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1. Introduction

Persistent Organic Pollutants (POPs) are syntheticchemicals that
persist for decades, accumulate in food chainsand poserisks to
human health and the environment. In Scotland, their presencein
household and industrial products—ranging from upholstered
seatingto electronicsand construction materials—createsa barrier
toadvancinga dirculareconomy.

The UK s a party to the Stockholm Convention on POPs, which
requires destruction or irreversible transformation of these
substances above regulatory thresholds. Enforcementis difficult.
The volume of waste requiringtesting far exceeds current capacity
and screening technologies cannot reliably distinguish between
regulated and non-regulated compounds.

Scotland’s carbonfootprintis dominated by the lifecycle of products
and services, with around 80% linked to material use. Current
waste management guidance requires that POP-contaminated
waste exceeding Low POP Content Limits (LPCLs) be destroyed,
usuallythrough incineration. This preventsrecycling of potentially
valuable materials, locks Scotland into high-carbondisposal routes
and undermines progress toward net zero and circular economy
goals.

SEFARI Gateway supported a Spedialist Advisory Group (SAG) to
review and examine current and emerging technologies forthe
identification, separation, and treatment of POPsin waste. The
objectivesof the POPsSAG wereto:

Objective 1. Identifytechnologies to improve Scotland’s ability to
identifyand separate POPsin waste.

Objective 2. Identify technologies to treat POP-containing waste
and enable movement up the waste hierarchy.

Objective 3. Summarise benefits, limitationsand readiness of
technologies.

Objective 4. Identify opportunities for Scotland to build an effective
R&D and implementation environment.

This review highlights opportunities for Scotland to build a stronger
researchand implementation environment foridentifying,
separatingand treating POPsin waste.

2. Research Undertaken
Evidencereview

We conducteda structured review of peer-reviewed and grey
literature on POPsin waste streams. Search terms combined
specificwaste categories (e.g. “construction and demolition,”
“WEEE,” “furniture,” “end-of-ife vehicles”) with “Persistent
OrganicPollutants” or “POPs,” and relevant treatment
technologies (e.g. “separation,” “bioremediation,” “thermal”).
Artides wereindudedif they described separation or treatment of
POPsin waste materials. Environmental remediation studies (soil,
water, air) were exduded unless directly relevantto waste
recycling.
Where Scottish data were unavailable, estimatesfrom England,
Wales, or Ireland were applied pro-rata, given regulatoryand
marketsimilarities (Drage et al,, 2018; Drage etal., 2022).

Technology assessment

Eachtechnology was assessed against standard Technology
ReadinessLevels (TRLs) (UKRI, 2025). Key informationextracted
included: process description, benefits, limitations, costimplications,
international application, and potential for scale-up or future-
proofing.

Stakeholder engagement

Aworkshopwas held in Edinburgh (March, 2025) with industry
representatives, academics, and policymakers. Evidence boards
summarised technologies with the highest TRLs, followed by
round-table “World Café” discussions. Insights were used to sense-
checkliterature findings, assess feasibilityin the Scottish context,and
identify barriers and opportunities forimplementation.




3.Key Findings

Objective 1. Identify technologies to improve Scotland’s ability to

identify and separate POPsin waste

Evidence:

Studiesin Ireland and the UK showthat the main POPs of concem

inwaste streamsare brominated flame retardants (PBDEs,

HBCDD)and selected PFAS (PFOA, PFOS, PFHXS). These occurin

construction and demolition materials, end-of-life vehidles, fumiture

foams and fabrics, mattresses, carpets, curtains, and electronic

equipment (Drageetal, 2018; Drageetal,, 2022).

Technologiesidentified:

*  Density separation (sink-float): Low-cost, mature technology
(TRL9). Separates heavier, POP-rich plasticsfrom lighter
fractions. Effective for WEEE but IS crude and limitedin
discrimination (Stubbingsetal., 2021).

*  X-rayfluorescence (XRF): Hand-held devices detect bromine as
a proxy for brominated POPs. Faster and cheaperthan
conventional chemical analysis, but cannot distinguish regulated
from non-regulated flame retardants, leading tofalse positives
(Harrad etal, 2019; Harrad et al., 2023b).

Workshopinsights:

UK recyclersalready use XRF and density separationbut raised

concemsaboutthroughput, lack of established verification labsin

the UK, and inability to screen chlorinated or fluorinated POPs.

Policyimplication recommendations:

Scotland should expand testing and verification capacity and invest

incomplementary methods (e.g. spectroscopy, near-infrared

scanning) to strengthen compliance and reduce reliance on
incineration.

Objective 2. Identify technologiesto treat POP-containing waste and
enablemovementup the waste hierarchy

Evidence:
Awide range of physical, chemical, thermal, and microbial methods

are under development, with most at laboratory or pilot stage. Only
incinerationis widely deployed at scale.

Technologiesidentified:

*  Physical/chemical extraction: Creasolv (TRL7) can extractPOPs
from polystyreneinsulationfoam, allowing recyclingof cleaned
plastic(Minetetal., 2021). Soxhlet, supercritical fluids,and
microwave-assisted extraction show promise but remainat lab
stage(TRL3-5).

*  Thermal processes: Pyrolysis, gasification, and smouldering
offer potential for partial POP destruction and production of by-
products but face challenges of toxicresidues, high energy
demand,and lack of infrastructure (Hamlin & Hamlin, 2025).

*  Advanced oxidation processes (AOPs): Photochemicaland
hydrothermal oxidation can destroy POPsunder controlled
conditions, but risks of persistent by-products remain (Foteinis
etal, 2018; Raptietal, 2023).

*  Biological methods: Microbialand plant-based remediationare
promising but untested at scale for waste streams. Bioleaching
has been usedto recover metalsfrom WEEE, though not to
treat POPsdirectly (Khalidetal., 2021).

Workshopinsights:

Industry representatives noted that some recydersare piloting

AOPsfor PFASin firefighting foams, but large-scale treatment of

solid waste remains undeveloped. Pre-sortingand cleanfeedstocks

are critical, yet often unrealistic for composite productssuch as
sofas.

Policyimplication:

Investmentin pilot-scale testingand infrastructureis required to

evaluate which technologies can realistically replace incineration

andenable saferecycling.

Objective 3. Summarise benefits, limitations, and readiness of

technologies

Evidence:

Technology Readiness Levels (TRLs) vary widely:

*  TRL9: Incineration, density separation, XRF.

*  TRL6-7:Creasolv,some AOP applications.

*  TRL3-5: Pyrolysis, supercritical fluids, microwave-assisted
extraction, bioleaching.

Benefits:

Options like XRF and density separation are relatively cheap, non-

destructive, and already used commerdially (Harrad etal.,, 2023b).

Creasolvenables plastic recycling rather than destruction.

Pyrolysis and gasification could create secondary productsand

reduce landfill.

Limitations:

*  High costand energy demandfor many processes.

*  Riskof toxicby-products (e.g. from pyrolysis, AOPs).

*  Limited applicability beyond specificwaste streams.

*  lackof UK-based verification labs and specialised facilities.

Workshopinsights:

Industry stakeholders stressed that current businessmodelsand

regulatoryframeworks make innovation unattractive comparedto

low-costincineration or export. Technologies remain fragmented,

withno “onesizefitsall” solution currently available.

Policyimplication:

Scotland can supportinnovation by fundingdemonstration

projects, creating demand through regulation (e.g. product
passports),and reducingreliance on overseastesting.

Objective4. Identify opportunities for Scotland'to build an effective

R&D andimplementation environment

Workshopinsights:

Stakeholders highlighted systemic barriers:

*  Regulation: Current LPCL thresholds push most POP-containing
materials directly toincineration, limitingincentives for
innovation.

*  Transparency:Lack of chemical disclosurein products makesit
impossiblefor recydersto plantreatment.

*  Resources: Toofew fadilities, insufficient skilled staff, and
reliance on overseaslabs for verification.

*  Business models: High uncertaintyand low profitability in
recycling POPwaste without stronger policy support.

Opportunitiesidentified:

*  Integration: Better coordination betweenindustry, research,
andgovemmentto accelerateinnovation (Sharkeyetal, 2022).

*  Funding: Targeted supportfor scalingtechnologiesfromlab to
pilot stage, potentially through polluter-pays models.

*  Testingcapacity: Establish domestic verification labs to reduce
reliance on EU facilities.

*  Product passports: Require chemical disclosure through digital
labelling or confidential repositoriesto manage future POPs
(Glugeetal, 2020).

Policyimplication:

Scotland could positionitselfas a leader in circular economy

innovation by pilotingthese approaches, aligningwith international

obligations under the Stockholm Convention and reducing reliance
on high-carbonincineration.



4. Recommendations
Strengthenintegration across sectors

*  Createstructuredforumslinkingindustry, researchand
govemmentto accelerate solutions for POPswaste (Sharkey et
al,2022).

*  Supportjoint platformsso newtoolsand practicesare
interoperable rather than fragmented.

Investin facilitiesand pilots

*  Fund pilot-scale testing of promising technologies (e.g. Creasolv,
pyrolysis, AOPs) to assess feasibility beyondlab conditions.

*  Establish UK-based verification laboratoriesto support
compliance with LPCLsand reduce reliance on overseastesting.

Mandate chemical transparency

*  Introduce digital product passports or confidential chemical

registriesto track substancesin goods throughout their lifecyde
(Glugeetal, 2020).

*  Requirelabellingor online disclosure of chemicalsinimported
productsto supportrecydersand regulators.

Secureinnovationfunding

*  Providetargetedfunding streamsfor scaling technologies from
TRL3-5tooperational use.

*  Explore “polluter pays” mechanisms, similar tothe Landfill Tax
Credit, tofinance POPs treatmentinnovation.

Shiftincentivesaway fromincineration

*  Review UK/EU guidanceto enable recydingoptionswhere
technologies can safely remove or destroy POPs.

*  Supportbusinessmodelsthat make recyding POP-containing
materials more viable than low-costincineration or export.

Alignwithintemational obligations

*  Ensureallapproaches complywith the Stockholm Convention’s
requirement that POPs be destroyed or irreversibly
transformed (Drageetal, 2022).

*  Position Scotland asa leader in circular economy innovation by
demonstrating compliance alongside sustainable material
recovery.

5. Conclusion

Persistent OrganicPollutants (POPs) remaina major obstade tothe
development of Scotland'’s circular economy. Current reliance on
incineration protects health but destroys resourcesand locksin
high-carbon pathways. Evidence showsthatemerging
technologies—while notyet ready at scale—offeropportunities to
recover value safely if barriers of cost, infrastructure, and regulation
areaddressed.

By investingin pilot facilities, requiring chemical transparency,and
strengthening collaboration acrossindustry, research, and policy,
Scotland can move from containment to innovation. Actingnow
willnot only ensure compliance with international obligations but
also position Scotland as a leaderin sustainable waste management
and circulareconomy solutions.
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