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hair’s
Foreword

When the University of Birmingham approached me to discuss
their ambitions to create a sustainable future for plastic, | was
immediately interested. Plastics are ubiquitous across the
economy, from the obvious uses, such as packaging, to the
lesser known, such as insulation, car tyres, and synthetic textiles.
Over the last 50 years, plastic’s low cost, lightweight nature, and
durability has provided convenient solutions to many problems.
Plastics are particularly vital to the healthcare sector, from
enabling widespread home testing kits to the delivery of essential
vaccinations. However, for all its benefits, plastic presents a wide
range of environmental challenges, and there are significant
uncertainties around their long-term impacts on human health.
For these reasons, | am passionate about supporting the
development of evidence-based policies which minimise the
negative impacts of plastic, while retaining its societal benefits.

Over the last few years, we have seen a necessary emergence

of global plastics policies. In 2019, the Basel Convention adopted
two decisions to deal with plastic waste, making it the only global
legally binding instrument to specifically address plastic waste.
Subsequently, in 2022, the UN Environment Assembly convened
an Intergovernmental Negotiating Committee (INC) to develop the
firstinternational legally binding instrument on plastic pollution,

a process which is now at a midway point, with an ambition for a
binding treaty by the end of 2024.

Against this backdrop, the University of Birmingham Policy
Commission on Sustainable Plastics was activated. |, alongside

a group of expert Commissioners, endeavoured to develop well-
informed, evidence-based, policy recommendations. To achieve
this, we consulted with key stakeholders from across the plastics
value chain, including those from the packaging, healthcare, and
construction sectors, to name but a few. This report outlines
these recommendations, as well as the data we gathered to
inform their development.

In order to achieve the systemic change required to resolve the
plastic waste problem, we cannot work alone. We must work
collectively and collaboratively, using the recommendations and
information set out in this report, to initiate a journey towards

a sustainable future for plastic in the UK. We must implement
solutions which enhance our economy, protect our people and
our environment, and place the UK as a leader in this area. We
must act now. | am passionate about connecting people to drive
forward this change, and | encourage all those who are interested
to engage with this report and join us in our efforts to create a
sustainable future for plastics.
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Introduction from the

Academic Co-

Chairs

In January 2023, we launched a Call to Action Report, which
outlined a forward strategy to move beyond fragmented solutions
to the plastics problem and presented a clear interest in creating
solutions that are interdisciplinary, inclusive, and holistic. One

of the key conclusions of this report was that whilst academia,
business, policymakers and publics can all provide parts of the
solution, there is an urgent need for a systemic approach which
encompasses the whole plastics lifecycle.

Since then, the vision has developed into a large-scale Policy
Commission, which we have had the privilege to lead on this last
year. For perhaps the first time, this Commission has enabled us
to engage with the plastics waste problem, considering economic,
environmental, and social impacts and developing comprehensive
and evidence-based recommendations to tackle anissue that has
seen the same challenges and piecemeal solutions presented

for decades.

This area of inquiry presented a unique challenge due to the
sheer breadth and depth of the issue. Throughout our evidence
sessions, we have addressed a vast range of sectors across

the entire plastics lifecycle, with each sector and lifecycle stage
presenting enough information for a Policy Commission in its own
right. It was essential that we had expert insights from a range

of stakeholders, so we are grateful for the time and energy that
all of our Commissioners and Witnesses have contributed to

this project. The information presented to us throughout these
sessions has been invaluable in seeking well-rounded, evidence-
based solutions to the plastic problem, from production through
to end of life.

We know that the plastic waste problem is not static and that the
challenges it presents to society will continue to change as more
is learned about the unique impact, challenges, and opportunities
that these materials present. The recommendations outlined in
this report should be seen as a way to improve our relationship
with plastics now, with further considerations for longer-term
action referenced in the report body. Overall, we wish to highlight
the significant need for collaboration and cooperation in this

area to continue to create meaningful change and to build a
sustainable future for plastic across its entire value chain.

Professor Andrew Dove and Professor Fern Elsdon-Baker
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About the Birmingham
Plastics Network
Policy Commission

The Birmingham Plastics Network is an interdisciplinary network
of over 60 researchers at the University of Birmingham. The
unique team brings together chemists, environmental scientists,
philosophers, linguists, economists, artists, writers, lawyers,

and experts in many other fields, to address the global plastic
waste problem in its entirety. The Birmingham Plastics Network is
committed to prioritising collaborative working methods, such as
this Policy Commission.

A Policy Commission is a tried and tested method for achieving
systemic change within and beyond Government, and the
University of Birmingham has a track record of delivering these
successfully. Utilising the knowledge and input of a range of
stakeholders from different backgrounds, we possess the
information required to influence plastics policy through a
systemic lens, creating impact for a range of beneficiaries and not
just one cluster of society.

Our Policy Commission has brought together voices from across
the plastics landscape to develop a set of well-informed and
evidence-based policy recommendations which promote a
sustainable future for plastics in the UK, enhancing the positive
contributions that plastics make to our lives whilst minimising
the negative impacts across their life cycle. We have engaged
with a range of stakeholders across a range of themes including
Sourcing and Manufacture, Recycling and End of Life, Behaviour
and Business Models, and Additives and Human Health. These

sessions ran over a period of three months and were followed
by a period of extensive consolidation with the Commissioners,
which ultimately led to the development and refinement of our
recommendations.

The University of Birmingham would like to express its gratitude
to those who contributed to the work of the Policy Commission
both as Commissioners, who gave their time and expertise so
generously, and those who otherwise contributed to the work

of the Commission by giving evidence, offering advice, and
participating in discussions. In particular, we would like to thank
Baroness Meacher, Crossbench Peer for the House of Lords, for
agreeing to Chair this Commission and for her expert insight into
Government policy making. For his continued support, we would
also like to extend thanks to Adrian Whyle.

We would like to thank the Professional Services staff at the
University of Birmingham who supported the delivery of the Policy
Commission, including Dr David Boardman, Rachael Egglestone,
Kim Ekste, Amil Khan, Alasdair MacLachlan, Nathan Miller and

Kate Stewart. We would like to express significant thanks to
Robyn Macpherson, Project Manager for the Birmingham Plastics
Network, and Kathryn Miles, Research Strategy and Development
Partner, without whom this project would not have been possible.
The work of Zendo Pen Ltd and Think Creative has been essential
to the development of this report, and we would like to thank them
for their hard work in its development.
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This work was supported by the Engineering and Physical
Sciences Research Council (grant number EP/X525662/1),
Economic and Social Research Council (grant number ES/

T501839/1) and Research England under the Institutional Policy

Support Fund stream.

Our Commissioners

Professor Sally Beken, Founder and Lead of the UK
Circular Plastics Network at Innovate UK Business
Connect.

Professor Andrew Dove, Professor of Sustainable
Polymer Chemistry at the University of Birmingham.

Simon Ellin, Independent, Previous CEO of the
Recycling Association.

Professor Fern Elsdon-Baker, Professor of Science,

Knowledge and Belief in Society and Director of

Research Institute for STEMM in Culture and Society

(ISTEMMICS) at the University of Birmingham.

Judit Guerra-Falcon, Technical Affairs and Circular
Economy Manager, Plastics Europe.

The views expressed in this report reflect the discussions of the
Policy Commission and the research that informed them. They
do not necessarily reflect the personal opinions of the individuals
involved or the companies they represent.

Keith James, Head of Policy and Insights, WRAP.

Professor Stefan Krause, Professor of Ecohydrology
and Biogeochemistry at the University of Birmingham.

Professor Richard Lampitt, Professor at the National
Oceanography Centre.

Brian Lodge, Director of Packaging, British Plastics
Federation.

Professor John McGeehan, Independent Consultant,
Recycling, Upcycling and Redesign.

Asim Shah, Managing Director at (SC)2, Supply Chain
Sustainability Consulting.

Professor lan Thomson, Professor of Accounting and
Sustainability, the University of Dundee.
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Plastics: Our past, our future

As the world grapples with the net zero challenge, the plastic
waste crisis has emerged as a key transitional issue. On the one
hand, plastic is an essential commodity found everywhere in
society, from life-saving medical equipment to daily conveniences,
often contributing to better sustainability outcomes thanks to its
versatility, strength, light weight, and affordability. On the other,
the growing quantities of plastic waste and pollution have led to
its vilification as a material. Plastic remains an essential material
to society with over nine billion tonnes produced since the 1950s!
and annual production growing from two million tonnes to over
450 million tonnes?.

During this time, plastic has made an immeasurable contribution
to human well-being, but it is also entangled with a fossil fuel-
based energy system and a linear economic model that are
incompatible with a sustainable future. From production through
to disposal via incineration or landfill, plastics are responsible for
3.3% of global greenhouse gas (GHG) emissions, with 90% of that
coming from the energy used during production and conversion?.
Furthermore, plastic waste is despoiling marine environments and
ecological systems. An estimated 6.9 billion tonnes of plastic has
so far been discarded as waste and 12 billion tonnes are forecast
to be in landfill by 2050456, Inadequate collection and recycling in
turn drives an insatiable demand for virgin production.

Figure 1: Greenhouse gas emissions from plastics, 2019.

Emissions are measured in tonnes of carbon dioxide-equivalents.

All lifecycle stages

Allgreenhouse ‘ ‘ ‘

gases 1.79 billion t
| |
Carbon dioxide 1.61billion t
| \
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\
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\ \
Production and conversion
| | | |
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| | |
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| \
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|
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End of life
All greenhouse | - ‘
gases 193.1‘2 m|II|or‘1t
Carbon dioxide 180.9 milliont
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Nitrous oxide 2.0Tmillion t
\ \
Source: Our World in Data’

Unlike fossil fuels, which simply must be phased out, plastic
cannot be dispensed with. It is used in life-saving medical items
such as syringes, blood bags, and surgical instruments. Food
supply chains rely on packaging to preserve perishable goods

in transit’. It cannot easily be replaced without performance,
cost, or safety trade-offs with some touted alternatives having a
potentially higher overall environmental impact, such as (single
use) glass, which can weigh 20 times more than a plastic bottle,
increasing transport emissions®.

Plastic also cannot easily be separated from global value chains.
The primary plastics sector contributes $600 to $700 billion a year
to the world economy, from transport to textiles® ™. Millions work
in the industry throughout the value chain™, and the UK alone
directly employs 155,000 people in the plastics sector. For every
direct job the sector creates, 2.74 are created in the broader
economy. InIndia, plastic manufacturers, waste pickers, and civil
society have developed complex interdependencies that make it
challenging to address plastic in isolation™.

An evidence-based policy response

Achieving a sustainable future for the plastics industryis a
daunting challenge, but not without reward. Globally, transitioning
to a circular plastics economy could produce 700,000 additional
jobs by 2040, save the private sector $1.3 trillion, and governments
$70 billion, as well as reduce the costs of social and environmental
externalities by at least $3 trillion'. This calls for an ambitious
reinvention of the life cycle, from more environmentally sustainable
feedstock production to design innovation and effective
regulation, as well as incentives and investment on everything
from labelling to life cycle analysis.

The public clearly cares about the plastic waste crisis. An
influential BBC documentary in 2017, Blue Planet Il, showed the
impact of plastics on our environment, sparking the so-called ‘Blue
Planet Effect’ with consumers choosing to consume less plastic,
such as opting for reusable water bottles instead of single-use®™. In
a 2021 survey of adults in the UK, 92% of respondents expressed
concern about plastic pollution and a majority wanted action from
governments and brands'®.

Countries cannot reach their net zero targets without a radical
change to the making and management of plastics.

While there is broad agreement on the issue, stakeholders are at
odds over the remedy. Governments have differing and, at times,
conflicting positions. Small island developing states (SIDS) suffer
the most from plastic pollution due to the waste that washes onto
their beaches, heavy reliance onimports, and lack of recycling
centres and treatment facilities”. However, voices in some large
developing countries oppose overly stringent restrictions on

a commodity which proves so essential to value creation and
contributes to tackling other pressing priorities such as

food waste™.
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In 2019, the Basel Convention adopted two landmark decisions
for plastic waste, making it the first legally binding instrument
addressing plastic waste globally. It includes actions for
preventing and minimising plastic waste generation; improving
its environmentally sound management and controlling
transboundary movement; reducing risk from hazardous
constituents in plastic waste; and public awareness, education
and information exchange'™.

In 2022, the UN Environment Assembly convened an
Intergovernmental Negotiating Committee (INC) to develop a
ground-breaking, legally binding international instrument focused
on plastic pollution?°2'. The mandate states that the treaty must
address 'the full life cycle of plastic’, which has sparked debate
over the scope of the concept?2. The goal is a sustainable plastics
roadmap covering all dimensions, from litter, to carbon emissions,
to human health. The process is at its midway point, aiming for a
binding treaty by the end of 2024.

Some measures discussed at the INC include reducing emissions
from plastic production, implementing design standards for plastic
focused on reuse, and downstream efforts to eliminate waste.
Delegates at INC-3, the most recent meeting in Nairobi, disagreed
as to whether the priority should be to encourage the production
of reusable and recycled plastics or to reduce plastics production
at the source?. These debates will continue throughout INC-4 and
INC-5 as member states grapple with the text of the final treaty.

Just as national policy efforts proceed alongside, and are
motivated by, the UN Conference of the Parties (COP), plastic also

falls subject to national sustainability policies and regulations.
These include tax incentives for increasing recycling, bans

on single-use plastics, circularity schemes, infrastructure
investments, and extended producer responsibility frameworks.

The devil is in the detail on such measures, though. Taxes levied

on products without a minimum threshold of recycled material, for
instance, can put smaller producers at a disadvantage, especially
if there is limited access to recycled plastics to draw from.
Restrictions on certain chemicals used as additives can lead to
‘regrettable substitution’, in which alternatives are introduced with
the same or worse environmental or health profiles. Lastly, plastics
are a global commodity, meaning any country-level change must
contend with differing systems elsewhere.

Against this backdrop, the Birmingham Plastics Network Policy
Commission was launched to bring together informed and
evidence-based insights from across the plastics value chain to
develop policy recommendations for building a sustainable future
for plastics in the UK. The Commission, comprising 12 experts from
industry, academia, non-governmental organisations and scientific
institutions, has set itself the task of evaluating the current
challenges and policy landscape, and attempting to synthesise
diverse views on building a sustainable plastics ecosystem.

Through a comprehensive approach considering economic,
environmental, social, and ecological impacts, our Commission
aims to clarify this complex issue and promote high-impact
solutions and innovative changes with a workable framework for
reducing, reusing, and recycling plastics.


https://ourworldindata.org/ghg-emissions-plastics

12 The Sustainable Plastics Policy Commission - Key findings for the UK Government

Policy Recommendations

Harness the tax system to promote sustainable decisions.

B Taxis apowerful instrument to ensure end of life impacts are
priced into materials. The UK's 2022 Plastic Packaging Tax,
applied to products that do not contain at least 30% recycled
plastic, was a welcome step in encouraging circular economy
practices. The Government could now introduce a sliding scale
to reward companies that surpass the 30% threshold, with
appropriate measures to mitigate the risk of fraud. To support
the packaging industry to adjust, the Government should
consider corresponding investments in plastic and waste
management infrastructure to ensure sufficient availability of
recycled plastics. The Government could raise the threshold in
the medium term and use additional tax instruments to target
the most difficult-to-recycle plastics, for example, or the most
environmentally problematic.

Broaden the scope of Extended Producer Responsibility (EPR)
beyond packaging and create a ‘demand pull’ for sustainable
alternatives across sectors.

B EPRincentivises sustainable product design and the
prevention or minimisation of plastic waste by making
producers financially responsible for their products at the end
of life. The UK's EPR scheme, set to begin in 2025, targets 62%
of packaging waste by 2030, with a collection scheme for films
and flexibles to begin in 2027%. While welcome, these targets
are lower than EU packaging targets, which are 65% by the
end of 2025 and 70% by 2030%. EPR should also go beyond
packaging; textiles and construction are two potential sectors
of application.

Incineration remains a dominant waste management method
and produces greenhouse gas emissions (GHGs) and toxic
pollutants, including acid gases and heavy metals; the
Government should set ambitious but achievable targets to
reduce incineration and landfilling2®.

B Due to heavy reliance on landfilling and incineration, the UK’s
plastic consumption results in 26 million metric tons of carbon

dioxide equivalent emissions over the entire lifecycle. This
indicates how plastics management performance directly
impacts the UK’s progress towards net zero?. The Government
should urgently set ambitious targets to reduce incineration
and review current incentive frameworks to keep polymeric
carbon in the economy for longer.

Strengthen regulation and oversight on compostable and
biodegradable plastics.

B Biodegradable and compostable plastics production is rising,
but while these are primarily composed of non-fossil-based
carbon feedstocks, they require appropriate recovery systems
to ensure they are disposed of correctly. Otherwise, they may
contaminate existing recycling streams or end up in natural
environments where they may not biodegrade, rather thanin
industrial composting environments. Stronger oversight of
marketing claims, enforced by the Competition and Markets
Authority (CMA), can improve consumer awareness as part of
a broader push to tackle greenwashing. There is a lack of public
understanding of the term ‘biodegradable,” which can be used
in misleading ways.

Build the evidence base on plastic pollution’s human and
environmental harms.

B There is mounting evidence that plastic pollution harms
environmental systems and human health, especially as
plastics break down, allowing additives to enter ecological
and biological systems. These effects increase risks of future
governmental expenditures to treat, mitigate or remediate
externalised costs. Plastic incineration is also associated with
health impacts in nearby areas. Given that data and evidence
is fragmented and often based on laboratory studies that do
not approximate actual levels of exposure, the Government
should invest in building the evidence base further. It should
continue to lead global coordinated efforts in this area,
supporting the development of the UN science-policy panel
to contribute to the sustainable management of chemicals
and waste to prevent the harm caused by pollution?®. The
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Government should propose that plastic additives are a
priority for this panel and lead in developing an international
consensus on action. The UK science base also has the
opportunity to spearhead and become a world leader in
research methodologies to tackle issues like ‘regrettable
substitution’?. These methodologies could include precision
toxicology approaches that leverage genetics, genomics,
metabolomics, and related fields to enable toxicological
review of chemicals by groupings, rather than individually.
The Government could also consider setting environmental
migration limits for companies to prove additives do not
migrate out of plastics under certain conditions.

Drive innovation in sustainable plastics through a national
centre of excellence.

B Due to anuncertain policy landscape, an unclear strategy and
unpredictable reform timelines, the UK currently
limits investment in plastics recycling and innovation. The
Government is uniquely placed to unite diverse actors through
a world-leading national sustainable plastics innovation
research centre that can pool skills and investment to
encourage co-creation across academic disciplines and
industries. Such an institute, which extends the work of
centres in other nations, including the Netherlands and
Germany, can encourage long-term ambitious thinking and
signal to the private sector that sustainable plastics are part
of the UK’s low-carbon future. Building on the success of the
UKRI Plastics Research and Innovation Fund and the Smart
Sustainable Plastics Packaging Challenge, the UK should
further incentivise researchers and companies to become
world leaders in circular polymer systems, from materials
design to next-generation recycling. These incentives could
include blended finance, investor partnerships, competitions,
and challenge funding, access to subsidised land, and scaling
up pilot and full-scale facilities in key areas like chemical
recycling, which have already delivered benefits, such as
those within the Teesside Freeport area, which hosts the
largest chemical recycling facility in the country. The
Government

should also support private sector innovation by sticking to
timelines on reforms like the Deposit Return Scheme (DRS),
thereby demonstrating a long-term commitment to the circular
economy and giving confidence to investors.

Utilise procurement to raise sustainability data and standards
in plastics.

B The Government should use procurement to spark innovation
and encourage best practices through protocols on holistic life
cycle assessments and sustainability metrics. This could be
achieved through a dedicated task force, harnessing insights
from research, non-governmental bodies, and academic,
certification, and standardisation bodies, as part of the
broader effort to improve ESG reporting. The UK Government
can encourage best practices and evidence-based decision-
making by using the most robust methodologies in public
sector procurement for all materials, such as creating data
quality scoring systems and promoting open data sharing.

Reform ‘end of life’ licensing to support green growth and
incentivise the emergence of next-generation production and
recycling technologies.

B The current waste permitting system needs to be re-defined
to accelerate circular economy models and support green
growth by allowing plastic waste to be revalorised to benefit
the environment and the economy. The UK Government should
instruct the relevant bodies (Environment Agency in England,
SEPAin Scotland, Natural Resources Wales in Wales, and
NIEA in Northern Ireland) to agree to end-of-waste criteria
that incentivise recirculation of polymeric carbon. Current
UK waste licensing directives determine that an item can be
waste if there is no certainty that it will be used. To decide if
the materials’ use is certain, the applicant must consider if
there is a market or demand for all the materials. Awarding
more opportunities to companies seeking to use materials
innovatively may foster the market for materials.
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Chapter 1: Reckoning
with the ‘Plasticene’

Plastics are heterogeneous synthetic chemical materials
composed of a backbone produced from natural or synthetically
created carbon resources. They can also include a number

of chemical additives which add specific properties such as
flexibility, stability and flame retardation®°.

Thanks to their excellent properties, plastics are useful almost
everywhere: consumer products, foams, coatings, adhesives
and sealants, packaging, textiles, building and construction,
electronics, automotive and medical®'. Even paint particles and
road markings are imbued with different amounts of metals and
additives and, once dry, can be considered a plastic material.
Some have characterised plastics to be the defining material
footprint marking the start of the Anthropocenes2.

Thanks to this versatility and utility, large volumes of plastic are
produced and eventually become waste, estimated at 114 kg per
person annually in European OECD countries®3, which, coupled
with inefficient disposal and collection, has created a mounting
environmental crisis®4.

Figure 2: Plastics in everyday life.

Polyethylene High-density Low-density

Plastic waste is now widely distributed across ecosystems®®,
recently discovered at the deepest point on earth, the Mariana
Trench, and a few hundred metres from Mount Everest’s
8,850-metre summit®®. This pollution results from the inadequate
collection and disposal of larger products or macroplastics,

and from microplastics, particles of a size less than 5mm, that
originate from products like synthetic textiles and tyres®.

Some are known as primary microplastics and were engineered
to be micro-sized; these are found in products such as facial
cleansers, toothpaste, and exfoliating creams; while these
have been banned in recent years, they are still a form of legacy
pollution to be contended with*8. Microplastics are difficult to
degrade in the environment and may attract other materials
that stick to them and further prevent degradation®®. As they
accumulate, the proportion of microplastic pollutants in the
weight of global plastic pollutants is expected to reach 13.2%
by 2060°.
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https://www.unep.org/interactives/beat-plastic-pollution/
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Figure 3: Buoyant microplastics in the surface ocean.

Microplastics are plastic materials smaller than 0.5 centimeters in diameter.

Future global accumulation in the surface ocean is shown under three
plastic emissions scenarios: (1) emissions to the oceans stop in 2020;
(2) stagnate at 2020 rates; or (3) continue to grow until 2050 in line with
historical plastic production rates.
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Plastic and microplastic waste have been linked to harmful
impacts on animal growth, intestinal tissues, and intestinal
flora*!. These are found in animals all across the world: a recently
discovered species of amphipod, Eurythenes plasticus, is found
at a depth of 6,900m and is named after the plastic found to
contaminate its gut“2. Microplastics could pose an additional
risk when their surface area absorbs toxic substances such

as antibiotics like ciprofioxacin and amoxicillin“?, heavy metals
like copper and zinc“4, and persistent organic pollutants that
include polycyclic aromatic hydrocarbons (PAHs)%5. The absorbed
substances affect the ecosystem as microplastic particles may
act as a sink or vector for absorbed compounds.

Unfortunately, given the complexity of different exposure
mechanisms, evidence on ecological and human health impacts
is still fragmented and incomplete. More systematic research is
needed for fully conclusive assessments of the conditions under
which microplastics and their additives pose critical dangers to
the environment and human health. However, current evidence is
clear that allowing plastics to end up in the environment can have
harmful effects.

Additives are also a key toxicity consideration in evaluating
environmental and human risk. Some plastics, such as polyvinyl
chloride (PVC), contain up to 50% additives by mass; these

additives have the potential to leach out after disposal.
Substances such as flame retardants, UV stabilisers, dyes, and
plasticisers are all present in plastics, sometimes at very high
concentrations. Additives are added for clear purposes, including
safety and performance, but they can become harmful when they
leach out of plastics in natural environments as a result of either
diffusion or the breakdown of plastics due to weathering effects,
like UV radiation“®“’. Some additives can also have physiological
effects on some organisms; for example, lipophilic, or fat-loving,
additives, which can penetrate the cellmembranes of aquatic
organisms“8. Chemical additives from within plastics may also be
directly released into the guts of these creatures*©.

Arecent review has linked exposure to phthalates, one of the
additives used in plastics, to several adverse health outcomes
including reduced semen quality®?, impaired child motor
development and intelligence®, increased childhood asthma
risk®2, and more. Research also shows the potential for sublethal
pollution effects that do not cause particular diseases but can
harm healthy growth, development, fertility and functioning®54.1n
addition, studies have demonstrated endocrine disruption effects
from human exposure to certain chemicals®®.

If they co-occur, environmental pollutants can also interact,
having an unknown impact on human health that can differ from
individual pollutant exposures. Additionally, the replacement of
chemicals or additives with alternatives, that are similarly poorly-
understood, bears the risk of causing similar or worse impacts.
An example of this is in the banning of bisphenol A (BPA) from
baby bottles in Europe: bottles are now labelled as BPA-free, but
the chemicals being substituted are similarly concerning in their
effects on human health®®. This problem is known as ‘regrettable
substitution,” and rigorous data and research are essential to
understand the mechanisms behind chemicals’ impact on health
and environmental systems. Evidence-based regulations and
risk awareness are paramount to ensure appropriate regulations
that harness the properties of plastics and the chemicals sector
responsibly.

Plastic production also poses environmental and health threats
in regions close to manufacturing and disposal®”. Studies from
the US reveal that communities near petrochemical, plastic
production and incineration facilities face higher exposures
and risks driven by proximity to sources and a higher baseline
susceptibility®e.

Thanks to advances in data science, toxicology and life cycle
assessment, there is an opportunity to build a more definitive
evidence base on the health and environmental profile of plastics
to inform a balanced approach that harnesses the manifold
benefits of plastics to the benefit of people and the planet while
mitigating potential negative impacts of current plastic products.

While there is broad agreement on the need to tackle pollution,
there is no viable or reasonable case for phasing out plastic.
Instead, the goal is to vastly improve the circular economy system
to keep plastics in use for as long as possible and manage the
risks of disposal. A holistic policy response, therefore, should
focus on the lifecycle management of plastics and keeping
polymeric carbonin use for as long as possible.


https://ourworldindata.org/grapher/microplastics-in-ocean

18 The Sustainable Plastics Policy Commission - Key findings for the UK Government

Chapter 2: Achieving
a Circular Economy

Currently, nearly two-thirds of plastic waste comes from plastics
with lifetimes of under five years, 40% from packaging, 12%

from consumer goods, and 11% from clothing and textiles, which
have increasingly short lifespans®®. After a short, single-use,

life cycle, 95% of the value of plastic packaging material is lost
to the economy, resulting in losses of $80-120 billion annually®°.
Retaining the value of products through optimal recycling and
reuse is critical to reducing these economic losses.

Figure 4: Waste hierarchy.
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Source: Department for Environment, Food and Rural Affairs*

The circular economy model can maintain the value of products,
materials, and resources by re-introducing them into the product
cycle at the end of their use and minimising the generation of
emissions and waste. Instead of the predominant ‘linear’ economy
model, it emphasises intelligent product design and sustainable
production. In the plastics sector, this means more efficient use
of virgin material by incorporating recycled content, increasing
recycling and reuse, and minimising waste. The preferred plastic
waste hierarchy is prevention, reuse, recycling, recovery, then
disposal (although the preferability of recovery, which turns
waste into energy but releases carbon dioxide (CO,) and other
harmful gases, over landfilling, is under review)®'. Prevention

and reuse are useful for reducing waste, but many crucial plastic
applications rely on single usage, with medical-grade plastics
among the most important. All plastics eventually reach the end
of life stage and need careful management and circular economy
options to either keep them in use as long as possible, or return
them to use with minimal environmental impact.



https://assets.publishing.service.gov.uk/media/5a795abde5274a2acd18c223/pb13530-waste-hierarchy-guidance.pdf
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Figure 5: Today, plastic packaging material flows are
largely linear.
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1. Closed-loop recycling: Recycling of plastics into the same or
similar-quality applications.

2. Cascaded recycling: Recycling of plastics into other,
lower-value applications.

Source: Ellen MacArthur Foundation®

Closing the recycling gap

Recycling is key to circularity. Although recycling systems exist
worldwide, only 9% of plastic waste is recycled. Another 50% is
landfilled, 19% is incinerated, and 22% is mismanaged, resulting
in uncontrolled dumpsites, burning in open pits, or polluting
terrestrial or aquatic environments, especially in low-income
countries®2. All of this represents lost material value. Achieving a
circular economy will require closing this gap through recycling
capacity and efficiency.

The vast majority of recycling is classified as mechanical
recycling, or the processing of plastic waste into new materials
without significantly changing their chemical structure. Plastics
are collected, sorted, cleaned, and transformed into raw materials
to be used to manufacture new products.

Polyethylene terephthalate (PET)®3 is a common material for
bottles, which are the most recycled form of plastic packaging;
plastic bottle recycling rates in the UK are as high as 74%%-. It is
the easiest polymer to recycle and can be transformed into new
bottles multiple times while retaining its functionality®®.

Recycling is more difficult for other plastics, including some
with important properties like their light weight and food safety
compliance. One example is non-woven fabrics, which are
commonly used for medical gowns and masks®®. These contain

Figure 6: A circular economy for plastic.
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several different polymers fused together which are very difficult
to separate®’. Due to the lack of infrastructure for recycling
multilayer plastics, these often get shipped overseas with no
guarantee of being recycled®e.

Polyvinyl chloride (PVC) is another commonly used plastic that is
problematic to recycle. Because of its high chemical resistance,
itis commonly used in the construction and medical fields and
for food preservation. However, it often has additives, such as
thermal stabilisers, which complicate mechanical recycling,

and the removal of these additives requires specialised
technologies®®. Recycling PVC is, therefore, rarely profitable
without subsidies or accounting for externalities and can use
almost as much energy as virgin material production’®.

The complexity of packaging design is one of the biggest hurdles
to achieving high volumes and quality of recycled plastics’".
Combinations of materials are difficult to sort, but automated
detection can be improved by tagging an item with a unique code
using methods such as chemical tracers and digital watermarks.
A chemical tracer is a molecule embedded in a label detected by
its spectroscopic properties such as fluorescing under UV light.
It acts as a binary code - the molecule is either present or not
present’2.



https://www.ellenmacarthurfoundation.org/plastics-and-the-circular-economy-deep-dive
https://www.ellenmacarthurfoundation.org/plastics-and-the-circular-economy-deep-dive
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Fluorescent markers are one example. Plastic Packaging Recycling
using Intelligent Separation technologies for Materials (PRISM)
applies luminescent materials as labels on plastic packaging,
creating an invisible barcode for plastic recycling. Mixed plastic
waste on the conveyor belt is positioned in the appropriate
recycling stream when an ultraviolet (UV) light source triggers the
high-speed sorting system that identifies and reads the coded
PRISM label. PRISM has been researched extensively and is now
well-proven in Materials Recovery Facility (MRF) setups?.

Adigital watermark is an optical code applied within the artwork
of the product or directly on the surface of the plastic, removing
the need for added materials. Digital watermarks have proven

to be a promising innovation. These are imperceptible and are
normally the size of a postage stamp. They are presently the
subject of a European initiative, Digital Watermarks Initiative Holy
Grail 2.0, which aims to determine if digital watermarks can deliver
higher rates of quality recycling in the EU and drive the circular
economy’4.

To ensure a truly circular economy, manufacturers must be
incentivised to determine the traceability of their products.

For the value of the product to be maintained, it must be clear
throughout the lifecycle of the product where it is, that those who
collect and separate it are clear about what it is, and that those
who process it or transform it into raw material again do not mix
it with materials that make the product lose value’®. To prevent
fraud, there must also be checks to verify the authenticity and
provenance of recycled materials at each stage of the cycle.
Suppliers should be vetted and audits conducted to ensure
transparency and accountability, and this information must be
made visible to stakeholders in the supply chain.

A digital passport makes this possible. In Europe, work is ongoing
on aninitiative called "R-Cycle”, which gives recycled plastic
products this digital passport. The passport consists of three
things: an ID number to identify the product, data thatis recorded
for the product, and a marking that assigns the ID number to

the product. This can be done through different methods,

for example, a barcode, a QR code or a digital watermark’s.
Technological solutions like blockchain can also help validate
transactions and preserve transaction history to make sure that
digital passports cannot be tampered with.

Various technologies are being deployed to improve recycling
processes. One example is a robotic-based sorting system, using
Al, which seeks to reduce losses from incorrect sorting of plastics
by removing human error and improving quality control””. Artificial
intelligence and blockchain technologies can play an important
role. For example, high levels of purity can be achieved using
deep learning to sort plastic waste, where a machine is trained to
recognise different types of plastic’®.

One research group has used blockchain smart contracts
powered by multi-sensor data-fusion algorithms using artificial
intelligence to show how different data-fusion modes can be
employed to retrieve various physiochemical parameters of
plastic waste for accurate segregation’®. Other companies are
looking at improving the recyclability of plastics through additives
such as antioxidants and polymer chain extenders, which can help
stabilise recycled products to enhance their performance®®. While
these innovations contribute to closing the recycling gap, large-
scale changes will be necessary to ensure that more plastics are
reintegrated into the circular economy, as these innovations could
complicate subsequent recycling viability.
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Recyclability depends on the purity levels and post-use
contamination of the various polymers. The wide variety of
polymers used is a challenge for polymer separation, leading

to significant yield losses in mechanical recycling. Ramping up
recycling capacity will therefore require plastics to be designed
for recycling, and made with polymer combinations that will not
impede recyclability now or in the future®'. One potential solution
for contamination is supercritical CO, extraction. This is an
innovation used to decontaminate plastics from organic solvents
before recycling, in which a form of CO, is put under enough
pressure and heat to give it both liquid and gas properties®2.
Typically, contamination hinders the reuse of plastic, particularly
in applications such as the food and beverage industry. Chemicals
such as polycyclic aromatic hydrocarbons (PAHs) can be found in
plastics through contamination of raw materials; these chemicals
are toxic, do not degrade, and are hard to clean from plastic
materials.

Heterogeneity is also a challenge for consumers, as people often
need help distinguishing plastics and how they should dispose
of them based on which polymers they contain. The difficulty

of distinguishing between different types of plastic can create
confusion and make consumers more vulnerable to greenwashing.
A switch from larger, easier to recycle packaging to smaller,
difficult to recycle packaging may be marketed as a reduction of
plastic, even though it will ultimately lead to more plastic waste.
This highlights the importance of building public understanding
around recycling as well as challenging the assumption that less
plastic is inherently better.

While reducing the number of polymer types used in plastic
products could allow more efficient recycling®, this may cause
unintended consequences such as product spoilage or reduced
shelf life of produce as the barrier properties of available
materials may not be sufficient.
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Chemical recycling

Mechanical recycling is a cost-effective strategy for high-
quality, clean, and sorted waste, but the difficulty of separating
complex plastics, and the risks of contamination, results in high
yield losses®®. The process of mechanical recycling consists

of sorting waste plastics and employing methods such as
extrusion, which uses heat and rotating screws to soften the
plastic and make granulated material that can be used to make
new plastics. The extrusion process degrades the original plastic

Figure 7: Plastics Europe chemical recycling.
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polymer and reduces its mechanical properties, such as tensile
strength®®. The degradation of recycled plastic is countered by
mixing specific amounts of virgin or new plastic with recycled
plastic (recyclate)®”. This means that even in a perfectly circular
economy, plastic quality would constantly be degraded and
eventually need to be converted into its original molecular
structure. Chemical recycling offers a promising means of
doing this.

With plans representing 0.9Mt of recycled plastics

by 2025, chemical recycling can make a significant
contribution to the achievement of the CPA objective of
10Mt recycled plastics used in Europe by 2025.

This objective will also require additional investments

in mechanical recycling.
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Source: Plastics Europe’



https://plasticseurope.org/sustainability/circularity/recycling/chemical-recycling/
https://pdf.arco.co.uk/content/ourapproachtosustainability2022.pdf
https://emf.thirdlight.com/link/f1phopemqs36-8xgjzx/@/preview/1?o
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Chemical recycling changes the chemical structure of polymeric
waste, turning it back into substances that can be used as raw
materials for manufacturing new plastic products. It produces
recyclate with virgin plastic properties, which can be usedin
critical applications such as food contact. These technologies
include pyrolysis, gasification, hydro-cracking, and
depolymerisation.

Chemical recycling complements other plastic recycling options
because it can recycle a wider variety of plastic and provide
food-grade recycled content®. It can also deal with complex
plastic waste streams, like films or laminates, which would
otherwise be incinerated or landfilled®®. Scaling up chemical
recycling can help close many of the gaps in current recycling
infrastructure, including by facilitating the recycling of PVC and
other mixed plastics®.

Chemical recycling aims to use feedstock that cannot be reduced,
substituted, or mechanically recycled, ensuring that chemical
conversion does not divert resources from higher-priority
solutions. Therefore, while it can be used to process both flexible
and rigid plastics, using it for flexible plastics is preferred because
mechanical recycling is a more sustainable option for most rigid
plastics, as long as they are not highly contaminated®'.

Compared to mechanical recycling, chemical recycling has the
potential for higher-quality output, higher tolerance for
contaminated feedstock, and increased versatility. The products
of chemical recycling can be turned into high-quality, single-use

packaging, potentially making up 100 per cent of a package’s
plastic requirements with the same quality as virgin plastic®2.
This includes food-grade quality, which typically is not the case
for mechanical recycling due to potential contaminants.

Chemical conversion has more tolerance for different materials
and feedstock, with lower yield losses than mechanical
recycling®. This is most important for multi-material packaging
and plastics contaminated by food residue, two of the most
common obstacles to mechanical recycling. Chemical recycling
also facilitates many more recycling loops than most mechanical
recycling processes. For these reasons, European plastic
producers are expected to invest as much as €7.2 billion in
chemical recycling by 2030°%.

Several areas of chemical recycling require more research for
industries to understand the process and its results better®®. There
are uncertainties around energy requirements, yields, and
economic costs. There are also concerns about the potential
presence of impurities in recyclates; it is not fully clear whether
substances of concern present in the input waste could be
reintroduced into the output recyclate. Consumers may also be
afraid of health risks from unknown chemicals. The Natural
Resources Defense Council found that the majority of chemical
recycling plants in the United States release dangerous amounts of
hazardous pollutants®¢. More research is needed to make chemical
recycling cleaner, more energy efficient, and able to produce the
building blocks for high-quality recycled material.
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The circular economy policy toolbox

To accelerate the circular economy transition, government
policies are vital. They provide the carrots and sticks to guide
better choices by producers and consumers and influence the
materials economy by, for instance, raising standards in areas
like labelling and life cycle assessment. This section outlines the
key circular economy policy instruments currently in adoption
elsewhere in the world.

Taxing virgin plastics

Taxes on non-recycled single-use plastics are among the most
frequently used national instruments. The EU has implemented
an “own resources plastics contribution” policy to incentivise
states to pursue plastic tax legislation. Rather than applying a
tax across the region, the EU requires a national contribution
from each member state based on the amount of non-recycled
plastic packaging waste. It leaves member states to determine
their policies for decreasing plastic waste. Arate of €0.80/kg is
applied to the weight of non-recycled plastic packaging waste,
with an adjustment mechanism that applies an annual lump sum
reduction to less wealthy member states. This contribution is
estimated to provide the EU with €7 billion in additional yearly
revenue®. Contributions are calculated based on Eurostat data,
as member states are already required by European Commission
directives to provide data on plastic packaging waste and
recycling.

EU countries can pay this contribution directly from their national
budget regardless of whether they collect tax on plastic waste
domestically (like France and Sweden) or they can design their
own plastics tax legislation to fund their contribution to the EU
(like Spain and Italy)®8. Each country can define which products
will be taxed and what tax collection mechanism will be used®.

The Spanish non-reusable plastic packaging tax entered into
effect as of 1January 2023'°°. |t taxes the amount of non-recycled
plastic used in non-reusable plastic packaging, expressed in
kilograms, when the packaging is delivered through its sale by
the manufacturer, an intra-EU acquisition, or importation. The tax
rate is €0.45 per kilogram of non-recycled plastic. Its exemptions
include packaging used for medicines, sanitary products, meals
for special medical uses and hazardous health waste, products
that cannot be used or are to be destroyed, and intra-EU

acquisitions and imports of less than five kilograms of non-
reusable plastic packaging per month (low-volume operators)?'.

Mechanically or chemically recycled plastic is not taxable as long
as itis certified by entities accredited by the National Entity of
Accreditation ("ENAC” in Spanish) or by the national accreditation
body of any other EU Member State. In third countries, the
taxpayer must obtain certification from any entity accredited by

a National Accreditation Body and internationally recognised by
ENAC. Taxpayers must know how much non-recycled plasticis in
the non-reusable plastic packaging contained in the shipments
they receive, which must be furnished by the suppliers.

Italy has proposed a plastic tax similar to the Spanish model'°2.

It taxes manufactured single-use items that contain, protect,
handle, or deliver goods or food products, and it applies when
the product is delivered into the country. The taxable persons
are the manufacturer, the seller, the purchaser (if the items are
bought from other EU countries and sold for business activity
within Italy), the EU supplier (if the items are purchased from
other EU countries and sold to a private consumer in Italy), and
the importer. It also includes exemptions for pre-defined medical
devices, recycled plastic material in single-use products',

and compostable plastics as defined by the European EN 13432
standard'?“. As in Spain, the tax rate is €0.45 per kilogram of non-
recycled plastic.

The UK has had a plastic packaging tax since 1 April 202205, |t
aims to encourage using recycled plastic rather than new plastic,
targeting all plastic packaging manufactured in, or imported into,
the UK with less than 30% recycled plastic by weight. The current
rate is £210.82 per tonne of plastic packaging, or approximately
EUR 0.24 per kg, with a scheduled increase on 1 April 2024. Its
scope is wider than that of the UK’s previous Packaging Waste
Regulations, including biodegradable, compostable, and oxo-
degradable plastics'©®.

Bans and restrictions

Many countries have pursued additional policies to limit the use
of single-use plastics. Single-use plastic bans are among the
most popular. Luxembourg’s Waste Law requires restaurants
serving on-site meals and drinks to use reusable containers and
with reusable cutlery as of 2025'%7. Kenya has one of the world’s
toughest single-use plastic bag bans, including a ban on the
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‘usage, manufacturing and importation’ of plastic bags in the
country'®8. Hungary has banned specific single-use beverage
cups from being placed on the market and requires companies to
charge consumers for single-use plastic fast food containerse.
Canada proposed a national ban on single-use plastics that a
federal court ultimately struck down; the law gave plastic items a
blanket toxicity label, which the judge deemed unconstitutional
as not every plastic has the potential to create a reasonable
apprehension of harm'®. The Canadian Government is therefore
considering alternative approaches, such as a national plastics
registry requiring companies to track and recover their plastic
products'.

The EU adopted a European strategy for plastics, which aims to
transform the design, production, use and recycling of plastic
products as a part of the EU’s circular economy action plan'2. The
strategy also aims to protect the environment and reduce marine
litter, greenhouse gas emissions and dependence on fossil fuels
while supporting more sustainable and safer consumption and
production patterns for plastics.

To achieve these aims, the EU introduced new rules on packaging
to improve recyclability, increase demand for recycled plastics,
improve separate collection, and launch a campaign targeting
industry and public authorities across the EU. A directive on
single-use plastic products was introduced to curb plastic waste,
along with restricting the use of microplastics in products and
other measures to ensure that plastics are more bio-based,
biodegradable and compostable.

Mandatory funding and
responsibility requirements

Other policies require producers and vendors of plastics to fund
anti-waste initiatives. The Netherlands passed a Packaging
Management Decree requiring single-use plastics manufacturers
and importers to cover the costs of raising consumer awareness
around the environmental impact of single-use packaging™.
Similarly, Greece requires that single-use plastics producers
participate in, or organise, a Collective Alternative Management
System for packaging waste™“. Turkey implemented a Zero Waste
Management System that increased the recyclable recovery rate
from 13% to 19% in 2020 and plans to increase the recycling rate
for packaging to 65% by 2026'.

As consumers often lack the information, ability, and funds
needed to manage their plastic waste properly, the role and
responsibility of the industry is increasingly important. Extended
Producer Responsibility (EPR) is an environmental policy
approach that addresses this.

The Organization for Economic Cooperation and Development
(OECD) defines EPR as an environmental policy approach in which
a producer’s responsibility for a product is extended to the post-
consumer stage of a product’s life cycle™®. It is characterised by
shifting responsibility to the producer, away from municipalities,
and creating incentives for manufacturers to consider
environmental considerations in product design.
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Under EPR, producers must ensure the collection, sorting, and
recycling of their products, which can be done either through
funding municipal programmes or operating the programmes
themselves™. An EPR system is operated by a Product
Responsibility Organisation (PRO), which manages the fees

and issues contracts with waste management operators and
municipalities. This organisation can be run by producers, a

third party, a government, or a combined system'®. Instruments
implemented in an EPR system include product take-back
requirements, deposit return schemes, or advance disposal fees.

EPR regulations vary across the EU. The European Packaging and
Packaging Waste Directive aims to harmonise them by requiring
member states to set up systems for the return and/or collection
and reuse or recovery of used packaging in line with the EU’s
recycling targets by 2024. By 31 December 2025, at least 65% of
all packaging waste by weight must be recycled, which will be 50%
of all plastic. By 2030, this must rise to 70% or 55% of all plastic™.

The European Commission believes a harmonised EPR scheme
will have far-reaching benefits, enabling consistency of product
design and more effective waste flows and infrastructure
investment, reducing the costs of circulation of materials, scaling
up waste collection, and helping to establish traceability and
transparency'?.

Research shows that EPR policies have accelerated the collection
and recycling of target material to over 75% in British Columbia,
Belgium, The Netherlands, Spain, and South Korea''. Belgium’s
EPR scheme has been in place since 1996, leading to one of

the highest recycling rates in Europe and encouraging waste
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prevention programmes across the country'2. The system is
divided between a PRO for household packaging and another for
industrial and commercial packaging. It was extended to cover
various single-use plastic packaging and items in January 2023'%3.

Deposit Return Schemes (DRS) are a policy requiring consumers
to pay a small deposit when purchasing drinks in single-use
containers, which they then redeem by returning to a “reverse
vending machine” collection point. Producers administer and
fund collection points, making it an important policy instrument
for EPR. Retailers like Tesco, Aldi, and Morrisons have already
piloted digital DRS programmes, which provided a mobile phone
app through which people could claim their 10p reward for
recycling drinks containers'?.

Germany, Finland, and Denmark have had DRS in place for over
two decades and have achieved 90% recycling rates for PET
plastics'?®. There has been a wave of other European countries
adopting DRS in recent years, with one of the most successful
being Lithuania in 2016, which recovered 70% of drinks containers
inthe scheme’s first year and over 90% in its second year'?.

DRS follows either a return-to-retail or a return-to-depot model.
The return-to-retail model holds drinks retailers responsible for
recovering empty containers. In contrast, the return-to-depot
model requires consumers to return containers to a collection
centre. The return-to-depot model is implemented in parts of the
US and Canada, but the only example in Europe is Iceland, which
achieved an 85% collection rate in 2016 despite the additional
responsibility placed on consumers'’.
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Informed consumers

Consumers consistently show high levels of interest
in sustainable plastics and more circular models.

In Trivium’s 2023 Buying Green report, 79% of
consumers stated that they look for products in
sustainable packaging. Young people are particularly
enthusiastic, with 88% of consumers younger than 45
willing to pay more for sustainable packaging'?.

However, survey results also indicate insufficient
supply to meet the demand. More than half of the
respondents say that most of the products they buy
do not have sustainable packaging. 46% said that
unclear labelling is a barrier they face when thinking
about purchasing products with sustainable features.
The findings illustrated a lack of understanding
about recycling and the diversity of plastics and their
properties, suggesting a need for simplification of
available plastic products, collection processes,

and better public communication initiatives
regarding plastics.

Snapshot: Taking the UK circular

Recycling has been implemented in the UK since the 1980s, initially
as a voluntary measure by industry. In 1997, the Government’s
Producer Responsibility Obligations Regulations implemented
more thorough household collection schemes®™°. During this time,
recycling has grown to 400,000 tonnes of household plastic

per year®',

However, significant amounts of plastic go unrecycled, and their
value is lost to incineration or landfilling. In 2018-19, 43.8% of

Figure 8: UK plastics collected.
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While policy improvements to expand recycling
infrastructure will help address public knowledge
gaps, innovation in plastic materials and technology
will also play a key role. As recycling literacy improves,
the public will gain more exposure to recycling-
friendly product design. Plastics are diverse and
complex materials, and many consumers are unaware
of the need to properly sort and separate their plastic
waste to enable recycling'®®. Changing consumer
perception is also essential for incentivising reuse.
People are accustomed to single-use packaging and
often perceive reusable packaging as unsanitary or
contaminated; overcoming this perception barrier by
proving that reusable packaging is safe and viable will
be essential.

municipal waste collected in England was incinerated, the largest
single waste management method, with 16.8% of waste across

all of the UK landfilled in 2017'%2- %3, The global warming potential
generated by landfilling or incineration is double that of recycling,
which means the UK’s plastic consumption results in 26 million
metric tons of carbon dioxide equivalent emissions over the entire
lifecycle. Recycling saves a significant amount of GHG emissions
by reducing the need for new fossil fuel feedstocks'.
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https://www.recoup.org/research-and-reports/uk-household-plastic-packaging-collection-survey-2022/
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Landfilling has decreased as local authorities have improved
efforts to separate and recycle plastics, leading to a five-fold

drop in standard waste sent to landfills between 1996 and 2015.
Still, only 12% of plastic waste, 0.4 million metric tonnes, gets
recycled domestically. Another 0.7 million metric tonnes gets
shipped abroad, where it is impossible for UK authorities to verify
whether or not it is recycled or repurposed, and where its value as
amaterial or a feedstock will be lost to the UK economy. Currently,
only 1% of the UK’s plastic demand is met by recycled plastic'®.

reach future targets by 2030. While the technology exists to
recycle all common plastics, the UK does not have the capacity
to do so, and the amount of recyclable plastic exported abroad
will need to be retained in the UK to supply the demand for
recycled plastic in a circular model. The volume of plastics

going to recycling could increase fivefold by 2030, to 220 million
metric tonnes per year, if the plastic currently sent to landfill
and incineration is redirected and recycling capture improves's®.
Increasing recycling capacity in the UK could reduce 20% of UK

plastics emissions by 2050

For this number to increase, the UK must significantly ramp up
recycling capacity; mechanical recycling levels must double to

Figure 9: Plastics recycling statistics.
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Residual waste treatment

34% reported they recover recyclables
from residual waste streams

82% energy recovery
16% landfill

At kerbside local authorities
collect recycling materials:
75% use wheelie bins to collect

plastic for recycling at kerbside
57% source-separated
43% co-mingled

Advice to citizens
35% lids on bottles

49% flatten & squash
74% empty &rinse

0 of local
authorities
O ran a recycling

communication campaign in the
last 12 months

57 kt of household plastic packaging
collected for recycling in 2022

29% plastic PTT
66% plastic bottles
4% plasticfilm

Household collection rates
63% plastic bottles

39% plastic PTT

7% plastic film

42(y overall collection rate
O of all consumer plastic
packaging in 2022

53% overall collection rate of all rigid

plastic packaging (bottles and
PTT) in 2022

0 of local authorities reported
fly-tipping to be a greater concern in
Otheir area than litter

Of those who shared an opinion 51% felt their area was
predominantly free of litter and refuse apart from small items.

Source: RECOUP?

Drinks bottle collection rates
76% PET bottles

78% natural HDPE bottles

45% non-drinks bottles


https://www.recoup.org/wp-content/uploads/2023/12/2023-UK-Household-Plastic-Packaging-Collection-Survey-Data-Summary.pdf
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The UK Government has taken steps to improve recycling,
including simplifying household collections, increasing

oversight of waste operators, and committing £20 million to new
recycling technologies, including chemical recycling'*®. Most
chemical conversion plants are still in the pilot stage. UK-based
petrochemical company Mura Technology opened one of the first
commercial-scale hydro-cracking plants in Teesside in 2023, with
an initial capacity of 20,000 tonnes a year and the potential to
triple capacity. It hopes to deliver the first recycled hydrocarbon
products in early 2024 and to provide 80% carbon emissions
savings by avoiding incineration, saving up to five barrels of oil per
tonne of plastic waste™®.

One way of boosting chemical recycling in the UK is implementing
amass balance approach. Mass balance is a set of rules for using
recycled content in a final product that uses recycled and virgin

Quantifying the UK’s circular economy opportunity

Achieving a circular economy is not just good for the
environment, but also a promising growth opportunity
for the UK economy. Currently, 500,000 people

are directly or indirectly employed by the plastics
industry™2. On the country’s current development
path, the circular economy has the potential to create
over 200,000 jobs and reduce unemployment by
about 54,000 by 2030. A more expansive circular
economy development path could create half a million
new jobs and reduce unemployment by 102,000,

Moving towards a circular economy can address
labour challenges in the UK. Infrastructure and
facilities can be built across the country, addressing
regional unemployment disparities. It can benefit
existing manufacturing sites, where unemployment

Table 1: Potential for a circular economy.

feedstock, which aims to balance total inputs and outputs™°. With

chemical recycling capacity still low, it is not yet feasible to make
products entirely out of chemically recycled materials, so itis

important to be able to blend recycled and virgin feedstock to use

chemically recycled feedstock.

The UKis in the process of a consultation on the adoption of
the mass balance approach for calculating recycled content,
which the British Plastics Federation called ‘the only chain of
custody method that will enable the chemical recycling industry
to grow, which willin turn maximise the amount of plastic the
UK canrecycle™!. Amass balance approach with oversight and
traceability will incentivise using recycled feedstock and help
scale up chemical recycling to meet the demand for circular
products.

tends to be higher, as these sites can be repurposed
for circular economy activities which will help
unemployed former workers in these areas'+.

Additionally, waste disposal leads to significant
economic losses, and reuse in a circular economy
enables retaining the value of products made in

the UK. Adopting a circular economy model could
contribute £75 billion to the economy by 203045,
Though a linear plastic consumption model is still
economically compelling for businesses, this can be
addressed through legislation that limits the use of
difficult-to-recycle materials. This will allow reuse
models to compete on a more level playing field as the
actual costs of waste disposal are accounted for.

A more detailed report of this work is available, providing full information on the analysis, calculations and data sources'.

Scenario 1
No new initiatives

Scenario 2
Current development rate

Scenario 3
Transformation

Gross jobs growth? 31,000 205,000 517,000
Net job creation? 10,000 54,000 102,000
Unemployment rate fall 0.02% 0.15% 0.28%
% offset of predicted decline in skilled 13% 6.8% 177%

employment over the next decade*

Note: Jobs figures are rounded to the nearest 1,000

1. JMorgan and P Mitchell, 2015, Opportunities to tackle Britain’s labour market challenges through growth in the circular economy, Green Alliance/ WRAP.
2. Estimated increase in labour demand from the growth in the circular economy (total jobs created directly less any jobs lost in displaced activities). No indirect or induced

employment is included.

3. Estimated change in the number of people unemployed as a result of the gross job creation, after taking into account labour market interactions. No indirect or induced
employment is included. These figures are the average of the net job creation estimates under the regional and occupational mismatch approaches.

4. Projections taken from: UKCES, March 2014, Working futures, evidence report 83, UK Commission for Employment and Skills.

Source: WRAP!
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Extended Producer Responsibility in the UK

The UK is set to implement its own EPR scheme in 2025, targeting
62% of packaging waste by 2030. This includes a collection
scheme for films and flexibles that will begin in 2027 through
separate regulations across the devolved nations™®.

This scheme will include mandatory labelling with the “Recycle
Now” mark and funding for national and local communication
campaigns around recycling. Under the scheme, local authorities
will get close to 1009 cost recovery. It can provide a funding
mechanism to enable development in the recycling industry,
serving as a fiscal incentive to drive up recycling ratesand as a
source of revenue for recycling innovation.

In conjunction with other EPR policies, deposit return schemes
can also enhance the quality and quantity of recycling, promote
reuse systems, and encourage eco-design'’. They are more
successful than kerbside collection at collecting higher quality
plastic material, thus creating greater resource efficiency. The
UK's DRS is set to be implemented in 2025 and aims to reduce the
14 billion plastic drink bottles consumed yearly, hoping to reduce
85% of drink container litter within three years'.

Deposits of plastic and metal cans will be made across England,
Wales, and Northern Ireland, though Scotland’s DRS system will
remain functionally separate unless interoperability agreements
are made. The timeline for implementing DRS changed several
times, which made it difficult for businesses to plan accordingly.
In the future, having a clear, consistent timeline for policy

implementation is vital so that companies can invest confidently in

the necessary changes.

Product design innovation is a critical aim for EPR, as designers
target reducing the environmental impact of products at the
end of life. EPR measures across the UK have not yet sufficiently
motivated eco and circular design among packaging producers.
This is due to low compliance costs for producers and a lack

of differentiation of producer fees for circular design. New
incentives are therefore needed to favour circular products

and incentivise sustainable product design. One example is
introducing limits on the use of additives or substances that are
problematic for waste management'e.

Bright ideas to boost recycling performance
Designing for closed-loop recycling from the start.
Extracting more recyclables from general waste streams.

Advancing sorting to enable more targeted material
separations.

Resolving policy hurdles around food-grade recycled content.

Developing technologies to reprocess collected materials
like films.

Expanding recycling systems beyond packaging to major
products like tyres.

Private sector recycling push

Retailers and manufacturers are taking significant
steps to improve recycling and reuse in their

supply chain. Tesco, for instance, has a traffic light
characterisation code for packaging materials based
on end of life recyclability and recycled content, which
incentivises their suppliers to increase recyclability.
Tesco also worked with Plastic Energy, SABIC, Sealed
Air and Bradbury’s Cheese to create the company’s
first food-grade recycled fiexible packaging,
addressing a significant gap in recycling capacity

for flexible plastics™. In the construction sector,
flooring manufacturers Altro and Polyfior launched a
vinyl flooring take-back scheme to collect and recycle
waste from vinyl flooring™.

Irish building materials company Kingspan launched
its Planet Passionate initiative to implement
circularity in its insulation business, minimising
waste through planning and recovering products for
reuse and recycling across its 200 global facilities.
The company has set ambitious targets for energy,
carbon, circularity and water management. In 2022,
they recycled over 803 million PET bottles for use as
insulation, with a goal of recycling over 1 billion plastic
bottles annually by 2025. They also achieved a 42%
reduction of waste sent to landfills, with a target

of zero company waste sent to landfills by 2030.
Through Kingspan’'s partnership with the ECOALF
Foundation, which seeks to remove waste from

the oceans, Kingspan Group member Synesthesia
Technology uses recycled PET from the oceans

to produce polyol, a key ingredient in insulation.
Additionally, they are partnered with the World Green
Building Council on the Net Zero Carbon Buildings
Commitment to achieve net zero by 20302

Amazon is working to make recycling its products
more accessible to customers through their
Recycle with Amazon and Amazon Second Chance
programmes, which allow customers to send products
back for recycling and provide information on how
to recycle products and packaging at home™:. Their
Climate Pledge Friendly programme also makes
sustainable products more visible to consumers
with a green tag awarded based on sustainability
certifications; the company assesses the product’s
sustainability to simplify selection for the customer.



https://wrap.org.uk/resources/report/employment-and-circular-economy
https://www.kingspangroup.com/en/sustainability/planet-passionate/
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Chapter 3:

The Future of Plastics

Whilst it is critical to strive for a circular economy, some material
loss is inevitable. With its associated environmental toll and
consequent demand for new virgin production, this will require
innovations in feedstocks and material design to improve the
sustainability profile of new plastics.

The petrochemical industry has been developing plastic products
for over a century, and the high performance of plastics reflects
that time, funding, and effort. The world has relied on polyolefins,
polyesters and polyamides over the last 60 years, and while there
are still applications where currently fossil-based plastics are
irreplaceable, such as insulation, electronics and wire coatings,
there are now efforts to develop alternatives.

1.0% 0.2%

5.6%

73% 13.4%

o,
10.8% 91%

53%  54%

Figure 10: European plastic production by polymer.

o Chemically Recycled 0.2% e Other Thermoplastics 10.8%
o PP15.4% o Other Thermosets 7.3%
e PE-LD, -LLD13.4% ® Mechanically Recycled
e PVC9.1% (Post-Consumer) 12.9%
® PE-HD, -MD 8.7% o Mechanically Recycled
PS, PS-E 5.4% (Pre-Consumer) 5.6%
PUR5.3% ® Bio-Based & Bio-Attributed 1.0%

® PET5.0%

1. Scope including fossil-sourced, recycled (mechanically and chemically),
bio-based and bio-attributed plastics.

Source: Plastics Europe™

One approach is developing bio-based plastics, which are
expected to help achieve some of the UN’s Sustainable
Development Goals like diverting fossil resources, introducing
new recycling and degradation pathways, and being less toxic™*.
They can reduce GHGs, since the plants from which bio-based
plastics are made temporarily remove carbon dioxide from the
atmosphere’s.

Bio-based plastics are made from renewable resources such as
sugars in plants and then polymerised to make either a direct
replacement for an existing plastic, or a novel polymer™s. This
approach cannot yet make the same wide range of polymer
types as fossil feedstocks, at appropriate scale. However, while
production volumes are still small in comparison to fossil-based
plastics, the market is expected to grow by 40% over the coming
five years'™’.

Two examples of bio-based plastics are polylactic acid (PLA),
which is made using the starch from food items such as corn,
cassava and sugar cane, and polyhydroxyalkanoates (PHAs),
which are obtained from micro-organisms fed a high-carbon
diet of sugars. These plastics are carbon-neutral’*8. PLA finds
applications in industries such as healthcare, textiles and
electronics, but its major use is in the packaging industry, where
it is gaining popularity as green food packaging'™°. PHA appears
to be a good replacement for medical devices such as inhaler
casings'®®. For other applications, such as in the automotive
sector, research is ongoing to replace carbon fibre-reinforced
resins with flax fibres with bio-derived resins'®’.

Consumer-driven companies are more concerned about

plastic use and are likely to be the quickest to adopt bio-based
alternatives. Coca-Cola is one early adopter in this area, having
designed the world's first recyclable PET plastic bottle in 2011
based on 30% plant-based material, reaching 100% a decade
later'®2. Another large consumer company, L'Oréal, is reducing
their use of plastics with 26% of their packaging coming from
either recycled or bio-based sources’®®. They have also developed
a world-first alternative to plastic packaging, the paper bottle for
packaging their cosmetics'®“.
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https://plasticseurope.org/knowledge-hub/plastics-the-fast-facts-2023/
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Despite their virtues, bio-based plastics do have shortfalls and
trade-offs. The desire to move from fossil-based plastics to
renewable feedstocks has been fraught with limitations. The use
of bio-based stocks is expensive, and current supplies are far
from able to satisfy overall demand for plastics'™®. Scaling can cost
billions, and the resulting product is more expensive. There is no
certainty around the long-term price evolution of fossil-based
plastics, although there is hope that the cost of bioplastics will
come down as supply increases.

Another challenge is that bio-based plastics’ benefits

over conventional plastics depend on factors such as the
manufacturing process'®®. A recent study found that some bio-
based plastics contain toxic additives and are similarly harmful
compared to conventional plastics, with cellulose and starch-
based products showing the strongest in vitro toxicity'®’. Toxicity
was less prevalent and potent in raw materials than in final
products. Many toxic chemical additives in conventional plastics
are required to keep plant-based plastics waterproof, flexible,
durable and colourfast'®®. Their additives can be as toxic, or
even more toxic, than conventional plastics, making them harder
to recycle and less of an eco-friendly, non-toxic alternative to
plastics.

A second challenge is the confiation of the terms bio-based
plastics and biodegradable plastics. Bio-based plastics are not
necessarily biodegradable: bio-based plastics are derived from
non-petroleum sources, while biodegradable plastics break down
on exposure to naturally occurring microbes'e.

Because the term biodegradable is poorly understood by
consumers, it may create an assumption that it disappears in
the environment'®. Labelling standards should ensure that the
terminology used to describe plastics accurately represents its
impacts. While leakage of plastics in the environment should be
avoided, it will inevitably occur in some cases, and efforts should
be taken to make sure that harm is reduced if they do degrade

in nature. Biodegradable plastics may still have a part to play

in helping tackle plastic pollution, as they play a helpful role in
reducing waste in short-term and single-use applications. These
include organic waste collection and diversion, mulch-films, food
packaging and disposable tableware'.

Research has shown that soils containing mulches of PLA change
how nutrients are cycled due to a carbon-priming effect on the
microbial community. There is a need to understand whether
biodegradable plastics change the function or diversity of the
microbial population. Still, the presence of additives means that
these could be released into the environment.

Figure 11: Global production capacities of bioplastics.
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https://www.european-bioplastics.org/market/
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Prices and economic dynamics are in flux, and could influence the
evolution of bio-based approaches. Bioplastics were originally
introduced due to concerns about running out of oil; plastics
were growing exponentially, and thoughts turned to alternative
feedstocks. There is now less urgency, and it has been difficult
for bio-based polymers to compete with petro-polymers on a
price basis. Oil and gas logistics are more centralised and efficient
compared to agricultural or forestry feedstocks, which are more
distributed and fragmented. However, this preference for oil

and gas may be changing, as geopolitical uncertainties have

led to increasing price volatility and traditional petrochemical
companies are looking for other sources of revenue, driving
interest and investment in bio-based materials'”2. Another factor
impacting cost is that oil and gas are often imported, while
agricultural and forestry feedstocks are easier to source locally,
thereby driving down costs and having a greater impact on local
income and employment'’s.

The variable costs of renewable feedstocks influence the cost
of bioplastics, and alternative, less expensive feedstocks are
currently the focus of research to develop new products.
Engineered strains of bacteria are able to produce PHAs at a
reduced operational cost"”* and research on synthetic biology
to produce intermediates directly from agricultural waste via
engineered microbes is promising to avoid the challenges of
traditional biotech.

Advocacy groups have tabled policies to improve the economics
of bioplastics. European Bioplastics, for example, released its
Policy Manifesto, which calls on the EU to accelerate the growth
of the bioplastics industry while prioritising six key points that

include incentivising access to sustainable biomass, enhancing
financial support for innovation and increasing market uptake'’s.

Other feedstocks could also enter the fray, such as carbon dioxide
extracted from energy-intensive plants together with renewable
hydrogen to produce intermediates. The £5.4 million Flue2Chem
project is a two-year programme spearheaded by Unilever and
SCland aims to take waste gas from industries such as metal,
glass, paper and chemicals and generate an alternative source of
carbon for UK consumer products'®. Carbon Clean, the company
spearheading the research, is also working on a carbon capture
project where captured carbon dioxide will be combined with
green hydrogen to produce synthetic hydrocarbons for use in
other industries'’.

The OECD has used patent counts to determine innovationin
environmentally relevant plastics technologies. These were
placed into three broad categories: innovations for plastic
circularity (preventing and recycling), innovations for converting
or disposing of waste and removing plastic leakages from the
environment, and innovations in bio-based feedstock. Innovation
in plastics circularity has grown the most from 1990 to 2017"8.

One innovation is in redesigning thermoset polymers to ensure
they have dynamic covalent bonds, which allows them to be
reshaped, reprocessed and recycled. Thermoset polymers are
sought after for their high strength and stability, but their existing
structure limits their potential for recycling. When made with
dynamic covalent bonds, the polymers are known as ‘recyclable by
design’ and promote the circular economy®.
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Chemical safety regulation:
Beyond REACH?

Another key trend shaping the future of plastics, and opportunity
for innovation, is regulation. The European Union Registration,
Evaluation, Authorisation and Restriction of Chemicals (REACH)
legislation is an influential broader regulatory framework

for plastics. REACH establishes procedures for collecting

and assessing information on the properties and hazards of
substances's®.

Under these procedures, all companies must register their
substances with The European Chemicals Agency (ECHA).

The ECHA receives and evaluates individual registrations for
compliance, and the EU Member States then evaluate selected
substances to clarify any initial concerns for human health or
the environment. REACH applies to manufacturers, importers,
and downstream users who handle chemicals in an industrial or
professional capacity.

The legislation aims to register and restrict the use of substances
of very high concern'®'. These are substances that are
carcinogenic, mutagenic, and reprotoxic (CMR); those that are
endocrine disruptors; those that are persistent, bioaccumulative
and toxic (PBT); those that are very persistent and very
bioaccumulative (vPvB); immunotoxicants, neurotoxicants, and
substances toxic to specific organs; and respiratory sensitisers.
The dangerous substances prioritised under the chemicals
restriction roadmap (a roadmap for REACH reform aiming to
address entire groups of chemicals across broad uses) include
PFAS, bisphenols, and flame retardants. However, this roadmap
has been slow to come into effect.

REACH restricts bisphenol A (BPA) as of 2018 and specifically
restricts its use in thermal paper as of 2020'¢2. However, the
roadmap aims to go further and restrict bisphenols as a category,
as some uses of BPA have currently been replaced with the
potentially equally harmful bisphenol S (BPS), which was also
restricted as of late 2023. In 2023, new rules were added under EU
REACH to restrict microplastics intentionally added to products,
covering all synthetic polymer particles below five millimetres that
are organic, insoluble and resist degradation’®.

After 16 years of operation, studies suggest a need for REACH
reform to fix the shortcomings, such as preventing the harmful
impacts cosmetic ingredients can have on the environment or

ensuring that sufficient evidence is generated to enable effective
identification of endocrine disruptors's4.

Other shortcomingsinclude:

B Alack of hazard data that prevents the identification of
hazardous substances and their proper risk management,
coupled with a lack of regard to the fact that our exposure is to
a mixture of chemicals, not single chemicals;

B Slow and ineffective regulatory measures to limit the use
of substances of high concern in products and industrial
processes;

B Alack of information and regulation of hazardous polymers;

B Alack of data on the uses of chemicals, hampering (targeted)
risk assessment, (regulatory) risk management and risk
communications.

Since exiting the European Union, the UK has departed from
REACH, initiating a process to install its own version. With the
shortcomings of EU REACH comes the opportunity for the

UK to improve its own regulatory framework. However, the
implementation of UK REACH has faced multiple hurdles that
have led to repeated delays in the restriction and registration of
chemicals'@®.

The UK seems to be falling behind in adding hazardous chemicals
toits list of substances of very high concern. The EU has
reportedly added 24 to its list since the UK left the EU, but the

UK have added none, although Defra is considering four of those
added by the EU in 2021". One of the substances added by EU
REACH in 2023 was bis(2-ethylhexyl) tetrabromophthalate, used
as an additive for flexible PVC®, a commonly used plastic.

There have been debates about how the UK could improve on
their approach to REACH legislation. UK NGO Chem Trust has
suggested the UK follow Switzerland’s example, which does not
require companies to register chemicals but adopts EU chemicals
standards while reserving the right to take a different stance
when needed:; this will require independent oversight's®.

Another solution would be a new data agreement that grants the
UK access to ECHA's database, but few consider this a realistic
option. NGOs are wary of changes that would make UK REACH
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diverge from its EU counterpart, which is unanimously seen

as the most protective law on chemicals in the world'°. The
Government remains positive that UK REACH provides freedom to
make regulatory decisions based on risk and exposure patterns to
human health and the environment in Great Britain. For example,
some parts of the EU have significantly more heavy industry than
the UK™".

The bulk of the UK’s chemicals legislation was enacted in
compliance with REACH when the UK was part of the EU. Under
the European Union (Withdrawal) Act 2018, REACH was brought
into UK law on 1January 2021 and is known as UK REACH™2. It
replicates EU REACH alongside the changes needed to make it
operable in a domestic context. The UKREACH and the EU REACH
regulations operate independently from each other. Companies
must ensure they comply with both regulations, which has
increased costs for industry. Companies need to register with the
UK Health and Safety Executive (HSE) as well as ECHA.

The 2022-2023 work programme on UK REACH prioritises
PFAS'3, intentionally added microplastics, formaldehyde and

formaldehyde releasers, bisphenols in thermal paper, and flame
retardants, keeping it aligned with the current priorities of EU
REACH revision. While provisions remain aligned currently, UK
REACH could diverge from EU regulations long term, particularly
if the UK does not work to replicate the chemicals restriction
roadmap on the same timeline as the EU.

Figure 12: UKRI Smart Sustainable Plastic Packaging grants.

Preventing and Reducing £5.7 million
Refilling/Reusing £12.1 million
Mechanical Recycling £22.6 million
Chemical Recycling £6.5 million
Organic Recycling £2.4 million
Landfilling
Incinerating/EfW
Leakage

Source: Smart Sustainable Plastic Packaging (ukri.org)™®

Towards a Sustainable Plastics Centre of Excellence for the UK

Thanks to its academic and industrial prowess, the UK
should contribute to the future of sustainable plastics
innovation, but in recent years, it has punched

below its weight. Many companies are operating old
equipment, and the workforce shows a widening skills
gap. The UK could benefit from a centre of excellence
that could pool skills and resources and coordinate
cross-sector collaboration.

Germany has demonstrated the value of institutional
coordination through the Fraunhofer Institute

which catalysed progress in applied sciences. In

The Netherlands, the Dutch Polymer Institute also
demonstrated excellence in bringing together
industry, academia and government around key
research topics relating to polymers.

The demise of Imperial Chemical Industries (ICI),
which powered UK innovation in chemistry in the post-
war period, had a major impact on polymer research
and education. General polymer research has
retreated to niche applications like biomaterials rather
than core manufacturing technologies. However,
lately, two UK government-backed industry-focused
innovation programmes - the Plastics Research and
Innovation Fund and the Smart Sustainable Plastics
Packaging challenge - have both supported industry
innovation, predominantly in the packaging sector'®.

Part of the problem for innovation, say experts,

is a short-term policy cycle. Innovation requires
significant capital investment; for example, SABIC
invested £850 million in its hydrocarbon cracker to
run on hydrogen in a refinery in Wilton Teesside'.
Encouraging such large outlays requires a shift from
politically-driven short-term policies to predictable,
strategic frameworks that businesses can rely on
across economic and political cycles.

Government innovation funding has cultivated private
sector innovation, notably the UK Research and
Innovation’s Smart Sustainable Plastic Packaging
Challenge which is deploying £60 million of public
funding alongside £149 million of private funding to
sustainable plastic projects through 2025. Projects
include early research, collaborative Research and
Development (R&D), and large-scale demonstrations
of new technologies, including the UK's first
commercial-scale chemical recycling plant and the
world’s first mechanical recycling plant creating food-
grade recycled polypropylene. So far, the initiative
has spent and committed over £55 million, with 30
completed, and 55 active, projects.



https://www.discover.ukri.org/smart-sustainable-plastic-packaging/
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Chapter 4:
Data Deep Dive
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Sustainability data and metrics are critical for quantifying the recycling labels with its planned EPR initiative, which will apply a o ’ ‘ ' .
social and environmental impact of different plastic products, single, UK-wide approach to plastic packaging labels. The current -
providing evidence to improve material decision-making, and non-mandatory labels of “widely recycled”, “check local recycling’, =

tracking progress. Only by collecting data on life cycle factors like
recyclability rates, product lifespan, and carbon emissions, can
companies and governments make informed decisions.

By regularly quantifying sustainability performance through
scientifically validated metrics, the plastics industry can transition
from traditional plastics reliant on fossil fuels for production and
conversion towards more sustainable alternatives. Consistent,
comprehensive, transparent, and understandable reporting that
accurately represents sustainability performance, willimprove
decision-making and accountability and provide a benchmark

for progress.

With increasing consumer demand for environmentally friendly
goods, the accuracy of product sustainability labels is paramount,
as terms such as ‘green’, ‘recycled’, and ‘biodegradable’ are
often the main signal to consumers of a product’s environmental
impact. But nearly half of consumers state that unclear labelling
is an obstacle to purchasing sustainable products'®. Accurate
assessment of plastic products and effective labelling are both
key components of a sustainable plastics strategy, but 53% of
green claims in Europe give vague, misleading, or unfounded
information, while 40% of green claims in Europe have no
supporting evidence at all, making it very difficult for consumers
to make informed decisions'’.

Standardisation of labelling that effectively communicates
environmental impact is an important step to facilitate sustainable
consumption. The UK is taking a step towards standardising

and “not currently recycled” will be replaced with mandatory
“recycle” and “do not recycle” labels from 2026'°8. Defra also
conducted a consultation on the incoming DRS in England, Wales,
and Northern Ireland that showed 95% support for mandatory
labelling of products with a DRS logo'®.

Commonly made green claims, such as "biodegradable” and
“compostable’, need to be monitored to ensure accurate usage.
There is potential for the term "biodegradable’, in particular, to
be misused or misunderstood, as many products can be labelled
biodegradable but take decades to break down in nature. There
are technical industrial standards defining these terms, but they
are often not understood by wider audiences.

Towards holistic life cycle assessment
and sustainability data

Life cycle assessment is a method designed to evaluate a
product’s social and environmental impact from extraction
and processing of raw materials, manufacture, transport and
distribution, use and retail, repair and maintenance, and end
of life disposal or recycling?°®. A comprehensive assessment
considers environmental impacts ranging from carbon emissions
to resource depletion and soil acidification. They are typically
conducted by a company in consultation with outside experts,
although they are also undertaken by government agencies or
researchers who have created publicly available databases for
use by others.
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LCA Stages

Defining the goal and scope: the reasons for carrying
out the assessment, the intended audience and end-
use, and how much of the product’s life cycle will be
addressed.

Inventory analysis: understanding the material
and energy flows involved in the product and their
interactions with the environment.

Impact assessment: defining the impacts of the
elements of the inventory analysis and
their importance.

Interpretation: critical review of the findings and data.

Source: Plastics Europe?”

Governments and international standards bodies support and
shape LCA and sustainability reporting. Policy frameworks such
as the European Strategy for Plastic in a Circular Economy?2°2
require that innovative feedstocks and alternatives to plastic
“are developed and used where evidence clearly shows that they
are more sustainable than non-renewable alternatives”. Such
frameworks highlight the importance of metrics and tools for
assessing sustainability?°3.

As countries pursue net zero and set goals for plastics, it is
increasingly important for companies to accurately manage
and report on their environmental responsibilities as they work
to meet mandatory industry standards. This will enable better
corporate sustainability reporting, provide evidence to back
up companies’ sustainability claims, and connect to a broader
increase in sustainability reporting in the commercial sector?°4.

Currently used LCAs, however, suffer from certain deficits. When
it comes to plastics, they can be insufficiently holistic, such as not
including littering potential or lacking a definition of a full life cycle.
They depend heavily on the quality of the available data and of the
skill of the LCA practitioners, and are therefore very difficult to
standardise across industries and regions2°s.

Companies decide on the consultants they select and the
lifecycle scope of the assessment which can lead to biased LCAs
geared to obtain a result that justifies the status quo. Traceability
in supply chains is also nascent; for individuals in the packaging
value chain, it is difficult to trust existing sustainability data.
These issues are not unique to plastics, but they do become more
pertinent given the length and complexity of the supply chain.
Peer reviewing results from an LCA study is one way of giving
stakeholders more confidence in the results.

Data is also insufficiently granular. Decisions must be made
based onlocalised data that reflects a specific supply chain
model, and comparisons between LCAs must be within that
shared local context. While collecting sufficient data to compare
LCAs accurately is a complex and time-consuming process,
truly granular quantitative analysis is critical for determining the

optimal logistics, especially in packaging, where environmental
impact is highly dependent on the nature of the product.

An LCA onreusable glass milk bottles compared to single-use
plastic bottles offers one example of the importance of context.
The critical factor in this case was distance from the dairy. Within
25 miles, reusable glass washed locally was the more sustainable
option; beyond 25 miles, single-use recyclable plastic was more
sustainable, as the lighter weight reduced emissions from
transport. In a comparative LCA of plastic and paper bags, the
paper bags were shown to have a higher global warming potential
as aresult of the fertiliser used in tree farming and plantation, the
water usage in cardboard production, and the ecosystem damage
caused by the land use required for wood production?%6.

Comparative LCA studies show that plastic can be a better option
for human and marine health when compared to aluminium cans,
which showed disproportionately higher toxicity rates due to
high emissions of toxic hydrocarbons and hydrogen fluoride?®’.
However, care needs to be taken when using any LCA and
assuming it represents a product or material’s sustainability. Very
few LCAs claim to measure the objective sustainability of the
object of enquiry but rather offer a partial analysis with reference
to an external standard or regulation.

When conducting a comparative LCA of chemical recycling and
mechanical recycling, mechanical recycling appears to be the
more sustainable option. However, chemical recycling uses
material that cannot be mechanically recycled; therefore, there is
the possibility that the application of a conventional LCA of these
two processes with incompatible feedstocks will not yield a valid
comparison due to problems with the selected boundary of this
LCA. Instead, chemical recycling should be benchmarked against
landfilling, the alternative end of life solution for materials that
would otherwise be chemically recycled. In this case, it is more
likely that the results of these comparative LCAs would favour
chemical recycling over landfilling in cases where mechanical
recycling is impossible. However, there are likely to be additional
dimensions of sustainability that are not included in this
evaluation exercise, e.g. air pollution, human health impacts or
future affordability.

LCAs and sustainability assessments, which aim to inform a
decision about the sustainability of materials, must be based
onrobust, relevant, and contextually appropriate data, while
ensuring they include critical differentiating criteria. It is difficult
to numerically quantify the impacts of potential future improper
waste disposal without making assumptions based on expected
or probabilistic behaviour. These assumptions can include the
availability of land for landfill sites, the quantity and type of
energy used in recycling the product, models of the leaching of
chemicals into the environment, and other processes that are
similarly difficult to accurately track and measure at end of life2°8.
Improving data quality and availability will help, but more research
and standardised methodologies are still needed to better
account for end of life impacts in LCAs.

One difficulty is in accessing useful datasets on waste outputs
and their environmental impact. Many LCAs are undertaken

at the expense of companies and thus considered private

or commercially confidential. This means companies may be
spending money on LCA and data that others already have.

The Sustainable Plastics Policy Commission - Key findings for the UK Government

ECO

51

Greater data sharing and even public subsidies for LCA open
access data could avoid duplication.

Methodologies also need to improve. Sustainable solutions
depend on the capacity of an evaluation protocol to differentiate
the sustainability impacts of different proposals. Accordingly, any
protocol must be informed by a complete mapping of the whole
lifecycle of plastic, from feedstock to end of life, and account

for multiple time frames, stakeholder perspectives, and future
scenarios, as well as measuring positive and negative impacts
relative to frameworks such as the UN Sustainable

Development Goals.

-
<
-

Given the complexity, ubiquity and multi-functionality of
plastics, there is no universally applicable method of evaluating
sustainability. The absence of a universal standard creates
problems in meaningfully comparing or combining findings from
different sustainability assessment methods. This prompts
aneed to establish a sustainable evaluation protocol that
reflects the realities of how plastic positively and negatively
impacts people’s lives and natural systems. Developing such

a protocol will provide a framework for identifying what is, and
perhaps more importantly, what is not included in any specific
LCA. Understanding the underlying scope of any sustainability
assessment is critical to appropriating any findings into different
decision use cases.


https://plasticseurope.org/sustainability/circularity/life-cycle-thinking/life-cycle-assessment/
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Database power

The collection of granular data required for an accurate LCA is
greatly facilitated by third-party LCA databases. They house
data on the material and energy flows into and out of systems
and the associated environmental impacts, including greenhouse
gas emissions, land use, and toxic chemical releases, and are
expressed per functional unit of the product or process. Their
sources include industry reports, national statistics, inventory
datasets, and scientific literature2°°.

Large LCA databases can host data on thousands of products,
materials, and processes; even those focused on a particular
country or sector can be extensive. Various free and open LCA
databases are available, like IMPACT World+ and the US Life
Cycle Inventory Database. However, as data quality and reliability
of sources are crucial, some companies choose to pay for the
services of commercial databases, like ecoinvent and GaBi.

LCA databases are contingent on the quality and relevance

of available data and must change rapidly alongside new
developments in research. For example, researchers in 2020
found that methane emissions from fossil fuels are 25-40%
higher than earlier estimates?'°. These findings indicated that
fossil fuel extraction and combustion were responsible for an
even larger proportion of climate change than previously known.
This required a shift in LCA database data, counting naphtha as
contributing up to 40% more methane. Incomplete data remains
an issue for LCA databases, so consistent data quality review
should be a priority?'.

While there are various methods of creating an LCA, the European
Union is working to improve consistency across its member states
by encouraging use of the Product Environmental Footprint

(PEF) and Organisation Environmental Footprint (OEF) methods,
which were outlined in an EU Commission Recommendation in
December 202122, The European Commission recommends that
European companies produce LCAs per these methods to ensure
consistent and comparable LCAs. The European Commission

also developed the International Life Cycle Data (ILCD) system to
create a common basis for data, incorporating several existing
LCA databases. It includes data from the Italian National LCI
Database, the Plastics Europe database, and the Environmental
Footprint (EF) database, among others2’3.

The PEF and OEF methodology is not yet mandatory, but it

is in a pilot phase expected to be completed by the end of

2024. However, it has already influenced the LCA process in

the European construction sector by initiating new product
declaration requirements under the EN15804 standards that
align companies with the PEF methodology, including calculations
for the end of life benefits of recycling and six additional
environmental impact categories?'.

Creating national and international LCA databases can help
ensure that data is accessible, up-to-date, and locally relevant, as
well as encouraging standardisation and consistency across LCA
studies as practitioners have access to the same data standard.
The UNEP has recommended the creation of national databases,
providing a roadmap for countries. As well as the European Union,
government agencies in Brazil, Malaysia, Switzerland, Thailand
and the U.S. host their own LCA databases. The European
Commission’s influence has extended beyond Europe, as national
databases in Brazil, Malaysia, and Thailand use the ILCD system.
Databases using the ILCD system have consistent nomenclature
and formatting and enable data interoperability.

The development and expansion of national LCA databases
also encourages the increased use of LCA for policy making. For
example, LCA analysis of greenhouse gas emissions provided
support for the establishment of sustainability requirements
for biofuels under Europe’s Renewable Energy Directive. It also
impacted the standards for environmental labelling under the
European Single Market for Green Products.

Various non-profit organisations and commercial LCA databases
offer support to countries seeking to develop a national LCA
database. India is developing a national database?'> based on
aroadmap produced in partnership with Life Cycle Initiative’s
Development of National LCA Database Roadmaps project?'®.
Coordinated by the ecoinvent Association, this project represents
a public-private, multi-stakeholder partnership aiming to improve
national LCA landscapes. India’s goal is to match global best
practice but adapt it to the local context with a combination of
new and existing data and LCA software. They have set up a
national database working group (NDWG) to guide the roadmap
alongside government research institute CSIR-NEERI to ensure
they can access government resources and authorisations.

Sustainability data in the UK

LCAinthe UK s covered by the standards of the International
Organisation for Standardisation (ISO)2"7. Two standards impact
LCA:1SO 14040:2006 and ISO 14044:2006. These standards
define the goal and scope of an LCA, including its four phases,
limitations of the LCA, and conditions for the use of value

choices and optional elements. It does not require any particular
techniques or methodologies. While the definition of the goal and
scope considers the intended application, the application itself is
outside the scope of the standards.

The British Standards Institution also developed Publicly
Available Specification (PAS) 2050 as a standard for greenhouse
gas-specific LCAs. Developed in 2008 and revised in 2011, this
standard defines requirements for recording GHG impacts?®. It
is complemented by the GHG Protocol Product Standard, which
includes requirements for public reporting. The two standards
are broadly consistent in their approach to sector and product-
specific rules and recognise the importance of consistent
application of standards. UK LCA practitioners must consult
both documents when assessing GHG emissions to ensure they
comply with both standards.

The UK Green Claims Code requires that businesses offer clear
explanations of any LCA they have done to back up green claims
and be forthcoming about the limitations of a given LCA?°. [t also
requires that LCAs remain up to date if they are used to back up
green claims.

UK companies still have a great deal of freedom in choosing how
to conduct an LCA. So far, no mandatory LCA regulations apply
internationally beyond the ISO standards. However, as Europe
moves forward with the standardisation of PEF and OEF methods,
UK companies may increasingly be incentivised to comply with
these standards to remain competitive in European markets.

The ILCD system has already influenced LCA databases in Asia
and South America, suggesting a trend towards standardisation
and shared data across borders. The UK should, therefore, begin
to move towards developing a more robust methodology that

is consistent with international standards, building on the ISO
and GHG Protocol requirements. The British Plastics Federation
envisions an agreed methodology for LCA by 2030, forming part of
all product design.

Procurement power

One way in which governments can positively influence LCA
practices and standards is to require best-in-class ESG and LCA
standards in public procurement. Among countries implementing
sustainable public procurement, the number of those that
monitor and evaluate its implementation increased from 66%

in 2017 to 73% in 2022, indicating growth in sustainability data
collection?20.

The UK has already demonstrated positive progress in utilising
procurement to drive ESG performance more broadly. NHS
England published a roadmap to implement sustainable
procurement policies through 2030. From April 2024, all new NHS
suppliers must publish a carbon reduction plan for their Scope
1and 2 emissions, with guidelines on how these plans must

be implemented??'. From April 2027, all suppliers must publicly
report targets and emissions and align them with the NHS net
zero by 2040 target for Scope 1, 2, and 3 emissions. They will also
implement requirements for measuring the carbon footprint of
individual products from 2028222, The NHS is a significant player in
the UK economy, with healthcare spending representing 11.3% of
GDP?2® and the healthcare system being one of the biggest users
of single-use plastics??“.

As a public body, the NHS can provide a model for other public-
sector organisations in implementing sustainable procurement
standards. The UK government is already aiming to drive
innovation through procurement, as laid out in the 2023
Procurement Act?25. Innovate UK’s Small Business Research
Initiative (SBRI) is one initiative that has been used to drive
sustainability in procurement and encourage the development
of sustainable products. SBRI has already awarded millions to
projects looking to drive sustainability in healthcare, including a
project by Revolution-ZERO to produce circular surgical textiles
to replace single-use gowns and drapes??6. The Welsh public
sector is looking to implement sustainable procurement more
broadly, aiming for net zero emissions in the public sector by 2030
and actively seeking SBRI projects that will reduce waste and
retain the value of materials to progress the circular economy??’.
Similar sustainable economy procurement strategies can be
implemented across public bodies in England, Scotland, and
Northern Ireland, as the NHS roadmap has shown.



Conclusion

A clean future for plastics

The coming decade has rightly been described as ‘make or

break’ for humanity to bring consumption into alignment with our
planetary boundaries. The challenge of changing the engine of
the world economy is not insignificant, however the opportunities
presented by this change cannot be understated.

The sun must set on polluting resources, but plastics, an industry
that emerged out of the fossil fuel sector, cannot be dispensed

with. A circular economy model and innovations across the life
cycle will allow us to preserve this essential material in a means
compatible with sustainable consumption. To support policy
makers to draw up effective reforms at both the national and
global level, this Commission has put forward a series of ambitious
but practical measures, informed by expert evidence and the
latest science. None of the steps are easy, or without risk. But
failing to act would be a graver gamble.
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Dr Margaret Bates, Managing Director, On Pack Recycling

Label (OPRL)

Dr Esther van den Beuken, Market Manager Circularity,
TNO

Christine Bradley, Sales Manager - Plastic Additives, BASF

Dr Geoff Brighty, Head of Sustainability,
Mura Technology Ltd

James Bull, Head of Packaging and Food Waste Strategies,

Tesco

Rowan Byrne, Marine Plastics Lead, Mott MacDonald

lan Chisnall, Product Manager - Polyolefins, Plastribution
Hannah Clifford, Strategic Development Manager, Biffa

Dr Matthew Cole, Senior Marine Ecologist and
Ecotoxicologist, Plymouth Marine Laboratory

Catherine Conway, Director and Reuse Lead,
GoUnpackaged

Dr Paul Davidson, Challenge Director - Smart Sustainable
Plastic Packaging, UKRI

Ben Dixon, Partner, SYSTEMIQ Ltd

David Dyce, Senior Waste Management Consultant,
Vegware

Dr Jacqualyn Eales, Senior Research Fellow - Evidence
Synthesis, University of Exeter

Paul East, Head of Packaging Recycling and Design,
RECOUP

Paul Garner, Director, Urthona Consulting, previously
Senior Commercial Manager - Sustainable Business at
Asda Stores Ltd

Stuart Hayward-Higham, Chief Technical Development
and Innovation Officer, SUEZ Recycling & Recovery UK

Dr Alice Horton, Anthropogenic Contaminants Scientist,
National Oceanography Centre

Dr Chris Howick, Product Regulation Manager, INOVYN

Dr Richard Hixson, Consultant in Critical Care Medicine
and Co-founder of Healthcare Ocean

Daniel Hummelberger, Account Executive, Salesforce
Professor Edward Kosior, Managing Director, Nextek Ltd

Sarah Lightowler, Business Development Manager -
Circular Plastics, Cargill

Dr Charlotte Lloyd, Royal Society Dorothy Hodgkin
Research Fellow and Lecturer in Environmental Chemistry,
University of Bristol

Dr Richard Miller, Founder, Miller-Klein Associates Ltd

Professor Mark Miodownik, Professor of Materials and
Society, University College London

Steve Morgan, Head of Policy and Infrastructure, RECOUP

Emily Nichols, Technical Manager - Organics and Natural
Capital, The Association for Renewable Energy and Clean
Technology

Professor Belen Olmos Giupponi, Professor of Law and
Head of Department, University of Portsmouth

Jayne Paramor, Strategic Technical Manager- Plastics,
WRAP

Adela Putinelu, Head of Policy and Sustainability,
Plastic Energy

Dr Andy Rees OBE, Head of Waste Strategy, Welsh
Government

Alexander Réder, Climate and Production Director,
Plastics Europe

Professor Tony Ryan, Professor of Physical Chemistry,
Grantham Centre Co-Director, University of Sheffield

Dr Laura Sadofsky, Senior Lecturer in Respiratory
Medicine, University of Hull

Elaine Shelford-Mead, Executive Director, Improvement
Care and Compassion and PhD Candidate University
College Dublin

Louise Smith, Environmental Policy Lead, The LEGO Group

Professor Kate Spencer, Environmental Geochemist,
Queen Mary University London

Mike Stenson, Project Director, Kingspan Group

Dr Costas Velis, Lecturer in Resource Efficiency Systems,
University of Leeds

Jenny Wassenaar, Chief Sustainability Officer, Trivium
Packaging

Professor Charlotte Williams OBE FRS, Professor of
Inorganic Chemistry and Associate Head of Department
(Research), University of Oxford

Dr John Williams, Chief Technology Officer, Aquapak
Polymers Ltd

Andreea Zotinca, Circular Healthcare Project Officer,
Health Care Without Harm Europe
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