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ABSTRACT

This deliverable describes a generic CE framework on effective plastics recycling, i.e. the role of recycling of
plastics in a circular economy. This framework aims to demonstrate how and where (re)compounders, plastic
converters, and OEMs can source waste plastic-derived materials (compounds and polymers) to increase the
uptake of recycled content in their value added products by approaching recycled content from a (secondary)
resources availability perspective (how to source secondary plastics?) rather than from a waste management
perspective (what is the best way to treat plastic-containing waste?).

In the remainder of Work Package 7 (WP7), this generic framework will be operationalized for the 5 business
cases at the core of the INCREACE project (in Task 7.3), including how the quality is preserved over the
recycling value chain (in Task 7.2).
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INTRODUCTION

1. INCREACE project

INCREACE (https://increace-project.eu/) aims to increase the uptake of recycled plastics in various products

through innovative and interdisciplinary solutions along the plastics recycling value chain embedded in a
systemic framework with a focus on electrical/electronic equipment (EEE). By using (in principle) recycled
plastics from electrical and electronic waste (WEEE), the INCREACE project will tackle areas where the use of
recycled plastics is marginal today. At the heart of the project, there are 5 business cases including
challenging applications in the EEE sector (i.e. non-food contact, food contact, medical applications, ESD and
UL94 flammability standards).

To solve the technical, economic, and legal challenges INCREACE brings together key actors from different
sectors, such as researchers, recyclers (mechanical, chemical, solvent-based), product designers, material
and component manufacturers, OEMs, software developers, an EPR system and consultants. The project will
combine technologies and methodologies from different disciplines to show that focused actions along the
entire value chain can effectively lead to more post-consumer plastics in added-value products such as
electrical and electronic equipment.

More specifically, INCREACE has the following objectives:

e Develop and standardise methods for traceability, allowing the identification of the origin of
recycled materials and develop relevant verification methods for recycled content. (WP 1)

e Deliver a clear data-driven approach to improve pre-processing of plastic waste and prevent some
potentially hazardous substances to enter the recycled plastics system. (WP 1)

e Increase the recycling yield of mixed plastics and contribute to EU broadly accepted procedures to
control the consistent quality of recyclates. (WP 2)

e Pave the way towards recyclable-by-design plastics. (WP3)

e Characterise and demonstrate the suitability of recyclates for specific added value products. (WP4)

e Enhancing engagement of the society through active collaboration and empowering people and
communities as actors of the circular plastics transition. (WP5)

e Provide a systemic framework for an enhanced uptake of recycled plastics in added value products.
(WP6&7)

e Maximise impacts by active involvement of all actors in the value chain and effective dissemination
and exploitation of the project results. (WP8)


https://increace-project.eu/

CE FRAMEWORK FOR EFFECTIVE PLASTICS

RECYCLING INCREACE

2. INCREACE WP7 ‘CE system perspective’

Within INCREACE, WP7 (CE system perspective) will look at the role of recycling in a circular economy and
demonstrate how and where (re)compounders, plastics converters, and OEMs can source secondary plastics
to increase the recycled content of their products.

Therefore, this framework approaches recycled content from a (secondary) resources availability perspective
(how to source secondary plastics?) rather than from a waste management perspective (what is the best way
to treat plastic-containing waste?).

Currently, the vast majority of available information on secondary plastics feedstock refers to generic
quantities of waste, distinguishing, at best, only the main polymer type(s). WP7 will specify the systemic
framework from a circular economy perspective for the plastic recycling value chain to effectively close
material loops, ensuring transparency on (potential) qualities and facilitating an increased uptake of recycled
content in value added products.

In a first step (Task 7.1), a generic CE framework on effective plastics recycling will be elaborated.

This generic framework will be operationalized for the 5 business cases at the core of the INCREACE project
(in Task 7.3), including the relevant quality aspects of the recycling value chain (how quality is preserved over
the recycling value chain) (in Task 7.2).

Finally, for the business cases will be analysed how the CE framework relates to the current management of
the respective waste streams and how this affects our view on waste management (Task 7.4).
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RECYCLING IN PERSPECTIVE

Based on the waste hierarchy,! recycling is an already advanced waste management strategy, preferred over
disposal, incineration and recovery.

From a circular economy perspective, recycling is one of many circular strategies, along repair, reuse,
remanufacturing, sharing and others (all higher in the waste hierarchy). Recycling is often referred to as a
‘last order process’ of the circular economy, offering solutions for waste streams that cannot be designed
out of the system. In a functioning circular economy, recycling of waste should lead to qualitative closure of
material cycles, preserving the functionality of the materials and helping to decrease our demand and
dependency of primary raw materials.

How this changing perspective affects the role of recycling for plastics in respectively the sustainable waste
management perspective and the sustainable resource perspective is further explained in the next chapters
and provides us with a generic framework on the role of plastics recycling in a circular economy.

The description of the generic framework is illustrated by the case of recycling of polyvinyl butyral (PVB) from
End-of-Life Vehicles (ELVs) (see next chapter). The use of PVB and ELVs is only exemplary for the illustration.

1 As in the Waste Framework Directive 2008/98/EC
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1. Plastics recycling from waste management perspective

For decades waste management policies aimed to push waste from disposal over incineration to recycling,
following the waste hierarchy to avoid having to dispose or incinerate this waste because of the
corresponding environmental impacts (see Figure 1). Where waste management started as dumping waste
in a controlled way, more densely populated areas quickly realized that waste disposal can affect the
environment and health significantly. So, shifting to waste incineration, with energy recovery and including
extensive flue gas cleaning, became the standard. However, the intrinsic loss of resources during incineration,
and the nuisance of having a waste incinerator in the neighbourhood, encouraged local and regional
governments to move to source separated collection of individual waste fractions in order to be able to
recycle them, thereby avoiding that these waste fractions would have to be incinerated. So, this waste push
led to lots of waste being collected for recycling and being sent to sorters and recyclers, leaving the
responsibility to them to turn this waste into a valuable product that could be valorised.

PREPARING FOR RE-USE

RECYCLING

RECOVERY

DISPOSAL

Figure 1: Waste management hierarchy

Also waste management targets followed this shift. The first policy targets relate to the reduction of the
production of residual municipal waste and the reduction of landfilling municipal waste (as in the EU Landfill
Directive?). Over time, policy targets have shifted from a reduction of the lower steps of the waste hierarchy
in favour of the higher steps, to specific goals for the collection of specific waste fractions and sending them
to recycling. 3 The latest trend in policy targets is to shift to a certain amount of recycled content for targeted
products. For instance, in the Packaging Waste Directive, at least 65% by weight of all packaging waste must
be recycled with specific targets based on the material by 2025 —in the case of plastic, 50% must be recycled.
In the case of End-of-Life Vehicles (ELVs), a collection target of 85% of the total WEEE generated was set.
Nevertheless, all these waste targets are quantity-based, aiming at shifting waste up in the waste hierarchy.
Also, the performance of different sorting and recycling processes is expressed by mass-based efficiencies of
the respective installations, and corresponding avoided impacts relate to an assumed avoided production of
primary materials, and not properly accounting for the quality of the produced secondary materials.

2 Directive 1999/31/EC on the landfill of waste
3 Amending Directive (EU) 2018/850 on the landfill of waste
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So far, the value chains that make use of plastic-containing wastes always have been constructed from a
waste management perspective. This means that recycling technologies have been set up for processing
particular waste flows and product categories, driven by the setting of binding recycling targets for dedicated
product categories, such as vehicles, batteries, packaging, electric and electronic devices, among other.
Moreover, since recycling targets are weight-based, recycling efforts will be mainly oriented to the recovery
of heavier materials, benefitting the recycling of metals and minerals, at the expense of the often more
lightweight materials such as plastics. Especially for plastics, this waste management-based approach to
recycling has boosted the production of recyclates from plastics originating from specific product categories,
of heterogeneous, varying, not standardized qualities, that require additional efforts to create a market
demand of reasonable and economically viable scale.

For plastic recycling, this has led to a mismatch between the current plastic recycling (supply of secondary
plastics) and the demand by product manufacturers when it comes to quality requirements. This means that
the quality of the current secondary plastics supply does not comply with the material specifications that
compounders, plastic converters, and OEMs have established for their plastics, and that most often, if not
always, refer to virgin plastics. This has a double downside as it means that the plastic market, including the
INCREACE business case owners, remain unsatisfied as they cannot easily increase the recycled content of
their products, and that recyclers have to look for other, often inferior, destinations for their supply of
secondary materials.

One way to overcome this is trying to improve the performance of the applied sorting and/or recycling
technologies, or to develop innovative sorting and recycling technologies with better performance. An
advantage of this approach is that the collection of the respective waste streams can stay the same as it is.

Illustration PVB recycling from ELVs

In the European Directive 2000/53/EC concerning end of life vehicles (ELV) targets are established for the
reuse, recycling and recovery of ELV in Europe. Since 2015, EU Member States are required to meet rates
for reuse and recovery of at least 95% and for reuse and recycling of at least 85% on an annual basis and by
an average weight per vehicle.

In almost all EU countries, EPR schemes have been implemented to extend the producer’s financial and/or
operational responsibility for cars to include the end-of-life treatment, in order to help meet national or EU
recycling and recovery targets. From a waste perspective these targets are fine as they make sure that the
collected end-of-life vehicles are being treated in a professional way, ensuring that at least 95 % (weight) of
the collected end-of-life vehicle is being sent to reuse, recycling or recovery and that the remaining part(s)
are being disposed in a controlled way.

However, when looking at the individual materials contained in a vehicle and their respective destination at
end-of-life (see Figure 2), it shows that metal and metallic components (such as catalytic converters and
batteries) are almost 100% reused and/or recycled. A higher share of other materials (e.g. glass, tyres and
most plastics) are directed to energy recovery or disposal. The lowest reuse and recycling rates are
reported for textiles and polyurethane foams.
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The car front windscreen is a laminated glass, which is made of a thin (0.76 mm) PVB (polyvinyl butyral)
interlayer and two layers of glass. The average weight of a laminated windscreen is about 13 kg, containing
10 % (1.3 kg) PVB. During ELV recycling in Europe, 7 % of the windscreens are being reused. The major part
of the windscreens (including the PVB interlayer) is ending up in the automotive shredder residue (ASR) and
is sent to energy recovery or disposal (71 %). The remaining 32 % of the windscreens is being sent to
recycling. Current efforts to qualitatively recycle PVB from the windshields have limited success, as the
quality of the recycled PVB does not allow to use it again as interlayer for windscreens. Because of this lack
of purity, recycled PVB is only being used in lower quality applications, such as tiles, carpets, sound
insulation and mixing with bitumen.

From a regulatory/waste management point of view, there is no incentive to improve the qualitative
recycling of the PVB interlayer, as the waste management targets for the ELV as a whole are being met and
the windscreens and PVB interlayer are treated under controlled circumstances.

These recycling targets from waste management policies say hardly anything about the effective closure of
material cycles as they do not differentiate between the quality of the recyclates, do not include (all)
sorting and recycling losses and ignore the incineration residues going to landfill.

ABS, PVC, PC, PMMA, PS5, etc.
Textiles, autres

Peinture

Polyethylene (PE) autres pieces
Palyethylene (PE) reservoirs RS 8,6% 13,7%
Polypropyléne (PP) autres piéces
Polypropyléne (PP) pare-chocs [ R 10,5% 14,1%
Polyamide (PA)

Mousses polyuréthane

Autres caoutchoucs

Verre

Faisceaux electriques [ EE3 7,1%  11,5%

Wetaux non ferreux

Métaux ferreux

Pots catalytiques

Pneus

Fluides de climatisation
Liquides de refroidissement ...

Huiles usagées et filtres

Batterie de démarrage ...

0,00% 10,00% 20,00% 30,00% 40,00% 50,00% ©0,00% 70,00% B80,00% 90,00% 100,00%
W Quantité réutilisee W Quantité recyclée M Quantité valorisée énergétiquement M Quantité stockée
Source: Ademe (2020)

Figure 2: Breakdown by type of treatment of each material constituting an ELV
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2. Plastics recycling from circular economy perspective

As stated by the European Commission, ‘a circular economy aims to maintain the value of products, materials
and resources for as long as possible by returning them into the product cycle at the end of their use, while
minimising the generation of waste’. ‘The fewer products we discard, the less materials we extract, the better
for our environment.”*

In a circular economy (see Figure 3°), discarded products and waste materials must preferably be recycled
into secondary raw materials with a market demand, or, if this is not feasible, used as an energy source. The
secondary raw materials obtained from recycling must be of a quality that allows substituting for the
extraction and use of primary raw materials, thus avoiding the corresponding environmental impacts. In
some cases, however, recycling operations fail to completely recover or conserve the original material’s
functionalities. This unfortunately results in the production of secondary raw materials that either can be
used only in lower-value applications, or that provide an incomplete substitution so that primary raw
materials are still needed to fully realize the intended or original functionality. In the worst case, recycling
even increases total material production volumes, by supplying sub spec materials that only can be absorbed
by creating a fresh demand for dedicated products, on top of an already existing product demand. In the
latter case we speak of a rebound effect®. At the same time, in a circular economy, waste management always
must ensure that substances that are harmful to humans or the environment cannot end up in new material
cycles, but, on the contrary, are concentrated and isolated in a shielded and safe environment, a so-called
‘safe sink’.
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Figure 3: A simplified model of the circular economy for materials and energy

% https://ec.europa.eu/eurostat/web/circular-economy
5 https://www.eea.europa.eu/media/infographics/circular-economy/view
6Zink, T., & Geyer, R. (2017). Circular economy rebound. Journal of Industrial Ecology, 21(3), 593-602.
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The introduction of the Circular Economy concept by the EU provided the framework to shift from sustainable
waste management, being the diversion of waste from disposal over recovery to recycling (‘waste push’), to
sustainable resource management promoting the production of resources for which there is a market
(‘market pull’)’ (see Figure 2). While the waste push is mainly promoting to shift large quantities of waste
from disposal and incineration to low level or low value recycling, the market pull is trying to promote the
production of high value secondary materials from waste. Recent global events, including the COVID
pandemic and Russia’s invasion of Ukraine, have demonstrated the critical importance of managing materials
more sustainably so that resources are used to their maximum and the EU becomes less dependent on
imports. Secondary raw material markets therefore fulfil a crucial role in a circular economy, as these provide
the necessary mechanism for recyclables to re-enter the production value chain and thus effectively reduce
dependency on primary resources.

In terms of plastics, the shift from waste management perspective to circular economy perspective is
providing a double benefit. While the waste-push promotes a shift of waste treatment from disposal and
incineration to low value recycling, the market-pull effect is driving industry to produce higher value
secondary materials from waste. Within this context, industrial partnerships, such as Process4Planet (P4P)
and the Circular Plastics Alliance (CPA), are being built along the value chain in Europe to help achieve more
circularity and overall climate neutrality while enhancing global competitiveness.

When looking at recycling as a production process for secondary materials (rather than as a solution for a
waste problem), the starting point are the quality requirements for the end applications, or more specifically
the quality requirements for the secondary materials for re-entering the value chain. Where the waste
management perspective looks for the best solution to treat a waste stream, the circular economy
perspective for plastics recycling looks at the best production chain to produce secondary materials (in line
with the demanded quality requirements).

7 See https://www.collectors2020.eu/wp-content/uploads/2019/09/COLLECTORS D2.2.pdf
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In this perspective, it is in first instance the market/demand for secondary materials or for end applications
(and the corresponding quality) that determine where to start looking for potential (waste) streams to
source, taking into account their availability and the performance of the processing chain (collection, sorting,
recycling) connecting them. Therefore, we will actually look for the best possible source for ‘mining’ these
secondary materials, including using society as an urban mine, i.e. a source of potential secondary materials.
In this way, we can exploit the urban mine in a similar way as primary mines are exploited, being
extracting/collecting/sourcing raw materials to process them into valuable secondary materials. This might
reveal potential new sources for producing qualitative secondary materials for OEMs that want to increase
the recycled content of their products.

Since the circular economy principles require the production of secondary raw materials that can, at least
partially, substitute for primary materials, the here presented CE framework for plastic-containing waste
recycling proposes a radical change of perspective, in order to better serve the industries that are developing
the project’s case studies, and that represent the secondary plastic materials demand side.

The CE framework thus allows to set up a circular plastics value chain, that is conceived not as recycling, but
as a secondary raw material production chain that provides feedstock for industrial production. The driver
for such recyclate production is the market demand instead of the waste management legal targets
applicable to a specific product category (WEEE, ELV, packaging waste...). To achieve this goal, the secondary
raw materials producers, formerly called recyclers, will have to engage in exploration activities, just like their
primary materials producing counterparts. The difference is that the object of exploration are not geological
mines, but instead the urban mine. The goal of INCREACE is to contribute to the exploration effort.

This approach is complementary to the role of recycling from waste management perspective, and does not
aim to replace it. For material groups with a high intrinsic economic value, both perspectives even might turn
out to be equivalent. The approach also does not include the economic feasibility of the alternative sourcing,
nor the corresponding environmental impacts. It focuses on the technical feasibility to produce qualitative
secondary materials starting from the quality requirements of the end application.

As a disclaimer, it should be stated that, analogue to geological mining, the supported exploration will not
necessarily lead to the identification of urban mines that guarantee a smooth future supply that fully satisfies
the industrial demand both in quantity and quality. On the other hand, we are convinced that the project
results will also enable the making of recommendations for improving both the urban mine ore grades and
extraction technology efficiencies.

lllustration PVB recycling from ELVs

A producer of PVB interlayer for car windshields that wants to increase its recycled content will not find
secondary PVB material on the market meeting its quality requirements when we keep treating ELVs as we
currently do.

However, when looking at the ELV treatment from the demand side of a PVB producer and taking the
quality requirements of the PVB producer as a starting point, a simple reconfiguration of the recycling value
chain could lead to the production of qualitative secondary PVB. Dismantling the windscreens during
depollution of ELVs, combined with mechanical separation of the glass and PVB, allows to recover both the
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glass and the PVB in a qualitative way., leading in this case to more PVB recyclate both in quantity and in
quality.

The illustration shows that shifting the perspective from waste management to circular economy provides
new insights on the potential and role of recycling as secondary materials production chain.
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IMPLEMENTATION

The presented generic framework will be operationalized for the 5 business cases at the core of the INCREACE
project (Task 7.3), including the quality aspects of the recycling value chain (how the quality parameter values
change over the recycling value chain) (Task 7.2).

Finally, for the business cases will be analysed how the CE framework relates to the current management of
the respective waste streams and how this affects our view on waste management (Task 7.4).

In task 7.3 will be demonstrated how the generic CE framework can be applied for the 5 specific business
cases at the heart of the INCREACE project. For each of these business cases will be demonstrated if, how
and where OEMs (business case owners) can source secondary plastics to increase the uptake of recycled
content in their value added products by approaching recycled content from a (secondary) resources
availability perspective (how to source secondary plastics?), by exploring potential secondary materials
production routes starting from the quality requirements of the end applications.

The concept of quality of recycling, including how preservation of quality evolves over the recycling value
chain, is the topic of Task 7.2. So, it will focus on quality aspects of the current supply chains of secondary
plastics, polymers and monomers (outputs) and the major plastic containing waste streams (inputs),
including how they match technically. The data sourcing for the quality aspect will be partly based on publicly
available data, existing standards containing information on the quality of secondary plastics and on targeted
interviews with project partners.
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