising
the ability of future generations tomeet their own needs. It involves
promoting long-lasting, reusable, and recyclable products to reduce
strain on natural resources and decrease waste. Consumers can
drive market demand toward sustainability by making informed
choices that favor environmentally friendly products and green
services based on sharing and longer use of products (UNEP, 2017).
This shift not only helps the environment but also strengthens the
economy and promotes social equity.

Education plays a transformative role in advancing sustainable
consumption and the circular economy. Education is crucial for
embedding sustainable consumption practices within society.
Learning and training raise awareness of key concepts of the cir-
cular economy, share knowledge, and build capacities among civil
societies that are asked to make use of circular economy practices.
The circular economy model emphasizes the continuous use of
resources through recycling, reusing, and remanufacturing, in
contrast to the traditional linear economy, which is based on “take-
make-dispose” principles. Integrating circular economy principles
into educational curricula at all levels can equip individuals with
the knowledge and skills needed to innovate and implement sus-
tainable practices. It equips individuals with the knowledge, skills,
and values necessary to adopt sustainable practices in their daily
lives and professional activities. This type of education fosters a
mindset geared towards resource efficiency and environmental
stewardship, aligning with SDG 4. By understanding the benefits
and practices of the circular economy, students and professionals
can drive systemic changes that support sustainability. Moreover,
education can empower communities to advocate for policies and
practices that promote sustainability, thereby driving systemic
changes at the local, national, and global levels.

Effective waste management is a critical component of sus-
tainable development, directly contributing to several SDGs,
including those focused on health, clean water, and cities. The
implementation of circular economy principles in waste manage-
ment can significantly increase its effectiveness, transforming
waste from a problem into a resource (Kopeck�a et al., 2024). Policies
and practices that promote recycling, composting, and safe disposal
of hazardous waste are essential for protecting human health and
the environment. Furthermore, international cooperation and
knowledge sharing are vital for scaling successful waste manage-
ment practices globally. By fostering sustainable consumption,
quality education, and circular economy strategies, we can make
significant strides towards achieving the UN SDGs, ensuring a
sustainable and prosperous future for all.

The achievement of UN SDGs requires the commitment and
participation of not only national leaders, decision-makers, and
administrators but also every member of the community. There-
fore, there is a need to educate and empower individuals with the
knowledge and skills to make informed and responsible choices,
particularly in their consumption practices. This will enable them
to engage in various activities and programs that impact
themselves and the environment. One of the urgent issues in recent
years has been the increasing problem of waste management in
many countries. While numerous policies and regulations have
been developed, the main challenge lies in their effective imple-
mentation (Ren & Zuo, 2024). Research indicates that there is a
need for additional support, such as providing necessary physical
and social infrastructure, to effectively promotewastemanagement
and implement a circular economy.

The integration of sustainable and responsible consumption,
quality education, and the circular economy represents a powerful
strategy for achieving effective waste management and advancing
the UN SDGs. By fostering informed consumer choices, equipping
individuals with essential knowledge and skills, and transforming
waste management practices, we can address some of the most
pressing environmental challenges of our time. This holistic
approach not only enhances environmental sustainability but also
promotes economic resilience and social equity, contributing to a
more sustainable and just world. As we move forward, it is
imperative to continue advocating for and implementing these
principles to ensure the well-being of current and future
generations.

Against this background, the aim of this paper is to explore a
landscape in which a number of key elements for the transition
towards a circular economy are presented, including country ini-
tiatives, awareness and capacity building programmes, and indus-
trial applications related to sustainable consumption. The key
elements reflect the interactions between policy, legislation, edu-
cation and business and therefore provide a common under-
standing of the enablers that contribute to the SDGs.

2. Research methodology

The findings from specialized sessions at the 18th and 19th In-
ternational Conferences on Waste Management and Technology
were reviewed and compiled in this article. The 18th conference
session, held in Sanya, China, on May 23, 2023, focused on “Inter-
national Partnerships for Expanding Waste Management Services
of Local Authorities (IPLA) - an SDG Partnership towards the 2030
Agenda for Sustainable Development Goals”. The findings are based
on presentations, discussions and interactions among the partici-
pants, which included policymakers, researchers and experts from
various countries, including China, Fiji, India, Japan, the Philippines,
Thailand and the United Kingdom. The data were analyzed quali-
tatively, with a focus on the exchange of ideas related to sustainable
development goals, innovative circular economy solutions, and
practices surrounding the 3Rs (reduce, reuse and recycle), and their
experiences and insights into plastic waste management, climate
change, and nature-based solutions were shared.

The 19th conference session, held in Hangzhou, China, on May
19, 2024, addressed the topic of “Integrating Quality Education in
Sustainable and Responsible Practices for Achieving the United
Nations SDGs”. This session focused on promoting knowledge
exchange and showcasing exemplary practices in terms of
resource efficiency and a circular economy across various waste
streams. The importance of education for sustainability was
underscored, with an emphasis on collaboration among policy-
makers, universities, research institutes, and the business sector.
The participants from Austria, China, India, Japan, the Philippines,
and Sri Lanka included policymakers, engineers, researchers, ed-
ucators, and experts with diverse backgrounds and expertise in
waste management and sustainability. These discussions high-
lighted exemplary practices in waste management and sustain-
ability, with qualitative analysis aimed at understanding the role
of education in promoting sustainable practices across different
waste streams.
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3. Results and discussion

3.1. Key aspects of circular economy solutions

Circular economy solutions revolve around the principle of
designing out waste and pollution, ensuring that resources are
continuously cycled back into the economy rather than being
disposed of. While in a linear economy, the resource goes through
product design, manufacturing, and consumption to the waste, in a
circular economy, it goes back into the production loop through
recovery via various channels, including a complete recycling
process or remanufacturing of the product or even through its
reuse or other side products. This keeps the resource in the pro-
duction loop as long as it still has some economic value before
being sent to the residual waste. This reduces resource extraction
and makes the economy stronger (Fig. 1). A key aspect of this is
product design, which prioritizes durability, repairability, and
recyclability. By designing products to last longer and be easily
disassembled, repaired, or upgraded, manufacturers can signifi-
cantly reduce waste and make it easier to recover valuable mate-
rials at the end of a product's life cycle. Additionally, adopting
modular design principles allows components to be replaced or
updated without discarding the entire product, further extending
its useful life and reducing resource consumption. There are various
applications of modular design principles that can effectively
extend the product life cycle and enhance the user experience, such
as modular furniture that can be easily assembled and dis-
assembled. Similarly, home appliance manufacturers now design
products such as washingmachines and dishwashers withmodular
components. For example, parts such as motor or heating elements
can be replaced without needing to discard the entire unit, leading
to less waste and more sustainable practices.

Another crucial aspect of circular economy solutions is the
implementation of closed-loop supply chains. In a closed-loop
system, materials are perpetually cycled through the production
process, minimizing the need for virgin resources and reducing the
environmental impact. This involves creating robust systems for
collecting, sorting, and processing used materials so that they can
be reintroduced into manufacturing processes. Companies can
establish take-back schemes and collaboratewith recycling firms to
ensure that materials are efficiently recovered and reused.
Fig. 1. Conceptual diagram of the circular economy.
Advanced technologies, such as blockchain and the Internet of
Things (IoT), can enhance transparency and traceability in supply
chains, ensuring that materials are accurately tracked and effi-
ciently managed throughout their lifecycle. Blockchain technology
provides a decentralized ledger that ensures that all transactions
involving materials are recorded securely and transparently. The
Internet of Things devices allow real-time monitoring of materials
throughout the supply chain. Both technologies facilitate greater
collaboration among various stakeholders in the supply chain.

Finally, business models that support circular economy princi-
ples are essential for their successful implementation. Models such
as product-as-a-service, where companies retain ownership of
products and lease them to consumers, encourage manufacturers
to design for longevity and facilitate maintenance and upgrades.
Sharing and collaborative consumptionmodels, which promote the
shared use of products such as vehicles, tools, and appliances, also
reduce the need for individual ownership and decrease overall
resource demand. Moreover, incentivizing consumers to return
products for recycling or refurbishment through deposit schemes
or discounts can foster a culture of responsibility and engagement
with circular practices. By integrating these business models,
companies can create value while contributing to environmental
sustainability and resource efficiency.

3.2. Understanding the principles of sustainable consumption and
production and education

Sustainable consumption involves the use of services and
products that meet basic needs and improve quality of life while
minimizing the use of natural resources, toxic materials, and
emissions of waste and pollutants over the life cycle so as not to
jeopardize the needs of future generations. At its core, sustainable
consumption requires a shift in consumer behavior, encouraging
individuals and communities to make more environmentally
conscious decisions. This includes reducing the consumption of
goods, opting for products with a lower environmental impact, and
embracing practices such as recycling and reusing. This principle
underscores the need for consumers to consider the environmental
footprint of their choices and adopt lifestyles that contribute to
environmental preservation. Sustainable consumption is not solely
about individual choices but also about creating systemic changes
in production processes and supply chains to ensure that sustain-
ability is embedded in the fabric of consumer products and
services.

The education of circular economy principles is integral to
promoting sustainable consumption and production (SCP).
Educating individuals about the circular economy is meant to raise
awareness and promote a shared understanding of the value of
resources and the importance of extending the lifecycle of prod-
ucts. It emphasizes a closed-loop systemwhere waste is minimized
and resources are continuously reused. This education can occur at
various levels, from primary schools to universities and within
communities and workplaces in continuous professional develop-
ment. By integrating circular economy concepts into education
systems, we can equip future generations with the knowledge and
skills needed to innovate and drive the transition towards more
sustainable economic models.

The principles of the SCP and circular economy education must
be integrated into a cohesive framework to maximize their impact.
This framework can be embedded within formal education
curricula, professional training programs, and public awareness
campaigns. For example, schools and universities can incorporate
courses on sustainability, environmental science, and resource
management to instill these values from an early age. Vocational
training and corporate workshops can focus on sustainable
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practices and circular economy strategies relevant to specific in-
dustries. Public awareness campaigns can highlight the importance
of sustainable consumption and demonstrate practical ways in-
dividuals can contribute. Additionally, partnerships between gov-
ernments, businesses, and non-profitable organizations are crucial
to creating supportive policies and incentives that encourage sus-
tainable practices. By fostering a culture that values sustainability
and circularity, we can drive collective action towards a more
resilient and environmentally responsible society.

3.3. Case studies

3.3.1. 3R policies on plastic waste managementdcase of India
The amount of plastic waste generated in India was approxi-

mately 4.1 million tonnes per annum from 2020 to 2021, as re-
ported by the Central Pollution Control Board (CPCB), India (CPCB,
2021). Over the past five years, per capita plastic waste genera-
tion has nearly doubled due to rapid urbanization and various
contributing factors (MOHUA, 2019). The increase in plastic waste
production and subsequent microplastic pollution poses a signifi-
cant threat to humans, wildlife, and ecosystems. The imple-
mentation of environmental education, promotion of plastic
pollution prevention, and adoption of a circular economy offer a
practical pathway for achieving the SDGs (Liu et al., 2023).

India stands as one of the prominent consumers of plastic
products globally and has implemented various measures to
regulate the manufacturing, consumption, and waste management
of plastics. The government has established plastic waste man-
agement rules and regulations, which are regularly updated. One
such measure is the implementation of extended producer re-
sponsibility (EPR), making manufacturers and producers account-
able for the proper collection and processing of plastic throughout
its lifecycle. Additionally, several states and union territories have
enforced strict bans on single-use plastics. The Swachh Bharat
Abhiyan (Clean IndiaMission) is a nationwide cleanliness campaign
aimed at achieving proper waste management in both urban and
rural areas (MOHUA, 2025). This campaign encompasses awareness
programs, cleanliness drives, and infrastructure development for
waste management, including plastic waste. Furthermore, initia-
tives such as Clean India Mission-2, Swachhta Hi Seva, Swachhta
Pakhwada, and Swachhta Grahi are focused on generating aware-
ness in the community and fostering behavioral change. The formal
education system integrates environmental education and plastic
waste management into school and college curricula. Moreover,
non-governmental organizations organize cleanliness and aware-
ness campaigns to support informal education efforts (Dhodapkar
et al., 2023).

Challenges in providing effective education to every sector of
society stem from the large population, vast geographical and
cultural diversity, and limited access to formal education and
awareness programs, especially for rural and marginalized com-
munities. Other challenges, such as illiteracy, language barriers,
behavioral change, and limited infrastructure, also require atten-
tion. However, opportunities exist for implementing feasible and
effective environmental education. These opportunities include
fostering a culture of innovation by creating sustainable alterna-
tives to plastics and innovative plastic recycling technologies.
Various stakeholders in the plastic value chain can collaborate to
share resources and expertise. Education can empower citizens to
advocate for policy reforms and regulations that promote plastic
pollution prevention and sustainable waste management, such as
the effective implementation of EPR. Awareness initiatives can
stimulate consumer demand for environmentally friendly products
and packaging, such as recycled plastic products, biodegradable
alternatives to plastic, and packaging-free options. Compared with
other nations, India has a higher rate of plastic waste recycling
(nearly 61%) (Shanker et al., 2023). The following section discusses
the 3R policies on plastic waste management in India.

Plastic waste recycling involves the collection and processing
(remanufacturing/value recovery) of plastic via mechanical or
chemical methods. Mechanical recycling involves collection, sort-
ing, grinding, washing, drying, agglomeration, extrusion/com-
pounding, and ultimately pelletizing of the plastic. Conversely,
chemical recycling is employed for value recovery of plastic waste
through techniques such as depolymerization, thermal and cata-
lytic pyrolysis, and gasification, which can yield fuel, syngas, and
monomers (Zhuo & Levendis, 2014). The recycling of plastic waste
plays a crucial role in realizing the circular economy of plastic (van
Eygen et al., 2018). Notably, India boasts a high plastic waste
recycling rate of nearly 60%, with a predominant focus on me-
chanical recycling within the sector (Shanker et al., 2023).

Research into the intricacies of plastic waste recycling and its
associated environmental impacts is paramount for comprehend-
ing the existing gaps and challenges in striving toward a true cir-
cular economy (Pardeshi et al., 2023; Sharma et al., 2024).
Evaluating various parameters influencing plastic waste recycling is
indispensable for assessing its long-term sustainability. The major
challenges identified in the plastic waste recycling sector are sub-
sequently discussed.

a) Plastic waste sorting and segregation

Presently, there is a dominance of manual sorting and segre-
gation methods. Magnetic and air-based separation is generally
used for separating metals and other contaminants (paper, dust
particles, etc.) from plastic, respectively. Density-based (sink-float)
separation is widely used for the separation of different types of
plastics from mixed plastic waste. Properly sorting, homogenizing,
and cleaning plastic waste streams are important for obtaining
good-quality recycling (Hahladakis & Iacovidou, 2019). The use of
advanced sorting and segregation methods, including FT-NIR and
AI-based separation, is important for increasing the level of
resource efficiency; however, it is not widely practiced in the cur-
rent scenario.

b) Resource consumption during recycling of post-consumer
plastic waste

The post-consumer plastic waste from domestic, municipal, and
curbside streams is highly heterogeneous and contaminated with
soil and other impurities. A large quantity of water is required for
cleaning procedures involving hot and cold washes with detergents
and caustic reagents. Additionally, a significant amount of water is
used in density separation. The cleaning and separation process
also consumes a noteworthy quantity of energy. This not only in-
creases resource consumption but also drives up the overall cost of
recycling. Optimal resource consumption is essential to achieve
sustainability and “Responsible Production and Consumption”.

c) Use of additives and fillers during the manufacturing of virgin
plastic

The intentional addition of additives such as stabilizers, fillers,
antioxidants, plasticizers, pigments, and metals during the
manufacturing of virgin plastic materials serves to enhance the
specific properties of plastic products. However, these chemicals
become embedded in the matrix of the targeted plastic, leading to
contamination of recycled material and potential leaching during
its usage. This renders recycled plastic unsuitable for high-quality
applications, such as food-contact packaging, and hinders closed-
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loop recycling. The establishment of standards is necessary to
regulate the use of additives during the manufacturing of virgin
plastics. The lack of information regarding the chemical composi-
tion of additives used and their behavior during reprocessing may
limit the use of recycled plastic (Hahladakis & Iacovidou, 2019).

d) Degradation of the polymer during thermomechanical
extrusion

Repeated thermal extrusion of plastics can significantly impact
the properties of polymers, leading to alterations in their molecular
structure. This process can reduce the molecular weight of poly-
mers via thermo-mechanical and thermo-oxidative chain scission.
Consequently, it can increase the degree of crystallinity and reduce
elongation at break, ultimately influencing the quality of the plastic
(Schyns & Shaver, 2021).

e) Recyclability of plastic

Thermoplastics are known for their versatility and stability,
making them capable of being recycled numerous times. However,
the presence of heterogeneity, contamination from additives and
other external sources, and thermo-mechanical degradation all
contribute to a decrease in plastic recyclability.

f) Lack of efficient chemical recycling and upcycling technologies

The current share of chemical recycling of plastic waste is
approximately 1%. Thermal or catalytic pyrolysis is predominantly
used by chemical recycling industries to generate industrial-grade
pyrolysis oil as a primary end product. However, many of these
industries lack suitable reactor designs, and kinetic studies are
needed to produce high-quality end products such as aliphatic
solvents or pure chemicals. Most existing chemical recycling
technologies are unable to effectively process PET and PVC waste as
well as multi-layered plastics. Upcycling technologies, such as the
production of value-added products such as graphene from plastic
waste, are still at the pilot scale. In India, the depolymerization
industry is the sole industry that converts PET waste into mono-
mers, but the gasification of plastic waste is not widely practiced.

3.3.2. 3R policies on plastic waste managementdcase of the
Philippines

The Philippines is experiencing an increase in waste generation
due to factors such as population growth, urbanization, and
changes in lifestyles. According to a report by the World Bank
Group (2021), the country is the third largest contributor of mis-
managed plastic waste that enters the ocean annually. The
Department of Environment and Natural Resources (DENR) re-
ported that 28% of the waste generated in the country is recyclable,
with 10.55% being plastic waste (DENR, 2018). Additionally, 74% of
plastic leakage in the country originates from waste that has
already been collected (McKinsey & Company and Ocean
Table 1
Some of the waste management policies in the Philippines.

Year Title of policy

1975 PD 825: Providing Penalty for Improper Disposal of Garbage and
1999 RA 8749: An Act Providing for a Comprehensive Air Pollution Co
2001 RA 9003: An Act for an Ecological Solid Waste Management Pro

Certain Acts and Prohibited and Providing Penalties, Appropriat
2004 RA 9275: An Act Providing for a Comprehensive Water Quality
2008 RA 9512: An Act to Promote Environmental Awareness Through
2022 RA 11898: An Act Institutionalizing the Extended Producer Resp

Act No. 9003, otherwise known as the “Ecological Solid Waste M
Conservancy, 2018). The lack or limited recycling and recovery fa-
cilities, as well as improper waste disposal, are contributing factors
to the occurrence of plastic leakage (Mogol et al., 2022). To address
waste management issues, the country has implemented various
policies and programs (Table 1). One of these is the Ecological Solid
Waste Management Act of 2000, also known as RA 9003, which
became effective in 2001. This act mandates waste minimization
through recycling, resource recovery, reuse, and composting. It also
requires segregation at the source and the establishment of mate-
rial recovery facilities (MRFs) in every barangay or cluster of bar-
angays for recyclable waste. Additionally, sanitary landfills (SLFs)
are designated as the final disposal sites for residuals (Republic of
the Philippines, 2000).

The Extended Producers Responsibility Act of 2022 (RA 11898)
came into force on July 23, 2022. The act requires obliged enter-
prises to establish or phase in extended producer responsibility
(EPR) programs for plastic packaging within six months from the
effective date. Its goal is to effectively manage plastic packaging
waste; reduce production, import, supply, or use of plastic pack-
aging with low reusability, recyclability, or retrievability; and ach-
ieve plastic neutrality through recovery and diversion schemes
(Republic of the Philippines, 2022). Various government agencies
have implemented strategies and initiatives to address waste
management issues in the country. Some examples include the
National Plan of Action for the Prevention, Reduction, and Man-
agement of Marine Litter (NPOA-ML) by the Department of Envi-
ronment and Natural Resources (DENR) and the Philippine Action
Plan for Sustainable Consumption and Production (PAP4SCP) by the
National Economic and Development Authority (NEDA). In support
of the vision of a “Philippines free of marine litter through shared
responsibility, accountability, and participatory governance,”
NPOA-ML aims to achieve “zero waste to Philippine waters by
2040” (DENR, 2021). The PAP4SCP encourages waste reduction and
refuses single-use plastics and other unsustainable products and
packaging materials. It aims to achieve zero waste by developing
and adopting innovative technologies aligned with circular econ-
omy principles (NEDA, 2020).

However, despite the implementation of these policies and
initiatives, the compliance rate is still very low, and plastic littering
continues to pollute the environment. The average national
collection rate is 54.89% as reported in the 2021 Database of the
Environment Management Bureau, DENR (Mogol et al., 2022). One
of the possible reasons for this low compliance is the lack of the
infrastructure required for wastemanagement, as shown in Table 2.
As presented by Mogol et al. (2022), the 2022 database of the Na-
tional Solid Waste Management Commission (NSWMC) shows that
approximately 60% of barangays (or 27,229 barangays/LGUs) have
no access to MRFs and that approximately 68% of LGUs (or 1110
LGUs) in the country have no access to sanitary landfills (SLFs).
Mogol et al. (2022) also highlighted the need for the government to
provide the required infrastructure to address waste management
problems in the country fully. According to the assumptions of their
study, the required collection vehicles for unbaled rigid and flexible
Other Forms of Uncleanliness and For Other Purposes
ntrol Policy and for Other Purposes
gram, Creating the Necessary Institutional Mechanisms and Incentives, Declaring
ing Funds Therefor, and for Other Purposes
Management and for Other Purposes
Environmental Education and For Other Purposes
onsibility on Plastic Packaging Waste, amending for This Purpose Republic
anagement Act of 2000”



Table 2
Infrastructure requirementsdcase of the Philippines.

Number of barangays without access to MRFsa 27,229
60%

Number of LGUs without access to SLFsa 1110
68%

Required number of collection vehicles at the current collection rate of 54.89% for unbaled rigid and flexible plastic wasteb 864
Required Number of collection vehicles at 100% collection rate for unbaled rigid and flexible plastic wasteb 2222
Required units of MRFs at the current collection rate of 54.89% for rigid and flexible plastic wasteb 37,823
Required units of MRFs at 100% collection rate for rigid and flexible plastic wasteb 97,315
Required additional SLFs within 10 yearsb 105

a Data source from NSWMC (https://nswmc.emb.gov.ph/NSWMC).
b Data source from Mogol et al. (2022).
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plastic waste from the current collection rate of 54.89%e100%
collection rate require 864 and 2222 collection vehicles, respec-
tively. In addition, the 10-year total requirements of MRF at 54.89%
and 100% collection rates are approximately 37,823 units and
97,315, respectively, for rigid and flexible plastic waste. Considering
the estimated waste generation of 10,760.31 tons per day in 2021 to
13,500 tons per day in 2032, there is a need to establish approxi-
mately 105 more SLFs within 10 years (Mogol et al., 2022). This
shows that, indeed, there is a lack of waste management infra-
structure in the country and that there is a need for the government
to allocate resources to improve compliance with waste manage-
ment policies.

As illustrated in the above discussion, the principle of the cir-
cular economy is integrated into many of the country's waste
management policies, but the challenge is more related to its
implementation. Moreover, although the policies are in place, there
is a need to provide supporting mechanisms, such as the provision
of the required infrastructures to fully promote 3R and circular
economy inwastemanagement. The local government units (LGUs)
and the private sector do not need to carry the burden alone, but
the participation and collaboration of the various stakeholders are
necessary. Recognizing the limitations of the local government in
terms of capacity and resources and the advantages of collaborative
approaches, the government should promote local collaboration on
waste management in the country (Atienza, 2020).

In addition to providing the physical infrastructures discussed
above, there is also a need to strengthen the social infrastructures
required for more effective waste management. This section fo-
cuses on the relevant role of education and increased awareness in
promoting and strengthening waste management implementation.
Section 56 of the Philippines' RA 9003 mandates the integration of
waste management in school curricula at all levels, whereas
Strategy 8 of the DENR's NPOA-ML mandates the development and
implementation of social marketing and communication cam-
paigns. To provide some examples of the best waste management
practices and initiatives by local governments, the cases of Bar-
angay San Jose, Tagaytay City, and the Municipality of Nagcarlan,
Laguna, are discussed. Barangay San Jose, Tagaytay City is one of the
model barangays for its effective implementation of waste man-
agement. Barangay officials conducted eco-pulong (consultations),
eco-surveys, eco-meetings, and eco-patalastas (notices/announce-
ments) to ensure that members of the community understood solid
waste management (SWM) policies and regulations. Other initia-
tives include the establishment of an eco-garden and the imple-
mentation of the “Palit-basura” (waste-for-goods-exchange)
program, in which each household is given an “Eco Book” to record
the volume of their recyclable waste, which they can exchangewith
some basic necessities such as rice, soap, vitamins, etc. Through
these initiatives, the positive change in behavior in the community
has been very evident and contributes to sustainable waste man-
agement in barangays. On the other hand, the Municipality of
Nagcarlan is a second-class municipality in the province of Laguna
and is approximately 102 km fromManila. Recognizing the relevant
role of local government officials in effectively implementing waste
management, they conduct lectures and training for newly elected
barangay officials, especially those in charge of SWM. The Munic-
ipal Environment and Natural Resource Office (MENRO) staff also
conducts awareness campaigns during barangay assemblies and
conducts house-to-house campaigns to ensure that members of the
community are informed of SWM policies and guidelines.
Currently, 43 out of 52 barangays have already constructedmaterial
recovery facilities (MRFs), as mandated by law. Based on the ex-
periences of these cases, waste management may not need high-
cost and complex technologies; rather, local and simple solutions
may be more practical and sustainable. This, however, requires that
members of the community be empowered with knowledge and
skills to fully participate in waste management activities and
programs.

3.3.3. 3R policies on solid waste managementdcase of China
The National Development and Reform Commission of China

regarded the circular economy as the principal guide of the 11th
Five Years Plan (2006e2010). The Chinese government subse-
quently issued the Circular Economy Promotion Law in 2008. To
explore the development path and model of the circular economy,
the National Development and Reform Commission, together with
the Ministry of Finance and other departments, has carried out a
series of pilot demonstrations. During the 11th Five Year Plan
period (2006e2010), 178 units were selected for extensive pilot
projects in key industries, industrial parks, key fields, and at the
provincial and municipal levels, and 60 typical cases of circular
economy models were explored and formed. During the 12th Five
Year Plan period (2011e2015), special pilot demonstration work
was carried out on weak links in the development of the circular
economy, including 100 demonstration projects for the circular
transformation of industrial parks, 100 pilot projects for resource
utilization and harmless treatment of kitchen waste, 49 national
“urban mining” demonstration bases, 42 remanufacturing pilot
projects, 28 demonstration bases for circular economy education,
and 101 construction areas for circular economy demonstration
cities and counties (Zhao et al., 2017).

As the main carrier of modern social development and the main
producer of solid waste, cities have become the main battlefield for
solving environmental problems related to waste by promoting the
recycling of solid waste in the urban dimension. The State Council
of China released the “Zero-waste City” Construction Pilot Program
in 2018, selecting “11 þ 5” cities to construct a system of indicators,
coordinating the comprehensive management of solid waste at the
urban level, exploring the establishment of a comprehensive
management system and technical system, and forming a batch of
replicable and promotable demonstration models from 2019 to
2021. The pilot program has six key tasks: the first is to strengthen
the guidance of top-level design and give full play to the macro
guidance role of the government; the second to fifth tasks include

https://nswmc.emb.gov.ph/
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management, recycling, and disposal of industrial solid waste,
agricultural waste, household waste and hazardous waste; and the
sixth task is to stimulate the vitality of market entities and cultivate
new models of industrial development. Since 2022, the central
government has pushed forward another “113 þ 8” city to make an
effort toward “zero-waste city” construction. After working on
another two Five-Year Plans from 2026 to 2035, all the cities in
China will reach the basic requirements for a “zero-waste society.”
Li and Li (2024) developed a five-dimensional evaluation index
system, which serves as the foundation for differentiating the
evaluation of various cities and found that through the construction
of a “zero-waste city,” Shenzhen has improved its management
measures and support capacities, establishing amodel with distinct
Shenzhen characteristics. However, the full effectiveness of certain
measures for source reduction and reutilization has not been fully
transmitted to the disposal process; in particular, the substantial
amounts of domestic waste landfill and constructionwaste disposal
pose significant obstacles for Shenzhen to achieve zero waste.

In addition to the work of “zero-waste city,” the National
Development and Reform Commission of China issued the “14th
Five Year Plan for the Development of Circular Economy” in 2021
(Liu & Liu, 2023). The plan focuses on the key issues that urgently
need to be solved in the field of the circular economy, proposes
targeted measures, and deploys five key projects: the construction
of an urban waste material recycling system, the development of
park recycling, the demonstration of comprehensive utilization of
bulk solid waste, the demonstration of resource utilization of
construction waste, and the innovation of key technologies and
equipment for the circular economy. It also includes six key actions:
high-quality development of the remanufacturing industry, recy-
cling of waste electrical and electronic products, full life cycle
management of automobile use, full chain governance of plastic
pollution, green transformation of express packaging, and recycling
of waste power batteries.

Driven by the aforementioned policies, the recycling industry
has achieved many outcomes, with many facilities and enterprises
merging. During the 13th Five Year Plan period (from 2006 to
2020), China's circular economy achieved significant results in
development. Compared with 2015, China's main resource output
rate increased by approximately 26% in 2020, energy consumption
per unit of GDP has continued to decline significantly, and water
consumption per unit of GDP has decreased by 28% (Ji et al., 2023).
In 2020, the comprehensive utilization rate of crop straw reached
over 86%, and the comprehensive utilization rate of bulk solid
waste reached 56%, significantly enhancing the utilization capacity
of renewable resources.

By 2024, relevant policies had been intensively introduced in
China, indicating the direction and path for the development of the
circular economy in various regions and departments. In February
2024, the General Office of the State Council issued the “Opinions
on Accelerating the Construction of the Waste Recycling System,”
which proposed accelerating the construction of a comprehensive,
efficient, standardized, and orderly waste recycling system. In
March 2024, the State Council issued the “Action Plan for Promot-
ing Large Scale Equipment Renewal and Consumer Goods Trade”,
proposing the implementation of recycling and reuse actions.

Through these pilot demonstrations, several beneficial typical
experiences have been formed, and rich experience has been
accumulated for the innovation of the circular economy system.

3.3.4. Role of multiple stakeholders in contributing to the “zero-
waste city”dcase of Hangzhou City, China

Achieving a zero-waste city requires a comprehensive and in-
tegrated approach, with collaboration among multiple stake-
holders playing a crucial role in promoting sustainable practices.
Hangzhou's experience demonstrates how interdisciplinary and
cross-sectoral partnerships can significantly drive progress toward
this goal. These initiatives by Green Zhejiang, a local non-profit
environmental organization, highlight the power of collaboration
in fostering a zero-waste culture. Programs such as the “zero-waste
school” and “zero-waste city” exemplify how social organizations,
educational institutions, and urban policymakers can work
together to cultivate environmental awareness and develop sus-
tainable urban strategies. These initiatives involve organizing
construction promotion meetings and steering committee sessions
to incorporate zero-waste concepts into school curricula and city
planning, highlighting the essential role of education in fostering a
sustainability mindset.

The “Garment Rebirth Project” further emphasized the impact of
collaborative efforts in waste management. Through partnerships
with organizations such as the Tibet Luobu Love Group, Green
Zhejiang has facilitated the recycling and reuse of old clothes,
supported disaster-stricken areas, and created employment op-
portunities for disabled individuals. This project demonstrates how
public participation and cross-sectoral collaboration can synergis-
tically achieve social responsibility and environmental sustain-
ability. Platforms such as the Qiantang Forum roundtable meeting
facilitate dialog among experts, scholars, and professionals from
diverse fields, addressing challenges in solid waste management
through innovative solutions. Such meetings are crucial for
exchanging knowledge and collaborative problem solving, high-
lighting the importance of interdisciplinary approaches in
addressing environmental issues.

On significant environmental days, Green Zhejiang's partner-
ships with science museums and community organizations to hold
zero-waste exhibitions illustrate how public engagement can be
leveraged to promote sustainable practices. Activities such as
making soap from waste oil and recycling kitchen waste not only
raise awareness but also encourage active citizen involvement in
environmental protection. In summary, Hangzhou's case demon-
strates that collaboration among multiple stakeholders is essential
for driving the behavior changes needed to achieve a zero-waste
city. By fostering partnerships across different sectors and disci-
plines, cities can develop innovative, sustainable solutions that
promote resource efficiency and environmental stewardship. This
collaborative approach is vital for advancing toward a sustainable
and resilient urban future.

3.3.5. Public collaboration in sustainable consumption and
productiondcase of Shenzhen City, China

In Shenzhen City, China, social organizations and public edu-
cation play crucial roles in actively promoting waste sorting and
management. More than 100,000 individuals participated in
voluntary supervision for waste sorting in 2022, with over 92,000
successfully completing their roles, contributing a total of 185,350
service hours. The “Dandelion Trainers Team” has been established
to educate the public, particularly students, about waste manage-
ment. This team includes 50 Dandelion volunteer lecturers and 48
Dandelion teachers working in all primary and secondary schools
in Yantian. They aim to integrate waste management values and
social responsibility into the local culture.

Furthermore, public education activities such as the “Milk Car-
tons Collecting Action” have also been promoted in Yantian (UN-
Habitat, 2023). This initiative involves students investigating the
milk carton collection and resource utilization process, encouraging
them to participate in pre-processing, cleaning, and recycling of the
cartons. These efforts highlight the importance of public involve-
ment and education in the transition to social governance and
demonstrate the importance of collaborative social governance in
China's current state of social civilization.
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3.4. Integrating sustainable consumption and production and
education for sustainable development

The integration of sustainable consumption and production
(SCP) with education for sustainable development (ESD) represents
a critical pathway towards fostering a more sustainable and equi-
table society. SCP focuses on reducing resource use and environ-
mental degradation while promoting economic and social well-
being, aligning closely with the transformative goals of ESD,
which aims to equip individuals with the knowledge, skills, and
values necessary to drive sustainable change.

3.4.1. Embedding SCP principles in the educational framework:
opportunities and challenges

The significance of the SCP and ESD in educational programs has
been well established for several decades. As stated by Pandey and
Vedak (2010), “Education is the key intervention for bringing
change in knowledge, values, behaviors, and lifestyles and is
required to achieve sustainability and stability” (p.3). Educational
institutes play a crucial role in defining and achieving sustainable
development and sustainable consumption and production, with
various stakeholders expected to contribute to these efforts.
However, there have been criticisms of ESD for its inherent
anthropocentrism, with calls for educational institutions to
reconstruct their programs to pursue ecological justice (Kopnina,
2014).

In contrast, the circular economy presents an integrated
approach that combines development and ecological sustainability.
By aiming to reduce the consumption of virgin resources and
optimize the circulation of already extracted resources, the circular
economy strives to minimize ecosystem damage and avoid
anthropocentric consumption and production. Given the signifi-
cance of the circular economy, educational institutions play a
crucial role in integrating circular economy concepts into their
curriculum to ensure that future generations are equipped with the
knowledge and understanding necessary for ecological sustain-
ability. This may involve tailoring circular economy education to
different disciplines, as exemplified by the work of Kirchherr and
Piscicelli (2019) in the field of engineering, which specifically fo-
cuses on identifying circulation indicators for production. Collab-
oration across different disciplines in the supply chain is also key to
effectively addressing resource circulation. To facilitate the inter-
nalization of circular economy concepts in students, various ap-
proaches have been examined, including case studies designed to
encourage lifelong learning. Educational institutions play a vital
role in identifying and implementing effective approaches for
quality education on SCPs and the circular economy, with the
overarching goal of promoting ecological sustainability and social
well-being.

3.4.2. Industrial applications and educational programs through a
circular economydcase of Punjab, India

In India, the agrarian sector, especially in Punjab, is facing sig-
nificant environmental challenges due to the large amounts of
agro-waste generated from crops such as wheat and rice. Despite
efforts by both the state and central governments to manage this
waste through various methods, the burning of paddy straw in
fields remains a major challenge (Parihar et al., 2023). Approxi-
mately 3e4 million tons of paddy straw are still being burned in
open fields each year. This practice leads to air pollution and related
health issues (India State-Level Disease Burden Initiative Air
Pollution Collaborators, 2021). In response, the Punjab State
Council for Science& Technology (PSCST) has initiated research and
development studies to investigate the use of paddy straw pellets
as a substitute for fossil fuel in the brick sector, which is a major
contributor to air pollution. These efforts resulted in the state
mandating that brick kilns replace at least 20% of their coal with
paddy straw pellets. This initiative has attracted interest from other
states and countries, with PSCST collaborating with the Interna-
tional Centre for Integrated Mountain Development (ICIMOD) to
spread this technology throughout the South Asian region.
Furthermore, the Green Schools Programme (GSP) in Punjab
highlights the state's dedication to sustainability and environ-
mental education.

During 2023e2024, approximately 7246 schools participated in
a program that involved environmental audits focusing on six
critical areas: air quality, energy consumption, food sustainability,
land use, water conservation, and waste management (CSE, 2017).
Students, guided by their teachers, collected data and assessed
their schools' environmental practices, providing hands-on
learning experiences that went beyond theoretical knowledge.
The program aimed at enhancing environmental awareness, pro-
moting sustainable behavioral changes and integrating eco-friendly
practices into school operations (Thokchom Paonam Robinson,
2023). Punjab's outstanding performance resulted in 70 schools
being recognized as green schools, earning the state the Best Green
State and Best Green District awards. These achievements highlight
the program's success in promoting sustainability within the
educational sector and demonstrate the positive impact of
involving students directly in environmental management.

To build on the successes of these initiatives and further pro-
mote sustainable development, several recommendations are
proposed: Integrating ESD principles more deeply into the curric-
ulum is essential. This involves emphasizing interdisciplinary
learning, critical thinking, and participatory teaching methods.
Establishing robust local and global partnerships will provide
strong support networks for ESD initiatives. Continuous profes-
sional development for educators and administrators, along with
fostering research and innovation in ESD, will ensure the program's
ongoing improvement. Encouraging community and student
engagement through practical, real-world projects and leveraging
technology for ESD learning will further enhance the program's
reach and effectiveness. These steps not only address environ-
mental challenges but also prepare students to become proactive
leaders in sustainability, embedding environmental education as a
core component of their learning experience. The dissemination of
Punjab's success story in South Asia has the potential to reduce air
pollution and greenhouse gas emissions significantly, promote local
employment, and decrease reliance on imported coal, contributing
to broader environmental and economic benefits.

3.5. Utilizing nature-based solutions to promote circular economy

Nature is a laboratory for many interesting phenomena,
including the circular economy. It has been said that “Everything is
reused or repurposed in nonhuman ecosystems. The natural world is
the perfect circular economy, where everything, even after its lifetime,
becomes a source for something else” (Sala, 2020). The Nature-based
solution (NbS) is an umbrella term for approaches that leverage
ecosystem services to protect, manage, and restore natural or
modified ecosystems while addressing societal challenges,
benefiting biodiversity, and improving humanwell-being, as stated
in the IUCN Global Standard for Nature-based Solutions (IUCN,
2020). These approaches are designed to address issues rooted in
a site-specific context with a broader understanding of natural and
socio-cultural systems and their interlinkages. NbS thus represents
a “low impact development” solution that can catalyze the transi-
tion to a circular economy. This demands a rethinking of our
physical environment from its current linear model to one that
emulates the tenets of circularity. Nested within this broader scope,
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NbS to promote circular economy integrates the principles of na-
ture conservation, sustainable resource management, and regen-
erative practices to minimize waste, optimize resource use, and
promote resilience (Atanasova et al., 2021). Both NbS and circular
economy aim to emulate inherent circularity in nature via a sys-
tem's thinking approach (Ramos et al., 2019).

Nature-based solutions offer a powerful approach to waste
management and circular economy education by demonstrating
how natural systems can inspire sustainable practices. By learning
from ecosystems’ efficient use of resources and their natural cycles
of decomposition and regeneration, students can develop a deeper
understanding of waste as a resource and recognize the potential
for closing loops. This knowledge can empower individuals to
adopt sustainable behaviors, support innovative solutions, and
contribute to building a more circular economy.

It is important to understand that meeting the challenges of
growth and urbanization is pivotal and has a role in the transition of
society to a circular economy. These challenges derive from a wide
variety of environmental impacts associated with the production of
materials, the operation of systems in a built environment, and the
outdoor processes that support the built environment. As decen-
tralized hubs of economic growth, urban and peri-urban areas are
nerve centers of production and consumption. They become the
sources and sinks of resources where NbS can play an appropriate
role in addressing the circularity gap (Atanasova et al., 2021).
Multiple systems (but not limited to), namely, biodiversity, energy,
food, materials, waste, and water, coexist in spatial proximity in
urban and peri-urban systems, and there is continuous feedback
among them, creating interconnections (Sukhwani et al., 2020).
Here, the deployment of NbS warrants a system-specific and
infrastructure-focused approach, considering the key systemic
problem to be addressed and identifying leverage points to create
nexus and interlinkages with other systems (Fig. 2).

The case of the East Kolkata Wetlands (EKW) highlights a suc-
cessful NbS that upholds waste-water food circularity in urban
Kolkata. Covering approximately 12,500 ha, this Ramsar site man-
ages more than 80% of Kolkata's wastewater, filtering it over three
to four weeks before uncontaminated water is discharged into the
Bay of Bengal (Gosh, 2018). Wastewater offers essential organic
nutrients that enable fishing, paddy, and vegetable cultivation in
the region while terrestrially locking in 60% of the carbon from the
effluents (Pal et al., 2018). (It additionally offers livelihoods for 1.1
Fig. 2. Conceptual diagram of a systemic nature-based solution (NbS) approach to
circularity.
million people and supplies approximately one-third of the city's
fish requirements. As a major land resource that is constantly facing
encroachment pressures, EKW continues tomake an economic case
for NbS by providing savings of approximately INR 4680 million
(approximately US$ 56 million) per annum in sewage treatment
costs (Dey & Banerjee, 2018). Beyond the circularity lens, wetlands
offer a habitat for migratory birds and native fauna, flood man-
agement, and heat mitigation, especially during extreme climate
events.

This geographical advantage of EKW may not apply to new NbS
projects elsewhere, where land is often a limited resource. In such
cases, a scalar approach may be more amenable (Odongo et al.,
2022). The choice of scale determines the mobilization of re-
sources to mediate upstream (regulatory and policy) and down-
stream (implementation and stakeholder engagement) impacts
across systems. One such example is the Chennai Urban Horticul-
ture Initiative. This initiative strategically utilizes rooftops (begin-
ning with school rooftops) to create community gardens across the
city's low-rise, high-density built fabric. It integrates multiple
strategies, such as providing organic produce for users; segregating
and composting organic waste; managing rainwater runoff; miti-
gating urban heat islands; promoting biodiversity; and engen-
dering community kinshipdencompassing biodiversity, climate
and governance issues. Over the next decade, the project aims to
scale up the NbS across six lakh households to reduce the vulner-
ability of 2.5 million inhabitants to extreme climate events
(Resilient Chennai and Okapi Research & Advisory, 2019). Such
projects have the capacity to influence upstream policies to
mandate site-scale interventions that can snowball into urban
resilience strategies. They demonstrate the potential to deploy NbS
to address the trade-offs between actions for immediate economic
benefits and long-term impacts on ecosystems holistically.
3.6. Global education policies for circular economy

Throughout the world, global, national, and regional strategies
for the circular economy have been developed (EESC, 2019). These
strategies, programs, and plans support the implementation of a
circular economy in the coming years. According to the Organiza-
tion for Economic Cooperation and Development (OECD), an in-
ternational organization that provides a form for governments to
share experiences and identify good practices, the OCED initiative
on circular economy in cities and regions, especially “promotors,
facilitators and enablers” is crucial in the governance of circular
economy. Capacity building in addition to data assessment, inno-
vation, financing, and regulation are key elements for enabling the
transition towards greener societies (OECD, 2020). Among other
issues, capacity building is a key accelerator of the pathway to
circular economy (Fig. 3).

In the following, two showcases are used to demonstrate the
underlying educational approach and perception of knowledge
production to move towards inclusive circular economies.
3.6.1. International trade and economic cooperation
This showcase particularly addresses small and medium enter-

prises and women-owned businesses to create an environment
that makes use of their local knowledge and practical expertise.
This furthermore enables and empowers them to participate in an
inclusive transition. Support measures in international trade
include investment in workplace education, the provision of edu-
cation, technical assistance and capacity building, the facilitation of
access to digital platforms, and finally, the transfer of technologies
(state-of-the-art and technical standards), know-how, and ma-
chinery (UNECE, 2022).



Fig. 3. Role of different stakeholders in promoting the circular economy (OECD, 2020).
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3.6.2. Inter-governmental work and consolidated action
In this showcase of inter-governmental work and collaboration

among various stakeholder groups (economy/industry, education,
research, civil society organizations, etc.), it is relevant that the
government institutions in place inform future research and edu-
cation programs about their strategies and activities on theway to a
circular economy. Governments and authorities are asked to apply
self-checks and assessments when preparing and applying circular
economy action plans. In the field of education, they ask themselves
if and how representatives of research and education are involved
in the creation and design process. Later, in implementation, it is
crucial to reassess whether there is a structured mechanism for the
government to engage businesses, research, and civil society in
circular economy policymaking (UNECE, 2023). It is relevant to
offer education and training activities and materials that, on the
one hand, support national and local authorities and decision-
makers in preparing and implementing circular economy strate-
gies. On the other hand, the participants in the training and
learning settings benefit from the multiple stakeholders invited to
the training. These settings facilitate peer learning and interdisci-
plinary exchange on certain thematic issues, harmonization pro-
cesses, the application of directives, and other international
policies/guidance documents within the current pathway of the
circular economy.

The UNEP Circularity Platform (https://buildingcircularity.org/),
the UNEP Life Cycle Initiative (https://www.lifecycleinitiative.org/)
and the Basel, Rotterdam and Stockholm Conventions (https://
www.brsmeas.org/) are prominent global examples that include
capacity-building activities. The global dimension of such training
is important. The European Union Council Recommendation of June
2022 (The Council of the European Union, 2022) highlights relevant
considerations on learning for green transition and sustainable
development. Green skills and competencies for citizens prepared
for green infrastructure (separate collection and waste manage-
ment, public procurement, green infrastructure such as urban
wastewater plants, renewable energy plants, etc.) are needed in
green transformation to build circular societies. To conclude, two
aspects should be considered for green education: the link between
educational degrees and the future workplace of citizens. First,
education and training must address the skill gap so that students
and workers obtain the relevant skills that they particularly need
and apply to the future job market. Companies, small and medium
enterprises, and other organizations need confidence in the
training and education that their (future) employees receive. Sec-
ond, the learners must receive tailor-made training and education
that they can apply in the region where they live and work. This
avoids a brain drain when higher-educated students and workers
leave the country and use their expertise elsewhere in the world.
This conclusion has been drawn based on an work in green edu-
cation on the Western Balkan Region within the project of
EU4Green (EU4Green, 2024). The European Union Council recom-
mendation points out that sustainability competencies can help
learners become systemic and critical thinkers, as these compe-
tencies develop agencies and form a knowledge base for everyone.
These green competencies are to be achieved in any informal or
formal learning setting.

To conclude, global education initiatives such as those
mentioned above are usually designed to support specific transi-
tion goals or policy implications of circular economy action plans
and strategies. These programmes are designed to align with spe-
cific policies that facilitate the transition to sustainable systems. By
engaging businesses, research institutions, and civil society orga-
nizations in the design, implementation, and recognition of
training, collaboration can be fostered. Additionally, the structured
mechanism ensures that these initiatives address regional needs
through practical, experimental, collaborative learning. This
approach supports professional development and promotes inter-
disciplinary cooperation, driving the adoption of the circular
economy approach across sectors.

4. Conclusions and future perspective

The study highlights various country initiatives, awareness and
capacity-building programmes and industrial applications related
to sustainable consumption. The implications of this study un-
derscore the critical role of collaborative efforts between govern-
ments, civil society, and multistakeholder initiatives such as
public‒private partnerships. Furthermore, the study emphasizes
the importance of the regional context of programmes or
initiatives to address multiple challenges, including waste man-
agement, plastic reduction and the potential of circular economy
solutions.

https://buildingcircularity.org/
https://www.lifecycleinitiative.org/
https://www.brsmeas.org/
https://www.brsmeas.org/
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Since 2008, China has developed a model based on laws and
policies, with several special projects implemented, such as path
industrial parks, 100 pilot projects for kitchen waste recycling, and
national “urban mining” demonstration bases, etc. to promote the
circular economy. It has achieved remarkable results, with contin-
uous improvement of the institutional system and orderly pro-
motion of industrial development. Moreover, “zero-waste city”
construction has offered another city-level channel for waste
recycling and disposal, involving policymaking, industrial waste,
agricultural waste, householdwaste, hazardouswaste, construction
waste, and recyclable materials, to promote the development of the
circular economy in another era.

In India, the Swachh Bharat Abhiyan (Clean India Mission)
further promoted waste management through awareness and
infrastructure development. While challenges such as population
size and diverse demographics persist, India has opportunities to
innovate in terms of plastic alternatives and recycling technologies.
The integration of environmental education into formal and
informal settings is crucial for fostering behavioral change and
citizen advocacy for sustainable practices. Likewise, the Philippines
is grappling with increasing waste generation and plastic leakage
into the ocean. The country has enacted laws such as the Ecological
Solid Waste Management Act and the Extended Producer Re-
sponsibility Act to promote waste reduction, recycling, and proper
disposal. While the Philippines has a framework for a circular
economy in its policies, the focus should be on strengthening
implementation through infrastructure development, social
awareness, and multi-stakeholder collaboration.

Public education can contribute greatly to the transition to a
circular economy. Reaching a consensus on sustainable develop-
ment is the key to achieving the ultimate goal of a circular econo-
mydresponsible use of resources and zero waste. The concept of
circular economy has gained attention because of its potential to
promote sustainability by meeting human needs while contrib-
uting to ecological balance. Educational institutes play a crucial role
in integrating the circular economy into their curriculum. This
concept involves multiple disciplines and collaboration with
various stakeholders to promote sustainable consumption and
production by implementing a circular supply chain. The goal is to
optimize resource usagewhile preserving the natural environment.
Educational institutes must identify effective approaches to incor-
porate circular economy strategies into their teaching practices,
aiming to bring about positive changes in society by promoting
ecological sustainability and social well-being.

The incorporation of quality education and the fostering of
multi-stakeholder collaboration are essential for advancing sus-
tainable consumption and achieving the SDGs through circular
economy practices. By leveraging interdisciplinary education and
engaging diverse stakeholders, we can promote innovative solu-
tions, enhance resource efficiency, and drive systemic change. The
success of initiatives such as Green Zhejiang's zero-waste projects
exemplifies the potential of collective efforts in building a sus-
tainable future. As we move forward, continued collaboration and
education will be pivotal in creating resilient and sustainable
communities, building on a trained workforce and engaged in-
dividuals worldwide.

Leveraging the power of nature toward a circular economy re-
quires us to unlearn our linear, ‘action for impact’model that offers
immediate results. NbS requires us to work with nature's com-
plexities with an iterative monitoring and evaluation framework
over time to build resilience. When planning infrastructure-based
NbSs, we must map systemic boundaries and feedback loops to
understand their wider impacts on the landscape. They require a
global standard to increase the scale and impact of the NbS
approach. Such standards will bring in the much-needed finance
for NbS, as it demonstrates its alignment with international best
practices, thereby assuring potential funders, investors and deci-
sion-makers.
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