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Abstract 

Plastic and other polymeric materials have transformed modern life by providing durability, versatility, 

and cost-effective solutions across industries such as packaging, healthcare, construction, and 

transportation. However, their extensive use and improper disposal have created significant 

environmental concerns, including plastic pollution, landfill accumulation, and marine ecosystem 

degradation. This review synthesizes existing literature on polymer recycling with a focus on business-

model innovation and managerial practices that can support sustainable waste management at scale. 

It examines the current landscape of recycling technologies, including mechanical recycling, chemical 

recycling, biological recycling, and energy recovery, highlighting their potential benefits and 

limitations. The review further explores a range of emerging business models designed to promote 

circularity in polymer use. These include extended producer responsibility (EPR), circular supply 

chains, subscription and service-based models, material-as-a-service systems, reverse-logistics 

platforms, and hybrid public–private partnerships. Such models aim to reduce waste, improve resource 

efficiency, and encourage manufacturers to take greater responsibility for the lifecycle of polymer 

products. In addition, the study analyzes the managerial innovations required to effectively implement 

these models. Key enabling factors include the integration of digital technologies for waste tracking 

and optimization, cross-sector collaborations among industry, government, and communities, 

innovative financing mechanisms, supportive regulatory frameworks, and active consumer 

participation in recycling initiatives. The review concludes by proposing a conceptual framework that 

links recycling technologies, business-model strategies, and managerial capabilities. It also identifies 

future research directions addressing technological uncertainty, policy design, infrastructure 

development, and socio-economic equity. Overall, this work aims to guide researchers, business 

leaders, and policymakers in advancing a circular economy approach to polymer management while 

maintaining economic sustainability. 
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INTRODUCTION 

Due to affordability, durability, and versatility, 

plastic and polymeric materials have revolutionized 

a number of industries, including packaging, 

construction, automotive, and healthcare. However, 

the linear "take-make-dispose" production model 

that predominates in current practices has made the 

environmental effects of polymer waste 

accumulation a serious worldwide concern. 

Existence and persistence uses of plastics within 

ecosystems and low recycling rates, which lead to 

pollution, resource depletion, and greenhouse gas 

emissions is challenging the sustainable 
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development goals [1]. Thus, transitioning towards a circular economy archetype will make the 

foreground for resource recovery, reuse, and recycling which is imperative for mitigating these impacts 

[2] Technologies for recycling polymers include new chemical and biological processes, energy 

recovery processes, and conventional mechanical recycling. Each of these technologies has distinct 

positive and negative features regarding quality of material, economic feasibility and environmental 

impact. Natural fibre reinforced composites are gradually replacing synthetic fibre composites due to 

their low density, affordability, and improved mechanical performance [19]. Furthermore, the addition 

of some waste materials to composites has remarkable properties that are attracting interest from a wide 

range of technical domains [22]. The successful scaling of recycling initiatives requires not only 

technological advancements but also creative business models that rethink value creation and capture 

in polymer waste management [3, 4] All these models, most of the time rely on hybrid public-private 

partnerships, include frameworks such as extended producer responsibility (EPR), circular supply 

chains, subscription-based services, material-as-a-service strategies, and reverse logistics platforms [5, 

2]. 

 

Managerial innovation has become key for ensuring these intricate structures work, and it demands 

new skills in areas like working together across sectors, digital integration, financing strategies, 

adherence to regulations, and getting customers involved. Effective management practices help 

stakeholders work together, make operations more efficient, and make it easier to adapt to changes in 

technology and policy [6]. This review brings together recent research on polymer recycling, business 

model innovation, and managerial practices, alongside the intent of clarifying the interactions among 

all of these components that promote sustainable waste management. This review intended to assist 

policymakers, scholars, and practitioners in promoting circularity in polymer applications while 

attaining economic viability and social equity by developing a conceptual framework that incorporates 

recycling methodologies, business models, and managerial competencies [4]. 

 

Literature Review 

To address the broader environmental, economic, and social concerns raised by plastic waste, 

polymer recycling is emerging as an evolving arena where skills in management, business model 

transformation, and technological innovation converge. 

 

Technological Innovations in Polymer Recycling 

Mechanical recycling is still popular and widely used technique despite its low cost and ease of use 

[1]. It is unavoidably constrained, though, by problems with contamination and polymer deterioration, 

which reduce the quality and utility of recycled materials, especially when they are utilized for high-

value applications. Research on hybrid fibre metal laminates and reinforced polymer composites also 

demonstrates improved mechanical properties and durability of recycled or reinforced polymer 

materials [20]. Studies also highlight the potential of incorporating waste materials such as fibreboard 

or other recycled fillers into thermoplastic composites to enhance material utilization and support 

circular material flows [21]. Depolymerization and solvolysis are both promising chemical means of 

recycling that allow polymers to break down into monomers or chemical feedstocks, possibly boosting 

material quality to levels close to virgin and boosting the diversity of reusable plastics [7]. Using 

enzymatic or microbial pathways, biological recycling delivers environmentally friendly options, but it 

is currently still in early stages, alongside experiencing struggles via scaling and production efficiency 

[7]. In contrast, circular economy concepts emphasize material reuse, energy recovery processes such 

as pyrolysis and incineration highlight worries regarding greenhouse gas emissions alongside the 

eventual destruction of valuable material resources [1, 7]. 

 

Business Model Innovation for Circularity 

Technological advances alone are insufficient to achieve sustainable polymer recycling; innovative 

business models and multisectoral coordination are critical to reshape value creation and operational 

dynamics in the circular plastics economy [17] 
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Frameworks associated with Extended Producer Responsibility (EPR) recognise the importance of 

internalising environmental costs, enabling manufacturers to produce recyclable products, and 

providing funding for end-of-life care [2]. Circular supply chains and reverse logistics platforms enable 

the efficient recirculation of materials, thereby reducing leakage and enhancing resource efficiency [3]. 

Novel consumption models including substance as a service and subscriptions service challenge 

conventional ownership norms and promote item lasting value and reuse by putting use over ownership 

[5]. Business models rely on hybrid public-private arrangements for acquiring capital and allocating 

risks as well as manage stakeholder interests. These partnerships facilitate systemic changes to improve 

circular polymer management [2, 3]. 

 

Managerial Capabilities as Enablers 

Managerial innovation plays a pivotal role in integrating technological and business model 

transformations. Effective management practices require creating cross-sector collaboration among 

government, business, and civil society by promoting knowledge sharing and coordinated actions [6]. 

Traceability, transparency, and trust have grown in reuse and recycling supply chains by means of the 

integration of [4]. Groundbreaking methods of financing like impact investing and green bonds are 

helping to overcome financial constraints for building of recycling systems [6]. Capital constraints for 

the construction of recycling infrastructure are solved by creative financing methods like impact 

investing and green bonds [6]. Additionally, regulatory compliance and proactive consumer engagement 

through awareness campaigns and incentive programs are essential to increase participation rates and 

stimulate demand for recycled products [4]. These managerial capabilities get improve with 

organizational adaptability to evolving policies and market conditions, reinforcing resilience in the 

polymer circular economy. 

 

Integrated Framework and Sustainability Considerations 

In order to move from linear "take-make-dispose" models to circular systems that seek resource 

recovery, economic viability, and equitable distribution of resources, the literature recognizes that an 

integrated framework integrating recycling technologies, business model innovation, and managerial 

capabilities is needed [8, 4]. In order to ensure fair distribution of benefits along with duties while 

minimizing making inequality in society worse, inclusive stakeholder engagement through the value 

chain is highlighted [8]. The framework emphasizes maintaining an equilibrium among environmental 

sustainability and economic and social factors, considering that in in order to establish truly sustainable 

polymer recycling processes, technological feasibility must be supported by solid business strategies 

and effective governance. 

 

Research Gap 

Furthermore, limited attention has been given to how economic viability and social equity can be 

systematically embedded alongside environmental goals within this integrated approach. Moreover, no 

emphasis has been paid to how social equality and economic viability can be meticulously included 

with environmental goals in this holistic approach. Particularly if it involves executing circular 

economic practices at scale, the dynamic connection among new recycling technologies, emerging 

business models, and managerial abilities under varying market and regulatory conditions is still 

unclear. 

 

Research Questions 

How can the emergence sustainable polymer recycling systems that strike a balance between social 

justice, economic viability, and environmental sustainability be made simpler by the integration of 

managerial competencies, business model modifications, and advances in technology? 
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Which significant enablers and barriers exist in the path of operationalizing a comprehensive 
structure for polymers circularity throughout different value chain stages and stakeholder groups? 
 
Research Objectives 

To investigate the way managerial skills, business model innovations, and polymer recycling 
technologies interact to encourage sustainable circularity. 
 

To establish and validate a conceptual framework that recognizes significant execution barriers and 
facilitators and bringing economic, environmental, and social facets into unified polymer recycling 
systems. 
 
Conceptual Model 

Three fundamental elements are incorporated into the proposed conceptual model: 

• Technological innovation: Innovations in technology encompass recovery of energy, mechanical, 
chemical, and biological recycling processes which are distinguished by their impact on the 
environment, scalability, and material recovery potency. 

• Business Model Innovations: Increased producer responsibility, circular distribution networks, 
reversing logistics, subscription, and material-as-a-service models are now examples of business 
model innovations that are supported by hybrid public-private partnerships. 

 
Cross-sector collaboration, digital integration (blockchain, IoT), innovative financing, adherence to 

regulations, and client engagement strategies are instances of managerial capabilities. 
 

• Managerial Capabilities: Within a structure of governance aimed at encouraging operational 
coherence and stakeholder alignment, these dimensions interact frequently. 

 
The model fosters full stakeholder participation and proportional benefit distribution through 

considering social equity and economic viability as cross-cutting criteria in addition to environmental 
sustainability. Feedback loops used to foster resilience in adaptation to polymer circularity by capturing 
agility in response to modifications in marketplace circumstances, shifts in policy, and technology 
breakthroughs. 
 

 
Figure 1. Sustainable polymer circularity. 
Source: Sustainable production and consumption, volume 31, May 2022 
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Figure 2. Circular design and innovation. 

Source: Ellen MacArthur Foundation, corporate sustainability reports, and stock libraries 

 

  
Figure 3. Extended producer responsibility. 
Source: Tomra sorting, AMP robotics, industrial stock photo libraries. 

 

The system ability to predict and adjust itself in hardship or disruption is known as resilience in the 

polymer circularity transition. The above guarantees polymer materials are consistently and 

successfully recycled back into the economy (Figure 01). 

 

It includes creating a value chain of plastics that is resilient to shocks like supply chain failures, 

regulatory changes, contaminants-associated material quality issues, and shifting oil prices, which 

influence the price of virgin plastic. 

 

A continuous, premium material loop is maintained so that the transition away from a linear "take-

make-dispose" economy gains momentum, and the polymer circularity system improves its shock-

resistance by fortifying these pillars. Innovation and Circular Design a product lifecycle prioritises20 

recyclable design (Figure 2) and provides arrows that indicate components recycling into production. 
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Stable Market and Policy Framework 

An infographic illustrating the flow of EPR, with producers contributing to a fund that supports 
recycling infrastructure and recycled content targets driving demand (Figure 3). 
 

The Core Dimensions (The Central Circle) 

The Core Dimensions (The Central Circle) 

Three key dimensions, portrayed as interlocking gears beneath a central hub, interact to compose the 

framework of the model: 

• Technological Innovations: These breakthroughs are focused on the physical methods of reusing 

and recovery, including energy recovery, chemical, mechanical, and biological recycling. Here, 

scalability, ecological footprint, and recycling efficacy are critical traits. 

• Business Model Innovations: Emphasizing on corporate and economic approaches, 

encompassing subscription/material-as-a-service models, regenerative supply chains, extended 

producer responsibility (EPR), and reversible logistics(Figure 03). These projects are backed by 

Hybrid Public–Private Partnerships (PPP). 

• Managerial Capabilities: The organizational and strategic abilities need for executing the model 

is referred to as managerial competencies. These involve cross-sector cooperation, digital 

integration (IoT, blockchain), creative financing, legal compliance, and outreach to customers 

tactics. 

 

The Contextual Framework 

The central interaction of the three dimensions is enveloped by a broader system: 

• Governing System: Sits at the top, representing the overarching structure that facilitates 

 

Stakeholder Alignment and Operational Coordination across all dimensions. 

Cross-Cutting Criteria (The Foundation) 

The success and inclusivity of the entire model are measured against three foundational criteria, 

indicated at the bottom: 

• Economic Viability: Ensures the transition is financially sound. 

• Social Equity: Emphasizes Inclusive Stakeholder Participation and Equitable Benefit 

Distribution. 

• Environmental Sustainability: The ultimate goal of the circularity model. 

 

Dynamic Resilience (The Feedback Loops) 

The model is not static but resilient and adaptive, illustrated by arrows curving around the central 

system: 

 

• Feedback Loops: These loops capture the system's ability to adjust to external factors like Policy 

shifts, Technological advancements, and Market fluctuations, ensuring the continuous 

improvement and long-term Resilience in Polymer Circularity Transition. 

 

Determine the manner in which innovations in business frameworks, managerial skills, and polymer 
recycling technologies collaborate to support sustainable circularity. 

 
The dynamic mutual dependence of three fundamental dimensions provides the foundation of the 

quest for sustainable polymer circularity. The technical basis for determining the level of quality of the 
material output and environmental efficacy is provided by polymer recycling technologies (such as 

chemical and mechanical). 
 

The dynamic mutual dependence of three fundamental dimensions provides the foundation of the 
quest for sustainable polymer circularity. The technical basis for determining the level of quality of the 
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material output and environmental efficacy is provided by polymer recycling technologies (such as 

chemical and mechanical). However, this potential is only realized through Business Model Innovations 
(e.g., EPR, material-as-a-service) which create the necessary economic viability and structured reverse 

logistics to collect feedstock and market recycled content. Crucially, Managerial Capabilities act as the 
integrator, utilizing digital tools (IoT, Blockchain) and fostering cross-sector collaboration and 

innovative financing to align supply and demand, overcome regulatory hurdles, and ensure the business 
models scale the technologies effectively. Thus, sustainable circularity is an integrated system where 

management orchestrates the market application of technological advancements. 
 

Establishing and approving a conceptual framework that points out substantial implementation 
obstacles and facilitators while integrating environmental, economic, and social facets into integrated 

polymer recycling systems. 

 
More clarity in the matter of polymer recycling, considered from the viewpoint of business 

performance, is achieved when quantifiable indicators are added to business models. One typical 
instance of an Extended Producer Responsibility (EPR) system is that it may contribute USD 50–200 

per ton of packaging in supporting collection and sorting, which, in turn, creates a not-so-small portion 
of the revenue for the organization. 

 
In Deposit–Return Schemes (DRS), collection rates of 80–95% are often achieved, improving 

feedstock quality and reducing contamination [18], and there is a USD 0.05–0.10 per container financial 
flow which, in the end, results in an improved feedstock quality along with lower contamination levels. 

Industry research has found that each tone of the highest quality recycled PET (rPET) currently sells in 
the range of USD 900–1,200 and is thus directly competitive with virgin PET in most cases. Such data 

enables the successful implementation of circular business models from the financial point of view and 
proves the fact that economic incentives can and do result in high recovery rates and a stable recycling 

market. 

A conceptual model for sustainable polymer recycling that involves into account Environmental, 

Economic, and Social (EES) components is essential to navigating fragmented, linear waste 

management Often referred to as the Triple Bottom Line for the Circular Economy, this integrated 

approach makes sure that sustainability is pursued through equity in society and financial stability in 

addition to technical viability. 

 

The framework's core strength lies in recognizing that polymer circularity is a systemic challenge, 

where success relies on the dynamic interaction of Technological Innovation, Business Model 

Innovation, and Managerial Capabilities to achieve the EES criteria. 

 

The following barriers are commonly cited and categorized by the EES dimensions: 

 

Environmental Barriers 

• Contamination and Quality Degradation: High levels of contamination in post-consumer waste 

streams limit the feedstocks for high-value recycling, often leading to downcycling or 

incineration. 

• Lack of Design Recyclability: Many today's goods, particularly those with mechanical 

components, are made up of complex additives and multiple-layered or mixed polymers, 

rendering it either technically challenging or prohibitively expensive to separate and recycle 

them. 

 

Economic Barriers 

• Virgin Plastic Price Volatility: The relative stability and low cost of virgin fossil fuel-based 

polymers undermine the economic competitiveness of recycled polymers (recyclates), especially 

during periods of low oil prices. 
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• High Upfront Capital Investment: Establishing advanced recycling infrastructure (e.g., chemical 

recycling plants, complex sorting facilities) requires massive initial capital, creating significant 

investment risk. 

• Fragmented Supply Chain: A deficit of coordinated, large-scale supply of constant waste 

feedstock blocks economies of scale for recycling operations. 

 

Social Barriers 

• Consumer Apathy and Misinformation: Inconsistent labeling and confusion over what is 

recyclable lead to poor sorting and low participation in collection schemes. 

• Perceived Low Quality: The demand in the market for products with recycled content is being 

reduced by the persistent belief that recycled polymers perform worse or look worse. 

• Equitable Benefit Distribution: Concerns that the economic benefits of circularity may not reach 

the communities involved in waste collection and sorting, raising social equity issues. 

 

IMPORTANT AGENTS FOR EXECUTION 

The approaches and resources necessary to get through the obstacles and turn on the integrated system 

are recognized as enablers: 

 

Environmental Facilitators 

• Advanced Recycling Technologies: By avoiding the downsides of conventional mechanical 

recycling, developments in chemical and biological recycling increase the wide range of 

polymers that can be recycled and yield materials of virgin-like quality. 

• Mandatory Design Standards: Optimizing waste quality at the source is achieved by enforcing 

globally recognized Design for Circularity standards, such as the simplification of materials and 

the banning of non-recyclable additives [9] 

 

Economic Enablers 

• Extended Producer Responsibility (EPR) Schemes: Robust, well-enforced EPR policies create a 

stable funding mechanism for recycling infrastructure and internalise the cost of waste 

management into the product price [10] 

• Policy-Driven Market Demand: Regulatory measures like mandatory recycled content targets or 

taxes on virgin plastic create a stable, non-volatile market for recyclates [11] carbon credits, and 

hybrid public-private partnerships reduces the financial risk for large-scale infrastructure projects 

[12]. 

 

Social Enablers 

• Digital Traceability (Blockchain/IoT): Implementing digital systems for tracking materials 

increases transparency in the supply chain, validating recycled content, and building consumer 

trust in product claims [13]. 

• Cross-Sector Collaboration: Strong partnerships between plastic producers, converters, brand 

owners, waste managers, [14] and local governments are essential to align incentives and 

harmonize 

• Innovative Financing Models: Utilizing green bonds, operational standards [15]. 

• Consumer Engagement Strategies: Waste purity and citizen participation are boosted by 

transparent and routine public education and incentive programs (such as deposit-return 

programs) [16]. 

 

Environmental and Economic Performance Metrics of Polymer Recycling Technologies 

In order to improve the sustainability assessment, the polymer recycling technologies should be 

compared using quantifiable environmental and economic indicators. Recycling has been reported to 
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release significantly fewer greenhouse gas emissions than virgin polymer production by the studies 

conducted under the Life Cycle Assessment (LCA) framework. 

 

Mechanical recycling normally saves almost the same amount of energy needed for producing the 

virgin polymer, and its savings are estimated at 1.5–2.5 tons of CO₂-equivalent per ton of recycled 

plastic ground, while advanced chemical recycling can save even more, 1.8–3.0 tons of CO₂-equivalent 

depending on the energy source and conversion efficiency. Biological methods for recycling give more 

or less the same benefits as the above, but their deployment is only possible in small and specific 

locations. 

 

In terms of resource saving, the chemical depolymerisation system can recycle up to 95% of the 

monomers, while the mechanical recycling system can only retain 60-70% of the material. This fact 

makes it highly the choice for the high-value applications where the material purity level is of great 

importance. At the same time, mechanical recycling has the potential to maintain the top position 

regarding energy efficiency by allowing a 70-80% energy saving through producing virgin plastics. 

 

The mechanical recycling is economically the soundest option with a price of USD 150–300 per ton, 

whereas the others - chemical and biological - require a much heavier initial investment and cost USD 

700–1,500 per ton. Regardless of the different costs, advanced recycling can often give products with 

higher value, like food-grade or virgin-quality monomers that could fetch USD 900–1,400 per ton, 

which becomes a major economic booster in the long run. However, product quality is not the only 

thing that matters. There is the issue of reducing emissions, which is a different problem in sustainable 

development that requires both strong international collaboration and making clean energy cheap by 

subsidies for a defined period. Thus, the idea of using up products to reach zero waste can only remain 

a dream. By increasing the number of different products used up to the ceiling, where all these products 

can be recovered entirely by recycling processes, and product lifetime extension starts already after 

waste collection, the best possible waste management approach is implemented. 

 

Users will get an advantage from collecting data. Policymakers and companies that are willing to 

support recycling technologies should focus on actual data for a good decision. Forests had to die, only 

to be turned into an enormous pile of papers which would sooner or later turn yellow, and the papers, if 

moist, would become old and wilted. The greenhouse effect would then set in. Thus, both recycling and 

creating new paper must exist. Medium enterprise (SME) business is the root cause of our pollution 

problem. 

 

RESULTS AND DISCUSSION 

The primary findings demonstrate that sustainable polymer circularity is an integrated framework 

based on the dynamic interplay of three elements: managerial competencies, business model 

innovations, and technological innovations. Technological innovations, that involve mechanical, 

chemical, and biological recycling procedure which provide physical means of resource recovery, 

determining material quality and ecological impact.This is only feasible, though, when underpinned by 

business model innovations that establish the required monetary incentives and operational framework 

for material collection and recirculating, such as Extended Producer Responsibility (EPR) programs, 

Material-as-a-Service, and Reverse Logistics Platforms. In essence, Managerial Capabilities act as the 

integrator, leveraging tactics such as Innovative Financing, Technological Integration (IoT, 

Blockchain), and Cross-Sector Integration to coordinate stakeholders, communicate with the intricate 

system, and guarantee that business models successfully scale the technologies. 

 

A Regulatory System fostering coordination and alignment is in charge of this entire dynamic. 

Sustainability Standards and Resilience of Systems 
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Three main criteria—economic feasibility, equitable distribution of resources, and environmental 

sustainability—are used to gauge the efficacy of this integrated system. The framework indicates that 

procedures that guarantee the transition is financially sound (Economic Viability) and take into account 

inclusive engagement of stakeholders and equitable benefit distribution (Social Equity) must be 

accompanied by environmental goals. 

 

Additionally, the model is constantly changing, exhibiting resilience in the transition regarding 

polymer circularity through feedback loops. These loops are constantly suggesting advancement and 

long-term viability by allowing the model to adapt with external variables like changes in regulations, 

breakthroughs in technology, and market shifts. 

 

Key Barriers and Enablers 

Analysis revealed specific barriers and corresponding enablers across the integrated system's EES 

dimensions. Environmental barriers include high levels of waste Contamination and Quality 

Degradation, and the fundamental Lack of Design for recyclability. These are countered by 

Environmental Enablers like investment in Advanced Recycling Technologies (chemical, biological) 

and enforcing Mandatory Design Standards for material simplification. Economic barriers are 

dominated by Virgin Plastic Price Volatility and the High Upfront Capital Investment required for 

infrastructure. These are overcome by Economic Enablers such as robust EPR Schemes to stabilise 

funding and Policy-Driven Market Demand (e.g., mandatory recycled content targets) . 

 

Finally, Social barriers, like Consumer Apathy and the Perceived Low Quality of recyclates, are 

addressed by Social Enablers, including Digital Traceability (Blockchain/IoT) to build trust and Cross-

Sector Collaboration to harmonize standards and align incentives. 

 

CONCLUSION 

The review conclusively validates that achieving genuinely sustainable polymer circularity requires 

an integrated, systemic approach that transcends the limits of technology or isolated business strategies. 

The transition from the linear "take-make-dispose" model is only feasible when Technological 

Innovations are purposefully orchestrated by Managerial Capabilities and made financially viable by 

Business Model Innovations This integrated framework serves as a critical guide, shifting the focus 

from simply moving waste to managing a resilient, circular resource system that explicitly seeks to 

balance Environmental Sustainability with the foundational criteria of Economic Viability and Social 

Equity Successful long-term circularity hinges on effective governance and the system's inherent ability 

to adapt to complex, evolving challenges via its Feedback Loops. 

 

Future Research 

The application of an integrated framework and its dynamic interaction between its three main 

dimensions ought to constitute the primary objectives of future research. The technological uncertainty 

associated with the scalability of emerging recycling techniques (chemical and biological) and their 

integration into new regulatory frameworks demands specific research. There remains much to learn 

regarding the way social justice and economic feasibility can fully be integrated alongside ecological 

goals. These need specific inquiry on processes for equitable benefit distribution and inclusive 

stakeholder engagement all throughout the value chain. The framework's practical application and 

capacity is vital for a large-scale, resilient, and sustainable polymer circularity shift, which will underpin 

the forthcoming work. 
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