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Project summary

At STOPP, we're pioneering a transformative initiative to revolutionize the way we
approach food packaging by working with all the stakeholders in the value chain
to promote the "5 Rs": Refuse, Reduce, Redesign, Reuse, and Recycle

Our main aim is to drastically reduce the environmental impact caused by plastic
waste in food packaging, aligning closely with the EU's Packaging and Packaging
Waste Directive. Our collaborative efforts encompass every facet of the food
packaging value chain.

We're set on creating circular strategies that not only appeal to plastic production
and processing but also drive awareness through a multi-actor network. Our
strategic actions include analysing plastic waste impact, monitoring current
usage, designing sustainable business models, boosting recycling efforts, and
understanding consumer attitudes through an in-depth study.
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Executive summary

This report introduces on the one hand a comprehensive analysis of food plastic
packaging stakeholders’ perceptions towards sustainable food (part 1) and on the
other hand, introduces a quality-quantity match model aiming at supporting
market access of alternative packaging solutions (Part 2)

Part 1. Stakeholder's engagement
towards sustainable food packaging

The report investigates the perceptions of various stakeholders involved in the
plastic packaging value chain regarding the transition to a circular economy. It
examines the drivers, barriers, future perspectives, and levers that influence the

adoption of circular practices in food packaging.

The analysis, based on the interview of 40 stakeholders along the food packaging
value chain, is structured around five levels: material production, product/brand
ownership, distribution and use, reuse, and recycling and complemented by

market shapers’ perspectives (policy makers, NGOs and innovation ecosystems).

DRIVERS FOR THE UPTAKE OF CIRCULAR PLASTIC PACKAGING
e Material Stakeholders. Societal pressure arises from public concerns about
the environmental impact of plastics, pushing material producers to adopt
circular practices. Regulation, particularly in Europe, has steered producers
towards circular economy strategies. Customer demand for sustainable
products has increased, and internal company commitments to

sustainability goals further drive the transition.
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« Product/Brand Owners: The unsustainable nature of single-use culture and
legislative efforts are significant motivators. Customer demand for
compostable and reusable packaging is growing, and company
commitments to circular economy goals are becoming central to
packaging development strategies.

o Distribution operators: Reducing plastic waste and addressing
environmental issues are key motivators. Regulation and voluntary
commitments influence operational changes, while sustainability reporting
helps communicate progress. Cost reduction through sustainable practices
also motivates stakeholders.

e Reuse Operators: Company commitments to circular economy principles,
founders’ personal values, regulation, and market opportunities drive reuse
operators. The alignment of business purpose with sustainability challenges,
personal environmental values, and the emergence of market opportunities
for reusable packaging are significant drivers.

e Collectors and Recyclers: Environmental concerns, stronger regulation,
increasing customer demand for recycled materials, and alignment with

circular economy principles motivate stakeholders in this segment.

BARRIERS HINDERING THE DEVELOPMENT OF CIRCULAR
PACKAGING
e Material Stakeholders: Technical barriers include the quality and purity of
recycled plastics, material grade differences, and sorting efficiency. Market
and economic barriers involve competition from virgin materials, price
volatility, and the need for large-scale investments. Regulatory barriers
include strict regulations and the lack of long-term clarity. Socio-cultural
barriers involve conservative industry mindsets and consumer

misconceptions about recycled plastics.
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Product/Brand Owners: Technical barriers include maintaining food-grade
quality on a large scale. Market and economic barriers involve the high cost
of recycled plastics and the lack of knowledge among small companies.
Regulatory barriers include the risks associated with using certain chemicals.
Socio-cultural barriers involve consumer resistance to paying more for
sustainable packaging and misconceptions about recycled plastics.
Distribution operators: Market and economic barriers include the
complexity of implementing new business models and the high cost of
reusable packaging. Technical barriers involve the suitability of reusable
packaging for different food types. Regulatory barriers include ambiguity in
regulations and uncertainty about funding. Socio-cultural barriers involve
consumer behaviour and the lack of convenience in reusable packaging
systems.

Reuse Operators: Technical barriers include packaging design issues and
the complexity of return logistics. Economic barriers involve competition with
established linear systems and the high cost of scaling up reuse models.
Regulatory barriers include the limited effectiveness of legislation and
lobbying by disposable packaging producers. Socio-cultural barriers involve
limited consumer awareness and the perceived high cost of reusable
packaging.

Collectors and Recyclers: Technical barriers include sorting quality and
contamination issues. Market and economic barriers involve price volatility
and the high cost of infrastructure. Socio-cultural barriers involve consumer

suspicion and the need for better sorting behaviour.

FUTURE PERSPECTIVES

Material Stakeholders: Stakeholders expect a future built on

complementary solutions, including mechanical, chemical recycling and
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biobased content. Increased collection and sorting infrastructure,
technological advancements, and design for recycling are anticipated.

e Product/Brand Owners: Brand owners foresee a future with more renewable
and recycled materials in packaging. They expect the retail sector to drive
market changes and anticipate the need for both single-use and reusable
packaging.

o Distribution operators: Retailers and restaurant service providers see reuse
as a promising alternative, with expectations for convenient and impactful
systems. They anticipate the need for scalable solutions and better
consumer engagement.

e Reuse Operators: Reuse operators envision a future with standardized and
shared infrastructure for reusable packaging. They see smart packaging
and digital solutions as key enablers and expect regulation to ensure
hygiene and quality standards.

e Collectors and Recyclers: Collectors and recyclers foresee positive
developments in recycling technologies and the creation of a self-relying
European market for recyclates. They anticipate improvements in sorting

systems and the integration of recycled plastics into new products.

SYSTEM CHANGE LEVERS

The analysis identifies several key enablers, or ‘levers,” to accelerate the shift
toward circular plastic packaging by addressing operational, regulatory, and

collaborative challenges across the plastics value chain.

These include process innovation through eco-design for recyclability, business
model innovation to align recycled materials with market needs, and data systems
for traceability and certification of recycled plastics. Regulatory harmonization and

balanced legislation are emphasized alongside fiscal incentives like tax benefits to
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encourage recycled content use. Funding and unbiased research into
biodegradable polymers and recycling technologies are critical, as are innovative
partnerships across stakeholders to build shared infrastructure. Raising awareness
through education and showcasing best practices can drive mindset shifts toward
circularity, while transparent environmental performance assessments using
updated life cycle data ensure sustainable decision-making. Together, these levers
aim to foster collaboration, innovation, and systemic change for a more

sustainable plastics economy.

THE WAY FORWARD

The transition to a circular economy for food packaging involves a complex
interplay of drivers, barriers, future perspectives, and levers across different
stakeholder groups. Achieving a circular future requires collaboration, innovation,
and regulatory support. Stakeholders must address technical, economic,
regulatory, and socio-cultural barriers while leveraging process innovation,
business model innovation, data and tech, regulation, legislation, fiscal incentives,
funding and research, innovative partnerships, awareness raising, and
environmental assessment. The collective efforts of all actors in the value chain are
essential to drive meaningful change and create a sustainable future for food

packaging.

Part 2: Quality Quantity Match Model
(QQMM)

THE MODEL

The STOPP QQMM framework aims to create market value and new partnerships
through facilitating the access to alternative materials in the plastic packaging

sector. The most commonly used alternative materials to virgin and other fossil-
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based materials are mechanically recycled plastics. Other alternative materials
include chemically recycled plastics and bio-based plastics, but their markets are
less robust. With the upcoming Packaging and Packaging Waste Regulation,
packaging manufacturers are expected to include recycled content in their
products. The QQMM framework was developed in that respect and aims to

improve the uptake of recyclates.

The framework was designed based on previous projects outcomes, earlier
deliverables from STOPP and standard proposal for plastic waste classification. The
initial design was complemented by results of the plastic value chain interviews
and feedback from relevant stakeholders through a validation workshop. The
resulting QQMM framework is a section-based assessment of material and value
chain factors through feasibility, desirability and viability dimensions. Figure 1 below
provides an overview of the QQMM framework approach and figure 2 takes a table

extract from the model.

Material

. Quality requirements
3 Quantities available

Feasibility Desirability

Value chain Feasibility Desirability

Match Viability

Model

Figure I The framework for Quality Quantity Match Model.
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OFF ERED MATERIAL: PLASTIC WASTE FEEDSTOCK
Supplier Buyer
Factors (Options | FEASIBILITY | QUANTITY* |Factors (Options DESIRABILITY
: (oq " 04
Plastic waste feedstock purity
Collection Closed oap Closed loop
... |Home-separated
#1A | [{*Collected guantity in Comingled Coll
ktiyear) J_M eed Non closed loop
Plastic waste feedstock composition
IE-HD [0-100%] IE-HD [0-100%]
PE-LD [O-100%] FELD [0-100%]
PET [0-100%] PET [0-100%]
Waste composition, [FLA [0-100%] Minimum required [PLA [0-100%]
#B| polymersbyshare |FP [0-100%] polymercontentin |FP [0-100%]
[total 100%) FF flexible [0-10:0%] waste feed k(%) PP fliexibie [0-100%]
Mixed PO [0-100%] MixedPO [0-100%]
[Other] [0-100%] [Cther] [0-100%]
TOTAL 100% e ——
Viability
#C Feedstock availability [kt per year) | *QOMM calculates this* | Feedstock necessity [kt per year) | [vzlue]
Price range [&/kt) Hmin_ value] |[max value] | Price range [£/kt) | [min. value] | [max value]

Figure 2: Table extract from QQMM

THE WAY FORWARD

The QQMM in its first version is an initial attempt to facilitate matchmaking between
stakeholders offering and needing recyclates. It should be further used in practice
by sector stakeholders to evaluate its usability, gather feedback and further
validate the list of included factors. A sensitivity analysis of the model should later
on be performed to find the hot spots for development. This framework provides a
foundation for future mathematical fuzzy logic model to effectively match partners

and a basis for a plastic waste classification.
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1. Introduction

The global food packaging industry faces mounting pressure to transition toward
more sustainable practices such as environmental concerns, regulatory demands,
and consumer expectations intensify. Circular food plastic packaging - solutions
that prioritize recycling, reuse, and waste reduction - has emerged as a promising
approach to address these challenges. However, the successful implementation of
circular packaging systems requires a nuanced understanding of the complex
interplay between stakeholders, systemic barriers, and enabling factors.

1.1 Purpose and scope of the document

This report presents on the one hand findings from a qualitative, exploratory study
designed to investigate stakeholder perceptions of the drivers, barriers, and
systemic levers for adopting sustainable food packaging solutions. Using semi-
structured interviews with key stakeholders across the food packaging value chain,
including manufacturers, retailers, recyclers, and environmental advocates—the
study delves into critical themes shaping the transition toward circular food plastic
packaging. The report highlights key insights into the motivations driving
stakeholders to adopt recycled and reusable packaging solutions, the obstacles
hindering progress, and actionable strategies to accelerate systemic change. By
exploring these perspectives, the study aims to inform industry practices and policy
decisions that advance circularity in food packaging while balancing

environmental sustainability with economic feasibility.

Next, a quality-quantity match model is introduced. The aim of this model is to
provide stakeholders with a systematic mapping tool to find new circular material
flows within the value chain at economies of scale. By using the proposed
framework, stakeholders can find new circular materials for their processes or find
new applications for their circular materials. Identification of significant untapped
potential concerning increased recyclate uptake i.e, ‘low-hanging fruits’, is also
made possible by the model.
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1.2 Articulation with other STOPP deliverables

Within STOPP project, Work Package 3 (Innovative business strategies, design and
production models for food packaging) has several aims, among which
developing a detailed analysis of the status of plastic food packaging. At the end
of the first year of the project, the STOPP consortium published a state-of-the-arts
of food packaging systems (D3.1) based on up-to-date academic literature on the
topic. As a continuation from this work, the present report takes an in-depth
analytical approach to capture perceptions of factors inhibiting or accelerating the
development of circular plastic packaging for food. The outcomes of this report are
linked to D3.2 future fit sustainable packaging business models, in which
stakeholders’ perceptions were integrated to feed into future scenarios
development. Figure 1 below provides a visual representation of the inter-linkages

between WP3 first published deliverables.

FRAMING

Literature review on
status of plastic food
packaging

D3.1State of the arts on
food packaging systems

SCOPING

Stakeholders
engagement perceptions
analysis

DELIVERING

Quality :
Quantity Future scenarios

Match

D3.3 Adaptation of alternative food packaging solutions

Model

D3.2 Future fit sustainable —-packaging
business models blueprint

Figure 3: Schematic representation of the deliverable structure.
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1.3 Structure of the document

The report is structured as follows, following this introductory chapter, Chapter 2
presents the overall research methodology used on the one hand to capture
stakeholders perception throughout the value chain, and on the other hand the
approach taken to structure the Quality Quantity Match Model. Chapter 3 provides
a comprehensive analysis of stakeholders engagement interview results and
Chapter 4 introduces the Quantity Quality Match Model (QQMM) to support market
development of plastic recyclates in food packaging.
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2. Methodological overview

2.1 Stakeholder engagement study design

This qualitative, exploratory study employed semi-structured interviews to

investigate stakeholder perceptions of drivers, barriers, and systemic levers for

sustainable food packaging solutions (recycled/reusable). An inductive approach

was used to identify emergent themes, guided by the research objectives of

analysing market dynamics and actionable pathways for system change.

€@ DRIVERS © BARRIERS

NEAR

o SYSTEM LEVERS

NEXT

CIRCULAR PLASTIC FOOD
o PACKAGING FUTURE

Figure 4: Study framework
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2.1.1 PARTICIPANT SELECTION

The study utilized purposive sampling to ensure representation across key strata
within the sustainable food packaging ecosystem. Participants were selected
based on their roles, including CEOs, sustainability managers, R&D leads, policy
officers, and sales managers. The sampling strategy also considered the
company's position on the value chain, encompassing raw material producers,
packaging manufacturers, reuse operators, retailers, collectors, recyclers, policy
makers, and NGOs. To capture diverse perspectives, the study included both SMEs
and large corporations Geographically, the sample comprised Europe-based
participants with a subset having global outreach. Recruitment was facilitated
through industry networks, specifically STOPP consortium members and project
stakeholders, as well as Linkedin outreach and snowball sampling. The study
reached saturation at 41 interviews, indicating a comprehensive representation of
perspectives within the field.

To structure identified enablers, we used the system change lever framework
(figure 5), a combination of strategic, operational and relational levers aiming at
system shaping, niche support and regime weakening, and system building. A
generic definition of key levers is provided below:
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Figure 5: System change lever framework

Strategic levers
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EY Environmental- social- economic impact assessment

System shaping

Strategic levers — System shaping

e Baseline assessment: Define the system and assess its current state; map
existing initiatives and stakeholders; identify drivers and barriers to change

¢ Visioning: Craft an integrated vision and associated goals.

e Roadmaps, strategies and action plans: Identify and prioritise areas for
intervention, plan activities, set actions

e Social, environmental, economic impact assessment: Predicting and
assessing the potential environmental, social, and economic impacts of
interventions; design appropriate evaluation, management and monitoring
measures; learn from results observed.
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Operational levers — Niche support and Regime weakening

Material and Process innovation: research and launch innovative materials
and new processes

Business model innovation: design innovative circular value creation
mechanisms

Prototyping and experimentation: Conduct pilots, experimentations, around
new products, services and business models.

Data and tech: Collect quality data across public and private supply chains.
Facilitate secure data exchange through digital tools. Ensure datasets are
interoperable through common protocols and channels.

Public procurement: Create new markets and seed demand for circular
materials, products, services and businesses.

Economic and financial incentives: Support initiatives through funding,
subsidies, grants, bonds, and innovation competition. Facilitate
public/private financing and leverage impact-driven equity funds.

Fiscal measures: Discourage or incentivize certain behaviours or market
developments (including taxes, charges, fees, fines). Actively facilitate
divestments in the linear economy.

Legislation and regulation: Shaping bylaws that stimulate circular economy

practices around reuse.

Relational levers — System building

Engaging and convening: Enable stakeholders’ participation and co-
creation.

Innovative partnerships: Involve multiple stakeholders in policy, product and
services creation and delivery though multi-stakeholder collaborative
forums and innovation hubs.

Capacity building: Provide training, coaching and advisory support
programs to help mainstream circular economy understanding and
practices within society.

Awareness raising: Activate citizens by challenging linear inertia, highlighting
and sharing benefits of plastics transition.

Communication: Disseminate learnings, activities, and impacts.
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2.1.2 DATA ANALYSIS

The analytical approach employed in this study followed a rigorous thematic
coding process, complemented by triangulation with secondary data sources. The
analysis unfolded in three distinct phases, each contributing to the development of
a comprehensive understanding of the sustainable food packaging landscape.

2.2 QQMM design

Figure below describes an overview of the key phases performed to develop the
QQMM

1. Desktop study
Figure 6: Methodological overview for the QQMM design

2.2.1 DESKTOP STUDY

The Quality-Quantity Match Model was initially built
2. QQMM factor i ) )

development upon previous deliverables from the STOPP project.
The background of the model is based on the results
of STOPP D3.1 - State of the art of food packaging

systems. The interview results in the stakeholder
3. Validation

workshop

engagement study were further used to further
narrow down the chosen parameters for the QQMM.
The results of EU-PRIMUS project, Best Practice Book]l
were also used to complement the baseline for the
development of STOPP QQMM framework. The
standard proposal prEN ISO 18065 Plastics — Data

4. Final design

Quality Levels for Classification, Use and (Digital)
Trading of Recycled Plastics provided a system
definition for the classification of recycled plastics and their quality.

1 Best Practice Book — PRIMUS Project
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2.2.1QQMM FACTOR DEVELOPMENT

Based on the results of the desktop study, a different set of classification factors
affecting the material quality and the value chain were organised. These factors
include collection methods, washing and sorting, polymer types, polymeric purity,
and data quality levels. These factors include multiple options, e.g., for collection
methods the options are “closed loop”, “home-separated”, “comingled” and
“mixed”. The options are operations affecting quality and quantity.

Next a rating system for each factor was developed. The framework provides the
stakeholders with the opportunity to assess their readiness to operate in the market.
Suppliers consider the feasibility, and buyers assess the desirability of each
operation. The rating system for feasibility and desirability was set within 0-4. The
rating system is in alignment with quality levels defined in standard proposal prEN
ISO 18065. The QQMM framework also considers the quantity of available feedstock
corresponding to a stakeholder-defined quality level. As a result of the stakeholder
input, the QQMM defines a viability for each match.

2.2.3 VALIDATION WORKSHOP

In a third phase, an online validation workshop was organised to collect input for
the development and validation of proposed factors and options. An initial version
of the different sheets was uploaded on a Miro board, and stakeholders were

invited to provide feedback in the form of sticky notes, before discussion sessions.
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Figure 7: The Miro board of QQMM Workshop.

2.2.4 FINAL DESIGN OF QQMM

Based on received feedback, additional instructions were developed to facilitate
the use of the QQMM sheets. The content of certain sheets (feedstock and

recyclates) was adapted and reformulated.
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3. Stakeholder’s engagement
towards sustainable food packaging

3.1 Overview

“To contribute to circular economy, we need
to act at each step of the value chain”
(sales coordinator, Collector and Recycler #2)

In order to investigate perceptions of drivers, barriers and levers enabling a
successful circular plastic future for food packaging, this report takes a holistic
approach and examines these perceptions at various levels of the plastic
packaging value chain. To smoothly navigate through the value chain, five levels
where defined corresponding to each key steps along the circulation of plastic
packaging, from raw material production, conversion, filling, distribution, to use,
reuse, sorting, collection and eventually recycling.

Figure 4 positions each level on the value chain, while Table 1 provides an overview
of key stakeholders interviewed per level. The next sections will provide an in-depth
investigation of stakeholder's perception per level, starting with stakeholder
involved at the beginning of the chain - material producers.
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Figure 8: A stakeholder’s perspective on circular plastic packaging.

Table I. Overview of stakeholder groups and categories

STAKEHOLDER GROUP

Level 1:
Material level

Level 2:
Product/Brand level

Level 3:
Distribution and use level

Level 4:
Reuse level

Level 5:
Recycling level

Level 6:
Policy makers and market shapers
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Subcategory
Raw material suppliers

Compounders

Converters

Packaging service distributors

Brand owners

Food federation

Retailers

Restaurant groups

Reuse operators

Reuse federations

Collectors

Recyclers

Recycling federations

EPR organisations

Standardisation bodies

NGOs

Innovation ecosystems

R&D

Municipalities
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3.2 Level 1 — Material stakeholders

In this section we investigate perception of raw material suppliers, compounders
and converters on the transition to circular food packaging. Table 2 below provides
a description of the role of the key stakeholders at this level.

Table 2: Material stakeholders: role in the value chain

STAKEHOLDER ROLE IN THE VALUE CHAIN

(R LE ST [T8 At the start of the value chain, we find the raw material
suppliers. For example, for petrochemicals derived plastics,

the material suppliers polymerise fossil fuels into polymers.

Compounder Compounders prepare plastic formulations by mixing and/or
blending polymers and additives in a molten state. Once the
mix reaches the desired characteristics, it is extruded into
solid strands and then granulated into pellets.

Converters take the plastic pellets and convert them into
shapes through moulds. Converting technologies for hard
packaging include thermoforming, blown film extrusion,

rotational moulding, blow moulding, injection moulding.
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3.2.1 DRIVERS FOR A CIRCULAR TRANSITION OF PLASTIC
PACKAGING

Several factors drive engagement of upstream stakeholders towards circular
practices in packaging. In this section we highlight the importance of societal
pressure, regulation, customer demand, and company commitments.

Driver #1: Societal pressure

Societal pressure arising from public concerns in relation to the environmental
impact of plastics play an important role in driving the transition towards circular
plastic packaging. The negative image of the petrochemical industry and the
impact of plastic pollution is often acknowledged as a key pressure: ‘It's
undeniable that the petrochemical industry isn't very environmentally friendly
today... the image of plastics has suffered mainly because of graphic images of
deformed turtles trapped in packaging bands” (Business Development Manager,
Raw material supplier #1).

This societal pressure increases the need from material producers to reduce
emissions and the environmental impacts associated with plastics. Circular
economy and its associated strategies are considered as a promising avenue to
tackle these challenges: “We see the circular economy as a need, something that
society is asking from our industry and many others of course” (External affairs
manager, Raw material producer #2). Yet, beyond the attractiveness of the
concept on paper, it is its expected translation into concrete actions that drives the
changes: “Our industry needs to make sure the image of plastics improves, and
circular economy has to go beyond just talk to concrete actions” (External affairs
manager, Raw material producer #2).

Driver #2: Regulation

Regulation comes as a second important driver alongside societal pressure. In
Europe, the increasing circular economy legislative efforts (i.e. Circular Economy
Action Plan) framed more widely within the Green Deal have steered raw material
producers to be more proactive in adopting circular practices: ‘At least since let's
say the efforts in Europe starting with the Green Deal - fit for 55, there is a consumer,

but also a legislative activity that we cannot avoid, and we took it proactively”
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(Innovation manager, Raw material supplier #2). Regulation is however
alternatively critiqued as possibly hindering market developments or even
considered a necessary evil: “We need better regulation. And unfortunately, maybe
a bit more regulation, but we probably can't avoid that” (Business Development
Manager, Raw material supplier #1). This tension is further described in the barriers
section.

Driver #3: Customer demand

Alongside the macro levels of societal pressure and regulation, customer
demand is another significant driver, according to raw materials suppliers: ‘In
business, motivation tends to come from customers, and to some extent, the
surrounding society influences it" (Business Development Manager, Raw material
supplier #1). This demand is driven by the need for more sustainable products, a
need which has steadily increased over the last decade: “I guess that shifted in
maybe 15 years ago, something like that, when customers started to ask for
recycled material, and not only for price. Price was always there, but [now it is] also
for sustainability issues” (Sustainability manager, Compounder #2). As the circular
economy concept is gaining traction within the industry, closed loop approaches
are indeed more and more expected: “We do get a lot of questions from our
customers to be part of a circular economy with them and their customers. In
collecting their final product again and send that to us and we can recycle the
material and send back to this this customer” (Sustainability manager,
Compounder #2). Sustainable products required by customers are also perceived
as a key driver for converters. “In our case, probably the most motivating is our
customers, our very demanding customers, who are looking to this very carefully
and have their own circular economy goals” (Sales manager, Converter #2). And
the demand is rapidly growing: “For the past two years there have been 0
customers who have not asked about this. Yeah, it's very clear. Everybody wants it”
(sales manager converter #2).

Driver #4: Company commitments towards circular economy

External drivers are often translated into internal company commitments with the
introduction of sustainability targets, which then drive the strategic transition
towards sustainable plastics: “We have a clear goal to reduce the emissions from

our operations. The circular economy and various solutions are quite essential in
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this. [..] Recently, this has been a focus from the management team, starting from
the CEO, or actually from the company’s board, with the decision that this direction
is important, and we want to be seen as pioneers in sustainability” (Product
development manager, Compounder #1).

Beyond general sustainable commitments, setting up clear targets in terms of % of
sustainable plastics directly drives the change: “We are talking about 20% (of
sustainable plastics) by 2030 within our portfolio of plastics. [...] it's quite ambitious
and it's only one step. We want to continue this journey all the way to 2050 when

we want to be carbon neutral” (Innovotion manager, Raw material provider #2).

These commitments driven by sustainability values are also present at individual
level: “So we have no choice than to become circular. Also, personally, I'm very
much convinced that this is the only way to go forward in the plastics and also
other industries, of course” (CEOQ, Convertor #1). And when embodied at the top
management level, sustainable values can also become a clear driver for staff:
“Sustainability has always been important to our team and founders. Our team
consists of purpose-driven individuals with high ambition, aligning their values
with the company’s mission. [...] Motivation comes from shared values and the
drive to make a positive impact” (Operations Associate, Raw material distributer
#3).

3.2.2 BARRIERS HINDERING THE TRANSITION TO CIRCULAR
PACKAGING

Barriers hindering the transition to circular packaging can be classified into 1)
technical; 2) market and economic; 3) regulatory 4) and socio-cultural barriers.

Barrier #1 Technical barriers

For upstream stakeholders, trying to increase the share of recycled content in
plastic material designed for food applications is hindered by several technical
challenges. Fundamentally, recycled plastics have the issue that feedstock is not
always known, and the purity may not be sufficient for food-grade applications.
Even though plastics can be recycled, mechanically recycled plastics often have
difficulties being looped back into similar applications from which they were

originally recycled.

Funded by the European Union. Views and opinions expressed are, however, those of Schweizerische Eidgenossenschaft Federal Department of Economic Alfa|r34
the author(s) only and do not necessarily reflect those of the European Union or REA. Confédération suisse Education and Research EAER
Confederazione Svizzera State Secretariat for Education,

Neither the European Union nor REA can be held responsible for them.
P P Confederaziun svizra Research and Innovation SERI

Swiss Confederation



Closing the loop for existing food packaging that have been optimized for years
can indeed be technically very demanding, given the specificities of the market
segment: “It is extremely challenging to reach 100% circularity and so on because
we are in some very specific segments that are very demanding and you cannot
simply go there and completely change how, | don't know, meat is packed, [as an
example]” (External affairs manager, Raw material producer #2 ). The plastic
industry has worked throughout decades to optimize packaging, yet this search for
constant optimisation isn't without drawbacks: “What we did in a way created a
problem for us because in order to optimize we have hundreds of different polymer
grades with different melt indexes, different densities, impact resistance, tear
resistance and sorting that after use is virtually impossible” (External affairs
manager, Raw material producer #2). Examples of challenges include material
grade differences and by extension, colour consistency, material degradation,

sorting efficiency and contamination, as exemplified below.

Material grade differences: One major challenge is the quality difference of the
collected feedstock: “we face quality issues. If you have a mixed plastic collection,
you have a not always the same quality of the input material, so you have
variations in quality and that can be variations in colour, variations in
contamination. So that leads to slight differences in the quality of the product, that
can be optical aspects, that can be mechanical aspects, mechanical stability, that
can be the length of the chain” (CEO, convertor#1).

Colour consistency: another significant challenge is the colour consistency of
mechanically recycled plastics: "the colour consistency is a bit of a challenge in
many cases” states one plastic distributor. This inconsistency can limit the
applications for which recycled plastics are suitable. This may also require clients
to accept that end results are different than with virgin material. This limitation is
often encountered in non-food applications and can also be problematic for the
food applications that can accept recycled content. “For instance, we do a
detergent bottle (..). We used to put in 50% of recycled content, now it's 100%. Those
bottles are orange coloured (..). And then the orange colour is not as bright as it
used to be with virgin plastics, so it also takes the consumers to not be bothered
by that, that they’ll still accept this somehow lesser quality in in terms of
appearance of colour, of brightness” (CEO, convertor #1).
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Material degradation: Another limitation is the increasing degradation of the
material following one recycling cycle. “Of course, post-consumer food packaging
is not as high quality as post-industrial food packaging, because in that case we
know the source or the original material designation maybe even, but in post-
consumer packaging it's a mix. So of course, the quality is a little bit lower for post-
consumer packaging material, that's correct” (Sustainability manager,
Compounder #2).

Sorting efficiency: Feedstock differences in quality also affects sorting, according
to convertors, which creates additional costs: “There would be a need for more
specified sorting systems. When the recyclates are made, that process should be
more fine-tuned, which then increase the price dramatically and then it would be
not that interesting anymore” (Sales manager, convertor #2). Contamination
issues may also affect sorting effectiveness: “One obstacle is, of course, the
cleanliness of the buyback. Sometimes we encounter problems that there are
some contaminations of the material that we buy back and that's of course
something we don't wish to have” (Sustainability manager, Compounder #2).

Differences in quality necessitate the additional processes, as illustrated by a
convertor's perspective: “It gives challenges for the process, already for the
extrusion of the film, limitations to how much in percentage can be used. Then in
coex film for example, we only use it in the core. Then, whether it's flexo printing or
roto-gravy printing, quality of the printing is never the same as with virgin
materials, so there needs to be some quality decisions” (Sales manager, Convertor
#2).

Barrier #2: Market and economic barriers

Beyond technical barriers, the transition to circular food packaging is hindered by
several market and economic barriers. A key issue is related to the organisation of
the market demand and supply dynamics. “What is needed? Well, it's this chicken-
and-egg phenomenon. We need recycling and circular economy fractions. Then
we need applications that accept or want them, that require them. It’'s not enough
to have just one; both need to be promoted.” States one of the interviewed
compounders. This chicken and egg issue creates tensions at price levels: “..And of
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course since the availability is not according to the market demand, the prices are
super high. So, we just need more producers” (Sales manager, convertor #2).

At market level, competition from virgin material is still hindering the development
of alternative solutions. The traditional fossil fuel industry has developed a very
efficient supply chain over decades, which can make it hard for alternatives (i.e.:
biobased plastics) to compete: “We have to accept that the oil industry of fossil
business has a kind of 80 years advantage of a very efficient supply chain and we
need some more years in order to show the same efficiency in our case or in an
alternative the fossil case” states External affairs manager, Raw material producer
#2. “But nowadays, virgin plastics are very cheap, so for sure recycled there is more
expensive. The dynamics of the market may be not necessarily exactly the same
for both. So, the gap may vary over time, but good quality recycled is expensive.”
An additional challenge is related to quick variations of price between virgin and
recycled materials: “Good quality mechanical recycled material is for sure more
expensive, especially when in limited availability. And it's hard to say if it's more or
less expensive than virgin because virgin prices vary in a different dynamic”
(External affairs manager, Raw material producer #2).

This price volatility is also hindering compounders: “Another issue is price
fluctuation of high-quality plastic fractions, especially plastic fractions. There
aren’t necessarily reliable sources; it can be spot trading, and the price can vary
a lot, which has been an obstacle for some products” (Product development
manager, Compounder #1). “If really high-quality recycled plastic costs
significantly more than virgin plastic, then this same company won't be making
the same good product from recycled plastic in the future if they can't sell it due
to the higher price” (Operations Associate, Raw material distributer #3).

Availability and consistent volume are another set of important challenges: “With
industrial recycling, or pre-consumer recycling, there's this eternal holy trinity
struggle of quality, price, and availability” (Business Development Manager, Raw
material supplier #1). The lack of constant material flow is strong barrier limiting
economic developments: “We need continuity of waste access, so it doesn't help if
you have one quarter [of a year] | would say 1000 tonnes and then one quarter no
material. So, we need a constant input and output, so to say flow of feedstock”
(External affairs manager, Raw material producer #2).
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As legislation is becoming more stringent with increasing targets related to the
inclusion of recycled material (i.e. ESPR regulation), availability of material
becomes more of an issue: “That's a bit of a problem. It will create a huge pull of
material and not only my fear, but the Commission is also aware that it will be
problematic to have enough material” notes one convertor CEO. “If | do a contract
with a big customer where we manufacture 300 tons of packaging, we have to
make sure that when we sign this contract, we have secured the recycled
feedstock material. That’s difficult. We cannot just buy it from quarter to quarter
because if the demand is rising, suddenly we will not be able to source the material
and then we cannot fulfil the contract, and we are then being sued by the

customer.”

Moreover, the need for more adjustable processing can lead to cost-related
challenges that hinder the use of recycled plastics. Similarly, modifying existing
tooling to accommodate recycled materials can be quite expensive and logistics
aspects when companies try to retrieve post-industrial or post-consumer waste
influences greatly the business case: “The transportation cost of the lightweight
scrap material is very high, so the economic issues are an obstacle. It will be a too
expensive material when we get it back inhouse” (Sustainability manager,
Compounder #2).

Additional economic challenges come from the need to large scale investments
in infrastructures: “The money required to make the transformation is huge. It's
huge and that is why, if we think about resources, financial resources, we have a
limited amount that we can add and put into play every year and for sure we need
more” (Sustainability Innovation and Technology Manager, Raw material producer
#2). To become a value-added business, companies must innovate and that is for
many companies not always possible as a lot of companies in the sector are
historically family companies with low capital to innovate.

This lack of capabilities is also recognised in marketing and distribution: " Recycled
plastics in Europe often come from smaller companies. These companies might
have a family business CEO responsible for sourcing, production management,
and sales. They do not have large sales organizations, making it difficult for them
to market their materials” states one Operations Associate, Raw material
distributer #3. [..] the larger chemical companies and recyclers have their own
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recycled materials, but a significant part of the supply still comes from smaller
players, and they need channels to market their materials effectively.”

Barrier #3: Regulatory barriers

If ambitious regulation can drive the positive development of circular plastic
packaging, certain regulatory requirements are considered a strong barrier.

Regulation restrictions, in particular strict regulations and hygiene requirements
in the food packaging sector make it difficult to implement circular solutions,
especially within the mechanical recycling segment.

The lack of long-term regulation clarity is however perceived as even more
concerning. Several stakeholders upstream the value chain highlighted their
expectations, waiting for some clear long-term view to be more confident to invest
given the importance of the investment and long-term return on Investment: “If the
regulation is pointing towards mandates for recycled content and things like that,
and if the chemical recycling routes are accepted. Then the industry will be more
confident to make these investments” (External affairs manager, Raw material
producer #2). This issue is particularly relevant with regards to chemical recycling:
"So far, a lot of acts are open by the Commission, like the design for recycling
guidelines. How do we account for chemically recycled material? What does
recycling at that scale mean? A lot of things are not clear at this moment, and so
that also blocks investment. The industry is ready to invest, but the industry needs
a clear legal framework so they see what's happening and where they can invest
because they need a business case” (CEO, Convertor #1).

Barrier #4: Socio-cultural barriers

Beyond technical, economic and regulatory challenges, several socio-cultural
barriers can be highlighted, first from the perspective of the sector actors, second
from the perspective of consumers.

At the sectoral level, one cultural barrier to overcome is the traditional mindset of
its stakeholders: “The plastics industry, like many other industries, is quite
conservative by nature, with the mindset of "this is how it's always been done, and
it's good this way." If it doesn't come from within the companies, that "hey, it's worth
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[recycling]” and ‘these new materials are interesting”; if there wasnt a
fundamentally negative attitude, it would help” (Chief product officer,
Compounder #3). The lack of understanding of consumer behaviour and
expectations is also one possible barrier to overcome: “We need also better
understanding of consumer thoughts. We are all consumers, but we are also
individuals. You notice that even as a consumer, you live within the constraints of
your profession, looking at things differently than someone who works in a

completely different field” (Chief product officer, Compounder #3).

Overcoming the negative perception of consumers in relation to plastic, and
recycled plastic in another key challenge: “Working in the plastic industry, it's a little
frustrating sometimes because there's a lot of misleading information from other
industries that plastic [is] bad and that's why people don't want to develop
methods to make it better, they just want to move away from plastic, and that
hurts the industry and the environment, and the climate more than these people

know, because they've been misled” (Sustainability manager, Compounder #2).

Even when plastic is actually recycled and offered in new products, negative
perception can be problematic: “On the recycled side, consumers currently
associate it with grey, smelly plastic bags and flowerpots, and we need to move
away from that. There's also the perception that it might be of lower quality” (Chief
product officer, Compounder #3).

Beyond a negative image, the lack of consumer knowledge around the various
sustainability options related to recyclability, compostability, biodegradability as
well as the difference in sustainability performance of these different options can
be confusing: “Many consumers, they don't know what really is sustainable. You
see this with all those plastic-coated fibre-based packaging, which is a really bad
solution because first of all fibre-based packaging is renewable. That's correct, but
it takes hundreds of years for a tree to grow, and if you use fast growing plants or
fast-growing trees, this will damage the soils. It will have an effect on another
environmental system and negative impact” (CEO, convertor #1). Within recycling
options, consumer can also be limited in their understanding of the different
approaches: “Maybe the question is whether consumers understand the
difference between mechanically and chemically recycled materials, and they
probably don't” (Chief product officer, Compounder #3). These multiple options
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make it also challenging for the consumer who more and more faces a decision
fatigue: “People today are so much involved in in all aspects of life, and they have
so, so much information to process that they kind of face a decision fatigue” (CEO

convertor #1).

3.2.3 FUTURE PERSPECTIVES ON THE TRANSITION TO CIRCULAR
PLASTIC PACKAGING

Identified drivers and barriers in the previous sections influence stakeholders’
perceptions of the future of plastic packaging and its circular transformation
potential. In the section thereafter we highlight individual future perceptions and
systemic changes need to reach a circular plastic economy.

Individual company representatives simultaneously reflect on their individual
positions in the future of plastic packaging, while acknowledging what systemic
aspects should change to complete a circular transition of the value chain. At
individual level, distributors for instance see the importance of strategically position
themselves and offer more sustainable plastics: “The distributor must find its
niche in the new plastic markets as well. Switching an entire category to only bio-
based materials is not yet economically feasible, but we strive to maintain and
offer these materials” (Business Development Manager, Raw material supplier #1).
If the development of sustainable packaging is currently economically challenging,
volume growth is expected to decrease these costs: “Costs are always an issue,
but maybe the costs will be better managed as volume drives costs.” (Business

Development Manager, Raw material supplier #1).

Stakeholders acknowledge that a circular food packaging future will be built upon
a portfolio of complementary solutions: “When we talk about circularity, it's
important to mention we're talking about reduction, were talking about
mechanical recycling, chemical recycling, biobased content and carbon capture
and utilization” (External affairs manager, Raw material producer #2). Beyond
recycled content increase, other R-strategies are being prioritized: “Circularity for
us not only means to keep the material in the loop, but also the product if this is
possible. The reuse side and of course also resource efficiency” (CEO, convertor
#1). Yet, views differ concerning the growing importance of Reuse as a circular
strategy: “There will always be more recyclable packaging and single use. But |

Funded by the European Union. Views and opinions expressed are, however, those of Schweizerische Eidgenossenschaft Federal Department of Economic Mfaurs,4'|
Confédération suisse Education and Research EAER

the author(s) only and do not necessarily reflect those of the European Union or REA.
Confederazione Svizzera State Secretariat for Education,

Neither the European Union nor REA can be held responsible for them.
P P Confederaziun svizra Research and Innovation SERI

Swiss Confederation



would hope that [Reusable packaging] would grow out of the niche. But it will not
be the prominent packaging for the reasons that we said before, it cannot be
applied everywhere because of distances and reverse logistic costs involved,
population density, anything like that. But it can have in certain ecosystemes, it can
be much really the desirable system for the future. So, it can grow a lot from today.
Will it be bigger than the normal single-use packaging? No, | don't believe so”
(Project manager, Raw material producer #3).

Systemic changes are strongly expected. First, Increased collection and sorting is
perceived as a prerequisite: “My vision is that by then (2030), we also have a better
infrastructure in the whole European Union, regarding collecting and sorting
materials. Today it's quite scarce where you find these facilities. | guess we're quite
good equipped in the Nordic areq, but in the southern parts of Europe and eastern
[Europe] you don't even collect the materials” (Sustainability manager,
Compounder #2). The level of investment needs to match with the long-term
objectives of recycling rate: “More infrastructure, of course, more capacities. We
now have in Europe about 11.3 million tons of mechanical recycling capacities, and
we have a plastic consumption of about 51 million tons. And then we have another
400,000 tons of chemical recycling capacities installed right now. If we want to
come up to 55% (recycling rate) in packaging and in other sectors, we need to
probably double or triple the infrastructure that is in place for recycling in Europe”
(CEO, convertor #1).

Beyond the existence of infrastructure, volume sorted is expected to grow: “We
need to collect and sort more materials, it's a volume question because if we don't
have the volume no one will invest. So, we need to start there and then we will have
time to build the infrastructure, build the collection, sorting facilities throughout
Europe. And if we have more materials, there will be more money, and there will be
more investments” (Sustainability manager, Compounder #2).

Wider technological development is also foreseen, with efficient recycling
technologies solving current issues: “We need to invent technologies or businesses
that make recycling all types of plastic materials profitable, not just mainstream
plastics, but also other materials.” Chief product officer, Compounder #3. “By 2030,

| believe that we have solved the issues with using post-consumer packaging
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materials in food contact again. Also, for polypropylene for example, so that will
open up the markets quite a bit.” (Sustainability manager, Compounder #2).

Alongside technological development for better recycling, Design for recycling is
expected to be the norm: “The basic change will be that all of the produced plastic
packaging materials will be ready for recyclability and quite some part (of
products) will use recycled materials” (Sales manager, Converter #2).

The increasing role of chemical recycling is often highlighted to move beyond the
limitations of mechanical recycling. According to raw material producers, there's
limit to what mechanical recycling can accomplish, and chemical recycling is seen
as a promising complement to help reduce reliance on virgin fossil feedstock. In
that respect, mass balance certification will become increasingly important for
chemical recycling and is perceived by plastic distributors as a key lever: "I believe
it is almost inevitably the future for us if we want to do chemical recycling. It almost
necessarily requires some kind of mass balance or certification” (Business
Development Manager, Raw material supplier #1.) “We need to, I think go and more
explore the chemical recycling route and this is basically via mass balance, which
is another criterion that is heavily discussed in Europe.” (Innovation manager, Raw
material producer #2).

Additionally, the relative novelty and complexity of certification systems related to
chemical recycling need to be overcome. The mass balance methodology sets
rules to ensure that recycled content is evaluated through the entire value chain
and attributed to products in a way that is both auditable and transparent. This
approach will need to be disseminated further in the future “The certification
system and everything related to it are still quite new and unfamiliar, and difficult
to understand for consumers. These factors also slow down the process." (Business
Development Manager, Raw material supplier #1).

Bioplastic is also expected to rise: “Chemical recycling will come, but also the use
of bioplastics will become easier if and when the certification or chain of custody
management system becomes more familiar” (Business Development Manager,
Raw material supplier #1).
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3.2.4 LEVERS FOR THE UPTAKE OF CIRCULAR PLASTIC PACKAGING

To transition to more circular plastic packaging in the future, several enablers — or
system levers — can accelerate the uptake of circular practices. The key levers
identified for this stakeholder group are described below. We first introduce the
following operational levers: Process innovation, Business model innovation, Data,

Legislation and regulation.

Lever #1: Process innovation

The uptake of recycled plastics in food packaging relies on following clear and strict
eco-design guidelines. Such guidelines are also relevant for reusable packaging:
“Products in general need to be designed not only to be recycled, but also to be
repaired and so on. Reuse models will be implemented despite all the challenges
around reuse”. - External affairs manager, Raw material producer #2. Existing and
new Design for Recycling guidelines need to be more widely disseminated and
taken into account. “Closing the loop is just one aspect of the whole thing, the other
thing is to try to push customers to respect the design for the recycling guidelines.
There are some Design for recycling guidelines from plastics recyclers Europe
(PRE) and we try to push customers to accept those guidelines, to implement them.
To refrain from, for instance, colorants and to use the least additives possible to

make the products the most recyclable possible” (CEO, Convertor #1).

Lever #2: Business model innovation

Offering recycled grades tailored for specific processes and applications can
generate new business opportunities. Beyond availability of recyclates, there is a
need to show that quality is present and meet requirements: “/ do believe that we
as a recycled material producer with our tailored materials, as the first one, is also
giving our customers the confidence to use recycled materials. And maybe
change the bad image of recycled qualities.” (Sustainability manager,
Compounder #2).

Finding the appropriate match between recycled material offered by suppliers
and the technical requirement of packaging manufacturers has been identified
as a key market challenge hindering the uptake of recyclates. Designing a relevant
quality quantity match model to support both sides of the market could generate
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new business models. “The market on the supplier side is so fragmented that it
requires some kind of unifying factor in between”. Operations Associate, Raw
material distributer #3 “A material database could help, providing better
information. So, better knowledge and understanding could be beneficial”
(Business Development Manager, Raw material supplier #1).

Lever #3: Data and tech

Ensuring the development of certified recycled material along the value chain
through tracking solutions could ensure an uptake of high quality recyclates: “For
food-grade plastics, it would be great to influence the market and certification
processes. However, this requires more investment in the supply chain. Legislative
efforts are pushing companies to use recycled plastics, but the recycling process
needs to be efficient and transparent” (Operations Associate, Raw material
distributer #3).

This need for increased traceability is also driven by legislation: “..Requirements of
B2C companies trickle down in their own value chain [..], so companies that sell to
them also have to prepare for this, to be able to verify their own materials or where
they came from, how much environmental impact the product manufacturing has.
In that sense, | see it aligned with both the ultimate goal of increasing the use of
recycled materials and legislation” (Operations Associate, Raw material distributer
#3).

Lever #4: Regulation

Finding the balance between strict and impactful regulation is a challenge yet
perceived as extremely important lever by stakeholder: “if the legislation is too strict
and the business case doesn't work, it will actually help the status quo instead of
help circularity. And we will not reach our Green Deal targets. So, we are in a very
special moment in time, pivotal moment where depending on what legislators do,
we think we will or will not reach certain targets in terms of circularity in plastics”

(External affairs manager, Raw material producer #2).

Lever #5: Legislation

The lack of harmonisation or the level of implementation is highlighted as a lever
to work on: “Obviously for material plastics part, what is missing then? Harmonized

Funded by the European Union. Views and opinions expressed are, however, those of Schweizerische Eidgenossenschaft Federal Department of Economic Mfaurs4_ 5
the author(s) only and do not necessarily reflect those of the European Union or REA. Confédération suisse Education and Research EAER
. A : Confed 3 iat for E ion,
Neither the European Union nor REA can be held responsible for them. onfederazione svizzera State Secretariat for Education,
Confederaziun svizra Research and Innovation SERI

Swiss Confederation



systems between the different countries, first in Europe” (Sales manager, Convertor
#2). “So now we have the PPWR with much more details to be to be implemented
and the risk is that this regulation cannot be implemented properly and that it will
not be implemented in the same way in all countries. It's a regulation that has to
be implemented in exactly the same way, word by word, compared to the directive
where the countries are free in their policy mixes but not the goals the regulation
has to be implemented in exactly the same way in all the Member States” (CEO,

Convertor #1).

Lever #6: Fiscal incentives

Another lever expected to play arole is the adaptation of fiscality to favour recycled
content: “Tax reductions, price reductions, or alternatively tax increases if recycled
material isn't used, [...] It’s likely to be done through taxes, with tax reductions or
benefits for using recycled plastic” (Product development manager, Compounder
#1.)

Lever #7: Funding and research

Tailored funding based on research needs is always perceived as a strong enabler,
as illustrated in this quote: “Further research and development with other
biodegradable polymers. The main polymer we use has the largest market, and
there are already some technologies for it. But we also need players to solve the
recycling of other biopolymers and various blends and composites. This is similar
to the problem with muiltilayer flexible packaging, where we need to recover all the
monomers” (Chief product officer, Compounder #3).

Considering the complexity and diversity of claims emerging from traditional value
chains versus alternative material producers, science-based, fact-based research
is needed: “We really need sound, non-biased research. Not advocacy science, but
real, fact-based science. We need more interconnecting fields of research” (CEO,
convertor #1).

Lever #8: Innovative partnerships

Collaboration and knowledge sharing is an essential relational lever to activate:
“Partnerships is a very vital route to go to because on our own we will not solve
and not a lot of people will buy into an individual solution” (Innovation manager,
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Raw material producer #2). Engaging all actors of the value chain is perceived as
essential: “Value chains are a topic that no one will solve alone, so these are
fundamentally important” (Chief product officer, Compounder #3). “We try to form
alliances with important partners, so it's more than just occasionally buying
something;, we aim to be allied and active. Since availability varies a lot, close
relationships are quite important” (Product development manager, Compounder
#1).

These partnerships should include closed ecosystems of collectors, recyclers and
material producers: “We need in principle a triangle of municipal collection,
recycling and us” (Open innovation manager, Raw material producer #2.) Yet
finding orchestrators with the capacity to steer the whole system is essential: “I
think if everyone does it on their own, it will be much more difficult. It would be best
to have a shared infrastructure. But is there a driver for that at the moment?” (Chief
product officer - Compounder #3).

Lever #9: Awareness raising

Communication and awareness levers remain an important set of levers to
activate: “Our role is probably to educate our customers that recycled materials
can be a good solution for their product” (Sustainability manager, Compounder
#2).

Showcasing the practical applications of circular plastics is similarly important:
“One important enabler are the professional business associations that take a
stand for circular economy and explain that this is really the way to go forward
and that it works by making visible best practice examples” (CEO, convertor #1).

Alongside communication, supporting mindset shift can also accelerate the
transition to more sustainable practices: “(We need) also a change of mind. With
climate change before Greta Thunberg, we were not very aware of the climate
change, and then she took the stage and even at the Economic Forum, so
everyone knows what she is talking about. We have a problem there and so | think
the more visible, the more people will be more conscious of the importance of
circular economy” (CEO, convertor #1).
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Stopp

Lever #10: Assessment of environmental performance of sustainable plastic
solutions

Bioplastics producers highlight the need to be more transparent in showcasing
their environmental performance in comparison to other alternative packaging:
“Very often we need to show that we are better than paper, better than other
plastics, better than aluminium, better than glass. And then | think the best way
forward is to show that we are transparently doing. Maybe with an LCA or some
kind of relative improvement story of CO2 emissions, whatever that is” (Innovation
manager, Raw material producer #2). Such comparison exercises should be
performed independently from private interests. Methods of assessment as well as
database sources should integrate most up to date knowledge: “Another thing that
is still a bit uncertain, which is a shame, is if we talk about carbon footprint or LCA
tools, the databases used are still very much based on traditional fossil plastics,
although they are constantly being updated " (Chief producer officer, Compounder
#3).
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the European Union

3.3 Level 2 - Product-brand owners

In this next section we investigate the perceptions of fillers, brand owners and food
companies’ representatives on the transition to circular packaging. Table 3 below
provides a description of the role of the key stakeholders interviewed at this level.

Table 3: Product-brand owners: role in the value chain

STAKEHOLDER ROLE IN THE VALUE CHAIN

Fillers fill the packaging with the content. During this phase,
assembly machines of considerable size take the empty
packaging, fill it and usually apply the labels.

Brand owners Brand owners are offering the packaged products to their

Food federations Food federations represent and advocate for the interests of

food and beverage industries. They work to influence policy,
ensure food safety standards, and promote sustainability
within the sector. Their goal is to support industry growth
while balancing regulatory compliance and consumer

needs.

3.3.1 DRIVERS FOR A CIRCULAR TRANSITION OF PLASTIC
PACKAGING

Similarly to raw material producers and compounders, several factors drive
engagement of food brand owners towards circular practices in packaging. In this
section we review key drivers.

Driver #1: Societal pressure

Food brand owners are acknowledging the impact of single use plastic
packaging: “The single-use culture we live in is unsustainable for the planet, and
we want to be part of the solution and move forward so that we don't drown in
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waste and prevent excessive climate warming” (Head of Packaging Development,
Food Brand owner #1).

Driver #2: Regulation

A second key driver is associated with the regulation framework pushing for more
circular practices: “Legisiation and the state have brought many things through
legislation and general awareness. These have added structure, and we've started
to change direction, open our eyes, and move towards circular economy issues”
(Head of Packaging Development, Food Brand owner #1). Legislation is perceived
as a key enabler towards a genuine circular economy, that goes beyond than just
sorting waste at home: “Without it, we wouldn't achieve a genuine circular
economy for plastics” (Head of Packaging Development, Food Brand owner #1).

Driver #3: Customer demand

Customers are starting to recognise the value of circular packaging solutions,
whether reusable or compostable: “Compostable packaging is now even in public
administration and the food supply of the social sector, it's starting to have a value
there that is appreciated. We see that now [product development] is starting to
respond to consumer demand,; when | talk about our project about reusable
packaging to our customer, the raw material of which is renewable materials, it
immediately evokes such a ‘wow’ effect” (CEO, Packaging service distributor #1).
Customer’s requirements are one of the key drivers for sustainable packaging:
“The customer's requirements also in a way drive it [sustainable packaging]”
(Business development manager, Packaging brand owner #3).

Driver #4: Company commitments towards circular economy

Food brand owners also recognize that key goals and KPIs are driving their
commitment to circular practices: “We have goals, and the biggest goal in
packaging development is moving towards a circular economy and minimizing
climate impacts. These are the two big themes we are working towards, and we
have metrics to track our progress” (Head of Packaging Development, Food Brand
owner #1). This is then translated into concrete developments at packaging levels:
“At the core for us is that our packaging development aims to align with the
circular economy, and since the EU is strongly moving in that direction, of course

we are also striving for the same. [..] In our packaging team, we have specific
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sustainability goals related to packaging. For example, one goal is that all our
packaging should be recyclable, and we aim to reduce the use of fossil-based
plastics by finding alternative solutions. We also aim to increase the use of
recycled plastic wherever possible” (Packaging specialist, Packaging brand owner
#2). This trend from marketing buzzword to concrete engagement is
acknowledged by many: “In 2015, this theme or thematic was more of a beautiful
word in our packaging strategy, one piece among many, but nowadays it
completely guides our packaging development work” (Head of Packaging
Development, Food Brand owner #1).

Companies get involved in the development of new packaging systems to
enhance their position in future markets: “We think it's valuable to be involved in
developing the [reuse] system so that it also meets our own needs and reflects
what it looks like from our perspective” (Packaging specialist, Packaging brand
owner #2). Food federations are also making sure their members become more
engaged: “[We] contribute to the opportunities for our companies to engage in
[circular economy]. We have a big responsibility communicating and ensuring
that they are well-informed on what the possibilities are and also requirements of
course” (Regulatory Affairs Specialist, Food Federation #1).

3.3.2 BARRIERS HINDERING THE TRANSITION TO CIRCULAR
PACKAGING

Barrier #1 Technical barriers

As consumer demand increases, volume increase mightlead to lower quality and
generate risks: “The biggest challenge is food-grade quality on a large scale. Now
that everyone is moving towards a circular economy and materials are scarce,
they are needed more than ever. At some point, someone might cut corners. When
that happens, and a significant mistake occurs, | fear that consumers’ trust in
recycled plastics for food packaging might suffer” (Head of Packaging
Development, Food Brand owner #1)

When companies are exploring the possibility of reusable packaging, additional
barriers emerge, such as uncertainty regarding the logistics system or the level

of packaging standardization: “We don't yet have this kind of [reuse] logistics in
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place, so it would need to be built somehow. The related challenges are exactly
things like where the packaging is stored, who transports it, how it's tracked and
cleaned, and how it moves between different actors. And then, can there be
multiple types of packaging models, or should suppliers with similar products all
use the same kind of bottles for it to be efficient?” (Packaging specialist, Packaging
brand owner #2). Also, there are uncertainties regarding packaging tracking
system: “This lack of a tracking platform, along with the rest of the things, is what
worries me the most, because it is such an essential part of this development work
[of reuse systems]” (Head of development, Packaging service distributor #1). The
issues are highlighted when scaling up reuse systems: “When you move to
completely different scales like in Central Europe and elsewhere in the world, it can
be really challenging. Even now, we can already identify in our markets that certain
retail chains or other actors are running reuse pilots, and we try to follow them or
take part. But the result may be that they face challenges—either consumer
behaviour doesn’t change, or they just can’t scale it in a sensible way. There may
be various logistical challenges or other issues” (Ecosystermn manager, Packaging
brand owner #4).

The sustainability assessments of scaled-up reuse models are currently based on
simulations and assumptions, which lack real data: “Ellen MacArthur has also
published their own calculations and simulations showing, for example, if there are
different types of packaging or different contents in those packages and they
circulate within this reuse model, what the impact would be. But the thing is, since
it's still in the simulation phase and nothing has actually been developed yet, |
don't think there’s much to really grasp onto at this point” (Ecosystem manager,
Packaging brand owner #4).

Barrier #2: Market and economic barriers

From an economic perspective, the biggest obstacle is the price of recycled
plastic. “Consumers are not willing to pay even a bit more for environmentally
friendly or recycled plastic. This is the biggest challenge, and that's why we aim to
educate consumers about these good things” (Head of Packaging Development,
Food Brand owner #1). The same issue applies to bio-based plastics: “If we now
think about plastic, bio-based plastics issues and challenges, so always comes to
the fact that the price is one big challenge; how the price can then be brought to
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these products” (Chief Supply Officer, Packaging brand owner #1). This is the case
especially when packaged goods are positioned in lower price segments: “Costs
are always quite a significant challenge, especially since new types of innovations
that aren't yet widely used globally are of course much more expensive. And
because our products are positioned in the lower price range — for example,
they're sold in grocery stores — the price point can't be too high. So, we don't
always have the opportunity to adopt fancy, expensive solutions” (Packaging
specialist, Packaging brand owner #2). In the current global economic context,
price often takes the lead over sustainability concerns: “On the shelves now, when
there are no euros in the wallet, price clearly leads the way” (Head of Packaging
Development, Food Brand owner #1). Company’s ambitious sustainability goals
must be balanced with the current economic reality: “We genuinely want to move
in a better direction for the planet, and these are individual acts of responsibility
that we do, and they come with a price tag. Responsibility requires spending
money. It's rare to find low hanging fruits' that allow us to do responsible acts
cheaply. Those have already been picked, so to speak” (Head of Packaging
Development, Food Brand owner #]).

Similar to end users, companies buying packaging solutions also put price on their
priority. Smaller companies often lack the knowledge on sustainability features,
and often only focus on the packaging price: “[Small companies]| are maybe not
so knowledgeable in packaging. They maybe don't have a packaging manager.
It's maybe just the person who buys the packaging that actually knows a lot. They
are maybe more concerned about how much the packaging costs than the actual
construction or how easy it is to recycle this packaging and so on. They have no
technical experience or knowledge” (Regulatory Affairs Specialist, Food Federation
#1). As regulation is setting clear goals on the percentage of recycled plastic, price
increase on recycled material is also expected: “The packaging and packaging
waste regulation (PPWR), will require us to use at least 10% recycled plastic in
contact material packaging by 2030. After that, there will be a fight over recycled
plastic in the food industry, and prices will surely skyrocket” (Head of Packaging
Development, Food Brand owner #]).

Financial risks in developing reusable packaging systems are highlighted within
the whole value chain: “It's more about financial risks related to [reuse] — a lot of
new things are tried out, like new packaging formats and so on, and sometimes
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they work, sometimes they don'. | see this as the same kind of thing, except that
this requires a much bigger financial investment from the value chain to make it
work” (Head of packaging development, Packaging brand owner #2). However, the
largest financial risk of reuse systems usually falls over the packaging operator:
“From a commercial point of view, such circular economy remains to be paid by
the operator, because neither consumers nor users are willing to pay more for it
at the moment” (Business development manager, Packaging brand owner #3).
The costs can increase if reuse systems are to be expended to less densely
populated areas: “What does it cost to organize [reuse system] in a rural area
where people are far from each other and the distances are long..?” (Head of
development, Packaging service distributor #1).

At market level, collaborating with other value chain stakeholders can also be a
challenge: “Companies usually don’t want to share any sensitive information,
especially if competitors are involved. [..] Many companies might initially talk
about working together and sharing information among each other, but when it
actually comes to sharing, quite a few would probably back out and rather just

tinker on their own” (Packaging specialist, Packaging brand owner #2).

Barrier #3: Regulatory barriers

Regulations and lobbying can hinder the development of specific solutions:
“There are different types of political and economic interests behind it. [..] There's
the polymer industry against the fibre industry and both are lobbying and there
are specifically huge economic interests behind it" (Head of development,
Packaging service distributor #1).

Barrier #4: Socio-cultural barriers

Packaging made of sustainable materials does not appeal to all consumers, and
most are not willing to pay a premium for packaging: “Unfortunately, responsible
packaging or the theme of responsibility does not resonate with consumers,
except perhaps for those living south of the boulevard who can afford to drive
Teslas and more expensive electric cars and have the luxury to choose what they
buy” (Head of Packaging Development, Food Brand owner #1). Therefore, this
challenges stakeholders to make sustainable packaging attractive enough for

consumers to adopt it: “Consumer acceptance is perhaps the biggest challenge,
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how do we make this so attractive, because if the consumer doesn't kind of
embrace it, then it's really difficult to push it down the value chain” (Head of
development, Packaging service distributor #1).

The Intention-behaviour gap of consumers is also perceived as a strong barrier:
“I'm somewhat pessimistic about the future and people’s willingness to do these
things for the environment. Several studies have been conducted on this topic,
specifically regarding packaging. In studies, it's easy to check boxes like Tm
environmentally friendly," 1 consider these things,” and so on, but behaviour in
stores is completely different” (Head of Packaging Development, Food Brand owner
#1).

Misconceptions within the industry about the use of recycled plastic in food
contact creates barriers: “There are misconceptions, even within the packaging
industry and among brand owners. Some still believe that recycled plastic can't
be used for food packaging, which is not true. It's surprising how firmly this belief is
held by some” (Head of Packaging Development, Food Brand owner #1). The lack
of awareness from consumers with regards to recycling can lead to aversion: “For
example, I've personally received calls from consumers who don't want to buy our
cheese slice packages because they are made from recycled plastic. One person
even said they didn't want to eat cheese slices from a package made from their
neighbour’s used condoms. This shows a lack of awareness about what recycling
means” (Head of Packaging Development, Food brand owner #1). Beyond
misconceptions, some worries are founded, for instance about microplastics and
plastic as a material: “This discussion, for example about microplastics, has
increased, and it's now being seen that, yes, microplastics are found in the brain
and in all kinds of body parts—and people are maybe starting to wake up to the
fact that while plastic packaging has its place, is it really necessary in absolutely
everything?” (Ecosystem manager, Packaging brand owner #4).

3.3.3 FUTURE PERSPECTIVES ON THE TRANSITION TO CIRCULAR
PLASTIC PACKAGING

Brand owners foresee a stronger focus on circularity in the future: “So, by 2030, we
will have a completely different Europe in front of our eyes, with the circular
economy taking significant first steps on a large scale. Additionally, the goals will
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gradually tighten, and we will move towards them. I predict that by 2040 or 2035-
40, the world will look very different from now” (Head of Packaging Development,
Food Brand owner #1).

More concretely, this future includes more renewable and recycled materials: “Our
goal has been, and still is, that our packaging materials in the future will be made
increasingly from renewable or recycled materials. Additionally, our packaging
materials should be suitable for the circular economy” (Head of Packaging
Development, Food Brand owner #l).

Better sorting will lead to higher volumes: “Availability will improve. Producer
communities are investing significant amounts in sorting, which is the first step to
getting valuable raw materials, often called waste, back into circulation” (Head of
Packaging Development, Food Brand owner #1).

New materials developments are also foreseen “New materials are needed
alongside both [polymers and fibres]. So, different types of fibre materials and
different types of materials that behave like plastic [..] Maybe we have the idea
here now that it is a biocomposite that contains both fibre and biopolymer. So, this
serves both industries. Now this is our job and then if it is also ecological, meaning
it contains renewable raw materials for the most part, then, it would really serve
the continuity of the world” (Head of development, Packaging service distributor
#1). Along the development of new materials, the future of circular packaging
should be more competitive: “We want to reduce costs in the food industry overall,
which is why reducing plastic is the theme we are moving forward with. Even if
usability, openability, or resealability of packaging might suffer in the worst case,
or more difficult-to-recycle plastic grades are used because they might be more
cost-effective in certain areas” (Head of Packaging Development, Food Brand
owner #]1).

According to brand owners, it is the retail sector that strongly shapes the future of
the market: “The retail sector is in the driver's seat. For beverages sold in stores,
10% must be reusable, and the retail sector decides how to meet this legal
requirement. It will be interesting to see what happens” (Head of Packaging
Development, Food Brand owner #1). However, collaboration across the value
chain is needed: “This requires collaboration across the entire value chain, and
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perhaps also with competitors, in order to make it a truly functional and sensible
system” (Head of packaging development, Packaging brand owner #2).

When it comes to reusable packaging, brand owners expect consumers to adapt
to the new systems once scaled: “I believe that if this gets properly implemented
on a large scale, then consumers will also start to realize that things don't always
need to be bought new or replaced right away” (Ecosystem manager, Packaging
brand owner #4). Yet, sustainable single-use packaging is expected to cohabit
with reusable packaging: “We believe that both single-use and reuse are needed,
and we are very strong now in compostable single-use packaging. On the other
hand, these support each other, and both are needed” (Head of development,
Packaging service distributor #1). Non-plastic reusable packaging materials are
also seen as a promising alternative: “The alternative packaging solutions that
would work within a reuse model will likely become more popular. | could well see
it as a real possibility that certain plastic packages would be entirely replaced by

glass, for example” (Ecosystem manager, Packaging brand owner #4).

3.3.4 LEVERS FOR THE UPTAKE OF CIRCULAR PLASTIC PACKAGING

Lever #1: Process innovation

When it comes to the scaling up of reusable packaging, standardisation is
perceived as a strong lever “There should be properly centralized operations, and
for example, what I've been following in France is that there’s an idea to create
fully standardized glass packaging. That would naturally make it possible to
establish a return system, along with all the necessary washing systems and so
on, because there would be just that one specific type” (Ecosystem manager,

Packaging brand owner #4).

Lever #2: Legislation

Legislation is perceived as a lever by many stakeholders throughout the value
chain, and food brands do not differ from this view: “Legislation is required in a way.
It drives the way to really use recycled material despite recycled material being
more expensive than the new material. So, it will maybe be necessary for
government to somehow ensure that virgin material becomes more expensive”

(Regulatory Affairs Specialist, Food Federation #1). Legislation has a role in setting
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the foundation for material and products loops: “The foundation is that the
packaging side of the legislation controls that you either have to have a material
loop or a product loop” (Chief Supply Officer, Packaging brand owner #1). Also,
legislation has also a role in determining how consumers handle the packaging:
“There should be a legal obligation for such reuse for consumers” (Business
development manager, Packaging brand owner #3).

Harmonization throughout Europe however is expected to become effective: “To
make a regulation, it has to be implemented in the same way in all countries
independent on what the starting point in the country is, you will have to fulfil this
at the same point in time, just the same. Some countries will a little bit easier ride
and some will have a very difficult ride” (Regulatory Affairs Specialist, Food
Federation #1).

Lever #3: Funding

Public funding is definitely perceived useful, yet a certain freedom is expected:
“Government or authorities can contribute with investment money for circular
initiatives and so on. But it is really enterprises that need to do this transformation”
(Regulatory Affairs Specialist, Food Federation #1).

Lever #4: Innovative partnerships

Innovative partnerships throughout the value chain are also highlighted by brand
owners. Large companies have a strong role in steering partnerships towards
win-win circular solutions: “We are fortunate to be a large company, so our
partners and packaging material suppliers listen to us and our wishes very
carefully. For example, the recycled plastics we have adopted and will adopt even
more, we have to develop everything from start to finish together. We work very
closely with our main material suppliers and partners, and we have daily
communication with different suppliers to discuss what we want and how they
adjust their processes to achieve what we want together. No one does these things
alone” (Head of Packaging Development, Food Brand owner #1).

Lever #5: Awareness raising

Awareness raising efforts are still considered necessary for a circular future to
materialise: “We've gradually turned consumers’ minds to understand this better,
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but the biggest understanding is still missing: “Sorting waste is not recycling, it's
just sorting. It's the starting point, and without everyone's participation, the circular
economy won't work. It requires everyone's effort” (Head of Packaging-
Development, Food Brand owner #1). Yet making circular concepts
understandable for all is still a challenge: “I think that we maybe need to make
[circular economy] a little bit more accessible and understandable for those that
do not work with it daily, is to explain that what you have done already” (Regulatory
Affairs Specialist, Food Federation #1). Regarding systemic changes, such as
packaging reuse, there is trust in consumers adopting these systems if they are
informed: “It does require a group of advocates who are going to take [reuse]
forward” (Business development manager, Packaging brand owner #3).

Lever #6: Environmental assessment

Brand owners also recognise the need to concretely show that new packaging
solutions such as reuse deliver from an environmental standpoint: “The purest
foundation for decision-making naturally comes from LCA calculations, and
perhaps it's exactly about learning to understand what kinds of reuse cycle
numbers we're actually talking about and what the different requirements are in
that context” (Ecosystem manager, Packaging brand owner #4). These
assessments need to be based on concrete scientific calculations: “There really
needs to be clear scientific evidence. For example, if you decree that milk cartons
should be glass from now on, you need to have lifecycle assessments that prove
that this actually makes sense” (Ecosystem manager, Packaging brand owner #4).
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3.4 Level 3 - Distribution and use

In this section we investigate perceptions of retailers, restaurant service providers
and food federations with regards to circular packaging. A stronger focus is held
on reusable packaging solutions. Table 4 below provides a description of the role
of the key stakeholders at this level.

Table 4: Distribution and use: Role in the value chain

STAKEHOLDER ROLE IN THE VALUE CHAIN

Retailers The packaged product is offered to the customer via
retailers/distributers. They can be online retailers or brick &
mortar retailers. Specifically, for FMCG, the products will reach a
point of sale before reaching the end-consumer.

S CITL e TTE 8 Restaurants offer packaged food for take away and use cutlery

providers

for inhouse dining.

3.4.1 DRIVERS FOR A CIRCULAR TRANSITION OF PLASTIC
PACKAGING

Societal pressure, regulation, sustainability reporting and cost-cutting
opportunities are the key drivers supporting retailers and restaurant service
providers on their transition to circular plastic packaging.

Driver #1: Societal pressure

Reducing plastic in general and reducing the amount of packaging waste is
perceived as an important challenge that drives retailers to take action: “We're
getting there, and some of it is there now. In a way, there is the reduction in the
number of plastic bags, which has already been a voluntary commitment.”
(Development manager, Retail#1)

For restaurant services providers, addressing environmental issues is also a driver,
especially when piloting reusable packaging schemes: “It is also important for us
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to have a (reduced) carbon footprint, and if they are included in the calculations
then we could reduce the carbon footprint with such products, then there is also
added value.” (Buyer, Restaurant service provider #2)

Driver #2: Regulation

Retailers and restaurants service providers highlight both voluntary commitments
that arise at national level and regulation as important drivers, the latter being
more effective: “This is my personal view, but | feel that regulation, to a certain
extent, is a good thing. Otherwise, with voluntary commitments like Green Deals,
which aims to reduce plastic, and the material efficiency commitment, and if |
reflect on it, things do get done. But it’s different when it's required by regulation. It
reorganizes things within the company so that it becomes something that must
be handled. On the other hand, if it's voluntary, there might be longer transition
periods and other considerations” (Sustainability & Communications Manager,
Restaurant service provider #1).

Regulation requirements concretely affect how operations are organised on the
ground: “There are of course many things that are still to come from PPWR. It may
require interpretation. But yes, we are starting to organise ourselves internally, as
this affects so many different parts of the organisation. It is so broad and there are
so many, many different requirements” (Development manager, Retail#1).

When it comes to reusable packaging, retailers are still in an exploratory phase,
figuring out which segment should be addressed first: “Reusable packaging is
associated with a lot of hopes and even goals, especially on the legislative side,
so now is a good time to start looking at how they could be used more effectively”
(Director, Grocery Trade Association).

Driver #3: Company commitments towards circular economy

Beyond regulation, retailers see a need in positioning themselves as active
stakeholders engaged in circular and sustainable packaging: “In this sector, we
want to be a pioneer in such activities, considering our size, we don't really have
any options to stay out of such activities” (Concept development manager,
Retailer #2). Alongside strategic positioning, sustainability reporting acts as a
catalyst to communicate progress done: “We are in quite a lot of voluntary
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commitments and of course what is the statutory sustainability reporting. We
want to make a name for ourselves as a responsible actor, as a pioneer in
sustainability. And then, of course, try to communicate this through these
commitments” (Development manager, Retail#1). Such commitment also has an

impact on investors relationships.

From the restaurant service providers perspective, large groups also commit to

reach sustainability targets which include working on solutions with packaging:

“We are now involved in these commitments and Green Deal. there will be various

targets for us. They focus quite a lot on the food side. [..] But then some of it also

goes to our disposable culture and related issues, and for example, it is reflected

in the fact that we are trying to find solutions for packaging that would better

support this kind of sustainable development” (Buyer, Restaurant service provider

#2). Similar to large retailers, showing that actions are taking place is perceived as

a strong driver: “it supports our desire to be a trendsetter in matters of responsibility”
(Service development lead, restaurant service provider #2).

Driver #4 Cost reduction potential

Taking sustainability measures can also be related to cost cutting, which can drive
management and staff to act: “Another thing that motivates our people is that
many are result-oriented and understand costs. Recently, with the circular
economy, there has been a financial benefit to these practices, which is inspiring.
It might sound superficial, but business is about achieving the best possible results.
If you tell someone that sorting waste can reduce waste management costs by
20% annually, it’s different from saying, ‘this will save the environment.” While that’s
important, it might be more relevant in personal life. If it's not important to
someone, other motivators are necessary” (Sustainability & Communications
Manager, Restaurant service provider #1).

3.4.2 BARRIERS HINDERING THE TRANSITION TO CIRCULAR
PLASTIC PACKAGING

Several barriers are hindering the use of recyclable or reusable packaging solutions

in the retail and restaurant service environment.
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Barrier #1: Market and economic barriers

Innovating with new business models, like reuse, can be complex as not all models
are easily replicable in all service environments: “What works well and what has
been found to be less effective doesn’t always apply to us. For example, things that
have been proven in the retail sector, to which we are often compared because
they also sell take-away food, don’t necessarily work for us due to the different
operating environments and other factors” (Sustainability & Communications
Manager, Restaurant service provider #1). In Retail environment, scaling up such
models could lead to large reorganising: “the shop has terribly limited space and
limited staff. It would require large investments” (Development manager, retail #1).
For restaurants services testing reusable packaging (i.e.: reusable cups), issue may
also arise from the need to reorganise operations, and rethink how space is used
to accommodate new requirements: “Another issue with these cups is that they
take a long time to dry, and not all restaurant spaces are designed with ample
drying or storage areas, which creates different pressures on the restaurant
infrastructure. This might not have been considered. New dishwashers, larger
dishwashers, and all those drying tubes they have to go through in France [as an
example], because you can't give them to customers while they're wet due to
hygiene risks. [...| Additionally, it might affect the types of commercial spaces we
choose in the future” (Sustainability & Communications Manager, Restaurant
service provider #1).

Beyond individual infrastructures, Lack of infrastructure at system level is
perceived by restaurant operators as a major barrier hindering the implementation
of reusable packaging systems: “I have to say about reuse, [..] that it's completely
unreasonable to promote such a requirement in a country without any return
infrastructure. The idea of a reusable plastic container is very idealistic, expecting
people to use it again and return it without obligation. If there’s no habit or system
in place, it's almost certain it will end up in a landfill” (Sustainability &
Communications Manager, Restaurant service provider #1).

The price of reusable packaging is also perceived as a possible barrier: “The price
is a really determining factor [..]. One of the big fears | have is that the price will
get so high that it is not so meaningful to the consumer. It is not so commercially
viable for this, so if that commerciality does not materialize, then all the work that
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has been done has been completely useless (Concept development manager,
Retailer #2). This economic barrier is also highlighted by food businesses which do
not have high margins: “Money is, of course, also always a hard thing to come by,
normally. Particularly in the food business that generally, don't have very high
margins” (Regulatory Affairs Specialist, Food Federation #1).

As organising the proper recycling of packaging through dedicated EPR schemes
is a cost for operators putting packaging on the market, this impacts their bottom
line: “The economic obstacle is definitely there. They see already that there's an
increase in these EPR fees, and there is a promise from the producer organization
that these fees will increase. They will go up another 20%, and they have maybe
already doubled. From being a quite insignificant part, you pay for your packaging
to be collected and hopefully then recycled, this is now going to influence the result
of the companies” (Regulatory Affairs Specialist, Food Federation #1).

Barrier #2: Technical barriers

Beyond economic barriers, practical technical barriers emerge. Retailers address
technical barriers related to reusable packaging from a very pragmatic
perspective: “There will maybe be some food that is not at all suitable for this way
of selling those foods [in reusable packaging] (Regulatory Affairs Specialist, Food
Federation #1). Large restaurant operators face the same challenge, as the
diversity of food offered may require different types of packaging, which then
react differently with the food packaged: “If we start talking about making food
portions, then we have all kinds of food on offer. And all the oiliness, acidity and
alkalinity (Buyer, restaurant service provider #2)

Other concrete issues mentioned usage aspects, such as reheating: “we also serve
home-cooked meals for senior citizens. Can you heat the same thing after it is
transported? (Service development lead, restaurant service provider #2). Such
uncertainties related to the features of reusable packaging may prevent operators
from quickly shifting to these alternative models.

Barrier #3: Regulatory barriers

For service providers, regulation can be perceived somewhat ambiguous: “For a
company like ours, regulation has been somewhat challenging because the
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requirements have typically been directed at industries, like how to manufacture
plastic bags and the specific standards for their use. For us, since we sell services,
it has been a bit harder to navigate what these regulations mean from a service
provider’s perspective” (Sustainability & Communications Manager, Restaurant
services #1). This is similarly perceived by Retailers: “You think about the PPWR
requirements. The requirements do not apply on retail, so this is perhaps also a bit
controversial, what the role of trade would then be” (Development manager,
Retail#1).

Some uncertainty also remains, for instance on who is going to pay for the changes:
“The legislation is sometimes a little bit idealistic in its of how this is going to
happen and who is going to pay for this change? That is not very clear. It requires
a lot of initiative from both from packaging manufacturers and food
manufacturers and manufacturers of all other type of products that use
packaging” (Regulatory Affairs Specialist, Food Federation #1).

Barrier #4: Socio-cultural barriers

As most of the stakeholders at this level are in direct contact with end-users,
several perceived barriers are associated with consumer behaviour: “We must
always consider the human factor. Unfortunately, not everyone is interested in
sorting waste; they dont see the point or benefit” (Sustainability &
Communications Manager, Restaurant service provider #1).

As reuse concepts come to complement recycling approaches, confusion around
these terms and expected behaviour might arise: “There’s a bit of fragmentation,
with different names and terms being used for these things. And that now confuses
even within the company, like ‘is this the same thing’ and ‘yes, okay, let’s go with
this’. But at the same time, it confuses consumers, especially if they’re not very
interested in these things, they won't bother to look into it any extra, and this now
shows up for us in that if we've tested sorting on the customer side, if there’s no
foundation or greater motivation for it, they’ll just dump it all in the same bin, and
then the system is immediately broken. Maybe some kind of communication
enhancement, could the authorities do some kind of campaign” (Sustainability &
Communications Manager, Restaurant service provider #1)
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The shift from linear to circular products such as reusable packaging puts the
consumer in a different position, as it may take new roles and responsibilities
(such as returning packages): “Economic rationality and the customer taking
ownership of it are, in my opinion, really big challenges that we must now work
together to meet, trying to figure out how to overcome them. And in a way, it can
also cause some kind of market skew, if then customers feel that the linear model
is better and prefer it today” (Development manager, Retail #1).

The consumer indeed plays a big part in the success of reusable packaging
schemes: “To make it go alive, it really is the consumer that has to change its
behaviour” (Regulatory Affairs Specialist, Food Federation #1). The same goes for
recycling: “I think the consumer is the weakest part of that chain. We are so
dependent on the fact that they sort packaging correctly” (Regulatory Affairs
Specialist, Food Federation #1). If environmental benefits are not widely highlighted,
consumers might not make the extra effort: “If the consumer is genuinely interested
and it can be shown that it is better for the environment. Then the challenge is to
make it better for the environment and the consumer can see the effort involved
in returning the packaging” (Director, Grocery Trade association).

Lack of convenience of reusable packaging from a consumer perspective is
perceived as a future issue: “(We need) a system that doesn't cause a rise in blood
pressure” (Buyer, restaurant service provider #2), and the customer experience
needs to remain seamless: “The customer is our number one concern. We don't
want to make things difficult for the customer but keep the customer experience
in mind. And then we have quite a lot of different sites and different customers, so
we should find different things for everyone's needs” (Buyer, restaurant service
provider #2).

3.4.3 FUTURE PERSPECTIVES ON THE TRANSITION TO CIRCULAR
PLASTIC PACKAGING

For restaurants providers, reuse is perceived as a promising alternative: “A return
system for reusable packages would be worth launching, in my opinion. | know it’s
not easy and there are various issues related to it, but if it's a deposit system, |

believe it has the potential to succeed. It could help regulate the materials used in
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the packages and keep them in circulation longer with the help of the deposit”
(Sustainability & Communications Manager, Restaurant service provider #1).

“It probably won't take long when this is just everyday life [...] That's probably how

we are on the verge of a breakthrough” (Service development lead, restaurant

service provider #2). There is however a shared understanding that reusable

packaging will only come as a complementary approach to other sustainable

packaging solutions: “It's probably not suitable for everything, so | don't think it's

just going to happen at any moment. Or | don't know. Maybe we're at the beginning”
(Service development manager, Restaurant service provider #2).

Expectations however are high in terms of convenience for consumers, and this will
need to be solved to make reusable the new normal: “Somehow that return should
also be made part of the consumer’s daily life. So, when you recycle them, you
don’t make extra trips. This requires quite comprehensive thinking when starting to
consider what the solutions are. That’s what | would perhaps call for” (Sustainability
& Communications Manager, Restaurant services #1). Expectations are also about
setting up a scheme that has real impact: “/ would hope that such a system could
be put in place and hopefully it would be so scalable or scaled up to such a large
scale that it would actually have a significant meaning or impact. It would be
significant” (Development manager, Retail #1). The need to be ambitious and raise
the bar is also highlighted: “We're experimenting with these takeaway dishes, but it
should be scaled up to products packaged by industry and we should be able to
keep the system open for this kind of thing. For such a large scalability, because
otherwise it is quite small” (Development manager, Retail #1).

3.4.4 LEVERS FOR THE UPTAKE OF CIRCULAR PLASTIC PACKAGING

The following levers were highlighted by retailers and restaurant service providers:

Lever #1: Awareness raising and communication

From retailers and restaurant service providers perspective, the most important
levers to support the acceleration of circular plastic packaging are related to
consumer engagement in understanding and participating in new circular
systema: “our role would also be to be a bit of a consultant at the beginning, to tell

people about them and help them to understand how this works and of course
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good information is also important.” (Service development manager, restaurant
service provider #2).

Lever #2: Innovative partnerships

Setting up successful reusable packaging schemes requires to involve a large set
of stakeholders, upstream with dedicated packaging that can sustain multiple
uses, but also downstream, with complementary operators that can enable an
efficient reverse logistics, including transportation, storage, washing and
redistribution: “The development of an obviously sector-wide issue, which requires
broad participation from the trade and restaurant sector” (Director, Grocery trade
Association), As all actors have a key role to play, setting up and scaling up large
ambitious ecosystems is fundamental.
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3.5 Level 4 - Reuse

In this section, we dive deeper into reusable packaging and investigate the
perceptions of reuse operators. Table 5 below provides a description of the role of

the key stakeholders at this level.

Table 5: Reuse stakeholders- Role in the value chain

STAKEHOLDER ROLE IN THE VALUE CHAIN

Reuse operators Reuse operators can usually be found from the downstream
of the value chain. Different reuse operators offer varying
reuse models, including refill and return models. The mutual
goal for all reuse operators is that they aim to slow down
resource |loops.

Reuse federations Reuse federations are representing the interests of reuse
operators and acts as a platform for the competing and
collaborating operators to share knowledge and experiences

— and to collectively influence policymakers.

3.5.1 DRIVERS FOR TRANSITION TO REUSABLE PACKAGING

Reuse operators highlight different drivers that push for the development of
reusable packaging solutions. These drivers are introduced below.

Driver #1: Company commitments towards circular economy

Reuse operators, driven by impact, align the purpose of their business with solving
sustainability challenges: ‘It is very much about how to prevent the waste of the
material at the beginning. It's preserving the resources of the planet and at the
same time not flooding the planet with waste. [...] We would like to eliminate as
much possible single-use packaging from the classic, like a linear supply chain
and actually turn the supply chain into the circular one" (Executive Director, Reuse
operator #3).
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Following circular economy principles to answer sustainability challenges while
developing a thriving business becomes then a mantra: 1 totally believe in the
benefits that having a truly circular economy can contribute to our societies, to
our economies, and obviously to our planet. So, | think it's threefold, if well done, not
only for the planet, but also for the people and for also the companies that are
embracing these new business models” (Director, Reuse federation #1). This vision
is then translated into solving packaging environmental challenges: "Our vision and
values are to support the circular economy, to make such business innovations
that help this material reuse and recycling” (CEO, Reuse operator #4).

Driver #2. Founders personal values

For reuse operators, which are often start-ups, sustainable values and beliefs of
founders steer the companies towards circular economy, making personal values
and beliefs a significant driver for reuse: I've always been, as many people are, an
admirer of nature, and | love being surrounded by nature and the environment. To
have it healthy and clean, that's very, very important to my, | would say, harmony
in a way " (Director, Reuse federation #1). "Circular economy is really a passion of
mine—reducing waste—so that’s how | ended up founding the reuse company”
(Founder, Reuse operator #5).

While personal environmental values of founders are often strongly linked with
organizational values, for some operators, the starting point may be purely
business related, and sustainability is only considered as an added value: For us
sustainability, it's just a byproduct. We don't tell that we're saving the planet. We're
trying to do business. So, our thing is monetary [value], money talks. But if we can
at the same time increase the sustainability aspect, that is important as well”
(Chief financial officer, Reuse operator #1).

For others, purpose is the key driver: "We believe in purpose over profit, even though,
of course, we need to be profitable. Our focus is really on the purpose and on
reaching the goal that we've set for ourselves” (Founder, Reuse operator #2). This
higher purpose may become a collaborative force between competing
companies: "We have our saying that say, we may be competitors, but we have a
higher purpose” (Director, Reuse federation #1).
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Driver #3: Regulation

While for some the inspiration to engage in circular economy and circular business
models stems from personal or organizational values, regulation is a timely enabler,
shaping stakeholders’ actions — and ultimately the sustainability of the market of
food packaging: ‘No one was talking about reusable packaging and circular
economy back when the company, or the idea of the company was created. We
were laughed at, and we weren't taken seriously with our idea. It was a fight getting
to where we are now. And now everyone's talking about it because there are
regulations and because there are big discussions in the EU" (Founder, Reuse
operator #2).

Driver #4: Market opportunities and economic drivers

Economic drivers such as market opportunities and market development are
crucial for the persistence of reuse operators. Key aspects, such as access to
funding, economic incentives and long-term business profitability play o

significant role in reuse business longevity.

Reusable packaging is perceived as an emerging market with significant
opportunities: "What has persuaded me to participate [in circular economy] was
the availability of a market that was growing or a market gap in a way that was
brought by changes in the legislation and so on" (Chief Financial Officer, Reuse
operator #1). The market also offers new possibilities beyond food packaging:
"[Reusable packaging] is a niche, but it's a big niche and it has a lot of potential
because we don't have to stop at food and beverage packaging” (Founder, Reuse
operator #2).

The transition to reusable packaging is also driven by the potential of additional
economic efficiency for systems users: "I have stronger belief, personally, in order
that the applications of circular economy can be not only great for the planet, but
it can be very economically efficient as well’ (Executive Director, Reuse operator
#3).

As legislation is increasingly tackling packaging waste, developing a business
model inherently solving packaging impact can provide access to funding and
investors: This helps us have the right to ask for growth money. Because otherwise
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it wouldn't be able to find investors who believe that this will be an option because
it's still a niche. So, the role of policy is very important” (Founder, Reuse operator
#2)

3.5.2 BARRIERS HINDERING THE TRANSITION TO REUSABLE
PACKAGING

Barrier #1: Technical barriers

Technical challenges relate to both the packaging design and the system in which
the packaging circulates.

Design for reusability: While packaging must be optimized for reuse, packaging
design is a quite a small challenge to tackle from a reuse operator's viewpoint.
However, certain shapes may cause issues with stackability and thus cause
problems from the logistics viewpoint. ‘From design, there's only one cup that has
been problematic, and that’s our champagne glass because it's not stackable”
(Chief Financial Officer, Reuse operator #1). Colour of the packaging can also
cause issues, since some foods may stain the packaging. Darker colours work
better with reusable packaging, since darker colours prevent packaging
discoloration: 'Depending on how long the packaging has been sitting, they might
require multiple washes, especially if they've been there for a long time or if
cleaning them is particularly challenging. We actually changed the color along the
way—initially, they were light green and white. Then we switched to dark green
because tomatoes stained the plastic.”(Founder, Reuse operator #5).

A key design issue is linked to the standardization of packaging. For example, if
reverse vending machines are to be used, multiple different packaging shapes
may cause an issue. "When customers return the used packaging, we should be
able to identify and process it automatically using a device that recognizes it and
perhaps manages it behind the stack in some way. This would prevent storage
facilities from filling up too quickly. A key consideration is the type of packaging
the system can handle, who is responsible for the devices, and how standardized
the packaging will be. If the packaging varies significantly, it will pose major
technological challenges” (CEO, Reuse operator #4).
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Packaging return system: For reuse systems that are based on consumers
returning used packaging, issues regarding the packaging reusability stem from
technology and return logistics: “If | look at deposit system that have had an IT
solution, they've been quite complicated. They require an app or require an extra
step to get your deposit back. But then you look at our functioning and deposit on
our bottles and cans. You don't need an app. You need a machine” (Chief Financial
Officer, Reuse operator #1).

When setting up the whole logistical system, there are logistics uncertainties
regarding the context where reuse happens. Beyond systems uncertainties,
building a comprehensive logistic system is time-consuming: ‘To set up all the
system, it takes time, and to figure out what's the best way to do it. For the
collection, for example, how is it going to work? Do we want reverse vending
machines in public spaces? Do we have basically take-back obligations for the,
let's say, restaurants or retailers that are selling reusable packaging " (Director,

Reuse federation #1).

Barrier #2: Economic and market barriers

Several market and economic barriers are highlighted by reuse operators. The first
one is related to the competition between emerging circular solutions versus
decades-old efficiency driven linear systems. The linear economy system has
been under development for several decades. As the linear economy dominates
the markets, circular business models, such as reuse models, have a hard time
competing with disposables, which are cheap, familiar, convenient, and have a
built-in infrastructure, but are not sustainable: "There is a market that's been used
to single-use packaging. There has been a single-use packaging ecosystem built
up with tax money for the last 50 years. Now, reusable packaging needs some time
to have an ecosystem built as well. For instance, there are trash bins all over the
world to collect single-use packaging. Then there is a car and two men to empty
these trash bins. And then there is incineration that's there to incinerate trash, and
most of the trash comes from packaging. So, you see there is a whole
infrastructure built, and for reusable packaging, there is nothing because we've
forgotten about that"(Founder, Reuse operator #2).

Together with perfected competing system, reuse system is not (yet) a harmonious
system, but rather a collection of different reuse models, which are often place-
based: "You should really consider in your context which business model works
best” (Founder, Reuse operator #5). This variety of approaches also poses
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challenges for the harmonization of reuse models. ‘I think there will be no one single
solution to this. We need to look at what markets we are talking about, which
areas? Is it retail? Is it hospitality? Is it e-commerce? And in each case, there will
be different solutions. We need to harmonize as much as possible, but understand
the local conditions, the culture, and the policy that is in place in every country”
(Director, Reuse federation #1).

Moreover, the low experienced urgency among reuse operators’ customers
(retailers or restaurants) to take up reuse models causes tensions between reuse
operators that have market-ready solutions and the customers who would like to
take their time testing and piloting them: “Although we have several interesting
pilot operations with some of the biggest retailers in Europe, all | think is they are
not in a rush, | would say. They like to experiment. They like to talk about it on social
media. [..] They rather experiment, and we would like to seriously introduce the
solution to the market.” (Executive Director, Reuse operator #3 ).

While some companies want to test before implementing reuse solutions, others
are hesitant to implement reuse models altogether. This lack of willingness to
adopt and scale up reuse models creates a grand challenge for reuse operators.
‘There are two key aspects: consumer adoption and whether businesses actually
want to implement reuse systems. That was a major bottleneck—big companies
didn’t genuinely want to take it up at scale” (Founder, Reuse operator #5). The
difference in ambition of future customers can also be problematic: ‘It's been a
way of, let's take a little bit, let's greenwash" (Chief Financial Officer, Reuse operator
#1). Companies’ commitment to invest and take up reuse models from small pilots
to bigger scale is often lacking: "I'd like a bit commitment from their [companies’]
side to really crack it in the right way and invest like internal resources to move it
on the other level and test it on a bigger scale” (Executive Director, Reuse operator
#3). While small or medium scale testing and experimenting may be quite costly,
scaling up reuse solutions requires even more investment. The number of
financial resources needed becomes a notable barrier for scaling-up the reuse
solutions: ‘Right now, each company has invested only small amounts—around
5,000, with a maximum of 30,000—for this project alone. But when it comes to
moving forward and fully implementing it, the required investment will increase
tenfold, and even that may not be enough to accomplish much” (CEO, Reuse
operator #4).

Funded by the European Union. Views and opinions expressed are, however, those of Schweizerische Eidgenossenschaft Federal Department of Economic Mfaurs74
the author(s) only and do not necessarily reflect those of the European Union or REA. Confédération suisse Education and Research EAER
. A : Confed 3 iat for E ion,
Neither the European Union nor REA can be held responsible for them. onfederazione svizzera State Secretariat for Education,
Confederaziun svizra Research and Innovation SERI

Swiss Confederation



Building the business case for all actors involved can also be challenging: "When
there are several players in this value chain, everyone must benefit from this. If
some part of the chain or some operator is not able to make this a profitable
business for them, then it will fall out of this. And then this whole will not work" (CEO,
Reuse operator #4). The system profitability needs to counterbalance additional
costs associated with reverse logistics: “If you look at plastic packaging, it's a very
low-cost product. If you want to make it reusable, you need logistics, you need
washing facilities, you need washing activities, you need probably also chemical
agents. It's very difficult to be economically viable for that” (CEO, Convertor #1).

Reuse is for some customers - such as restaurants - still perceived as an extra cost:
"The actors that should make major changes, like fast food chains and big catering
firms, are stating clearly that it's an extra cost for us” (Chief Financial Officer, Reuse
operator #1). At the same time disposable packaging does not reflect its true costs,
which in part plays a role in companies not willing to adopt and scale up reuse
solutions: "There are no external costs factored into the pricing (of single use
packaging). There are also no financial incentives for businesses to switch to reuse
models” (Founder, Reuse operator #5).

Beyond multiplying pilots in different retail or restaurant environments, the key
would be to understand how pilot results could be translated into a scaled and
profitable business. ‘Companies should form an understanding of what is being
tested in the pilot, so can it make it into a business. For example, we are involved
in a project that has now been running for a year and I'm sure a million packages
have already gone through the whole chain: collected, transported, washed,
returned. There have been a million packages and now they still don't really know
how to turn this into a business” (CEO, Reuse operator #4).

Acquiring external investments to test and scale up reusable systems may also
prove difficult for many reasons. One reason is linked to the small size of start-ups
active in the field: "While founding a company and getting investors, | had the
privilege of meeting institutions that were investing into sustainable solutions.
Though, unfortunately, we were too small a company, and we were looking for too
little money, which made us part ways already in early stages of discussions.”
(Chief Financial Officer, Reuse operator #l). Investors may also be unfamiliar with
reuse solutions and unsure of whether they can become profitable.
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Barrier #3: Regulatory barriers

Although regulation has been highlighted as a key driver pushing for more
sustainable packaging solutions, certain regulatory aspects can be challenging as
well. For instance, hope coming out from the legislative change regarding single
use packaging and packaging waste directives has fallen short, according to
reuse operators. Thus, legislation is no longer perceived as the most effective driver
for the implementation of circular solutions: "The legislation pressure is a bit lower
than what was expected a few years back. Application of circular economy and
reuse, for instance, is not anymore... Or was, | would say, replaced in a way that it's
not a must, it's rather something we should explore. It's more voluntary than
pressure” (Executive Director, Reuse operator #3). This can be seen as problematic
when most market actors are not willing to change their ways of operating, unless
they are forced to do so by regulation: I feel like a lot of people are waiting for
something to demand them to change” (Chief Financial Officer, Reuse operator #1).

Efficient regulation enforcement is another challenge: "'The packaging and
packaging waste regulation is a good way to start. It is quite strict, quite huge in
changes, and will bring problems with it. But how is it going to be enforced is the
big question there. Are there going to be some sanctions for not following the
legislation, which is maybe the most important thing” Chief Financial Officer, Reuse
operator #1). Another fear is that regulation is not effective enough to prevent
market actors from finding loopholes: "I am split it for regulatory instruments
because if you forbid something, if they're, like | say, single-use packaging is
forbidden, then they will find a workaround like they did with the paper packaging.’
(Founder, Reuse operator #2). Moreover, incumbent companies producing
disposable packaging effectively use their historical position in lobbying
policymakers. Small reuse operators do not have such lobbying power for their
disruptive solutions: "We've talked with the stakeholders from the legislative side.
The unfortunate thing is they are lobbied to hell and beyond by disposable
producers that are making disposable products.” (Chief Financial Officer, Reuse
operator #1).

Finally, as highlighted in the voice of other stakeholders in the food packaging value
chain, legislation that does not necessarily enable closing the material loop of
reusable plastic food packaging: For food packaging, we have the issue that we
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actually are not able to close the material loop at this moment. Technically, it
would be possible, but regulatory-wise, it's not possible to close the material loop.
We have a circular economy in terms of the reuse of the products and keeping
them in the loop for as long as possible. We can do something with the material
at the end, but we can't use it to close the loop for use in food again” (Founder,
Reuse operator #2).

Barrier #4: Socio-cultural barriers

Consumers have limited knowledge and awareness on reuse. This might stem
from several factors, one being that recycling is a more familiar circular strategy to
the consumers. "Circular economy for a lot of people is synonym to recycling.
Recycling is a no-brainer, but everything else needs to come before that. And that's,
I think, a big knowledge gap in society” (Founder, Reuse operator #2).

As multiple behaviours are expected, each relying on complex sustainability
information, sometimes diverging, consumer may face an overflow of information:
"We live in a complex world, | must say, where we have so much flow of information,
so many distractions that it is difficult sometimes to know what the right decision
is, what is the right choice. And | feel that we, as a society, sometimes are a bit lost”
(Director, Reuse federation #1).

While educating the consumers about the sustainability of their choices is
essential, it may not always be the right angle to successfully market reuse
business models. This creates a tension between how to raise consumer
awareness and how to sell the idea of reusable packaging: "I think knowledge is
power. So, we need to make sure that people know what they're doing if they're
using a single-use cup. But that's also something that people don't want to hear
right now because they have other problems than a little single-use cup. It's really
difficult to find a way to pass on this knowledge without making people sad”
(Founder, Reuse operator #2).

The awareness-behaviour gap, a challenge met in several sustainable
consumption alternatives, is also present for reusable packaging. While some
consumers are informed about sustainable packaging choices, awareness does
not translate into their behaviour: ‘This is, in my view, one of the biggest obstacles
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that we are not ready to change behaviour right now for such a small thing as
packaging, because the packaging is out of sight out of mind, because we can
throw it everywhere and somebody comes and picks it up and incinerates it or
buries it" (Founder, Reuse operator #2).

The market has seen the emergence of different reuse business models which rely
on different return mechanisms. Some reuse operators that rely on a return-based
model use deposits to either ensure that the packaging is returned or as
compensation for the packaging that is not returned. However, what may be
problematic from the consumer’s viewpoint is the amount of deposit paid per
packaging: ‘In the beginning, we heard that this is a high amount and it's too much
money for a product like that. But this argument disappeared over time. When
people got used to it, we didn't hear it as often. And now we are hearing it again in
France where we're trying to build up a new market (Founder, Reuse operator #2).
Even though the deposit is returned to the consumer if the packaging is returned,
the experienced cost in relation to the price of the food itself may become a
barrier for some consumers: ‘It (reuse) should not cost the consumer too much in
relation to the other way (single-use). Even if the idea is good, the great masses
are not willing to pay extra for it" (Founder, Reuse operator #5).

Barrier #5: Geopolitical barriers

The changing geopolitical climate is not always favourable to emerging
sustainable solutions. Economic issues following COVID as well as the war in
Ukraine has caused policymakers’ attention to shift from the themes of
sustainability and circularity to national health and security. This political shift has
had various effects on operators, such as lack of investments or insufficient
pressure from legislation. "Before COVID, I think it [sustainability] was a much hotter
topic. Then COVID hit it, so there were other problems to solve... then we came back
a bit more on track, the war in Ukraine hit. So again, like inflation and other things...
it changed the mood a bit and actually put the sustainability topics a bit away
from the main topics” (Executive Director, Reuse operator #3).
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3.5.3 FUTURE PERSPECTIVES ON THE TRANSITION TO REUSABLE
PACKAGING

Identified drivers and barriers in the previous sections influence stakeholders’
perceptions of the future of reuse and its potential to scale up. In the section
thereafter we highlight individual future perceptions and future systemic changes

expected to reach a reusable packaging future.

First, when addressing their perspective on the future of packaging and the
importance of reuse as part of a sustainable future, operators see their role as
demonstrating the feasibility of reuse systems rather than solving the entire
problem alone: "Where we see our role has to show that it's possible. It's not to save
the world or something because we are too small. And one actor cannot do this.
We need a lot of actors to do this. The problem is too big. And | see our role there
that we prove that it's possible and that it's fun." (Founder, Reuse operator #2).
Beyond today’'s pilots and demonstrators, vision heads towards full scale
replication: "But to make it really visible, it would be nice to take one region in
Germany, for instance, and establish a system in 100 stores, creating a complete
ecosystem within the region. I'll show people that it is possible and that we can

actually drive the change" (Executive Director, Reuse operator #3).

When visioning the place of plastics in the future of packaging, reuse operators
believe plastics and bio-based plastics will still play an important role in reusable
packaging due to their functionality: ‘I think plastics have definitely a role to play
because they are lightweight compared to other materials. They are also very
functional for many things, but we need more understanding of plastics. We need
more understanding of plastics on one hand from a safety perspective” (Director,
Reuse federation #1).

Smart packaging and the development of digital solutions is perceived as a key
enabler for reuse systems: "We have a huge trust in something we call smart
packaging, something that is chipped, so it can be measured. At the same time, it
can be easily connected to your application, your phone. For instance, these days,
you simply take your smartphone, touch the chip on the cup, and it's linked into

our application, and since then, it's yours. So, use it for shopping, and immediately,
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you have all the information about the product you bought in your application,
including the bill for shopping" (Executive Director, Reuse operator #3).

For the future of reusable packaging to materialise, operators recognize that
standardization and shared infrastructure are necessary for an efficient and
cost-effective reuse system, but the extent of standardization is still uncertain: I see
the future of reusable options where some standard model has to be used. Is it the
deposit system and how it is counted? Is there a national entity that handles all
the deposits of products? Maybe something has to be that everybody can wash,
everybody can use the products, and it doesn't matter who they come from in the
end. [...] For example, | would see an EU-level deposit system or a deposit entity
that handles all the deposits within the borders of the EU, rather than having every
nation with its different deposit system, which doesn't talk to the other deposit
systems” (Chief Financial Officer, Reuse operator #1). Standardisation thus
becomes essential: ‘If packaging cannot be standardized and shared among
different operators, the volumes will remain too small and too fragmented. This, in
turn, would make the entire value chain extremely costly" (CEO, Reuse operator #4).

Operators acknowledge the need for regulation to ensure hygiene and quality
standards in reuse systems: "To a certain level, there has to be some regulation
about hygiene standards, quality practices that are done" (Chief Financial Officer,
Reuse operator #1). In addition, EU-level policies are still expected to play a critical
role on the development of reuse systems. 'EU packaging regulations are another
major factor—those policies will have a huge influence on how reuse evolves”
(Founder, Reuse operator #5).

3.5.4 LEVERS FOR THE UPTAKE OF REUSABLE PACKAGING AND
REUSE SYSTEMS

In order to materialise a successful circular future from reuse operators’
perspectives, several levers can be activated. We detail below specific operational,
relational and strategic levers.

Lever #I: Process innovation

Ensuring compliance with food safety regulations and developing cleaning

protocols are fundamental for scaling reuse systems. While existing guidelines are
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in place, the increasing adoption of reusable packaging requires continuous
adaptation to avoid regulatory or hygiene-related setbacks. “We need to consider
when implementing reusable plastic packaging would be compliance with all food
safety and high-end rules. [..] Obviously we have specific ad hoc guidelines for
cleaning these containers once used to avoid any unintended consequences in
that sense. So, this has already been done. But as reuse systems for plastic
packaging will increase over time, we need to ensure that there's no issue in this

regard.” (Director, Reuse federation #1).

Lever #2: Business model innovation

User convenience and affordability are key drivers of consumer adoption. Reuse
business models must provide seamless and time-efficient solutions to compete
with single-use packaging. If the replacement cost remains reasonable,
businesses can enhance uptake and reduce friction in adoption: "Certainly, for
consumers, the key question is whether a solution saves time and effort. That kind
of solution will succeed. If the replacement cost is reasonable and not too high, it
is likely to work” (Founder, Reuse operator #5).

Lever #3: Data and tech

Technological solutions like smart packaging and tracking systems (e.g, QR
codes, RFID) improve traceability and engagement but come with cost and
durability challenges. While smart packaging can integrate with digital ecosystems
to enhance brand engagement, investment in cost-effective and durable tracking
technologies remains a crucial lever for adopting and scaling up reuse models. It
may be like a third brand engagement because the packaging is smart and can
communicate like with your home, with your applications in your phone and so on”
(Executive Director, Reuse operator #3).

Lever #4: Regulation

From reuse operators’ perspective, regulations that focus on setting goals and
standards rather than rigid methods, allowing businesses to innovate within a
clear framework act as key levers for the adoption of reusable packaging.
Regulation allowing a certain level of freedom in innovation is seen as a motivation
for sustainable development of reuse models: "The regulation should be such that
it sets the objective, not the means. That would be really important. Then the
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market should find the means, because then it would certainly be sustainable in
the long run. And then maybe it would help companies to innovate better and
better those solutions” (CEO, Reuse operator #4). Finding the balance between
impact and effectiveness is again highlighted by operators: "The regulations have
to be such that it allows innovation, it allows development. You can't be too strict,
but you have to have certain things that motivate to improve the system.” (Chief
Financial Officer, Reuse operator #]1).

Lever #5: Legislation

Legislation is needed to set a framework for reuse, and to support the uptake of
reusable packaging and speeding up the scaling process of reuse systems. This
could for example mean legislation that would regard the real costs of single-use
packaging: ‘We may need in some areas a specific legislation that labels the
playing field between single use and reuse, because in the case of single use
packaging, part of the cost of the packaging is externalized” (Director, Reuse
federation #1). Some reuse operators view banning single-use as the most
efficient and perhaps even only solution for replacing disposable packaging and
building up reuse systems: 'The only way it works, which I've seen is strict full ban,
then that's how it has to be, because otherwise, the change is not going to happen”
(Chief Financial Officer, Reuse operator #1).

Lever #6: Fiscal incentives

Reward-punishment systems are also pointed out as levers of more rapid uptake
of reuse and other sustainable ways to operate: “If you do economic instruments
like bonus-malus, you reward the good behaviour and punish the bad behaviour.
In my eyes, this would be a lot faster" (Founder, Reuse operator #2). Similarly,
“polluter pays” principle is also cited: ‘It's all about the economic model, how we
can make still sustainable companies that are profitable become the norm and
having those companies that are basically putting forth a lot of, let’s say, creating
a lot of negative externalities into the environment to pay for it. So, | was saying
basically the polluter price principle that should apply to also basically make the
companies pay for the negative externalities they create into the environment”
(Director, Reuse federation #1).
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Lever #7: Funding and Research

To reach scale, public private collaboration is expected: "To have this scale, we
need a public-private collaboration, including financial support, to make this at
large scale. And this will basically serve as basis to see, okay, how can we move
forward to make this system not dependent on public aid and being able to run it
with 100 % private capital and basically see whether it is indeed sustainable in the
long term as well" (Director, Reuse federation #1).

Lever #8: Innovative partnerships

Collaborative solutions across companies are crucial to avoid fragmentation in
reuse systems. A neutral third party may help coordinate efforts to establish a
widely adopted and interoperable model: ‘Because if you make your own unique
system, and every user does, none of them | would like to come in on the floor
because we don't want to confuse customers and bring a complexity to the logistic
systems, into the system as such, and to the shopping experience and so on. So,
some level of standardization is needed. Therefore, you probably need a third-side
company to moderate and develop such a solution that can be joined by the other
participant” (Executive Director, Reuse operator #3). A multi-stakeholder
approach is essential—engaging businesses, regulators, advocacy groups, and
consumers ensure alignment. Collaboration among competitors under a shared
sustainability goal is emerging as a best practice in the reuse ecosystem: "We need
obviously a lot of R&D and innovation. Obviously, we need marketing and sales
departments to sell now these new systems to different clients. And obviously, we
need to build all these systems which are now digital. So, we need software and
technology developers” (Director, Reuse federation #1). Collaboration should not
only include the emerging start-ups but include bigger players: ‘Large companies
are crucial because networks are everything” (Founder, Reuse operator #5).
Moving beyond competition is key to ensure system change: "We have our saying
that say, we may be competitors, but we have a higher purpose. [..] Typically,
members are very willing to share their insights and to share their best practices
because obviously, they are competitors, and we provide that space where they
can exchange. But I've been impressed by the quality of the exchanges, and they
are not shy but rather receptive to exchange and to communicate to advance”
(Director, Reuse federation #1).
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Lever #9: Awareness raising

Consumer education is essential for the uptake of circular packaging solutions.
Hands-on guidance in early-stage adoption (e.g, in grocery stores and
restaurants) can lead to higher engagement rates. I think we need a lot of
education. Everything starts with education and more focus should be placed on
this into different education programs at school and complementary to school”
(Director General, Reuse federation #1). Visibility—through branding and public
recognition—also plays a role in making reuse systems more recognizable and
socially accepted: "Visibility is an enabler as well. That's why we have chosen a very
visible colour because the recognition in public, outside when you're walking
through the city is a lot bigger like that" (Founder, Reuse operator #2).

Lever #10. Environmental assessment

Life Cycle Assessments (LCAs) are critical for measuring environmental impact
and guiding decision-making. However, LCAs require scale and real-world data to
be fully reliable, making continuous investment in independent research essential.
Collaboration in LCA studies can also foster industry-wide learning and
improvements. "We've always tried doing LCA's with independent parties outside
of the company who are really looking also very critically at what we're doing.” -
(Founder, Reuse operator #2). Transparent communication around the
environmental impact of reusable system is also important: “We openly share it
with our customers if they join in, obviously, we exchange with them and so on.
Then we share all the information. So, the LCA study is part of that. Obviously, it's
based on a lot of assumptions because it's not in scale, so you can't measure it
yet. It needs to be done when it's reality, it needs to be redone. Then we actually
encourage the potential partners to do it for their product categories, for their
brands, and we help them with the inputs for their LCA study” (Executive Director,
Reuse operator #3).

3.6 Level 5 — Collection and Recycling

In this section we investigate the perceptions of collectors and recycling
organisations in the transition to circular packaging. Table 6 below provides a
description of the role of the key stakeholders at this level.
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Table 6: Collection and recycling stakeholders: roles in the value chain

Recyclers

EPR
organisations

Recycling

federations

3.6.1 DRIVERS FOR A CIRCULAR TRANSITION OF PLASTIC

PACKAGING

From the collection and recyclers perspective, four key drivers provide a push:

STAKEHOLDER ROLE IN THE VALUE CHAIN

Municipalities are responsible for collecting household waste.
Collection is one of the most challenging phase because it relies on
the consumer disposal, and the current way of collecting does not
focus on the variety of types of plastics that packaging is made of.
After collecting, a complex sorting process is necessary to obtain a
valuable secondary raw material.

The recycling process results into a secondary raw material, which is
sold back to the compounder to obtain a material that has a
technical performance meeting markets standards.

Extended Producer Responsibility (EPR) organizations for plastic
packaging are entities that make producers legally and financially
responsible for mitigating the environmental impacts of their
products. Through EPR schemes, companies that put packaging on
the market are required to pay for its collection, sorting, and recycling
after use.

Recycling companies’ federations are organizations that represent
the interests of the recycling industry and promote materials
recycling. These federations facilitate free and fair trade of

recyclables in a sustainable and competitive world.

societal pressure, regulation, customer demand and company commitments.
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Driver #1: Societal pressure

Similar to stakeholders more upstream in the value chain, environmental
concerns from society are highlighted as a key driver pushing for change:
“Everything starts of course, with the environmental concern. So, we witness, these
environmental challenges, pollution, climate change, it's all very connected
actually, because at the end we are always depleting resources while we produce
virgin materials, but also with the waste treatments, so it's very, very complex”
(Regulatory affairs advisor, Recycling federation #2). Media relaying the impact of
plastics on natural ecosystems increases the relevance of the challenges to
tackle: “They write a lot about plastics in newspapers, and in people's mind it's
important to sort plastics. You can see these poor animals in seas, suffering
because of plastics. Many people think that it's important” (Project manager, -
Waste collector #1). This societal pressure - which pushes for more sustainable
management of resources - is also a good source of sustainable innovation: “the
potential for innovation is exciting, is motivating. And then there is also the idea of
creating this long-term impact on the life of other people of society” (Regulatory
affairs advisor, Recycling federation #2).

Driver #2: Regulation

Contrary to other stakeholders upstream, from recyclers perspective, stronger
regulation is positively perceived: “From our point of view, beforehand there was
a lot of focus in the legislation about recycling rates and we were always kind of
waiting for some regulation for the products. And now that new legislation has
corrected it, there are requirements for how much of recyclates should be used in,
in certain product, etc...from our point of view, it is a really good development”
(R&D manager, Recycler #1). This view is shared generally by recycling federations:
“All the EU legislations with regards to circular economy are very helpful for the
recycling industry. We have within the European Green Deal, the circular economy
action plan, that sets different objectives for plastic packaging, for example, that
all packaging has to be recyclable. And it also adds the objective of introducing
more recycling materials in packaging” (Technical manager, Recycling federation
#1). Legislation creates new demand from recycler's customers: “Because if our
clients are not (required) by law to incorporate recycled plastic, it's hard to
manage it. We are really supportive of any new regulation or EPR system or these
kinds of things that can boost the implementation of circular economy, to make it
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economically viable” (Sales coordinator, Collector and Recycler #2). This
Regulation driver is however to be addressed with what is technically feasible:
“..legislation and push into that direction are things that did help us to franchise
into different substances, let's say. But | think it's back and forth from innovation
and what is possible. We've always worked very closely with local governments
and with national governments as well to inform them of what technologically
would be feasible, so that it's worth a push into the right direction” (Public Affairs

officer, Recycler #3).

Driver #3: Customer demand

From recyclers perspective, customer demand drives the positive development of
the market, and this market potential is not exhausted yet: “..the consumer point of
view of course. We always hear that the people would be more eager to find
products with recycled materials and we think that now just a fraction of the
different products has been yet used. So, there are a lot of (products) in this market
areaq, in which recyclates could replace the virgin plastics” (R&D manager, Recycler
#1). This demand is also pushed by customers trying to fulfil their sustainability
requirement: “We have more and more demand from our customers to be more
efficient to help them reduce their carbon footprint or their resource footprint (...)
How can we maximize their recovery of waste or reduce the quantity of waste. So
of course, customers are also a super driver for us” (Sales coordinator, Collector
and Recycler #2). As circular economy is becoming more talked about in business
circles, the shift of image of “circular materials” is also driving customer demand:
“The change that happened in the last couple of years, is that formally you would
sell something on the market as a secondary raw material that was of lower
quality in comparison to new materials. You would have sold that at a lower price.
This opportunity of calling it a circular material gave it an added value that would.
So having a recycled material before was a reason to lower the price and now it
has an added value of having advantage of lower CO2 emission. That is a step
forward to having a better prospect for all these secondary raw materials in the
future” (Public Affairs officer, Recycler #3).

Driver #4: Company commitments towards circular economy

From an internal perspective, circular economy is strongly aligned with core
activities of recyclers. Recyclers closely relate their business purpose with CE
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principles, which drives the development of circular solutions: “Circular economy is
such a vast areq, but that's our main business idea. We see ourselves as an
environmental management company and then customer solutions is our
business” (R&D manager, Recycler #1). Larger and older recycling companies also
like to emphasise their long connection with the concept: “We've been doing waste
management for more than 100 years now. So it was super logical for us for the
next step in our activities to become a key player in circular economy” (Sales
coordinator, Collector and Recycler #2). This connection made it simple to align CE
principles with sustainable values: “We did that before circular economy was even
born as a name. We stand for responsibility towards the tomorrow of every person
on this planet. We aim to do what is nhow modernly called circular economy,
because it's at the core of our values” (Public Affairs officer, Recycler #3). Similarly,
commitments and sustainable goals drive the efforts accelerating the transition:
“We have a commitment to reduce our carbon footprint. We want to become
(resource-efficient), we have a lot of what is considered waste that we want to put
directly back to the market, to avoid extracting new virgin material” (Sales
coordinator, Collector and Recycler #2).

3.6.2 BARRIERS HINDERING THE TRANSITION TO CIRCULAR
PLASTIC PACKAGING

From collectors and recyclers perspective, several barriers hinder market

development. Technical barriers are still omnipresent.

Barrier #1: Technical barriers

From collectors’ perspective, sorting quality is the first barrier: “What raises issues
for us is the quality of the waste, when we receive bails from sorting centres
sometimes there are mixed in things that will degrade the quality of the output. |
think there is a big challenge in increasing the quality of the input and have more
and more separated streams. Today, for example, for flexible packaging, we sort
together PE and PP films. If we want to have a high (quality) grade of recyclates,
we need to have a specific stream for each” (Sales coordinator, Collector and
Recycler #2). There is a lot of variation as well within one quality: “When you

separate by polymer, you still have a high variation within that polymer of the types
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of containers and the mechanical properties of that polymer within that fraction.
And that does affect quality” (Public Affairs officer, Recycler #3).

From recyclers perspective, received feedstock has technical challenges from a
moisture level as well as quality level. This strongly influences the recyclability rate
of the packaging waste received: “All the discussions in the recent years about
recycling rates have been many times quite falsely understood. From the amounts
that we are getting, it's impossible to have bigger than maybe nowadays 50% yield
of recyclates. There are moisture and cardboard or paper or something like that,
it's quite hard to make plastics out of that” (R&D manager, Recycler #1). Level of
contamination is also problematic to solve as recyclers depend on the feedstock
received by collectors: “(there are) contaminants that come from consumers, but
some contaminants come also from the system. For example, if they are stored in
the sandy fields, some materials not belonging to the plastics can contaminate it.
These kinds of cases have been pointed out and tried to be solved so there
wouldn't be any contamination that shouldn't be there.” (R&D manager, Recycler
#1).

Safety related to food grade applications is also highlighted: “there is of course a
big challenge about safety. Because we discover more and more pollutants, things
that will challenge food grade applications. We want to make sure that there is no
such issue with recycled plastics. We also are focusing a lot on being sure there is
no toxicity or no hazardous substances in the recycled plastic, but this also
depends on what comes in our plants” (Sales coordinator, Collector and Recycler
#2).

From purely recycling technology perspective, specific technical challenges
remain which could be overcome by improved design for recycling guidelines
implementations: “Mechanical recycling is not able to face multi-material
packaging. There are also problems in chemical recycling and dissolving
technology for multi-materials. Because of the severity and significance of these
technological challenges, | would say that it would be easier to design for recycling
and using some other solutions” (R&D manager, Recycler #1). Factors inhibiting the
quality of recycled plastics include colour/pigmentation levels. “At the moment,
there are quite dark colours. There is some possibility to take the pigments away,
but then it's always question of money. Colour might affect some product
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applications, because in the production line you need to learn how to use this
material and it takes time, effort and motivation to do it.” (R&D manager, Recycler
#1). Colour sorting before recycling is indeed not economically viable when

volumes are too low.

Change in format or material of packaging can create additional difficulties: “For
example, packaging shifting from a mono material to a multi material. Or a plastic
cardboard mix, which is not as recyclable as everyone would like to see. Those are
trends that are more on a slower scale but do affect the waste composition a lot.
There's this other trend of lightweighting and putting everything into pouches
instead of bottles and flasks, that makes it also very difficult to recycle” (Public
Affairs officer, Recycler #3).

Barrier #2: Market and economic barriers

From collector's perspective, as the position in the value chain is limited to
collection, market development is somewhat limited: “It's not so easy always
because it we can't do so much. We can do our part, but we can't decide what to
do to plastics after we have collected it” (Project manager, Waste collector #1).

Finding buyers willing or able to recycle is also major concern for collectors: “We
collect other plastics too at sorting stations and there have been problems to find
recycling companies who can take all the waste we can provide. Now the situation
is a little bit better, but there have been problems, for example we had to store
plastics to find someone who wants to have the plastics” (Senior environmental
specialist, Waste collector #1). The number of Infrastructure to collect plastic back
might influence the volumes collected: “The number of take back points for plastics
may not be enough. It may be very difficult for people who don’t have a collection
bin in their own residential building, so they have to take it to the take back point.
If it's several kilometres to that place, they may not want to recycle” (Senior
environmental specialist, Waste collector #1).

From recyclers perspective, price volatility, quality of feedstock and low demand
are key economic barriers: “The market situation may be fluctuating, and the prices
may be fluctuating, but that's kind of normal in the business life. Quality, of course,
the input streams that we are getting, they are not that homogeneous, but of
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course quite stable. We need to do some extra steps for the quality so that we
ensure that quality is good enough for our customers. It’s just things that we need
to take into account, quality monitoring and preparing for those fluctuations” (R&D
manager, Recycler #1). Shifts in demand also impact future investment: “With the
current situation, the demand of recycled plastic is very low. If the demand is very
low, the capacity is not going to grow and the investments in scaling up recycling
capacity and investing in new technology is not going to happen” (Technical

manager, Recycling federation).

Alongside price volatility is the cost of infrastructures and the necessity to
developing term partnerships to ensure return on investments: “So who is willing
to pay if you're not obliged to, because virgin plastics are now quite cheap. Then
we need to be ensured of the takers. Because for example, if we developed
dedicated recyclates for customers, we have to be sure that this customer will take
it in the long term. Investments are heavy and we cannot change our process
every two days. So, there is something important to do in terms of partnership”
(sales coordinator, Collector and Recycler #2). Economically speaking, linear
business models are still designed to be more cost effective: “I think it's really one
of the main limits today that it's still cheaper to pollute than to depollute. It's
cheaper and much easier to use virgin plastics than recycled plastics because
you need to have a change in your business model and your production lines. |
think we really need to support our clients all along the way” (Sales coordinator,
Collector and Recycler #2).

Barrier #3: Socio-cultural barriers

Beyond technical and economic barriers, collectors face specific socio-cultural
barriers. First, there is still suspicion from consumers: “If people don't know what
happens to the plastic waste we collect, if they hear from the news that there are
problems in recycling and that a percent of all the plastic waste is incinerated and
not recycled, they are suspicious that the whole chain doesn't work. They don't trust
that what is put in the bin is recycled. There are people who just don't want to sort
waste and they always find a reason for that” (Senior environmental specialist,
Waste collector #1). Sorting quality from consumer behaviour is another issue:
“We have to motivate also the consumers to change their behaviours that they will
start sorting and bringing the packages in the collection system because now so
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much still disappears and it doesnt come to our system, and then we cannot
recycle them” (CEO, PRO#1). “Young people are slowly learning and it's not
happening in days but in years” (Project manager, Waste collector #1).

3.6.3 FUTURE PERSPECTIVES ON THE TRANSITION TO CIRCULAR
PACKAGING

Both collectors and recyclers foresee positive developments for their respective
markets: “The idea is really to push the recycled plastics back on the market and
to be as close as possible to our clients to understand what they want and to really
enable a closed loop” (Sales coordinator, Collector and Recycler #2). Creating a
self-relying European market for recyclates is seen as a strategic ambition: “We
even strive towards having a secondary raw material market in Europe that would
make us more independent of fluxes coming from outside” (Public Affairs officer,
Recycler #3). For this to happen specific changes are expected, among which a
shift towards Design for recycling: “There will be a change in terms of eco-design
in the way that brand owners and packaging manufacturers will really incorporate
this in their core manufacturing process” (Sales coordinator, Collector and
Recycler #2). ..l hope that, maybe not completely by 2030, but that the materials
will be designed with the circularity in mind, with the sustainability in mind, if we
dare to say. So, design for circularity, is absolutely important” (Regulatory affairs
advisor, Recycling federation #2).

From collectors’ perspective, wider collection systems including more plastic
streams are expected: “There is pressure to organize collection for other plastics
as well. Of course, packaging waste is the major stream. It would be a good thing
if we could collect all kind of plastics in the same bin and have a system to
separate them” (Senior environmental specialist, Waste collector #1).

Sorting systems are also expected to improve: “We will have to keep improving the
efficiency of our sorting systems to be able to sort as much as possible and with
the highest possible purity rate” (Sales coordinator, Collector and Recycler #2).
Changes in sorting methods could increase efficiency: “We really see differences
when we have a comingled collection, when we have a collection dedicated to
paper and carbon on one side, one for plastic, metals and drinking cartons on the
other side. The more the waste is separated at source, like at home of consumers,
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the better the waste is" (Sales coordinator, Collector and Recycler #2). Novel
technologies are also expected to play a key role, including recent Al applications:
“The recycling technologies, | see them advancing pretty much. So, for instance, in
these years we have seen the advance of Al artificial intelligence in the sorting, for
instance. This is a big tool for recycling. It's of course not perfect, it's under
development and not fully implemented because it costs a lot of money, but it's
taking place more and more” (Regulatory affairs advisor, Recycling federation #2).

Bridging recyclers with manufacturers to close the loop is perceived as a key
objective: “I think brand owners or packaging manufacturers in general will also
be keen in integrating recycled plastics. And there's going to be a great progress
in the way of how we can better integrate recycled plastic in their products” (Sales
coordinator, Collector and Recycler #2). “It is really linked to the final bridge
between us recyclers, what we produce in terms of recycled plastic and how
producers and manufacturers can integrate it in their products” (Sales coordinator,

Collector and Recycler #2).

Finally, the growing importance of chemical recycling alongside mechanical
recycling is highlighted by recyclers: “It has already been discussed for maybe
couple of years, the relation between mechanical and chemical recycling [..] we
understand that there is need for both and there's some kind of optimal
combination of those in future. Chemical recycling would help with the reject
coming from the mechanical recycling and input streams of not that good quality”
(R&D manager, Recycler #1).

3.6.4 LEVERS FOR THE UPTAKE OF CIRCULAR PLASTIC PACKAGING

In order to materialise a successful circular future from collectors and recyclers
perspectives, several levers should be activated. At operational level, process
innovation, business model innovation, and better traceability through data and
tech could leverage important developments.

Lever #I: Process innovation

The need to develop better recycling process is perceived as a strong lever: “for us
as a recycler, it's very important that packaging is not only designed through with

guidance for recyclability, but also that packaging is recycled in practice”
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(Technical manager, Recycling federation). To support this, standardized quality
insurance could play a key role: “I think recyclates should have their own
standardized quality assurance criteria. It's crucial in case of recyclates because
if you have the standard, you can also prove further consistency. Consistency and
quality assurance, consistency in the market, acceptance, and the demand. You
can also boost confidence in this type of market, so you boost the confidence that
forms as among the manufacturers, among the consumers that use these kinds
of materials. And this makes it also easier, | think, to meet the regulations. So as
the regulations are becoming stricter and stricter, rightly so in some cases, if you
have a standardized set of quality assurance criteria, that it's going to help you out
in producing compliant materials” (Regulatory affairs advisor, Recycling federation
#2).

Lever #2: Business model innovation

Beyond operational efficiency, business model innovation is also seen as a
potential lever to activate for recyclers: “in terms of innovation, what | think it's really
missing is more innovation in terms of business models, in terms of partnerships
[..] I think also we need to have innovation in terms of a reusing and reducing
waste. | think innovation has to be a bit more widened, not only doing technological
innovation, but also on other fields” (Sales coordinator, Collector and Recycler #2).

Lever #3: Data and tech

Data availability and traceability can be a suitable enabler for recyclates uptake:
“I would say that's a common thought today to do some traceability. For example,
if we are aiming for the material to be used in food contact packaging again, then
we will need total 100% traceability for this kind of system” (R&D manager, Recycler
#1)."I would say from the perspective of brand owners, but also from my clients,
the issue is sometimes to find available information about what is recyclable or
not, what recyclers are able to do. | think there is lack of information regarding the
system and the mechanisms of recycling. If the product manufacturers don't know
how things are recycled, they can't build stuff that is recyclable” (Sales coordinator,
Collector and Recycler #2).

The balance between open data vs competitiveness however needs to be

carefully planned: “So traceability is a key thing for us, and we are putting lots of
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efforts and energy in having a traceable product in the end, traceable plastic and
recyclates. After this, depends on the type of data, because some data are or of
course super sensitive because it's our process, it's still a competitive market, so
we need to be cautious with that. But in terms of traceability, it's something we
already do and we are running to push further” (Sales coordinator, Collector and
Recycler #2).

Lever #4: Regulation

A comprehensive policy approach combining regulation, directives as well as
economic incentives is expected. From a regulation perspective, recyclers expect
to have a long-term view: “What is needed is a long-term certainty of something,
which is never given. The volatility that we work with at the moment is so working
against innovation. If you innovate and if you want to invest in something, you
always need to have at least the idea that there’s payoff and at the moment
there's just so much volatility that you can't really assess the risks even” (Public

affair officer, Recycler #3).

Lever #5: Legislation

The development of clear ambitious targets is seen as a key lever according to
recycling federations: “So for example, setting recycling content targets, can help
to make progress towards the circular economy.” (Technical manager, Recycling
federation); “for plastic we need a strong legislative framework because if not,
there will not be enough demand for recycled plastics. So that's why we need to
focus on what the legislation can do to change the current state”. Beyond clear
targets, standardisation and harmonization is also highlighted: “What we see in
(different) countries, the rules of sorting waste at home can be different from a
city to another, from a neighbourhood to another. | think we also need to
standardize the collection rules and make infrastructures available for all, because
sometimes we see in some countries the collection infrastructures are still rare.
You can ask people to drive kilometres to put their recyclable waste in a dedicated
bin, I think we need to develop infrastructures as far as possible” (Sales coordinator,
Collector and Recycler #2).
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Lever #6: Fiscal incentives

Fiscality is also perceived as an important tool for transition: “This could be, for
example, a reduced VAT for recycling materials, or for example the eco modulation
of EPR fees of the standard Producer Responsibility fees, according to the
percentage of recycling materials that products incorporate” (Technical manager,
Recycling federation). Ecomodulation, which is already implemented in several
countries, is highlighted as one measure to generalise: “..if you don't reach the
target, you will have a malus or if you put on the market a recyclable product, you
will have a bonus. There is an instrument that already exists, it's called eco
modulation. For example, in France, Spain and Italy. And | think it's really a great
driver” (Sales coordinator, Collector and Recycler #2).

Lever #7: Funding and research

Funding for research goes hand in hand with ambitious regulatory targets: “When
you have targets, you need research and innovation to move forward. So, | think
also policy plays a key role in fostering innovative solutions to recycle more
complex waste streams” (Technical manager, Recycling federation #1). Relational
levers can support a circular plastic packaging future, such as innovative

partnerships, awareness and communication.

Lever #8: Innovative partnerships

From recyclers perspective, collaboration and partnerships are also highlighted,
the challenge however lies in finding the balance between an open approach that
still bears individual benefits: “What is definitely needed, is always this cooperation
with different players in the value chains. And of course, that's already done but
maybe in some places it could be deepened. [..] In some perspective we could be
more open with our own doings in order to get more from others doing. It's always
a balance between what we want to keep to ourselves and what to do together
with other companies.” Developing complementary partnerships in a win-win
ecosystem is suggested: “We select the company so that we are not competitors,
then we both kind of win from looking a little bit outside of the box, get new ideas
and new innovations” (R&D manager, Recycler #1).

Knowledge sharing and enabling cooperation with actors along the value chain is

key to create sustainable value: “now we are more interested in the future of our
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waste because we know that it can be a new kind of resource. This is why people
want to get more and more information about that” (Sales coordinator, Collector
and Recycler #2).

Lever #9: Awareness raising

Another lever aims at rebuilding trust with consumers on the usefulness of
recycling practices: “I hear too often that “I saw in an online documentary that
even if | sort it (waste) as a citizen, it is all mixed together and everything goes to
incineration.” | think there is a trust to be rebuilt about that” (Sales coordinator,
Collector and Recycler #2).

Lever #10: Communication

New marketing and communication could help shape new consumer behaviour:
“Nowadays, we have to do totally different marketing and communications
because the world is changing. So, how to raise interest and how to motivate
them? Usually, we have found out that they don't have the motivation because
they don't have outside pressure that they have to do it, or they don't have some
hero which they follow. So, the consumer behaviour is very big thing that how we
can change it or can we change it?" (CEO, PRO#1). New approaches based on
gamification could for instance be tested: “We could make a competition that
which city has the best recycling rate by person, inhabitant, or the collection rate.
Because people start to compete with each other. Maybe that is motivating.
Maybe they would award the best collector of the year, the city or area. That type
of soft policies can be motivating. But even in the consumer behaviour, it's easier
if there's a financial benefit” (CEO, PRO#1).

Alongside awareness and communication for consumers, recycling federations
highlight the importance of communication towards policy makers: “It is very
important to communicate the complexity of the industry in clear words, in clear
messages and also to provide the technical knowledge that sometime is missing
when setting new rules” (Technical manager, Recycling federation #1).
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3.7 Level 6 — Policy makers and market shapers

In this final section we investigate the perceptions of policy makers and other
market shaping organisations regarding the transition to circular packaging. These
actors are not directly involved in developing distribution or collecting packaging
but have different roles in shaping how the value chain is being transformed. Table
7 below provides a description of the role of the key stakeholders at this level.

Table 7: Policy makers and market shapers: role in the value chain

STAKEHOLDER ROLE IN THE VALUE CHAIN

S GG TR [ Standardization bodies develop, publish, and maintain
technical standards to ensure quality, safety, interoperability,
and efficiency across industries. These bodies often
collaborate with industry stakeholders, governments, and

research institutions.

NGOs are independent, non-profit organizations that operate
outside of government control to address social,
environmental, humanitarian, or policy-related issues. They
are involved in advocacy, service delivery, research, and
policy influence.

L L EYE T B Innovation ecosystems bring together industry, academia,
and public sector stakeholders. They foster collaboration
through joint research projects, funding opportunities, and

knowledge exchange.
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R&D organizations The focus of R&D is in creating, improving, and innovating
products, technologies, or processes through systematic
research and experimentation. They can be independent
research institutes, corporate R&D units, or university research
centers. These  organizations drive  technological
advancement, support industry competitiveness, and
contribute to scientific knowledge, often collaborating with
businesses, governments, and academia.

Municipalities A municipality is a local government entity responsible for
managing public services, infrastructure, and regulations
within a specific geographic area. They may play a key role in
facilitating circular economy projects and public/private

funding.

3.7.1 DRIVERS FOR A CIRCULAR TRANSITION OF PLASTIC
PACKAGING

Driver #1: Societal pressure

From market shapers perspective, unsustainable consumption patterns are
leading to the development of alternative packaging solutions: “I would think that
people are also changing when they realize that it's not sustainable to consume
as we do” (Ecosystem lead, Innovation ecosystem #1)

Driver #2: Business opportunities

While legislative push is a key driver of companies’ circular transitions, business
potential also plays an important role: “There has also been a company interest
towards [recycling] because of the legislation sort of forcing towards recycling,
but also that there's this business potential seen in recycling” (Ecosystem lead,
Innovation ecosystem #1). Although legislation and business potential are often
associated with downstream circular strategies like recycling, business potential
also exists in upstream solutions such as reuse. “We [the reuse company] see a
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business opportunity, a business case going forward in this, so we want to invest,
and we want to do everything” (Project lead, Municipality #1). As the latter quote
shows, some companies are willing to shape the food packaging market to a more
circular one by actively investing in reuse systems and driving their development
by collaborating with public entities, such as municipalities.

Driver #3: Company commitments towards circular economy

Many market shapers view shifting company values and perceptions as key driver
of the circular economy. These changes in corporate mindsets can lead to
strategic management shifts and stronger commitments toward circular economy
throughout the whole plastic food packaging value chain: “If we manage to think
of waste more as a resource, it could improve management from upstream
through the users to end-of-life” (Policy officer, NGO #1).

Some of these market shapers try to influence corporate stakeholders by activating
businesses to consider the benefits of circular solutions. Therefore, these
stakeholders motivate companies to engage in more circular practices: “we also
challenge [companies] a little bit and push them forward via these projects to
explore is there anything else for them [in circular economy]. So really trying to
motivate them that why we need to go further and why we need to do more
research and why we need to solve these challenges” (Ecosystem lead, Innovation
ecosystem #1).

3.7.2 BARRIERS HINDERING THE TRANSITION TO CIRCULAR
PACKAGING

Barrier #1: Technical barriers

Several technical barriers hindering the adoption of circular packaging are
emphasized. One of these challenges relates to different packaging types thatare
needed and their viability in reuse: “We must remember that we are talking about
different types of packaging, whether it is take-away packaging or transport
packaging or whether it is then this kind of food packaging, a yogurt cup or
something else like that” (CEO, R&D organisation #1). Most technical challenges
occur at system level, for example in the uptake of reuse systems: “The biggest

challenge is reverse logistics, because all the trade and other models in
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packaging is based on this linear model. So, it's not just in terms of this system, it's
through the integration with the rest of the other activities that it has such a broad
impact” (CEO, R&D organisation #1).

Barrier #2: Market and economic barriers

At this level, numerous market and economic barriers hindering the adoption of
circular packaging are pointed out, with most challenges rooted in the current
linear economic system: “It's the whole system, the economic system, that has to

change” (Project manager, R&D organisation #1).

A key barrier linked to the existing system is limited access to funding: “With
circular economy, it's something that's very difficult to get on a national budget”
(Project lead, Municipality #1). While there is public funding available for research
on circular strategies, for example in form of EU funded projects, there is not enough
funding for commercializing the circular solutions developed as the end-results
of these projects: “We have a lot of research. We have a big research budget, and
we spend a lot of money for that. And then we don't see things getting
commercialized at the end of the research projects. And it is sort of because there's
this Death Valley of no financing available for taking it the next step from the
research into actual business” (Ecosystem lead, Innovation ecosystem #1). This

also leads to repeating similar pilots within the frames of different projects.

Another issue lies in the imbalance of financial support: single-use packaging
producers receive support to continue the production of single-use packaging,
while circular packaging producers and operators receive significantly less or none,
despite their critical need for financial assistance: “We are subsidizing industries
producing single use materials and packaging and then the reusable packaging
providers for example need to pay everything by themselves.” (Ecosystem lead,
Innovation ecosystem #1). This lack of resources combined with weak regulation
related to reusable packaging challenges market development: “In most circular
innovation, it takes a lot of seed funding, it takes a lot of innovation, it takes a lot of
building momentum and building knowledge. And that's not.. The market is never
going to do that voluntarily” (Project lead, Municipality #1).
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With more upstream circular strategies, the main challenge is the lack of business
potential from the company perspective: “The further we go from recycling when
we talk about reusing or even refusing or reducing materials, the lesser business
potential is seen there and that's clearly a difficulty with businesses” (Ecosystem
lead, Innovation ecosystem #1).

Stakeholders also see the extra cost issues of implementing circular economy
solutions and how that affects the motivation of companies to transition towards
circular packaging: “It's not in the core interest of industries and companies to push,
for example, regulation towards circular economy, because that would mean
expenses for the industries” (Ecosystem lead, Innovation ecosystem #1). Due to the
fear of additional financial costs, companies are not willing to move away from
single-use packaging. This highlights the important role of regulation and
economic incentives: “Sustainability in this case is more expensive than single use,
as long as there's no taxation or regulations in place” (Project lead, Municipality
#1). Moreover, the financial costs are not the only costs. The recycling
standardisation process is a good example how circular transition also requires
companies’ time and effort: “It [standardisation] takes time and money. [..] 'm not
here writing [the standards] on behalf of companies. It's a fact that the company
itself needs to know what it wants in the standard, so it has to participate” (Leading
specialist, Standardisation body #1).

When it comes to resources, value chain stakeholders operating within the circular
economy, such as reuse operators, often lack the necessary resources to
influence policies: “We can see what happened to packaging and packaging
waste regulation. It diluted heavily because of the lobbying, | would say. So, it's sort
of because it's such a small industry or such a small focus areq, still the circular
economy doesn't have strong enough, you know, power to do this kind of lobbying
work that would be needed” (Ecosystem lead, Innovation ecosystem #1).

Market shapers also highlight that resource sharing is hindered by the
competition not only among companies but also among research organizations.
While some information and experiences are shared, crucial knowledge is often
withheld to protect competitive advantage. As a result, the same mistakes are
repeated, hindering the process of building on previously acquired know-how:
“Within the industries, within the research, people are quite hesitant of sharing the
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knowledge, because so much competition is ongoing. In business that's easy to
understand and you know businesses want to ensure that they are the most
successful ones—they don't want to share everything. But even in research it's the
same thing. So, research organizations, universities; they don't want to share
everything because they are competing for the same money” (Ecosystem lead,
Innovation ecosystem #1).

Barrier #3: Regulatory barriers

A multitude of regulatory challenges are pointed out for the uptake of circular
packaging. These stem partially from the current political paradigm: “After the
elections, or this new legislative term, discussions around, let's say, more
environmental-friendly solutions and still making these environmental aspects in
parallel with circular economy will be much more challenging” (Policy officer, NGO
#1).

Shifting the circular economy away from the political spotlight hampers the
adoption of circular packaging by slowing the development and adoption of green
policies. This is combined with industry’s lack of action unless legislation is
implemented: “Currently the standardization request for plastic recycling and
recycled plastic does not have any legislation or regulation behind it. So, these are
practically based on voluntariness. [..] Let's say, our companies and industry only
really get activated when it becomes a matter of life and death” (Leading
specialist, Standardisation body #1). At the same time, tensions are caused by the
considerable amount of regulation and reporting obligations: “The operational
environment is regulated too much, and there are always more reporting
obligations. For example, political influence should aim at less regulation and more
common agreements, in other words, standardization” (Leading specialist,
Standardisation body #1).

A significant barrier for several stakeholders, as pointed at in other sections of the
value chain, is also the growing uncertainty around regulation: “The industry has
been uncertain where regulation is going. [...] If companies lack certainty regarding
regulation, the investments will not be made, and it is reflected in the development
of materials, expertise, and technological development” (CEO, R&D organisation
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#1). The ambiguity on regulation slows down the development of circular
packaging solutions but also the adoption and scale-up processes.

Regulatory uncertainty is partly driven by lobbying from stakeholders producing or
using single-use packaging: “Last year, the whole year was very much centred
around discussions on this new law of packaging waste regulation. We see that it's
lobbied by for example, paper packaging and cardboard packaging [industry].
The industry managed to derail many ambitious targets from this law, where there
were supposed to be European targets for reusable packaging for the businesses,
for the sectors” (Policy officer, NGO #1). These stakeholders usually use recycling
initiatives as an excuse to avoid more strict regulation regarding more upstream
circular strategies, such as setting targets for reuse, that would affect their
operation: “It's just that, through recycling incentives, companies may have a good
excuse to still produce and go further with business as usual. That's why | would
say that from the policy and implementation point of view, there are still a lot of
obstacles” (Policy officer, NGO #1). While political authorities aim to advance
circular strategies, the necessary support of authorities is lacking: “Even if there is
appetite to move to those more circular economy and reusable solutions, very
often we are missing the support from the authorities” (Policy officer, NGO #1).

Barrier #4: Socio-cultural barriers

Socio-cultural barriers identified at this level include consumer and stakeholder
perceptions, attitudes and behaviours. For example, in discourses, circular
economy is narrowed down to recycling: “The discussions around circular
economy actually are very much focused still on the end-of-life of everything. It's
more waste management and recycling, which should not be really the core. It's
very important, but this is only one of the elements” (Policy officer, NGO #1). This
reflects a lack of awareness among consumers regarding more upstream circular
packaging solutions, such as reuse: “For example, in Germany, there is the
requirement that a lot of [restaurants] have to provide the reusable solutions, but
they are not communicating about it, and sometimes it happens that people just
treat it as single-use and throw it away, just completely maybe not being aware”
(Policy officer, NGO #1).
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There are also common misconceptions about packaging: “People say that
packaging always protects the product, or packaging always does this and that
and it's not true, it's just some sort of a fact that people think is generally accepted”
(Ecosystem lead, Innovation ecosystem #1). These misconceptions and lack of
awareness influence consumer attitudes and behaviour: “Consumer attitudes
and behaviour too have to change. We don't think that the packaging is waste
after use when it has been emptied” (Project manager, R&D #1).

While engaging industry and consumers in using circular packaging is challenging,
so is the maintenance of new system, as they often revert to old habits over time:
“When you don't push it or make it standard that you use this [reusable] cup
instead of a single-use cup, then you revert as a barista or as an employee in
these different cafés. You just take the single use because you've always been
doing the same thing. And then it doesn't die down” (Project lead, Municipality #1).

Also, while circular economy is usually considered a solution for the issues
stemming from linear economy and the single-use culture, there is scepticism on
circular economy: “'m a bit sceptical even to circular economy. You know, if we
consider circular economy as something that enables us to consume and spend
money and, you know, produce as much as we do now. So, I'm a bit sceptical that
even that will help. But it's definitely better than the linear economy models”
(Ecosystem lead, Innovation ecosystem #1).

3.7.3 FUTURE PERSPECTIVES ON THE TRANSITION TO CIRCULAR
PLASTIC PACKAGING

Identified drivers and barriers in the previous sections influence stakeholders’
perceptions of the future of circular packaging. In this section we highlight future
systemic changes expected to reach a circular packaging future.

Among the stakeholders interviewed at this level, different perspectives emerge
around the future role of regulation: for some, regulation will diminish and make
room for a more competitive environment for circular packaging: “Regulation has
already advanced so far that everything is covered. The current intention is to
reduce regulation in the EU, which is not necessarily a bad thing for

competitiveness” (Leading specialist, Standardisation body #1). There is also hope
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that the regulation will help balancing industry profitability and sustainability:
“There will be a lot of, let's say, more industry-friendly [policies], which is per se not
bad. We don't say that it's bad because we need also good sufficient European
industry, but we hope that the rules still will keep them safe to perform as also still
in the spirit of Green Deal.” (Policy officer, NGO #1)

Focus will also shift from recycling to more upstream solutions: “All our
discussions are really at some point going to upstream and to the manufacturing
because that's the only way that we can actually change the situation. [...] We have
to move to upstream and we have to change things there. And then the
consumers will follow, if you present them the right solutions” (Policy officer, NGO
#1). Therefore, they envision a rise of solutions extending the life of the packaging:
“I would expect that there is more reuse. | would expect that to happen despite the
regulation, because some countries in Europe already have implemented these
regulations and goals in their legislation. And that means there is a market for
these. When there is some sort of market, there are also companies trying to
formulate solutions to gain a part of that market”. The same goes with increased
use of recyclates in packaging: “By 2030, | hope to see more recycled content in
the packaging, not just in the PET bottles, but in other packaging as well.”
(Ecosystem lead, Innovation ecosystem #1). This increase in recycling and
recyclate use could also lead to market that favours reused and recycled
packaging: “I'm hopeful that increase in recycling and using single-use materials
because of the recycling targets, it means that they become more expensive,
which could mean that the reusable packaging options could be eventually
interesting to the companies. When that happens or when the reusable option will
be cheaper for the company than the single use, then they're actually taking it
seriously and we might see some changes” (Ecosystem lead, Innovation

ecosystem #1).

Changes in infrastructure is also expected: “I would like municipalities to shift
perspective onto infrastructure. How can you back infrastructure development,
either by going together with different cities and looking at the possibilities or
pushing your mandate towards national level, where you have your local
politicians trying to drive a change into the national chambers and then smoothen
implementation” (Project lead, Municipality #1). This includes also standardisation
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of packaging for recycling and reuse: “I would like to see a national or even better,
a European standardization and call for reuse” (Project lead, Municipality #1).

Finally, advancements in chemical recycling and its standardisation are also
expected: “I think that in about 6 years, chemical recycling will also be much more
advanced and more standardized. This practically means that the raw material
will not be as critical. Even then, chemical recycling will be precise regarding raw
materials, but not as precise as mechanical recycling. And then we will be closer
to getting food-approved packaging with that recycling method” (Leading
specialist, Standardisation body #1).

3.7.4 LEVERS FOR THE UPTAKE OF CIRCULAR PLASTIC PACKAGING
Lever #1: Process innovation

Process innovation in standardization is an expected lever for circular packaging
uptake: “Instead of the commission drafting legislation without consulting the
markets and industry, the industry should create standards based on their own

needs” (Leading specialist, Standardisation body #1).

Lever #2: Business model innovation

Upstream circular packaging requires business model innovation to support the
uptake of such systems. This includes shaping the system infrastructure: “We
came to the conclusion that, these scooters in the city that you can rent on your
phone and then you drive around - that is very similar to what we're doing here.
Because if you look at these, this is also infrastructure. [..] So, what we did there
and what all municipalities have been doing in this case is having a tender, telling
the market, that we have an issue with mobility in our inner city” (Project Lead,
Municipality #1).

Making reuse the default option via business model innovation is another
promising pathway: “The way we're doing it right now is trying to get partners to
actually go standard. So, if you ask for a to go cup, you just get it in this unless the
customer who specifically says, | don't want it in that” (Project Lead, Municipality
#1).
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Lever #3: Data and tech

Technology is viewed as a lever to specifically help in the adoption of reusable
packaging. The technology allows tracking the packaging and prevents fraud: “This
one is serialized. So, you can see here there is a code on the bottom of the QR code.
So, all different cups have their own signature, which means you can track it. So,
you can't cheat with this system” (Project lead, Municipality #1). Utilizing or
modifying existing technology was also perceived as a useful lever: “We have a
very good packaging recycling system and there is cooperation capacity, and the
foundations are there” (CEO, R&D organisation #1).

Lever #4: Regulation

While business model innovation is one way to make reusable solution a standard,
regulation can support the transition to circular packaging by making reusable
packaging obligatory in certain contexts: “We also see more and more for
example in Germany, Belgium, Netherlands, Estonia. It's like those policy changes,
making obligatory to use, for example, a reusable solution during the big public
events, festivals, sports, games, etc.” (Policy officer, NGO #1).

Market-based and voluntary standards are perceived to better support
competition and more efficient transition to circular packaging than strict
legislation: “When voluntary market-based standards are created, they are likely
to better support competitiveness and the internal market than if they were
mandated by the commission” (Leading specialist, Standardisation body #1).

Lever #5: Legislation

Legislation is seen to increase the viability of circular packaging business models
by enabling the development of a market for circular packaging solutions: “The
market could be able to [develop] themselves, but only if you have national
legislation making this a viable business from the beginning, which means taxation,
levies, bans on single-use, and so forth. We've seen it in Lisbon, they have banned
single-use now. So, there is a market from day one” (Project lead, Municipality #1).
Moreover, the stakeholders perceive that implementation of policy is a crucial lever
in the uptake of circular solutions: “We're actively meeting and discussing, starting
from the European Commission with the representative of member states, both,
Parliament representation in Brussels as well as a national level, the local city
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authorities. [...] We try to make connection between the policy and implementation”
(Policy officer, NGO #1).

Lever #6: Fiscal incentives

“If you can make [circular packaging] financially more feasible and interesting to
the companies, then of course you know it's a no-brainer for them to move towards
that. If they can see the business potential, there or they can see some savings”
(Ecosystem lead, Innovation ecosystem #1). Fiscal incentives can enable the take
up of the necessary technologies for circular packaging systems: “If we are now
thinking about the spread of chemical recycling, then yes, it would also require
these economic incentives, so that the technology would take off and then scale
up in the same way regulation must support that, so that it is accepted” (CEO, R&D
organisation #1).

Lever #7: Public procurement

Another unexploited lever is the use of tenders, which for example municipalities
can use to set up their local circular packaging infrastructure: “You provide
[companies] with a market opportunity. We can do it through tender. As a
municipality, we can do local policies when we have a tender for, let's say, school
food and schools. We can stipulate that we want it to be on reusable packaging,
we want it to be ecological, we want it to be without meat. And that you can also
translate into all areas of circular economy” (Project lead, Municipality #1).

Private/public -funding models are also perceived as a promising approach
when the market for circular packaging is only emerging: “As soon as you're in the
emerging markets, where there's no return on investment for sure, you don't know
you're going to get your money back, then there's collaboration between public-
private, the only way to go” (Project lead, Municipality #1). Mixed funding projects
also diminishes the risk in large-scale testing: “[It is] very important to have these
mixed funding projects when you are in this very, ‘is it possible’ -territory, because
we didn't know if this was possible or feasible in any way” (Project lead, Municipality
#1).

Funded by the European Union. Views and opinions expressed are, however, those of Schweizerische Eidgenossenschaft Federal Department of Economic Mfaur;” O
the author(s) only and do not necessarily reflect those of the European Union or REA. Confédération suisse Education and Research EAER
. A : Confed 3 iat for E ion,
Neither the European Union nor REA can be held responsible for them. onfederazione svizzera State Secretariat for Education,
Confederaziun svizra Research and Innovation SERI

Swiss Confederation



Lever #8: Funding and research

Funding for research enables more researchers to focus their research on circular
packaging, which is crucial to solve the challenges that circular solutions still have:
“In research side there is more and more focus on these topics, which means that
there are also more researchers involved in the topic, which means that actually,
you know now someone is focusing on the topic and can start solving some of the
challenges that there is” (Ecosystem lead, Innovation ecosystem #1).

Lever #9: Innovative partnerships

Different projects enable multidisciplinary collaboration, which would not happen
otherwise: “Those reuse projects were quite good, combining knowledge from very
different fields, very multidisciplinary focus. And when you get that going and you
create these connections between these groups that normally don't discuss with
each other, | think there's an additional resource then that you can use”
(Ecosystem lead, Innovation ecosystem #1). Also, partnerships between public
and private sector are an enabler for successful uptake of circular packaging
systems: “I think we have succeeded with doing what we wanted to do, to have a
collaboration and a partnership instead of a client relationship, because this is
development. There have been so many things that we would have never
imagined, where sometimes it's municipality who has the right key to solve the
problem, and sometimes it's [the company] who has the right key” (Project lead,
Municipality #1).

Lever #10: Awareness raising

Increasing consumer awareness on circular packaging is the key starting point for
engaging consumers to adopt circular packaging: “We've gradually turned
consumers’' minds to understand this better, but the biggest understanding is still
missing. Sorting waste is not recycling, it's just sorting. It's the starting point, and
without everyone's participation, the circular economy won't work. It requires
everyone's effort” (Head of Packaging Development, Food Brand owner #1). The
communication about circular solutions should be backed by research to prove
the safety and sustainability of circular packaging: “The message needs the
reinforcing from the research so that people feel that this is safe and this is

researched, and this is sort of proven that this can work and it's it can be good for
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the planet and good for the people as well” (Ecosystem lead, Innovation
ecosystem #1).

Dissemination of research and test results is also needed in the industry to make
implement circular packaging systems more promptly: “We have the data here.
We have a proven concept. We have high return rates. We have knowledge and
research. We have partners. Let's not multiply what we did across or apply what
we have done across 100 cities that needs to do the same. So again, a call for
national and European dissemination of what is happening here and around other
cities” (Project lead, Municipality #1).
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3.8 Summary

The four tables below provide an overview of the key themes addressed at each
stakeholder’s level, from drivers, to barriers, future perspectives and system change
levers, respectively.
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DRIVERS

Material producers

Table 8: Summary of key drivers

Brand owners

Distributors

[retailers

Reuse operators

Collector and
recyclers

Policy makers
and market
shapers

Societal pressure |e Environmental |e Acknowledging |¢ Reducing Environmental Unsustainable
impact of the impact of plastic in concerns consumption
plastic single use general and Media relaying patterns

¢ Changing plastic reducing the plastic impact
image of plastic packaging amount of
packaging
waste

Regulation e Increasing CE e Regulation e Voluntary Regulation Regulation
legislative framework commitments shaping positively
efforts pushing for and regulation stakeholders’ perceived

more circular actions Legislation
practices creates new
demand

Customerdemand |« Demand for e Customers are Emerging Customer Business
more starting to market with fulfilling potential in
sustainable recognise the significant sustainability recycling but
products value of circular opportunities requirement alsoin

e Expectation to packaging Access to demanding more upstream
close the loop solutions funding recyclates solutions
e Customer's Better image of (reuse)
requirements “circular”
materials, driving
demand

Company e Company e Keygoalsand |e Strategic Aligning Long term ¢ Changein

commitment to sustainability KPIs are driving positioning company alignment corporate
targets commitment to purpose with between mindsets
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sustainability and circular e Sustainability solving recyclers and CE
CE e Individual practices reporting sustainability values/principles
values fromtop |e Concrete challenges ¢ Commitments
management developments with
¢ Company sustainability
involvement in goals
development of
new packaging
systems to
develop their
position in
future markets
Cost reduction e Potential to
potential reduce waste
management
costs
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Table 9: Summary of key barriers

BARRIERS Material producers Brand owners Distributor/ Reuse operators Collector and Policy makers and
retailers recyclers market shapers
Technical Feedstock Volume increase |e Lack of reusable Packaging e Sorting quality - Diversity of
unknown might lead to packaging design: moisture levels - packaging
Lack of purity lower quality solutions for the stackability, contamination needed
Linear products Uncertainty diversity of food colour, issues Arranging
hard to recycle regarding the offers standardisation ¢ Potential safety reverse
Material grade (reuse) logistics Challenges of issues to recycle logistics
differences system complicated back to food
Colour Uncertainties technology and packaging
inconsistency regarding return logistics e Recycling
Material packaging technologies
degradation tracking systems limitation to
Sorting efficiency Sustainability address
Additional assessments of complex
processes scaled-up reuse materials -
models are change of
currently based format
on simulations Issues with
and assumptions, colour/pigment
which lack real ation.
data
Market and Demand and Price of recycled |e Store Competition Collectors: Competition
economic supply dynamics plastic  Price of reorganisation between e Limited role on from linear
Competition from bio-based needs emerging circular the value systems
virgin supply plastics e Uncertainty solutions versus chain. Limited access
Price volatility Consumers and concerning decades-old dependency to funding
Availability companies usage aspects linear systems on Imbalance of
prioritise price (i.e.: reheating) funding
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Consistent over packaging Price of reusable |e  Various different municipalities between linear
volumes sustainability packaging reuse models and recyclers. and circular
Additional costs concerns Lack of reuse e Low experienced e Finding buyers solutions
with adjusted Price increase on infrastructure urgency in Infrastructure Limited
processing recycled material adopting reuse needs business
Large scale expected due to systems Recyclers: potential
investments in regulation e Lack of e Price volatility (currently) for
infrastructure Financial risks in willingness to ¢ Quality of upstream
Lack of developing adopt and scale feedstock. solution
capabilities in reusable up reuse models e Lowdemand Financial
marketing and packaging e High costs of when virgin costs, time
distribution systems scaling up material price and efforts to
Reuse cost e Challengein is lower implement
increase in less building a e High new solutions
densely business case for investment upstream
populated areas all stakeholders needs Lack of
e Acquiring external | ¢ Long-term resources to
investments is relationships influence
challenging with buyers policy
needed Lack of
resources and
competition
even within
research
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Regulation Regulation Regulations and |e  Ambiguity of new Regulation has Difference in Current political
restriction with lobbying can regulation for fallen short and sorting quality paradigm
food contact hinder the retailers and food includes associated with challenging
Long-term development of service providers loopholes consumer pro-
uncertainty specific solutions Lacking behaviour sustainability
enforcement of Suspicion from Uncertainty
regulation consumers on towards long
Lobbying from what happens term regulation
single-use with recycled importance of
packaging waste lobbying from
producers single use
Regulation does competition
not allow closing Lack of support
the material loop from local
authorities
Socio- Traditional Packaging made |e Consumer Limited consumer Narrow
cultural mindset of sustainable confusion with awareness and perception of CE
Lack of materials does reusable knowledge on (only perceived
understanding of not appeal to all packaging reuse as recycling)
consumer consumers e New roles and Marketing Lack of
behaviour Consumers' responsibilities reusable awareness
Negative Intention- e Lack of packaging with Misconception
perception of behaviour gap convenience sustainability around
consumers Misconceptions focus causing packaging
Lack of within the negative feelings Consumer
knowledge on industry about Awareness- attitudes and
sustainability the use of behaviour gap behaviour
options recycled plastic Experienced cost Power of old
Decision fatigue in food contact too high habits
Lack of Scepticism
consumers’ around circular
awareness on economy
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recycling can
lead to aversion
e Worries about
microplastics
and plastic as a
material

Geopolitical

¢ Economic issues
following COVID
and war in
Ukraine have
shifted
policymakers’
focus away from
sustainability
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Table 10: Summary of future perspectives

Future

perspectives

Product level

Material producers

Increased offer
of sustainable

Brand owners

Stronger focus
on circularity

Distributor/
retailers

Reusables as
promising future

Reuse operators

Increase in bio-
based plastics

Collector and
recyclers

Design for
recycling

Policy makers and
market shapers

plastics e More renewable solutionsto be |e  Plastics continue
portfolio of and recycled tested/validated to be in an
complementary materials important role in
solutions ¢ New materials packaging
developed
¢ Non-plastic
reusable
packaging
materials
alternative for
reusable plastic
packaging
System level ¢ Improved e Better sorting Expectationson |e  Smart Wider collection Diminution of
collection and increasing the impact of packaging systems regulation and
sorting recyclate reusable enabling reuse Novel extra
¢ Increased availability packaging systems technologies competitiveness
volumes sorted o Circular e Development of (Al for sorting) Focus on
e Technology packaging future quality Growing upstream
development more standards for importance of solutions, not
e Design for competitive reusable chemical only recycling
recycling widely o  Retail sector packaging recycling Change in
used shaping the e Standardisation infrastructure.
¢ Increased role of future of the of packaging More
chemical market and sharing standardisation
recycling infrastructure

Funded by the European Union. Views and opinions expressed are, however, those of
the author(s) only and do not necessarily reflect those of the European Union or REA.

Neither the European Union nor REA can be held responsible for them.

O

Schweizerische Eidgenossenschaft
Confédération suisse
Confederazione Svizzera
Confederaziun svizra

Swiss Confederation

Federal Department of Economic Affairs,
Education and Research EAER

State Secretariat for Education,

Research and Innovation SERI

120




Stopp

Bioplastic on the
rise

Collaboration
across the value

chain

Consumer

e Reuse operators
demonstrating
the feasibility of
reuse models

Advancement in
chemical
recycling

adaptation to
new systems
once scaled

e Sustainable
single-use
packaging co-
existing with
reusable
packaging
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Table 1I: summary of key levers

Levers Material Brand owners Distributor/ Reuse operators Collector and Policy makers and
producers recyclers market shapers
Product/process Ecodesign Reusable Cleaning Standardized Standardisation
innovation guidelines packaging protocols quality insurance
standardisation
Business model Tailorisation of Business models General Business models
innovation recycled highlighting user innovation involving
grades convenience involving new systems
Matchmaking and affordability partnerships infrastructure.
platforms Developing
between "default mode”
recyclate reuse solutions
suppliers and
manufacturers
Data and Tech Tracking Smart Data availability, Packaging
solutions packaging traceability tracking to
Packaging Balance between avoid frauds
tracking open data and Better use of
solutions competitiveness existing
infrastructure

(reverse return
machines for
recycling
bottles) and
plug tracking
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Regulation Strict and Regulation Long-term view More obligation
impactful leaving room for to use reusable
regulation innovation packaging in

Motivating certain context

regulation Combination of
market based
and voluntary
standards

Legislation EU Legislation driving Legislation More ambitious Stronger
harmonisation the use of regarding real targets legislation to

recycled costs of single- Harmonization at ensure viability
materials despite use packaging EU level of circular
their price Bans on single- solutions

Foundation for
setting material
and products
loops
Legislation
harmonization

use packaging

Fiscal incentives

Tax adaptation

Reward-

Ecomodulation

Fiscal incentives

based on punishment for chemical
recycled systems based recycling
content on environmental
footprint
Funding and Tailored Public funding Public private Funding for Private public
Research research funding scheme research linked funding scheme
Non-biased in uptake of to targets increased
research reuse systems research
interconnected funding
research
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Public Better use of
procurement public
procurement
(tenders)
Innovative Whole value Large companies @  Involvement of Neutral third- Whole value More
partnerships chain have a strong a large set of party chain multidisciplinary
partnerships role in steering Stakeholders coordinating collaborations research
orchestrators partnerships efforts of Knowledge
roles towards win-win companies sharing
circular solutions Multi-
stakeholder
collaboration,
also between
competitors
Awareness Showcasing Making circular e Consumer Consumer Rebuilding trust Increased
raising practical concepts engagement education with consumers consumer
applications understandable to convince Visibility through awareness
Enabling Advocacy on the use of branding and
mindset shift enabling the reusables public
uptake of recognition
sustainable
packaging
Communication Marketing Communication
campaigns for backed by
consumers research
Tailored Better
communication dissemination of
for policy maker research
outputs.
Funded by the European Union. Views 0!’1d opinions expressed are, howevelr, those of c Schweizerische Eidgenossenschaft Federal Department of Economic Affairs, ]24
the author(s) only and do not necessarily reflect those of the European Union or REA. Confédération suisse Education and Research EAER

Confederazione Svizzera
Confederaziun svizra

State Secretariat for Education,

Funded by i i i .
undet Neither the European Union nor REA can be held responsible for them. Research and Innavation SERI

the European Union

Swiss Confederation



Funded by
the European Union

Stopp

—_—

Environmental
performance
assessment

Independent
LCA comparing
traditional vs
recycled vs
biobased

Environmental
assessments
need to be based
on concrete
scientific
calculations

e LCAbasedon
real data, not too
many
assumptions

e Collaboration
with independent
parties in LCA
studies
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3.9 Conclusions: the way forward

Society's movement toward plastic has brought significant convenience, including
lower costs and improved food preservation. However, these benefits have come with
trade-offs, particularly the waste generated by plastic use. Today, a complex systemic
change is needed to transition towards a circular economy for food packaging.

The circular transition of plastic packaging is driven by societal pressure, regulation,
customer demand, and company commitments across all levels of the value chain.
Societal pressure arises from environmental concerns, while regulation, particularly in
Europe, pushes companies towards circular practices. Customer demand for
sustainable products is growing, and internal company commitments to sustainability
goals further drive the transition.

Several barriers, however, hinder the transition, including technical, market and
economic, regulatory, and socio-cultural challenges. Technical barriers involve issues
with the quality and purity of recycled plastics, sorting efficiency, and the complexity
of reuse systems. Market and economic barriers include competition from virgin
materials, price volatility, and the high cost of scaling up circular solutions. Regulatory
barriers involve strict regulations, lack of long-term clarity, and lobbying by single-use
packaging producers. Socio-cultural barriers include consumer misconceptions
about recycled plastics and the challenge of changing established behaviours

towards reuse.

Stakeholders across the value chain envision a future built on complementary
solutions, including mechanical and chemical recycling, biobased content and
reusable packaging. Increased collection and sorting infrastructure, technological
advancements, and design for recycling are anticipated. There is also an expectation
of a shift from recycling to more upstream solutions, such as reuse and increased use
of recyclates in packaging. Changes in infrastructure, including standardization of
packaging for recycling and reuse, are expected, along with advancements in

chemical recycling.
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To facilitate the transition, several levers can be activated, including process
innovation, business model innovation, data and tech, regulation, legislation, fiscal
incentives, funding and research, innovative partnerships, awareness raising, and
environmental assessment. These levers will help overcome the barriers and drive the

adoption of circular practices in food packaging.

The transition to a circular economy requires a holistic approach driven by a diverse
set of actors. Consumers demand cleaner products, companies bring new solutions,
and research provides innovative advancements. As one converter CEO stated, "It's
science, it's economy, it’s civil society in an interplay, it's not just one actor that is in
charge, it's interwoven, interconnected.” To achieve significant impact, collaboration
with major players like large retailers and brand owners is essential as these
stakeholders have the capacity to drive substantial change. By addressing the
technical, economic, regulatory, and socio-cultural barriers and leveraging the
identified drivers and levers, stakeholders can create a sustainable future for food
packaging. The collective efforts of consumers, companies, scientists, and
policymakers are essential to drive meaningful change and achieve significant
impact.
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4. Quality-quantity Match Model

4.1 Objectives of the QQMM

The Quality-quantity match model (QQMM) aims to facilitate matchmaking between
supply of recyclates and demand. The upcoming legislation sets requirements in e.g.
recycled content and reusability of packaging for retailers, product manufacturers,
converters and packaging design departments of brands. These requirements run
“down” along the value chain, as the demand for less conventional materials and new
needs must meet supply. Compounders, recyclers, and collectors must think of ways
to provide the materials to the stakeholders later in the value chain. The QQMM
provides a way to match the supply and demand by assessing the readiness of
supplier and the needs of buyers.

SUPPLY MATCHING

SUPPLY SIDE Quality-

e.g

DEMAND SIDE

Raw mcte‘ric;l supplier Qu a ntity eg.

Collector Retailer

R | Brand
Corﬁ;z\?.lﬁz:ler Mqtc h e

Packaging manufacturer

Converter Model Converter

DEMAND MATCHING

Figure 9: QQMM overview

Section 4.2 provides a background for the inputs of the model, and Section 4.3
provides a detailed explanation of the model and its function. Section 4.4

summarises the learnings and next steps in further development of the QQMM.
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4.2 Background

Currently at a large scale, plastic recycling is mostly mechanical recycling of plastics
which become waste in big enough quantities. Main applications for post-consumer
recyclates are in building and construction, packaging and agriculture. Packaging is
the largest plastic product category made in Europe and has the shortest lifespan.
This causes a lot of waste, around 18.5 Mt annually. Currently, post-consumer recycled
content in plastic packaging equals 9.7%. In contact sensitive packaging the share is
even lower due to hygiene requirements. [1]

21.1 Mt 18.5 Mt
7.1 Mt

e 11 “

Figure 10: Annual plastic packaging production in 2022 [1], plastic packaging waste generation in 2022
[1] and post-consumer mechanical plastic recycling in 2023 [2] in EU.

Uptake of recycled content in plastic food packaging is expected to increase due to
the Packaging and Packaging Waste Regulation (PPWR). The PPWR sets targets for
minimum recycled content in contact sensitive packaging, for polyolefin-based food
packaging, targets are 10% by 2030 and 25% by 2040 [3]. On these grounds, the QQMM
aims to aid in substitutions of virgin plastics with a special focus on contact sensitive
packaging.

4.2.1 SUITABILITY OF MECHANICALLY RECYCLED PLASTICS TO FOOD
PACKAGING

Food packaging materials are required to not introduce any potentially health adverse
substances into food. Hygiene requirements set limits to impurities tolerated in
packaging materials, which complicates recyclate usage in food packaging. Other
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contact sensitive products, such as lotions and soaps have similar requirements for
packaging hygiene. Hygiene requirements are an important factor in improving
quality in recycling, therefore becoming increasingly important and acute with the
impending targets.

The European Commission Regulation 2022/1616 on recycled plastic materials and
articles intended to come into contact with foods [4] establishes strict conditions for
the market, usage, and production of plastic food contact materials that incorporate
recycled content. It mandates that all recycling processes used to produce plastic
food packaging must receive individual authorization from the European Food Safety
Authority (EFSA), either through the pathway for suitable technologies or the pathway
for novel technologies. Currently, the only suitable technologies are the mechanical
recycling of polyethylene terephthalate (PET) and the recycling of materials from
closed and controlled product loops. To get approval for a recycling process to be
utilized for food contact recyclate production, decontamination efficiency of the
process must be proved.

Furthermore, there are requirements for the traceability of material being recycled into
food contact. EFSA has set percentage limits for input materials from non-food
applications, for example in recycling HDPE, the limit is 1% [5]. Therefore, feedstock used
in food contact recyclate production must be well known, which can prove challenging.

4.2.2 ALTERNATIVES TO MECHANICALLY RECYCLED PLASTICS

Besides mechanically recycled plastics, there are alternative materials to substitute
fossil-based plastics in food packaging. The most notable ones are bio-based plastics
and chemically recycled plastics. There are quality considerations concerning these
options in food packaging, but these are different and more straightforward
compared to mechanically recycled plastic. Availability and viability are more
prominent concerns for these alternatives and are explored in this subchapter.
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Bio-based plastics

In the global scale, production capacities of bioplastics are divided between
biodegradable (56.3%) and non-biodegradable (43.7%). Of the biodegradable
polymers, PLA (polylactic acid) has the largest production capacity of 37.1% of all
bioplastic production. Of non-biodegradable biopolymers, PA (polyamide), PTT
(polytrimethylene terephthalate) and PE (polyethylene) have the biggest production

capacities, combined 38.6% of all bioplastics [6].

Bio-based plastics production in Europe was 0.8 Mt in 2023, which covered 1.4% of all
European plastics production and 27% of the bio-based plastic production in the world
[2]. The biggest application of bio-based plastics is packaging, but still only 1.4% of
plastics used in packaging are biobased (EU 2022) [7].

In the packaging sector, non-biodegradable biopolymers used are mostly PE, PET and
PP. These correlate with the major fossil-based polymers used in packaging. Of
biodegradable packaging polymers, PLA is the most abundant, followed by PBAT (poly
(butylene adipate-co-terephthalate)), SCPC (starch  containing polymer
compounds), PHAs (polyhydroxyalkanotes), PBS (polybutylene succinate and
copolymers) and CR (cellulose regenerates). [6]

Non-biodegradable bioplastics are chemically identical to their fossil-based
counterparts (i.e. PP, PE, PET) and only differ by the source of feedstock. These plastics
can therefore be mechanically recycled similarly to mainstream plastics and can be
used in food packaging safely. Cost seems to be the critical obstacle in scaling up
biobased packaging. [8]

Biodegradable, biopolymeric materials such as PLA, PHA and bio-PBS, typically have a
lower density, but mechanical properties are similar to conventional plastics and can
be tuned over a broad range. They are often lacking in barrier properties when
compared to conventional plastics. [8] There are no additional food safety concerns

of biodegradable plastics in comparison to non-biodegradable plastics.
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PLA is considered safe for food contact and has properties suitable for packaging
applications. Its processability by conventional plastic processing equipment is an
advantage as well as material properties transparency, oxygen barrier and resistance
to water, oils and UV-radiation. [9]

Mechanical recycling of biodegradable plastics is possible, but it faces significant
limitations due to material degradation, moisture sensitivity, and the need for
additives to maintain quality. [10] As there are currently no requirements to include
bio-based feedstock or materials in packaging, they are excluded from the scope of
the model.

Chemically recycled plastics

In 2023, mechanically recycled plastic from post-consumer sources production was
7.1 Mt and chemically recycled was 0.1 Mt [2]. Chemical recycling has potential for
substituting virgin plastics as virgin-grade purities can be reached with different
chemical recycling technologies [11]. These are yet to reach economic viability at-
scale. Further development and assessment from a safety point of new chemical

recycling technologies are called for by the industry.

4.3 Match model framework

As highlighted by Tonini et al. [12], in scientific literature, the quality of recycling is a
frequently referenced concept, the definition of which remains unclear. They [12] state
that quality is a complex criterion and should include considerations of adequate
functionality in intended applications as well as the range of substitutions potentially
achieved by the material. In addition to the technical quality of the recyclate itself, the
quality of the recycling process and the related value chains are relevant to overall
quality.

True quality in recycling cannot be achieved without the quantity, as sufficiently
stable feedstocks are at least equally important as technical characteristics, and
neither amounts to much without the uptake. Quality is an overall ambiguous concept
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in recycling plastics, which is why the first step in the quality-quantity match model is
the selection of relevant quality metrics. In this report, quality metrics have been
selected for plastic food packaging and based on these metrics, a framework is built
to assist in finding new high-quality material flows in the value chain.

The framework assumes that there is a supplier and a buyer of material, and that they
want to connect. The framework aims to serve as a general method of identifying and
exercising previously unidentified material flows. It can also be used for the sake of
fine-tuning material grades offered by a supplier to fit specific requirements set by
the buyer. To determine the match between the offered and desired material flows,
the Quality-quantity match model tool is proposed in chapter 4.3.2.

The tool is divided into three sections: feedstock, recyclate and value chain. The model
is meant to be used by filling two tables, one for the material and the value chain table.
Feedstock and recyclate have been made separate sections to aid in creating new
material flows for different stages of the value chain and to consider the different
considerations of stakeholders when looking for new opportunities. This aids in
strengthening the market through opening possibilities to new actors to offer more
specified value creation services within the value chain.

4.3.1 QUALITY METRICS

Collection of plastic waste as input for recycling processes can be managed in many
ways. Typically, post-consumer plastic waste is collected via a mixed waste stream, a
comingled collection method or as a home-separated stream. In addition to this,
plastic waste can originate from a closed loop, in which the origin and usage history
of the material can be guaranteed and misuse ruled out. Collection method of
feedstock is critical considering contamination levels and extent of decontamination

needs.

Contact sensitivity refers to the hygiene level of the material. The highest level of
hygiene requirements exists for food packaging as per EU 10/2011. In the CosPaTox
voluntary industry guideline (2024) [13], three additional degrees of contact sensitive
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applications were defined: leave-on cosmetic products (e.g. body lotion), rinse-off
cosmetic products (e.g. shower gel and hand washing detergents) and home care
products, including automatic wash detergents. These levels can be used in
determining the compatibility of recyclates to applications with hygiene requirements.
Contact sensitivity can refer to the end product as well as to feedstock; the main origin
of material can also be indicated with a contact sensitivity level if it's known. Removal
of inks and adhesives improves the quality of recyclates and is a common practice
in the recycling industry.

Sorting and washing as preprocessing steps can be done in many ways depending
on the feedstock and the intended product. These sections of the model explore the
capabilities of preprocessing to match the wishes of the buyer. The buyer might not
be invested in methods, but rather the outcome of the processing, i.e. the supplier of
recycled feedstock knows if a material was sorted by colour, and the buyer only wishes

to acquire white feedstock.

Polymer type and polymeric purity indicate the composition of the material being
traded. Polymeric purity indicates what percentage (or minimum percentage) of the
material is of the intended polymer. This is important to know for the recycling process

as the need for additives is dependent on polymeric composition.

Flake size describes feedstock form. Typically, the recycling process feedstock is
ground flakes. Flake size has indications on efficiency of preprocessing steps as well

as on feeding to the recycling process.

In the recycling process, quality improvement of the material can be done in different
ways. Melt-filtration and degassing are common practices relevant to the output
quality of the recycling process.

Compatible and targeted production methods are relevant for the suitability of the
acquired materials, as the material properties play a big role in how recyclates can be
utilized. The compatible production methods are influenced by feedstock
composition, processing and especially additives.
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Recycled material is often compounded with other materials to modify material
properties or appearance. Compounding materials are typically virgin polymers
and/or additives. Common additives include fillers, compatibilizers, chain extenders,
antioxidative agents and impact modifiers.

Considering the end application, aesthetics of the material are important. This
includes the colour and transparency of the material. Additionally, olfactory
performance — the smell — affects strongly the range of applications a material is
suitable for.

Technical data and mechanical properties of the material are also important to
communicate. Technical property data is indicated by both the supplier and buyer as
a specific value or as a range. Irrelevant or unknown parameters of technical data are

not required by the model.

Concerning the value chain, factors reflecting quality, transparency and environment
are included in the QQMM. Mapping these factors aids in matching value chain actors
which find same aspects of the value chain valuable. Data Quality Level indicates to
which extent the material is known. Quality management practices include which
standards have been obtained for the material or process. Environmental impact
certificates are included to support transparency in environmental aspects. Following
is a list of certificates chosen for the model as well as elaboration on Data Quality

Levels.

e IS0 9001:2015 Quality management systems
o Outlines the criteria for a quality management system that ensures an
organization's ability to consistently meet customer and regulatory
requirements through effective system application and continuous
improvement.
e 1ISO 17025:2017 General requirements for the competence of testing and
calibration laboratories
o Outlines the general requirements for laboratories to ensure
competence, impartiality, and consistent operation, applicable to all
organizations performing laboratory activities.
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o CEN/TS 16010:2020 Sampling procedures for testing plastics waste and
recyclates
o Thisdocument outlines a system for sampling procedures to test plastics
waste and recyclates, considering their specific characteristics and
covering all stages of the recycling process to produce representative
testing samples.
e CEN/TS16011:2013 Sample preparation
o This Technical Specification outlines the preparation of samples of
recycled plastics for testing, ensuring the sample remains representative
and homogeneous by avoiding processes that cause ‘de-mixing' and
carefully analyzing contaminants.
o RecyClass Recycled Plastic Traceability Certification
o The certification ensures the traceability of recycled plastics within
processes and verifies the percentage of recycled plastic content in
products, developed in line with EN 15343 (Plastics recycling traceability
and assessment of conformity and recycled content) and ISO 22095
(Chain of custody. General terminology and models) standards,
applicable to all actors in the plastics value chain.
e RecyClass Recycling Process Certification
o The certification recognizes plastic recycling processes for pre-
consumer and post-consumer waste at a site, allowing recyclers to
demonstrate traceability and transparently communicate the origin of
the waste, aligned with EN 15343 and ISO 22095 standards.
o PprEN 18065 (Draft): Classification of recycled plastics based on Data Quality
Levels for use and (digital) trading
o A DQL is a specific combination of technically documented
characteristics about a material. It is a system to classify recycled
materials based on available data depth consisting of information,
properties and optional characteristics. Each level is associated with a
minimum number of characteristics as shown in the table below as well
as different requirements for sampling and homogenization.

Table 12: Summary of Data quality levels (DQLs) for use and (digital) trading.

Characteristics DQL2 DQL3
Information 3 10 14 16
Properties 1 4 5 8
Optional characteristics 21
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Finally, supply chain stability is mapped with the factors of resilience and flexibility.
Resilience refers to the effect of disruptions to the supply. The lowest level of resilience
is reactive risk management which means reacting to disruptions as they come, and
the highest level is proactive risk management in which risks are monitored and well
prepared for. Supply chain flexibility on the other hand considers dependencies in
supply. A supply chain is considered inflexible if the supply is dependent on a single
source and a high flexibility has a supply chain which can adapt to changes effectively
and has options for suppliers.
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4.3.2 QUALITY-QUANTITY MATCH MODEL TOOL

The objective hereafter is to provide food packaging stakeholders with a systematic
mapping tool, herein called quality-quantity match model (QQMM). Concretely the
QQMM provides a platform for finding new material flows in the plastic recycling value
chain utilizing the dimensions of feasibility, desirability, and viability. The tool can be
used as is to map supply-demand compatibilities within the value chain, but using
numerical indicators enables the future application of fuzzy logic to the model. Instead
of a vague definition of quality-quantity, the fuzzy model can produce quantified
results of quality-quantity to match stakeholders and find new material flows in the
value chain.

The term ‘model’ in QQMM refers to the fuzzy logic method of assessment, and not a
computation model per se. It is foreseen that the proposed QQMM mapping tool would
support the recyclate market at economies of scale with a viable definition of quality.
The development of the QQMM tool can also improve the uptake of chemically
recycled plastic and bio-based plastics, but these alternative materials are descoped
from this tool.

The proposed QQMM scheme can be used from the perspective of (i) finding an end
application for a specific plastic waste feedstock, or (ii) finding a suitable recycled
feedstock for an existing packaging solution. In either case, the QQMM assessment
would cover three main factors, namely, material quality, available material
quantity, and value chain quality, transparency and stability. To allow for a broader
exploitation of the QQMM, the material aspect can be divided to separate the buying
of waste feedstock, recyclates or compounded recyclates. The proposed framework
for QQMM (Figure 8) matches the supply with demand by assessing the market
desirability as evaluated by the buyer of material, and the technical feasibility of
producing desired material as evaluated by the seller. Financial viability is determined
as a result of desirability and feasibility. In this model, financial viability is the basis of
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the match. It considers the material and the value chain information provided by the
supplier and the buyer, as well as the price preferences of both actors.

M ate‘rla‘l Feasibility Desirability

Quality requirements

Quantities available
Value chain Feasibility Desirability
Match Viability

Model

Figure 11: The framework for Quality Quantity Match Model.

4.3.3 QQMM: INSTRUCTIONS

Tables 12-15 describe the basic function of the QQMM in the form of match sheets.
Both supplier and buyer fill in the information they have on the material they are
respectively trying to sell or acquire. Although the making of a match needs
comparable data from both parties, the QQMM sheet takes into consideration the
difference in knowledge level; for example, the supplier of collected waste can provide
more information on the collection method (i.e. closed loop, home-separated,
comingled, mixed) than what the buyer of said material needs to know or knows.
Similarly, the buyer may require the material to be used in packaging with specific

requirements, e.g., contact sensitive packaging, such as cosmetics. The QQMM model
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sheet facilitates an easy exchange of information, where the buyer does not need to
be specific on all the details required for that product. Instead, the supplier will be
asked the information on aspects that can be matched to those requirements: if the
material is from contact sensitive origin, if inks are removed, or if adhesives are
removed. The buyer does not need to know the technical specifications or all the
conducted processes, as the QQMM matches their requirements with suppliers’ data.

Stakeholders acting as a supplier would assign a case-specific feasibility weight
within 0-4 range for each collection route. The buyer would rate the desirability of the

same or comparable collection method within 0-4 range. The range is:

Non-existing
Low
Moderate
Considerable
High

NN -

By applying a value of 0 to a certain option, the supplier or the buyer would imply their
processes do not allow for the option, or respectively that their application does not
tolerate the option. Regarding the collection methods, the buyer with an end
application of cosmetics packaging may assign closed loop collection as high (4)
desirability, and non-closed loop collection as non-existing (0) desirability. From the
perspective of the supplier, which could be a waste collector, the collection of waste
can be managed in many ways, depending on their location, obligations and
preferred waste types. Depending on their business, they rate each collection option
(closed loop, home-separated, comingled, mixed) regarding how feasible it is for
them to acquire respective collected waste types. The involvement of value 0 allows
for the dismissal of undesired matches. The higher the feasibility, and the higher the
desirability, the greater the match is.

However, the match cannot only be based on feasibility and desirability, but it must
consider economic aspects, i.e. viability. Both the supplier and the buyer fill in
information about quantities and preferred prices. For the supplier, the quantities are

evaluated in several steps. The supplier of plastic waste for recycling, or the supplier
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of feedstock to recycling, or the supplier of recyclates to compounding can provide
the quantity of collected waste, prepared feedstock, or the compounded granulates,
respectively. They can estimate how their stock is divided by polymer type and
estimate to what extent it is possible to acquire certain purity levels of polymers from
their stock. Colors, transparency and olfactory performance are limiting factors, so the
suppliers can estimate how much they can provide specific types of stocks or material
yearly. The buyer then estimates their total material amount necessary. When it
comes to preferred price, both the supplier and the buyer fill in their price range. The
QQMM calculates a match rate depending on the self-assessed feasibility and
desirability, as well as depending on the viability as a result of the specified quantities
and price preferences.

4.3.4 THE QQMM SHEETS
Stage #1: Plastic waste feedstock

Stage #1 assesses the potential transaction between the supplier and buyer of plastic
waste feedstock, the first material production stage. This sheet (Table 13) can be used
by e.g., a waste collector as a supplier of feedstock, or a recycler as a buyer looking for
certain feedstock. The supplier information can also be filled in by e.g. a recycler
responsible for their own collection.
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Table 13: The QQMM match sheet to assess and promote the plastic waste feedstock (material) market.

OFFERED MATERIAL: PLASTIC WASTE FEEDSTOCK
Supplier Buyer
Factors Options FEASIBILITY QUANTITY* (Factors Options DESIRABILITY
(0-4) (0-4)
Plastic waste feedstock purity
Collection Closed loop Closed loop
#1A | (*Collected quantity in Homg-separated Collection
kt/year) Comingled Non closed loop
Mixed
Plastic waste feedstock composition
PE-HD [0-100%] PE-HD [0-100%]
PE-LD [0-100%] PE-LD [0-100%]
PET [0-100%] PET [0-100%]
Waste composition, |PLA [0-100%] Minimum required |PLA [0-100%]
#1B | polymers byshare |PP [0-100%] polymer contentin |PP [0-100%]
(total 100%) PP flexible [0-100%] waste feedstock (%) |PP flexible [0-100%]
Mixed PO [0-100%] Mixed PO [0-100%]
[Other] [0-100%] [Other] [0-100%]
TOTAL 100% *The total can exceed 100%, the buyer can indicate interest for multiple materials at the same time
Viability
#10 Feedstock availability (kt per year) *QQMM calculates this* Feedstock necessity (kt per year) [value]
Price range (€/kt) [min. value] \ [max. value] Price range (€/kt) [min. value] \ [max. value]
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Stage #2: Recyclates as flakes and pellets

Stage #2 assesses the supply-demand match of recyclates as flakes and pellets. The
sheet in Table 14 can be used by recyclers as suppliers, and by e.g. compounders or
product manufacturers — who have their own compounding facilities — as buyers. The
offered materials assessed at stage #2 are recyclates that are shredded, washed and
sorted. Decontamination or removal of decorations can be made, but no additives are
blended in the materials at this stage.
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Table 14: The QQMM match sheet to assess and promote the recyclates as flakes and pellets (material) market.

the author(s) only and do not necessarily reflect those of the European Union or REA.

Confédération suisse

Education and Research EAER

OFFERED MATERIAL: RECYCLATE FLAKES or PELLETS
Supplier Buyer
FEASIBILITY DESIRABILITY
Factors Options S QUANTITY* |Factors Options S
(0-4) (0-4)
Recyclate safety
Adhesives completely |Yes Food packaging origin
removed No Contact sensitive origin
Inks completely Yes Mostly food packaging origin
removed No . Mostly contact sensitive origin
#2A A -Food contact safe* Requ::r;ﬁnt for Other household waste
Suitability for contact B- Lgave-on cosmet!c products (e.g. body lotion Clo;ed loop from my own products
iti licati C - Rinse-off cosmetic products (e.g. shower gel) Not important
sensitive applications Ip “Home care products, incl. automatic wash deg [Other]
Not suitable
*Suitability for food | 0CESS approved by EFSA Suitability for food |-10C€SS approved by EFSA
#2Aa EFSA approval pending EFSA approval pending
contact contact
No No
Recyclate quality
No sorting - Rigid
Color based sorting Rigidity preference Flexible
Density-based sorting Natural (all decorations removed)
. Polymer type* Coloured
Sorting Rigid-flexible Cotour preference. 221K
Rigid 3D-2D P Transparent
#2B ——
Contact sensitivity [Other]
Any (no preference)
Decontamination Decontaminated
. Hot washing . Hot washed
Washing Cold washing Washing preference Cold washed
No washing Not washed
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Table 14 (continued): The QQMM match sheet to assess and promote the recyclates as flakes and pellets (material) market.

Yes
Melt filtration
No
Degassin ves
g g No
Injection moulding Injection moulding
#28 Cast film extrusion Cast film extrusion
Compatible Blown film gxtrusmn Targeted production Blown film gxtrusmn
R Blow moulding Blow moulding
production methods - methods -
Foaming Foaming
Sheet extrusion thermoforming Sheet extrusion thermoforming
[Other] [Other]
* Recyclate fractions
. . 99-100 99-100
Main polymertype in |pp_yp 95-99 PE-HD 95-99
recyclate x guaranteed 90-95 90-95
minimum polymer - R
) poly! PE-LD [same scale as above] Targeted polymer PE-LD [same scale as above]
purity (%) PET [same scale as above] . PET [same scale as above]
#2C . types X minimum
(*Quantity as PLA [same scale as above] L ity (% PLA [same scale as above]
production/ stock of |PP [same scale as above] polymer purity (%) PP [same scale as above]
100% recycled polymer [PP flexible [same scale as above] PP flexible [same scale as above]
per year in kt) Mixed PO [same scale as above] Mixed PO [same scale as above]
[Other] [same scale as above] [Other] [same scale as above]
Recyclate aesthetics
Natural (all decorations removed) Natural (all decorations removed)
Appearance / Colour |Coloured Coloured
(*Quantity as Dark Appearance / Colour |Dark
percentage (%) of  |Transparent preference Transparent
offered material)  |[Other] [Other]
#2D No preference No preference
Olfactory No smell No smell
performance Slight smell Olfactory Slight smell
(*Quantity as Clear smell performance Clear smell
percentage (%) of preference
offered material)
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Table 14 (continued): The QQMM match sheet to assess and promote the recyclates as flakes and pellets (material) market.

Recyclate form
Free form Not grinded or pelletised Free form Not grinded or pelletised
(0-4) (0-4)
Flake size range (5-6) . (5-8)
(screen sizeinmm) |((9-10) Flake size range (mm) (9-12)
>12 >12
#2E 1 1
2 2
. 3 . 3
Pellet size (mm) 2 Pellet size (mm) 2
5 5
>5 >5

Technical performance
Supplier and buyer fill the mechanical property as exact values or as a range. Standards added as an example of property measurement method, others can be used with a note of the used method.

Exactvalue Value range
Property Test method . — .
(asinTDS) or minimum value maximum value
#2F |Density (kg/m3) EN ISO 1183 series [value] [value] [value]
MFI (g/10min) EN ISO 1133 series [value] [value] [value]
Ash content (%) EN ISO 3451 series [value] [value] [value]
Moisture content (%) EN SO 15512 [value] [value] [value]
Viability
Recyclate availability (kt per year) *QQMM calculates this* Recyclate necessity (kt per year) [value]
#2G - y - -
Price range (€/kt) [min. value] \[max. value] Price range (€/kt) [min. value] | [max. value]
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Stage #3: Recyclate compounds

Stage #3 assesses granulates compounded with other materials, while preserving the
assumption of recyclates content, see Table 15. The supplier can be eg., a
compounder and the prospective buyer e.g. a packaging manufacturer or a brand
looking for compounded qualities. This third stage #3 considers data required for
many plastic manufacturing processes. While many plastic product manufacturers
have their own compounding facilities, the collection of this data needs to be
considered for the sake of smaller stakeholders.
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Table 15: The QQMM match sheet to assess and promote the recyclate compounds (material) market.

OFFERED MATERIAL: RECYCLATE COMPOUND
Supplier Buyer
FEASIBILITY DESIRABILITY
Factors Options QUANTITY* |Factors Options
(0-4) (0-4)
Compound safety
Adhesives completely |Yes Food packaging origin
removed No Contact sensitive origin
Inks completely |Yes Mostly food packaging origin
removed No . Mostly contact sensitive origin
Requirement for
#3A A -Food contact safe* 9 origin Other household waste
Suitability for contact B- Lgave—on cosmet!c products (e.g. body lotion Clos.ed loop from my own products
iti licati C - Rinse-off cosmetic products (e.g. shower gel) Not important
sensitive appiications |5 "Home care products, incl. automatic wash dg [Other]
Not suitable
*Suitability for food |10CeSS approved by EFSA Suitability for food |-10CeSS approved by EFSA
#3Aa EFSA approval pending EFSA approval pending
contact contact
No No
Compound quality
Injection moulding Injection moulding
Cast film extrusion Cast film extrusion
Compatible Blown film gxtrusmn Targeted production Blown film e.xtru3|on
#3B . Blow moulding Blow moulding
production methods - methods -
Foaming Foaming
Sheet extrusion thermoforming Sheet extrusion thermoforming
[Other] [Other]
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Table 15 (continued): The QQMM match sheet to assess and promote the recyclate compounds (material) market.

Compound fractions

Includes only one polymer type

Includes a blend of at least two polymer types

offered material)

General ——
. Contains virgin polymers
preferences 100% from recycled origin
Addtives identified
PE-HD [value] PE-HD [value]
Main recycled polymer |PE-LD [value] PE-LD [value]
typein compoundx |[PET [value] PET [value]
maximum contents |PLA [value] Targeted ;')o'lymer PLA [value]
(%)  (*Quantity as PP ' [value] typesx mlnlrjwm PP ' [value]
) PP flexible [value] contentsin PP flexible [value]
production/ stock of Mixed PO [value] compounds (%) |Mixed PO [value]
#3C | 100% recycled polymer
peryearin kt) [Other] [value] [Other] [value]
Virgin polymer [value] Virgin polymer
Bio-based polymer [value] Bio-based polymer
Addedin Other recycled polym [value] *Readiness to accept|Other recycled polymer
compound/Compoun |Filler [value] compounded |Filler
d may include x Compatibilizer [value] granulates Compatibilizer
estimated contents |Chain extender [value] containingthese |Chain extender
(%) Antioxidative agents [value] additives Antioxidative agents
Impact modifiers [value] Impact modifiers
[Other] [value] [Other]
Compound aesthetics
Natural (all decorations removed) Natural (all decorations removed)
Appearance / Colour |Coloured Coloured
(*Quantity as Dark Appearance / Colour |Dark
percentage (%) of  |Transparent preference Transparent
offered material)  [[Other] [Other]
#3D No preference No preference
Olfactory No smell No smell
performance Slight smell Olfactory Slight smell
(*Quantity as Clear smell performance Clear smell
percentage (%) of preference
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Table 15 (continued): The QQMM match sheet to assess and promote the recyclate compounds (material) market.

Compound form

Compound size (mm)

GIRW[N |-

>5

Compound size (mm)

QR |WIN(-

>5

Technical performance

Supplier and buyer fill the mechanical property as exact values or as a range. Standards added as an exam

ple of property measurement method, others can be used with a note of the used method.

Exactvalue Value range
Property Testmethod (asin TDS) or minimum value maximum value
Density (kg/m3) EN ISO 1183 series [value] [value] [value]
MFI (g/10min) EN ISO 1133 series [value] [value] [value]
Ash content (%) EN ISO 3451 series [value] [value] [value]
Moisture content (%) EN SO 15512 [value] [value] [value]
Viability
Recyclate (compound) availability (kt per year) *QQMM calculates this* |Recyclate (compound) necessity (kt per year) [value]
Price range (€/kt) [min. value] [ [max. value] Price range (€/kt) [min. value] | [max. value]
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Stage #0: Value chain quality, transparency and stability

Finally, Table 16 shows the assessment sheet for value chain quality and supply chain
stability. At this stage #0, the stakeholders can describe their expectations of quality
assessments, environmental assessments and the robustness and stability of the
partnerships. Contrary to the other sheets, this QQMM sheet is used by any stakeholder
supplying or buying materials, hence the stage number #0. A match between
stakeholders may occur if the expectations of stability set by the buyer are in line with

what the supplier is able to provide.
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Table 16: The QQMM match sheet to assess the value chain quality, transparency and stability.

Value chain quality, transparency and stability
Supplier Buyer
. FEASIBILITY . DESIRABILITY
Factors Options (0-4) Factors Options (0-4)
Value chain transparency
DQL1 DQL1
Data quality level ggt g Data quality level ggt g
DQL 4 DQL 4
ISO 9001 O I1SO 9001 0
ISO 17025 O ISO 17025 0
) CEN/TS 16010 O Quality management CEN/TS 16010 0
20 Quality management |CEN/TS 16011 g practices, minimum CEN/TS 16011 0
practices RECYCLASS recyclin 0 7 RECYCLASS recycling p 0
RECYCLASS 0 requirements  IRECYCLASS 0
Country of origin knoy 0 Country of origin known 0
[Other] 0 [other] ]
LCA O LCA O
Environmentalimpact |LCC 0 Environmental LCC ]
certificates EPD 0 impact certificates |EPD O
[Other] ] [Other] 0
Supply chain stability
Proactive risk management Continuos supply
Supply chain Moderate risk mitigation - Batch
resilience Reactive risk management Supply stability On demand
Unknown [Other]
#0B High adaptability Delivery size (kg) |[value]
Partial diversification 4 times/year
Supply chain flexibility|Single-source dependence Delivery frequency 2 times/year
Unknown Oncelyear
Unknown
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4.4 Conclusions: the way forward

In this section, we first reflect on the stakeholders’ feedback following an initial
evaluation workshop. We then provide an overview of the future potential of the QQMM
as perceived by the developers and STOPP project partners.

4.4.1 QQMM UNCERTAINTIES

Currently, the recycled plastics market is heavily influenced by the availability of
material, price premium, lack of capacities and uncertainty in upcoming legislation.
Trade-offs may be considered in many respects. If the desired volume is available
only with a lower level of purity than needed, the buyer may settle. If recycled feedstock
is more expensive than fossil-based feedstock but the quality is the same, the buyer
may consider the recycled feedstock. However, similar quality may be difficult or
impossible to achieve with the same costs, resulting in the buyer choosing fossil-
based feedstock. Some trade-offs can be regulated with legislation, i.e. packaging
producers must start including recycled content into their packaging, leaving them
with less options. Taking risks in the market often involves profit expectancy.

The cost responsibility and price premium

Although considered, the price aspect of the QQMM sheet is not yet as thoroughly
established as it should be. The current legislation, specifically the EPR, may guide the
costs to be covered by the supplier. However, this creates an unbalanced, unfair cost
scheme, where the material supplier is required to produce recycled material or
material with certain recycled content, and guarantee certain quality to the product.
It is an open question of how to shift the financial burden of recycling and additional
costs related to material quality onto the buyer, and whether that needs to be done.
One participant said:

“You benefit from the premium, so is this premium held on the side of the

supplier and therefore he provides all these guarantees which are listed in [the
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QQMM] table, but then you know if you do supply all these guarantees, [...] what
is the guarantee that the buyer will pay at a premium.”

The price complexity

While the Viability-section of the QQMM sheets provide the opportunity for the supplier
and the buyer to establish a price range for the material, the proposed framework
cannot consider the complexity of the price. Price can be estimated per weight or per
batch, and the number and size of annual deliveries. From the perspective of the buyer,
a desirable price range starts from zero, even if such a material fraction would not be
available. Generally, once the buyer knows the material fraction is suitable for their
processes, they may ask for an offer from the supplier. In the case of the QQMM, the
supplier is limited to providing a price range from minimum to maximum and cannot
communicate the effect of different aspects on the price. While one buyer may want
to receive a pallet of granules yearly, another buyer may wish to split the order to avoid
storing or other costs. From the suppliers’ perspective, it is often more efficient to pack
and send a pallet than to ensure constant small shipments. The establishment of
viability through price, and its dependency on different variables must be considered
if a logical model is developed in the future.

The avadilability of recycled material

For a viable business, the companies often need a secure flow of feedstock or material
to fulfil their production. Currently the availability can be secured for lower grade
recyclates, but it is difficult for high grade or closed loop recyclates. Regarding food
contact materials there is a certain level of hygiene that must be met, which limits the
options of suitable feedstock. For other types of applications, non-recycled content
may offer benefits such as absence of contaminants or established quality. The
limited availability of recycled material with the same purity or quality may result in
the buyer desiring to compromise on the recycled content, if it is not expected by the
industry or required by legislation or policies. More control and awareness over local
rules and clarity in upcoming legislation can potentially increase the uptake of
recyclates. The QQMM can participate in promoting the uptake of recycled materials
in all plastic industries if curated to fit the needs of each industry.
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Missing categories or product property

The QQMM sheet is considering the food packaging industry, which results in a limited
number of categories and options. For some applications, it may be more relevant for
the buyer to know the material they are buying does not include certain additives,
such as flame retardants, on a more specific level. In the scope of this report and the
delivered QQMM, it is assumed the buyer and supplier are both looking for feedstock
or recyclates that are suitable for food packaging, and therefore some categories are
left out.

Optimistic categories

While some categories may be missing from the QQMM due to the above-mentioned
reasons, some categories or options may need to be reconsidered. As an example,
PLA is listed as one of the recycled materials in the QQMM sheet. It was discussed in
the workshop that PLA is not highly available due to it going into composting, and it is
not collected or sorted in Europe currently. It would require a sorter that is able to
obtain such quantity of PLA that it would be viable to collect it as a separate stream.
However, one participant also shared insight into the value of PLA:

“If there is a source of PLA that could be tapped, that could be collected, PLA of
course has a relatively high value and it can be recycled. Of course, you have
to be careful how you recycle it. [..] It's interesting, but as was said earlier, it's
not really available right now. But there's always thinking about this recycling
of PLA because it has a value.”

The option of PLA remains in the QQMM sheet as it has a high value and is a well-
recognized polymer in the food packaging industry [14, 15].

4.4.2 FUTURE DEVELOPMENT OF QQMM

The QQMM has the potential to serve as a communication method and thus fill the
communication gaps between different stakeholders. In that respect, the QQMM offers
unique value in enabling simple yet accurate communication based on a common
language. In the future, the QQMM sheet could be developed into a logical model, that
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automatically calculates a score based on the similarity of answers given by the
supplier and the buyer. That score would indicate the compatibility of the feasibility to
provide certain feedstock or material and the desirability of that material from the
buyer’s perspective.

Given the complexity of volumes and price, the future model should have an algorithm
or another capability that can consider the typical trade-offs buyers and suppliers
make. Currently, the simple sheet model does not include the assumption of trade-
offs. The desirability and the feasibility factors can give an estimation of which
properties the stakeholder is willing to compromise.

To widen the scope of the QQMM model, plastic waste feedstock or recycled plastics
from other industries can be considered. For the buyer of plastic granulates containing
recycled materials from the automotive industry, it may be of relevance to know what
kinds of surface treatments, flame retardants, or other additives have been used in
the production of the primary materials. If unknown, the contents and quality of
recyclates or compounds made with recycled materials limit the number of possible
applications, as issues may arise in processing, industry-specified legislative

restrictions, occupational health, and environmental assessments.

When it comes to other alternative materials, such as chemically recycled plastics and
bio-based plastics, the scope of the QQMM framework can be altered to promote their
uptake. The QQMM can be developed to match the interest of stakeholders in novel
materials before there are legislative requirements set in place. Adding factors and
options to best establish new markets should be validated with experts in those areas.
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