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Abstract

Background
Expanded polystyrene (EPS) is light, insulating, and protective, but these same traits make it costly to
collect, hard to recycle, and slow to degrade, and it sheds buoyant microplastics into the environment.
Although recycling technology exists, recycling rates remain low. This study asks what really holds EPS
circularity back at a regional scale.

Methods
We paired a focused review of the academic and grey literature with semi-structured interviews of
industry actors and local authority officials working on EPS use, collection, recycling, or waste policy
across the Greater Manchester Combined Authority (GMCA) area. Interviews were recorded with
consent, transcribed, and thematically analysed.

Results
Early circular practices are emerging, most visibly turning EPS packaging waste into insulation panels.
However, participants repeatedly named the same barriers: low public awareness, bulky low-density
waste that is expensive to move, contamination, underused processing technology, weak demand for
recycled EPS, and vague regulation. The main constraint was governance and information, not technical
feasibility.

Conclusions
EPS can enter a circular economy in Greater Manchester when policy, infrastructure, data, and public
engagement are combined. The strongest levers are standardised waste characterisation, standing
stakeholder platforms, investment in local processing, and coherent policies, including extended
producer responsibility.

Plain language summary
Expanded polystyrene (EPS), a white foam used in packaging and building insulation, is difficult to deal
with once thrown away. It is light and bulky, so it is expensive to collect and transport, it breaks into tiny
pieces that pollute land and water, and most of it is buried or burned rather than recycled. This study
examined how EPS waste is handled in Greater Manchester by talking to people who make, use, collect,
and recycle it, and by reviewing published research. The main finding is that the technology to recycle
EPS already exists; the real problems are poor information about how much EPS there is and where it
goes, weak coordination between the organisations involved, gaps in local recycling facilities, low public
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awareness, and unclear rules. The paper suggests practical steps, including better data, joint working,
investment in local processing, public education, and firmer policy, to turn EPS from a troublesome
waste into a resource that is kept in use.

1. Introduction
Plastic pollution is among the most pressing environmental problems of our time, and it deepens each
year as global plastic production exceeds 300 million metric tons. (Trang et al., 2021) Plastics are cheap,
versatile, and durable, which has made them fixtures of modern economies; these same properties allow
them to persist in nature and turn their waste into a management burden. (Oluwatobi et al., 2024) Among
plastics, expanded polystyrene (EPS) is a notable case because of its heavy use in packaging, insulation,
and construction. It is light, insulates well, and protects fragile goods across packaging, construction,
and civil engineering, making it difficult to replace. (British Plastics Federation, 2025) Yet those qualities
also make it barely recyclable in practice, expensive to collect, and harmful over long timescales. (Ugwu
& Obele, 2023)

Globally, only approximately 9% to 10% of plastics are recycled; the rest are landfilled, incinerated, or lost
to land and water. (Venkatachalam et al., 2024) EPS is particularly problematic because of its low
density and bulk, which make it costly to gather, haul, and treat; thus, it holds little appeal for many waste
operations. The result is frequent escape into rivers, shorelines, and the ocean, where it fragments into
microplastics that resist cleanup and pose ecological and human health risks. (Montalvo-Romero et al.,
2022)

This study approaches EPS pollution through the lens of the circular economy, a framework that aims to
decouple economic growth from resource depletion by fostering sustainable production and
consumption. At its centre are the 3R principles of reduce, reuse, and recycle, whose purpose is to
minimise waste and extract the most value from every resource. (Aranda et al., 2023) Focusing on the
Greater Manchester Combined Authority (GMCA) area of the United Kingdom, the study examines local
EPS waste practices, surrounding policy, and the obstacles industry meets. By combining the literature
with new qualitative evidence from semi-structured interviews with industry experts and council officials,
it identifies realistic ways to increase EPS recyclability and reduce its environmental toll. The central
argument is that the main bottlenecks to EPS circularity in Greater Manchester lie in governance and
information rather than technical feasibility, and that coordinated data systems, stakeholder platforms,
and regionally tailored infrastructure are the levers most likely to unlock progress. (Ambrosious et al.,
2025)

2. Plastic pollution and EPS: background
Plastic pollution refers to the accumulation and dispersion of plastic debris in natural settings, where
durability and resistance to biodegradation keep it present for the long term. (Van Emmerik et al., 2023)
Because plastics are water-repellent and often have low density, they travel readily across land and

Page 3/15



water, and they now contaminate soils, rivers, lakes, and oceans, with fragments recorded from
mountain heights to deep-sea trenches. A further concern is that plastic surfaces take up heavy metals,
persistent organic pollutants, and disease-bearing microbes, moving and concentrating these agents
through ecosystems and food webs. (Scopetani et al., 2023) Therefore, the risks run deeper than the
visible objects.

Microplastics (below 5 mm) and nanoplastics (under 100 nm) have drawn growing scrutiny for being
widespread and potentially harmful. They come from both larger debris fracturing and primary
microplastics made for industry. Because they are so small, organisms across the food web, from
plankton to fish, seabirds, and mammals, take them up, with recorded harm to growth, reproduction, and
physiology. (Ziani et al., 2023) EPS is a notable source because it fragments rather than degrades,
shedding many small, buoyant particles that wind and water easily disperse. (Jalaudin Basha et al.,
2023)

The drivers of EPS pollution are systemic. Large-scale production, single-use habits, and weak waste
infrastructure together tip high volumes into the environment each year. (Fayshal, 2024) EPS routinely
appears in disposable packaging, from food containers to electronics wrap, and in insulation, where
offcuts and construction debris are common. (Ansari, 2022) Material is also lost along the value chain
when containment fails, while littering, illegal dumping, and weak collection let EPS reach drains, rivers,
and the coast. (Mellink et al., 2021) Low awareness and weak incentives to separate waste raise leakage
further, and gaps in collection, sorting, and specialist recycling leave councils poorly placed to manage
EPS well. (Olusola Olaitan et al., 2021)

The environmental consequences are significant. An estimated 14 million tons of plastic waste reach
the oceans each year, affecting more than 700 marine species through ingestion, entanglement, and
habitat smothering. (Tekman et al., 2022) EPS adds to this through its persistence, buoyancy, and
tendency to fragment; once ingested, particles can injure animals, reduce feeding, and carry absorbed
pollutants. (Vagi et al., 2021) On land, and when burned under poor conditions, EPS can release toxic
additives and residual monomers, and incinerating it alongside other plastics can emit dioxins and
furans linked to respiratory illness and cancer. (Isaeva et al., 2023) Industry sources contest EPS’s share
of marine litter, estimating that foamed plastics make up a small fraction of ocean plastics and that
under 1% of European beach litter is polystyrene, while noting that microplastic research is still
developing. (British Plastics Federation, 2024) Regardless, these impacts point to the need for waste
strategies built on prevention, reuse, and recycling.

3. Circular economy and the 3R principles for EPS
The circular economy recasts conventional patterns of production and consumption, foregrounding
resource efficiency, waste reduction, and the continued use of materials. Against the linear “take, make,
dispose” model, it closes material loops through redesign, repair, remanufacturing, and recycling, so that
products are recovered at the end of life and fed back into production rather than discarded. (Solomon et

Page 4/15



al., 2024) The 3R principles form its backbone: “reduce” engineers out unnecessary waste and
consumption, “reuse” extends the working life of products and parts, and “recycle” reclaims materials
from spent goods so they re-enter the economy. (Apriyani et al., 2021) A circular system depends on
manufacturers, consumers, policymakers, and waste operators acting together, supported by rules and
incentives that reward eco-design, extended producer responsibility (EPR), and high-grade recycling.
(Darkoh, 2024; Knapčíková et al., 2025)

Applied to EPS, the three principles play distinct roles. Reduce means placing less EPS on the market,
and therefore, less into the waste stream. Careful design can trim the thickness and bulk of EPS
packaging without losing protection, while switching to biodegradable foams, fibre-based packaging, or
recycled composites can cut impact where the application allows and lower transport emissions.
(Rabelo et al., 2025) Policy adds pressure: bans or limits on particular single-use EPS items, taxes on
EPS products, and robust EPR schemes each discourage overuse and steer producers toward greener
design. (Wagner, 2020)

Reuse capitalises on the durability and insulating properties of EPS. In construction, EPS insulation
panels can be recovered during refurbishment or demolition and reused with little loss of performance,
retaining the embodied energy and reducing the demand for new EPS. (Sletnes et al., 2026) This matters
because EPS insulation contributes materially to building energy efficiency, and the heating and cooling
of buildings accounts for a large share of total energy use; therefore, keeping functioning insulation in
service preserves both material and operational energy savings. (British Plastics Federation, 2008)
Newer approaches convert EPS waste into building blocks, insulation aggregate, or filler for composite
construction products, lengthening the material’s useful life and improving resource efficiency.
(Rajeshwaran et al., 2025)

Recycling is technically achievable but is constrained by economics and logistics. Mechanical methods
densify EPS through compaction or melting to make transport worthwhile, after which the stock can be
reshaped into products such as picture frames, skirting boards, or insulation panels. Chemical recycling
offers an alternative, breaking EPS into styrene monomers that can be purified and repolymerised into
polystyrene equivalent to virgin resin. (Ugwu & Obele, 2023) Both routes can, in principle, run EPS
through several cycles with little loss of quality; however, the economics remain limited by high transport
and processing costs, contamination, and an erratic market for recycled EPS; therefore, scaling requires
investment, supportive policy, and deliberate market building. (Xu et al., 2024)

These constraints recur as familiar barriers. Low density makes transport to central plants slow and
costly, eroding recycling economics where landfill or incineration is cheap. Contamination with food
residue or adhesives complicates sorting, lowering yield and value, and equipment such as densifiers
and drop-off points is scarce in many areas. Awareness tends to be low; therefore, EPS is often sorted
poorly or binned with general waste, cutting both the volume and quality available for recycling. (öpfer et
al., 2025; Ugwu & Obele, 2023) Overcoming them requires policy, technology, capacity building, and
stakeholder engagement. (Lageard et al., 2026)
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4. Methodology
To examine EPS waste practices and circular economy prospects in Greater Manchester, this study used
a qualitative approach. Semi-structured interviews were conducted with key stakeholders, including
industry experts and council officials working within the GMCA area. Participants were selected for their
direct involvement in plastic waste management, EPS use and recycling, or relevant policy and regulatory
roles.

Semi-structured interviews were chosen for their capacity to yield rich, contextual insights while leaving
room to pursue themes as they arose. An interview guide covered current practice for collecting,
separating, and disposing of EPS; views on recyclability and existing recycling schemes; the economic,
technological, and logistical barriers to recycling; policy drivers, gaps, and opportunities; and
perspectives on circular economy strategies and future prospects.

With consent, the interviews were recorded, transcribed, and thematically analysed. This qualitative
evidence was set alongside academic and grey literature to build a rounded view of EPS waste
management in the region. Combining the two provided a firm basis for identifying systemic problems,
highlighting practices that work, and framing recommendations suited to the local settings. Identifiable
information was replaced with codes, and data were stored securely, with access limited to the research
team, consistent with the terms of ethical approval.

5. Findings
This section draws on semi-structured interviews with participants who produce, use, collect, and treat
EPS in Greater Manchester. The conversations examined how EPS waste is handled today, what
obstructs better collection and recycling, and where participants saw opportunities for improvement.
Table 1 summarises the main themes by stakeholder type, showing where views converge and diverge,
and sets up the analysis that follows the table.
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Table 1
Thematic summary of stakeholder-reported challenges and opportunities for EPS management in

Greater Manchester
Participant Key challenges reported Opportunities identified

A
(Industry)

Petroleum-based origin; legacy EPS
containing banned HBCD flame retardant
(only incineration feasible); high transport
emissions for non-compacted EPS; scarce
UK recycling facilities (export raises
footprint); dirty and cross-contaminated
inflows; costs passed to consumers; and
difficulty in building infrastructure and
logistics.

Engagement with influential bodies
(e.g.,  Ellen MacArthur Foundation) to
shape perceptions and policy; long-
term council trials as learning
models; collaborative networks;
proven models as regional
benchmarks; third-party segregation
to improve efficiency.

B
(Industry)

These difficulties include monitoring
recycling effectiveness, contamination
during retrieval, and the fact that much EPS
is still landfilled or incinerated. Inaccurate
public perception, competition from
materials perceived as greener, and the non-
recyclability of pre-2016 fire-retardant EPS
not being recyclable under the new rules are
also challenges.

Studies that improve the image of
EPS can shift public perception and
support council-supported household
collection.

C
(Industry)

Ensuring intake quality; higher transport and
processing costs than incineration or landfill;
inconsistent EPS inflow; household
collection logistics; varied practice between
councils; legacy view of EPS as insignificant
for recycling.

Public education and awareness,
collaboration on a circular EPS model,
and effective household collection
systems.

D (Council) Collecting lightweight EPS from households;
quality loss when mixed with other materials;
separate high-cost vehicles required; added
cost for collection authorities.

Multi-stakeholder communication
and coordination; structured,
contract-based collection of EPS
waste.

E (Council) Limited facilities for selective material
recycling and a limited market for EPS waste
and recyclate.

Standardising recycling collection
practices creates an avenue for EPS
inclusion.

5.1 EPS recycling rates and practices
In Greater Manchester, EPS recycling remains comparatively new but is gaining pace. Industry figures
suggest that national EPS recycling is more established than local practices imply: the British Plastics
Federation reports that around 55 per cent of EPS packaging disposed of in the UK was recycled in 2020,
rising to an estimated 66 per cent in 2023 on industry calculations, and that EPS is recycled in at least 38
countries, with rates above 70 per cent in Norway and above 50 per cent in several other European
countries. (British Plastics Federation, 2024) These are industry estimates, and the gap between them
and the nascent, uneven collection described by participants underlines that recyclability in principle
does not guarantee recycling in practice. Interview data show that some local schemes and private
operators are testing methods that convert EPS waste into higher-value goods rather than routing it to
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landfills or incineration. A notable example is the conversion of EPS packaging waste into construction
insulation panels, diverting material from disposal while generating durable, energy-efficient products.
These nascent practices draw support from changing policy signals and mechanisms that reward
sustainable waste handling and low-carbon technology. Participants noted rising interest among local
authorities and firms in closed-loop systems for plastics as environmental rules and public expectations
tighten. (Vdi, 2023)

A key technical strength underscored by the interviews is that EPS can be recycled repeatedly without
much loss of its structural and insulating properties, which distinguishes it from plastics that downcycle
heavily. (Ugwu & Obele, 2023) Given effective collection and processing, EPS can therefore pass through
several product lives, easing the demand on virgin feedstock.

5.2 Challenges identified
Despite this movement, stakeholders have identified several barriers that limit the scale and
effectiveness of EPS recycling.

Social and behavioural barriers. Public understanding of EPS recyclability was widely reported to be
slight. Many residents and small businesses either do not know that EPS can be recycled or are unsure
how and where, which yields low uptake of separate collection, high rates of EPS discarded with residual
waste, and contamination of other recycling streams. Interviewees pressed for sustained education and
plain communication, reinforcing the study’s argument that information and engagement matter as
much as any technical fix. (Lageard et al., 2026)

Logistical and infrastructural barriers must be addressed. The low bulk density of EPS makes
transportation to central facilities costly, and collecting small amounts from scattered points is seldom
cost-effective. Existing waste systems are often not configured to separate EPS at the source or at
recovery facilities, and the lack of dedicated drop-off points, densifiers, and specialist processing within
the region was seen as a major curb on scaling up. (Ugwu & Obele, 2023)

Technological constraints. Options for handling contaminated or mixed EPS are underdeveloped or
underused. Interviewees noted the difficulty of cleaning, sorting, and processing mixed EPS efficiently,
which lowers the yield and quality; although densification and mechanical recycling exist, deploying them
at scale requires capital and favourable market conditions. (Ugwu & Obele, 2023)

Economic and regulatory barriers exist. Stakeholders described a difficult business case: cheap virgin
EPS, unstable demand for recycled output, and thin financial rewards for recovery, all of which eroded
profits. Regulations were considered too vague to enforce systematic collection and recycling. Without
firmer policy signals, whether EPR schemes, minimum recycled-content rules, or targeted subsidies,
businesses have little reason to invest in dedicated EPS recycling infrastructure. (Xu et al., 2024)

Together, these barriers explain why recycling EPS remains the exception rather than the norm and why
clearing them requires coordinated work across awareness, technology, infrastructure, and policy.
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5.3 Environmental and economic implications
For all these constraints, bringing EPS into a circular economy holds real promise for Greater
Manchester. Keeping it out of landfill and incineration cuts leakage, microplastic formation, and the
pollutants produced by burning, while recycling and reuse spare fossil resources by replacing virgin resin
and trim energy use and emissions across the life cycle, in line with regional and national climate and
resource targets. (Patel et al., 2021) It can also spur innovation and green jobs, from collection and
densification to recycling technology and product design. As the biggest EPS users, construction and
packaging stand to gain from cost savings and a steadier supply of local recycled material. (Berrio-Mesa
et al., 2025) With the right policy and market support, participants felt that the region could become a
hub for advanced plastic recycling and circular construction products, provided that today’s barriers are
cleared through investment, firmer regulation, and collaboration.

6. Discussion
The Greater Manchester evidence makes one thing clear: EPS pollution cannot be fixed at the end of the
pipe alone. Action must be taken throughout the life of the material, from design and production to how
people use it and how it is collected and treated. Applied at each of those stages, circular economy
thinking and the 3R framework can cut environmental harm and make the local economy more resilient.
(Hidalgo-Crespo et al., 2020) At the design stage, using less material and making products easier to take
apart prevents waste; in use, shifting from single-use to reusable or service-based models lowers
demand; and at the end of life, good collection and processing bring EPS back into production. (Belblidia
et al., 2023)

The clearest message from participants was about information. When nobody has reliable local data on
how much EPS there is, where it goes, and how dirty it arrives, evidence-based policy has nothing to
stand on. Better data would allow councils to target the interventions that matter, see what is working,
and justify the spending. This is where the Greater Manchester case adds to the wider literature: the real
bottleneck is not the technology, which already exists, but the governance and information built around
it.

Roles matter too, since councils, waste contractors, manufacturers, recyclers, and community groups all
depend on one another. Standing platforms that bring them together can align goals and pool efforts
rather than duplicate them. (Abatan et al., 2025) Technology still needs work, mainly adapting
densification and mechanical recycling to local systems and making the economics stack up through
regulation, market growth, and greener public procurement. (Bajaj et al., 2025; Collias et al., 2021) And
none of it works without the public: without awareness and easy ways to take part, even a well-designed
system will struggle to collect enough clean material. (Kripalani et al., 2025)

7. Recommendations
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Drawing on the literature and what participants told us, five priorities stand out for moving EPS into a
circular economy.

Get the data right. Map the EPS production of the GMCA area across homes, businesses, and industries,
and follow it from collection through treatment to disposal, including contamination. Use consistent
sampling across the region so that the numbers are comparable, and set indicators to track progress
and adjust policy as lessons emerge.

Bring stakeholders together. Set up standing platforms for manufacturers, recyclers, local and regional
authorities, NGOs, and consumer groups, and keep them running rather than convening once. Use them
to agree shared goals, swap knowledge, jointly design initiatives, and determine who invests in what,
with shared measures and open reporting.

Invest in technology and infrastructure. Back research on mechanical and chemical recycling that
tackles contamination, densifies, and saves energy, answering industry concerns about contamination,
transport costs, and patchy inflows (Table 1). Support pilot and demonstration plants locally, build EPS-
specific infrastructure from segregated collection to regional processing to reduce costs, and pair
universities with industry to accelerate progress.

Engage the public. Run steady campaigns so that residents and businesses know EPS can be recycled,
how to sort it, and what goes wrong when it is not. Reach people through several channels and use clear
labelling and signage at collection points to cut confusion.

Use policy and economic levers. Write rules that name EPS directly, including limits on single-use items
where alternatives exist and standards for design and recycling. Introduce or strengthen EPR schemes
so that producers and importers help fund collection and recycling, and weigh levies on virgin EPS,
subsidies for recycled content, and green procurement. Keep local, regional, and national policies aligned
so that the signals do not clash and the industry has the certainty to invest.

8. Conclusion
EPS sits awkwardly at the crossroads of environmental, economic, and governance problems. It is
everywhere, weighs almost nothing, and is worth little once it is thrown away, which is exactly why it has
been so difficult to manage well. Yet, it is durable and can be recycled repeatedly; thus, with the right
systems in place, it is a strong fit for a circular economy. (Patel et al., 2021)

Across Greater Manchester, more people now accept that EPS must move off the old linear track.
Participants showed both sides of the picture: the good practice starting to appear, such as turning EPS
waste into insulation panels, and the stubborn barriers around awareness, infrastructure, technology, and
policy. Clearing them will take data-led planning, closer collaboration, investment, and well-aimed policy.
(Lageard et al., 2026) What happens regionally matters, because it feeds the wider effort to cut plastic
pollution and support sustainable development. (Sgroi, 2022) More work is needed to map EPS flows,
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compare the life-cycle impacts of different options, and sharpen the business and policy models that
keep circularity going. With the public, private, and civil society sectors pulling together, EPS can shift
from a troublesome waste to a resource kept in use.

Statements and Declarations
Ethics statement. Ethical approval for the semi-structured interviews with human participants was
granted by the Faculty of Business and Law Research Ethics Committee, Manchester Metropolitan
University, prior to data collection. All participants received a participant information sheet, were
informed of their right to refuse or withdraw at any time, and provided informed consent. Identifiable
information was anonymised, and data were stored securely with access limited to the research team.

Consent to participate. Informed consent was obtained from all participants included in the study.

Data availability statement. The qualitative interview data generated during this study are not publicly
available because they contain information that could compromise the privacy and confidentiality of
participants, consistent with the terms of ethical approval and participant consent. Anonymised excerpts
may be available from the corresponding author upon reasonable request.

Funding. This research did not receive any specific grants from any funding agency in the public,
commercial, or not-for-profit sectors.

Competing interests. The author declares no competing financial or non-financial interests.

Author contributions. M.N. conceived and designed the study, carried out the data collection and
analysis, and wrote and revised the manuscript.

Declaration of generative AI use. During the preparation of this manuscript, the author used Paperpal
and a large language model-based AI assistant to improve language, readability, and structure, and to
check the manuscript against journal submission requirements. The author has reviewed and edited all
the content and takes full responsibility for the final manuscript.

Acknowledgements. The author thanks the industry and local authority participants who contributed
their time and insights to this study.

References
1. Abatan, O. S., Akindele, A. O., & Adeboyejo, A. T. (2025). The role of stakeholders and technological

innovations in enhancing waste governance and service delivery. Pan-African Journal of Health and
Environmental Science, 4(1), 106–121. https://doi.org/10.56893/ajhes2025v04i01.07

2. Ambrosious, J. J., Kandasamy, J., Karuppiah, K., & Rayhan, M. G. S. (2025). Evaluation of barriers to
circular economy practices in municipal plastic waste management. Discover Sustainability, 6(1).
https://doi.org/10.1007/s43621-025-02120-w

Page 11/15



3. Ansari, D. (2022). Use of expanded polystyrene (EPS) in place of natural material. International
Journal of Scientific Research in Engineering and Management, 6(3).
https://doi.org/10.55041/ijsrem11969

4. Apriyani, A., Susilo, S. A., & Habibi, M. (2021). Analisis penerapan prinsip 3R (reduce, reuse, recycle)
pada pengelolaan sampah rumah tangga di RT 04 Kelurahan Tenun Samarinda Seberang. Jurnal
Kesehatan Lingkungan, 18(2), 129–132. https://doi.org/10.31964/jkl.v18i2.312

5. Aranda, F. L., Zúñiga, M., & Rivas, B. L. (2023). Polymers in circular economy: a comprehensive
approach to sustainability. An overview. Journal of the Chilean Chemical Society, 68(3), 5950–5962.
https://doi.org/10.4067/s0717-97072023000305950

6. Bajaj, H., Yadav, M., Chauhan, S. B., & Singh, M. F. (2025). Exploring new technologies in waste
recycling (pp. 1–18). IGI Global. https://doi.org/10.4018/979-8-3693-7282-1.ch001

7. Belblidia, F., Gabr, M. H., Pittman, J. F., & Rajkumar, A. (2023). Recycling high impact polystyrene:
material properties and reprocessing in a circular economy business model. Progress in Rubber,
Plastics and Recycling Technology, 39(4), 343–363. https://doi.org/10.1177/14777606231168653

8. Berrio-Mesa, E., Ardila A, A. N., Arriola-Villaseñor, E., & Bedoya-Betancur, S. A. (2025). Gate-to-gate
life cycle study and techno-economic analysis of an industrial process for producing densified
polystyrene from recycled expanded polystyrene. Polymers, 18(1), 34.
https://doi.org/10.3390/polym18010034

9. British Plastics Federation. (2008). Memorandum submitted by the British Plastics Federation
[Written evidence to the Environmental Audit Committee]. House of Commons.
https://publications.parliament.uk/pa/cm200708/cmselect/cmenvaud/354/354we10.htm

10. British Plastics Federation. (2024). BPF responds to Daily Mail article criticising EPS.
https://www.bpf.co.uk/article/bpf-responds-to-daily-mail-article-criticising-eps-3555.aspx

11. British Plastics Federation. (2025). Expanded polystyrene: the versatile material shaping
sustainability and innovation. https://www.bpf.co.uk/article/expanded-polystyrene-the-versatile-
material-3718.aspx

12. Collias, D. I., James, M. I., & Layman, J. M. (2021). Introduction: circular economy of polymers and
recycling technologies (pp. 1–21). American Chemical Society. https://doi.org/10.1021/bk-2021-
1391.ch001

13. Darkoh, G. (2024). Evaluating the circular economy as a tool for achieving sustainability: balancing
environmental, economic, and social impacts. EPRA International Journal of Socio-Economic and
Environmental Outlook, 14–17. https://doi.org/10.36713/epra19532

14. Fayshal, M. A. (2024). Current practices of plastic waste management, environmental impacts, and
potential alternatives for reducing pollution and improving management. Heliyon, 10(23), e40838.
https://doi.org/10.1016/j.heliyon.2024.e40838

15. Hidalgo-Crespo, J., Jervis, F. X., Moreira, C. M., Soto, M., & Amaya, J. L. (2020). Introduction of the
circular economy to expanded polystyrene household waste: a case study from an Ecuadorian
plastic manufacturer. Procedia CIRP, 90, 49–54. https://doi.org/10.1016/j.procir.2020.01.089

Page 12/15



16. Isaeva, I. Y., Odinokova, I. V., Ostaeva, G. Y., & Eliseeva, E. A. (2023). Combustion products of polymer
waste as a source of environmental pollution. Polymer Science Series D, 16(3), 627–630.
https://doi.org/10.1134/s1995421223030127

17. Jalaudin Basha, N. N., Adzuan Hafiz, N. B., Osman, M. S., & Abu Bakar, N. F. (2023). Unveiling the
noxious effect of polystyrene microplastics in aquatic ecosystems and their toxicological behavior
on fishes and microalgae. Frontiers in Toxicology, 5, 1135081.
https://doi.org/10.3389/ftox.2023.1135081

18. Knapčíková, L., Tauberová, R., Klačková, I., & Behúnová, A. (2025). Circular economy and its place in
a modern manufacturing enterprise. EAI Endorsed Transactions on Digital Transformation of
Industrial Processes, 1(3). https://doi.org/10.4108/dtip.9784

19. Kripalani, M., Gajjar, H., & Kumar, B. (2025). Implementing extended producer responsibility in
organizations: a bibliometric review. Business Strategy and the Environment, 34(3), 3141–3176.
https://doi.org/10.1002/bse.4145

20. Lageard, V., Yan, Y., Liu, J., Gong, Y., Liu, S., Schroeder, B. C., & Palomas, D. (2026). RECOMPENSE: a
student-led open science initiative for sustainable polystyrene waste upcycling in academic labs.
RSC Sustainability, 4(4), 1986–1995. https://doi.org/10.1039/d5su00927h

21. Mellink, Y., Van Emmerik, T., Laufkötter, C., Kooi, M., & Niemann, H. (2021). The trash tracker: a
macroplastic fate and transport model at river basin scale. https://doi.org/10.5194/egusphere-
egu21-7858

22. Montalvo-Romero, N., Montiel-Rosales, A., Fernández-Lambert, G., & Fernández-Echeverría, E.
(2022). Development of an adhesive based on waste management as a mechanism towards
sustainability. Sustainability, 14(20), 13225. https://doi.org/10.3390/su142013225

23. Olusola Olaitan, A., Sisanda, D., Ojo Jeremiah, A., Olorundare, O. F., Freeman, N., Williams Kehinde, K.,
& Peter Apata, O. (2021). Potential innovative technique for the management of polystyrene waste in
South Africa (pp. 193–202). CRC Press. https://doi.org/10.1201/9781003007579-13

24. Oluwatobi, F. B., Iyanda, O. J., & Akpor, O. B. (2024). The evolution and environmental impact of
plastics: challenges and sustainable solutions, 1–7.
https://doi.org/10.1109/nigercon62786.2024.10926981

25. Patel, S., Dixit, S., Suneja, K. G., & Tipan, N. (2021). Review of conversion technologies of waste
polystyrene into useful products. Smart Moves Journal IJOScience, 7(3), 43–48.
https://doi.org/10.24113/ijoscience.v7i3.372

26. Rabelo, L. S., Tanaka, F. C., Dos Santos, S. S., Aouada, F. A., & De Moura, M. R. (2025). The future of
sustainable packaging: exploring biodegradable solutions through extrusion, thermo-expansion, 3D
printing and supercritical fluid from agro-industry waste. Foods, 14(23), 4027.
https://doi.org/10.3390/foods14234027

27. Rajeshwaran, R., Logeshwari, J., & Abirami, R. (2025). Effect of EPS concrete: balancing construction
efficiency and environmental sustainability. Nature Environment and Pollution Technology, 24(2),
B4268. https://doi.org/10.46488/nept.2025.v24i02.b4268

Page 13/15



28. Scopetani, C., Cincinelli, A., Martellini, T., & Rodrigues, A. C. M. (2023). Editorial: hazardous
contaminants associated with plastics: occurrence and environmental effects. Frontiers in
Environmental Science, 11. https://doi.org/10.3389/fenvs.2023.1341738

29. Sgroi, F. (2022). Circular economy and environmental protection. AIMS Environmental Science, 9(2),
122–127. https://doi.org/10.3934/environsci.2022009

30. Sletnes, M., Loli, A., Risholt, B., & Lausselet, C. (2026). Feasibility of reuse of EPS insulation from
buildings and infrastructure. Buildings, 16(9), 1693. https://doi.org/10.3390/buildings16091693

31. Solomon, N., Simpa, P., Adenekan, O., & Obasi, S. (2024). Circular economy principles and their
integration into global supply chain strategies. Finance and Accounting Research Journal, 6(5),
747–762. https://doi.org/10.51594/farj.v6i5.1133

32. Tekman, M., Peter, C., Gutow, L., Walther, B., & Bergmann, M. (2022). Impacts of plastic pollution in
the oceans on marine species, biodiversity and ecosystems. GEOMAR Helmholtz Centre for Ocean
Research Kiel. https://doi.org/10.5281/zenodo.5898684

33. Trang, P. H., Giang, H. T., & Duong, N. C. (2021). Plastic waste. Center for Open Science.
https://doi.org/10.31219/osf.io/umr5s

34. Töpfer, C., Schüllner, K., & Ruckdäschel, H. (2025). Recyclability of polystyrene bead foams:
degradation behavior over 10 extrusion cycles. Polymer Engineering and Science, 66(3), 1711–1722.
https://doi.org/10.1002/pen.70290

35. Ugwu, S., & Obele, C. (2023). A mini-review on expanded polystyrene waste recycling and its
applications. World Journal of Advanced Engineering Technology and Sciences, 8(1), 315–329.
https://doi.org/10.30574/wjaets.2023.8.1.0057

36. Vagi, M. C., Petsas, A. S., & Kostopoulou, M. N. (2021). Potential effects of persistent organic
contaminants on marine biota: a review on recent research. Water, 13(18), 2488.
https://doi.org/10.3390/w13182488

37. Van Emmerik, T. H. M., González-Fernández, D., Laufkötter, C., Blettler, M., Lusher, A., Hurley, R., &
Ryan, P. G. (2023). Focus on plastics from land to aquatic ecosystems. Environmental Research
Letters, 18(4), 040401. https://doi.org/10.1088/1748-9326/acc086

38. Vdi, V. (2023). Rethinking the circular economy for plastics. Verein Deutscher Ingenieure e.V.
https://doi.org/10.51202/9783949971402

39. Venkatachalam, V., Spierling, S., & Endres, H.-J. (2024). Recyclable, but not recycled: an indicator to
quantify the environmental impacts of plastic waste disposal. Frontiers in Environmental Science,
12. https://doi.org/10.3389/fenvs.2024.1316530

40. Wagner, T. P. (2020). Policy instruments to reduce consumption of expanded polystyrene food
service ware in the USA. Detritus, 9, 11–26. https://doi.org/10.31025/2611-4135/2020.13903

41. Xu, Z., Sun, D., Xu, J., Yang, R., Russell, J. D., & Liu, G. (2024). Progress and challenges in polystyrene
recycling and upcycling. ChemSusChem, 17(17), e202400474.
https://doi.org/10.1002/cssc.202400474

Page 14/15



42. Ziani, K., Ioniță-Mîndrican, C.-B., Mititelu, M., Neacșu, S. M., Negrei, C., Moroșan, E., Drăgănescu, D., &
Preda, O.-T. (2023). Microplastics: a real global threat for environment and food safety: a state of the
art review. Nutrients, 15(3), 617. https://doi.org/10.3390/nu15030617

Page 15/15


