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Abstract.  The Circular Economy (CE) is a transformative model that decouples growth from resource depletion and pollution by designing 
waste out of the economic system. This revised study deepens the Policy–Technology–Social (PTS) framework to reconceptualize CE as 
an adaptive, socio-technical regime co-evolving across multiple levels. Drawing on extensive literature (2017–2025) and recent empirical 
findings, it highlights how robust governance, Industry 4.0 technologies, and inclusive social innovations must align to accelerate sustainable 
transitions (Garg et al., 2025; Carreño-Ortiz et al., 2025). We emphasize that emerging “CE 5.0” models leverage digitalization (AI, IoT, 
blockchain) for transparency and resource optimization[1][2]. However, risks of technocracy and equity gaps persist without community 
engagement (Dhayal et al., 2025; Carreño-Ortiz et al., 2025). This paper refines the PTS model by incorporating these insights and linking CE 
to the SDGs and systems theory, providing a holistic roadmap. It outlines actionable policy measures (e.g. EU Circular Economy Act, China’s 
CE targets) and organizational strategies (circular business models, skills development) for enabling circular innovation. By advancing a 
multi-disciplinary lens, the study contributes to theory and practice, guiding researchers and practitioners in designing regenerative, inclusive, 
and technology-enabled economies.

Keywords  Strategic Paradigm, Circular Economy, Global Challenges

INTRODUCTION 

Global challenges – climate change, biodiversity loss, and 
resource scarcity – are accelerating, revealing the failure 
of the linear “take–make–dispose” model. Current material 
consumption is unsustainable: only ~12% of materials are 
circularly reused in the EU (with a global average even lower)
[3]. Indeed, humanity now consumes resources as if “there 
were three planets,” undermining development and equity[4]. 
The CE paradigm responds by rethinking growth around 
regeneration and circularity[5][3]. Instead of discarding 
products, CE strategies keep materials and products in 
service via reuse, recycling, sharing, and remanufacturing, 
thereby decoupling economic activity from environmental 
damage. The urgency is underscored by the Paris Agreement 
and the UN SDGs: achieving SDGs (especially 7, 9, 12, 13) 
requires systemic changes in consumption, production, and 
technology.

Despite growing attention, CE implementation remains 
fragmented. Many initiatives focus narrowly on recycling 
or efficiency, without systemic overhaul. High-income 
countries still rely on waste exports or linear industries, 
while emerging economies lack integrated policies (Ceddia 
et al., 2024). There is a policy vacuum: few governments 

have connected CE programs with community-based 
strategies or embedded social equity (Carreño-Ortiz et al., 
2025). Similarly, rapid digitalization offers new CE tools 
(IoT sensors, digital twins, blockchain for traceability), 
but equitable access and governance of these technologies 
remain underdeveloped. This paper positions CE as a 
complex adaptive system requiring co-evolution of policy, 
technology, and social dimensions. We refine the PTS 
framework to capture this interplay, drawing on recent policy 
developments (e.g. EU Circular Economy Act 2026, China’s 
14th Five-Year Plan), Industry 4.0 innovations, and social 
innovations (e.g. community-based recycling cooperatives, 
sharing platforms). The goal is to offer a cohesive theory and 
practical guidance for holistic CE transitions.

LITERATURE REVIEW

The CE concept has rich roots in ecological economics and 
industrial ecology. Early visionaries like Pearce and Turner 
(1990) framed circularity as a means to maintain material 
stocks and ecological processes. Modern CE scholarship 
(e.g. Geissdoerfer et al., 2017; Murray et al., 2017) builds on 
this to offer comprehensive definitions: CE is “a regenerative 
system in which resource input and waste, emission, and 
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energy leakage are minimized” (Geissdoerfer et al., 2017). 
This systems view integrates environmental ethics, resource 
efficiency, and new business models.

Recent reviews identify three CE perspectives: (1) technical 
(emphasizing recycling, eco-design, and product life 
extension); (2) economic (highlighting profitability, cost 
savings, and green growth); and (3) systemic (emphasizing 
governance, innovation ecosystems, and social norms) [6] 
[7]. We adopt the systemic lens, which sees CE as a socio-
technical regime undergoing a sustainability transition 
(Korhonen et al., 2018). This perspective aligns with 
transitions theory: it requires multi-level interactions among 
niche innovations, regimes, and landscapes (Geels, 2002). It 
also connects to strategic management: firms need dynamic 
capabilities (Teece, 2018) to adapt business models (e.g. 
Product-Service Systems, sharing platforms) in a circular 
economy.

Key themes in the literature highlight the role of digital 
technologies. Industry 4.0 tools (IoT, AI, big data, blockchain, 
digital twins) enable detailed resource tracking, predictive 
maintenance, and closed-loop logistics (Liu & Zhang, 2021; 
Garg et al., 2025). For example, digital platforms can match 
waste producers with recyclers in real time, while blockchain 
can ensure provenance of recycled materials. Recent case 
studies show that combining CE practices with I4.0 can 
dramatically improve resource efficiency and innovation 
(Garg et al., 2025). However, scholars warn of techno-
optimism: digital solutions may increase energy use or 
create surveillance concerns, requiring ethical frameworks 
(Aivazidou et al., 2025).

The social dimensionis also gaining attention. CE transitions 
depend on consumer and community behaviors, skills, 
and values. Studies note that stakeholder engagement, 
education, and inclusive business models are essential[8]
[9]. Social innovation – new ways of organizing production/
consumption to meet social needs – can drive CE by 
engaging marginalized groups (e.g. recycling cooperatives, 
repair cafes). Conversely, literature criticizes CE for often 
ignoring equity: most policies emphasize materials, not 
livelihood impacts. Carreño-Ortiz et al. (2025) highlight a 
policy and research gap: CE literature is “predominantly 
technocratic, with little attempt to integrate deep social 
dimensions,” and many countries lack policies linking 
circularity with participatory strategies [7]. This implies 
that without deliberate social planning, CE can reinforce 
inequalities (e.g. where the rich adopt green tech while 
vulnerable communities bear pollution). Hence, social 
factors – from community trust to equity – must be woven 
into the CE narrative.

In sum, the literature suggests that policy, technology, and 
social systems each matter for CE, but few studies integrate 
all three. The PTS framework responds to this gap, drawing 

on theories such as socio-technical transitions, institutional 
theory, and stakeholder theory to articulate how these 
dimensions co-evolve.

METHODOLOGY AND CONCEPTUAL 
POSITIONING

This paper uses a conceptual synthesis methodology. Unlike 
empirical studies, it integrates findings from diverse sources 
(2017–2025 peer-reviewed articles, policy reports, and 
frameworks) to refine CE theory. We follow an interpretive 
synthesis approach: critically examining how policy, 
technology, and social factors are treated across literature, 
identifying gaps, and proposing a unified model [10] [7]. 
Sources include global CE reports (e.g. UNEP Global 
Resources Outlook, Circularity Gap Report), international 
policy documents (EU CE Action Plan, national strategies), 
and recent studies on digital innovation in sustainability (e.g. 
Garg et al., 2025).

The synthesized PTS framework emerged iteratively 
by mapping identified themes onto three pillars: policy 
governance, technological innovation, and social 
transformation (which we also term ‘social systems’). Each 
pillar is defined by key constructs: for example, the policy 
pillar encompasses regulations, fiscal incentives, and multi-
level governance structures. The technology pillar covers 
Industry 4.0 tools, digital infrastructure, and R&D systems. 
The social pillar includes behavioral norms, education 
systems, community engagement mechanisms, and equity 
considerations. By juxtaposing literature insights under these 
headings, we ensure the framework captures cross-cutting 
dynamics (e.g. how a new law might shape tech deployment, 
or how social demand spurs innovation). The goal is a meta-
framework useful for both scholars and practitioners: it 
clarifies how interventions in one pillar will cascade through 
the others. This aligns with systems theory and sustainability 
transitions literature, viewing CE as an emergent outcome of 
interacting subsystems (Markard et al., 2012).

THE POLICY–TECHNOLOGY–SOCIAL 
(PTS) FRAMEWORK

The PTS framework conceptualizes CE transition as an 
emergent, co-evolutionary system. All three dimensions 
must align and reinforce one another to move beyond ad-
hoc circular practices toward systemic transformation  
(Fig. 1). Each component is described below:

1. Policy Dimension – Governance provides the foundation 
for enabling CE. Effective CE policy spans national and 
local levels and integrates environmental, industrial, and 
social goals[11][12]. Key features include:
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●	 Cross-Sectoral Integration: Policies should link 
sectors (e.g. waste, energy, transport) so that circular 
goals reinforce climate goals and social objectives. 
For instance, the EU’s Circular Economy Act (2026) 
aims to create a single market for recycled materials 
and build on its Action Plan to meet Green Deal targets 
[13] [14]. China’s 14th Five-Year Plan sets numerical 
targets for recycling and resource security, explicitly 
framing CE as a climate strategy toward carbon 
neutrality [15] [16].

●	 Adaptive Regulations: Static, one-size-fits-all rules 
are insufficient. Policymakers are using flexible 
instruments like participatory roadmaps, performance 
standards, and digital registries. Notable examples 
include the EU’s Ecodesign Regulation (2024) 
mandating product durability, and right-to-repair 
laws improving consumer rights [17]. Incentives (tax 
breaks, procurement preferences) are being aligned to 
reward circular business models, as advocated by the 
Circularity Gap Report [18] [19].

●	 Institutional Platforms: Coordinated governance 
(e.g. CE councils, public-private partnerships) 
helps mainstream innovation. Multi-stakeholder 
bodies (like the EU’s Circular Economy Stakeholder 
Platform) foster collaboration and monitor progress. 
But significant gaps remain: as one review notes, 
most countries lack frameworks connecting CE to 
community participation or equity [7], indicating a 
need for new policy instruments that engage citizens 
and measure social impacts (Dhayal et al., 2025).

2. Technology Dimension – Innovation and digitalization 
are catalysts for CE implementation [20]. Technology can 
transform each stage of the product lifecycle:
●	 Industry 4.0 Enablers: IoT sensors, AI analytics, and 

blockchain enable real-time tracking of materials, 
predictive maintenance of assets, and trusted recycling 
chains. For example, smart bins with IoT can sort waste 
automatically, while digital twins of factories optimize 
resource flows. Recent research shows that integrating 
I4.0 technologies with CE practices significantly 
boosts sustainability outcomes in manufacturing (Garg 
et al., 2025)[1][21].

●	 Data-Driven Efficiency: Big data and cloud computing 
allow enterprises to identify waste hotspots and 
optimize designs. AI-driven platforms can match 
producers and recyclers, reducing transaction costs 
and spurring secondary markets. One systematic 
review (Bressanelli et al., 2022) finds that digital 
business models (e.g. product-service systems via 
online platforms) expand circular opportunities.

●	 Emerging Fields: Concepts like “Circular Economy 
5.0” (Aivazidou et al., 2025) envision digital 
sustainability as a new frontier: leveraging AI for 

material discovery, blockchain for provenance, and 
automated manufacturing for closed-loop production. 
However, technological solutions also pose risks: 
reliance on advanced tech can exacerbate digital 
divides and requires robust governance to ensure 
interoperability and data privacy [22] [2]. Ethical 
frameworks for AI and inclusive access are therefore 
critical components of this pillar.

3. Social Dimension – Social systems encompass human 
behaviors, culture, and community structures that must 
adapt for CE. Key aspects include:
●	 Behavioral Change: Shifting mindsets from 

ownership to stewardship is fundamental. Programs 
like educational campaigns and eco-labels encourage 
consumers to value durability and repairability [23]
[2]. For example, collaborative consumption (car-
sharing, tool libraries) is growing as a complement to 
traditional markets.

●	 Community Engagement: Grassroots Initiatives 
(Repair Cafes, Urban Gardening, Circular Hubs) 
Build Local Capacity. They Can Also Empower 
Marginalized Groups: inclusive circular enterprises 
create jobs and skills in underserved areas (Circular 
Economy Alliance, 2023) [9]. Engagement in CE 
projects enhances social acceptance and trust, 
reinforcing legitimacy of policy and tech shifts [24].

●	 Social Innovation: New organizational forms 
(cooperatives, public-private partnerships) facilitate 
CE diffusion. Policymakers and NGOs increasingly 
recognize that combining CE with social goals (e.g. 
poverty reduction, gender equity) yields “win-win” 
outcomes (Carreño-Ortiz et al., 2025). For instance, 
Brazil’s favela recycling cooperatives or Africa’s 
e-waste recycling programs illustrate how CE can 
intersect with social development.

When these dimensions cohere, a self-reinforcing loop is 
created: supportive policies accelerate technology adoption, 
technological tools make CE more visible and manageable, 
and positive social feedback (through green jobs or improved 
wellbeing) builds momentum. Conversely, misalignment 
leads to bottlenecks (e.g. advanced recycling technology 
remains underutilized without subsidies and public buy-
in). The PTS model emphasizes continuous feedback and 
learning across pillars: policies should evolve with tech 
advances, and both must be informed by social research on 
behavior and equity.

DISCUSSION AND THEORETICAL 
IMPLICATIONS

Reframing CE through the PTS lens advances theory 
in several ways. Firstly, it embeds CE firmly within 
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sustainability transitions theory. Rather than an isolated 
waste-management practice, CE becomes a socio-
technical regime transformation. It aligns with the Multi-
Level Perspective: niche innovations (circular startups, 
smart materials) emerge in niches, while regime shifts 
require niche-regime interactions (e.g. regulators adopting 
standards for circular products) and landscape pressures 
(climate urgency) [1] [7]. The PTS view also resonates with 
Institutional Theory: it highlights how new norms (e.g. “right 
to repair”) must be institutionalized through regulation and 
cultural shifts simultaneously.

Secondly, the model draws on dynamic capabilities (Teece, 
2018) and strategic management. Firms must integrate 
environmental sensing (monitoring resource constraints), 
seizing opportunities (innovating circular offers), and 
reconfiguring resources (redeploying materials) as part of 
their dynamic routines. This conceptualizes CE innovation 
as a firm-level capability influenced by institutional context 
and social acceptance. Strategic management scholars can 
thus see CE as part of organizational agility in turbulent 
times.

Thirdly, linking CE to systems theory and SDGs provides 
a holistic lens. The UN’s 2030 Agenda calls for integrated 
solutions: for example, CE practices (SDG 12) inherently 
support SDG 13 (climate) and SDG 7 (energy) when waste-
to-energy or efficiency measures are applied. Garg et al. 
(2025) empirically demonstrate that I4.0 and CE together 
advance SDGs in G20 countries, notably SDGs 7, 9, 12, 
13 [21]. This suggests CE is not an add-on, but a core 
strategy for achieving broad sustainability goals. The PTS 
framework thus provides the structure for analyzing such 
multi-dimensional impacts.

Finally, the framework underscores equity and inclusivity 
as theoretical concerns. Recent literature (Carreño-Ortiz 
et al., 2025) calls attention to the social gap in CE. By 
explicitly including “social” in PTS, our model challenges 
technocentric biases and prompts questions like: Who 
benefits from CE? Which communities are left out? 
These considerations tie into theories of social justice and 
stakeholder engagement. In doing so, the paper extends 
CE theory toward a more transformative paradigm that 
acknowledges power and justice (Cramer, 2020) in 
ecological-economic systems.

Policy and Managerial Implications

Translating the PTS model into practice calls for integrated 
strategies:
●	 Policy makers should design comprehensive CE 

roadmaps. For example, they can level the playing 

field by phasing out subsidies for linear practices 
and introducing extended producer responsibility 
(EPR) laws. Incentives should be tied to circular 
metrics: governments might offer tax credits for 
products meeting recycled content targets (as in the 
EU’s Batteries Regulation 2023 [25]) or subsidies 
for circular startups. Collaboration across ministries 
(environment, economy, labor) is essential to align 
social and industrial goals [11] [7].

●	 Local governments can foster community-based 
circular programs: grants for repair cafes, urban 
composting schemes, or local circular hubs. Integrating 
CE into education and vocational training (TVET 
curricula on recycling and repair skills) addresses the 
“skills gap” identified in global reports [26]. Public 
procurement policies can also embed circular criteria, 
e.g. preferring contractors who use recycled materials 
or offer product-as-service.

●	 Business leaders should cultivate circular business 
models. This involves rethinking product design 
(for disassembly, durability, modularity) and supply 
chains (tracking inputs/outputs digitally). Companies 
can form industrial symbiosis clusters, where one 
firm’s waste is another’s input. Embracing Industry 
4.0, firms should invest in IoT and data analytics for 
real-time lifecycle assessment. Importantly, a circular 
culture must be promoted internally: training staff on 
sustainability, rewarding innovation in recycling, and 
setting internal KPIs on material productivity [23]. 
Leaders should engage in public-private partnerships 
(e.g. CE innovation platforms) to share risks of new 
models.

●	 Financial institutions and investors play a role 
by developing new funding models (green bonds 
for circular infrastructure, loans tied to circular 
performance). They can support “circularity metrics” 
in ESG reporting. Banks and development agencies 
should align with global initiatives like the G20 
Sustainable Finance Roadmap (Garg et al., 2025), 
integrating CE criteria in finance regulation.

●	 Consumers and civil society should be seen as active 
stakeholders. Managers should involve community 
representatives in co-designing CE solutions, ensuring 
cultural acceptance. NGOs can partner with industry 
to run awareness campaigns about recycling and 
repair. Social enterprises can be supported to ensure 
marginalized groups benefit from green jobs, as 
advocated by the CE Alliance [27].

Together, these measures operationalize the PTS insights: 
aligning policy, tech, and social actions builds a robust 
ecosystem for circular innovation and resilience.
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Future Research Directions

While the PTS model is theoretically grounded, empirical 
validation is needed. Future studies could develop 
measurement frameworks for systemic circularity (beyond 
material recovery rates) – for example, indicators of policy 
coherence or social inclusion in CE. Longitudinal case 
studies of countries or regions applying the PTS approach 
would be valuable, such as tracking how EU Circular 
Economy Act reforms (planned in 2026) affect industry 
practices and societal attitudes.

Technology-wise, research should explore the unintended 
consequences of digitalization in CE. Questions include: 
What are the energy footprints of blockchain-enabled 
recycling platforms? How can digital twins be scaled across 
industries for national CE planning? Interdisciplinary work 
bridging information systems and sustainability (e.g. digital/
CE clusters) is a promising avenue.

The social dimension demands deeper inquiry. Scholars 
should investigate how CE initiatives impact social 
equity and wellbeing, possibly via field experiments or 
participatory action research. For instance, does introducing 
a community repair workshop improve social cohesion or 
employment? Theorizing the role of grassroots innovation 
(social innovation) in mainstream CE frameworks is another 
gap. Carreño-Ortiz et al. (2025) suggest studying the synergy 
between circular economy and social innovation models, 
especially in the Global South. Additionally, behavioral 
economics approaches could design and test interventions 
(nudges, incentives) that shift consumer habits toward reuse.

On policy, comparative studies could examine which 
governance structures (e.g. Finland’s National CE Strategy 
vs. city-level initiatives) yield the most progress under 
PTS criteria. Investigating multi-level governance (EU 
vs. member states vs. cities) would shed light on scaling 
effective policies. Finally, integrated modeling (combining 
material flow analysis with socio-economic scenarios) could 
forecast CE’s long-term impacts on SDGs, as begun by Garg 
et al. (2025) for G20 economies.

CONCLUSION

The Circular Economy must be understood as an integrative 
transformation paradigm, not merely a set of recycling 
targets. Our refined PTS framework highlights that true 
circularity requires co-evolution of policy frameworks, 
digital and green technologies, and social systems. This 
means shifting toward a shared governance project, where 
governments set adaptive regulations, businesses harness 
Industry 4.0 responsibly, and communities are empowered 

as co-creators. Ultimately, sustainability hinges on closing 
resource loops while expanding economic and social 
opportunities for all. By adopting a systems approach – 
bridging SDGs, dynamic capabilities, and institutional 
innovation – practitioners can design CE transitions that 
are regenerative and equitable. The path forward demands 
bold, collaborative action across all sectors and levels, 
guided by evidence and inclusivity.
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