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FOREWORD

In the words of the Letta Report, the circular economy is
not just an option, it is our only real chance to protect the
planet and reshape today’s manufacturing model. Making
this shift calls for new skills, innovation, and the ability to
transform technological capabilities into industrial ecosys-
tems. The Draghi Report and the recently launched Clean
Industrial Deal further spotlight the need for an industrial
strategy that aligns sustainability with competitiveness,
and resilience.

“Accelerating the circular transformation: Insights, challeng-
es and pathways for the chemical industry and beyond”,
conducted by Cefic and Unity, offers a timely reflection
on the role of the European chemical industry in delivering
that transformation. It demonstrates how our industry is
rethinking materials, processes, and partnerships to close
loops, reduce dependence on primary resources, and
scale circular business models.

Across the pages of this study, you will find a reflection
of how the circular economy is being implemented in the
chemical industry. From chemical recycling to cross-industry
cooperation to circular design and digital tools, these case
studies prove that this shift isn't just on paper, it's happening
on the ground.

At the same time, the study does not shy away from ac-
knowledging the challenges we face. High costs, complex
regulations, gaps in infrastructure, and low demand for
circular products continue to limit progress. These are

structural challenges that require coordinated solutions from
industry and policymakers alike. To move forward, we need
a cultural shift. Society in general — businesses, regulators,
and consumers — needs to adopt circular thinking.

The chemical industry stands ready to lead not only as a
provider of sustainable materials and technologies, but as
a partner in building the resilient, competitive, and circular
economy Europe aspires fo.

These pages are both a snapshot of progress and a roadm-
ap for what comes next.

They invite and inspire to move from ambition to action,
and from innovation to implementation.

So let us do exactly that. This study is now in your hands, let
it inform the dialogue ahead and encourage collaboration
across sectors, borders, and value chains for a winning
circular economy.

-
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Marco Mensink
Director General
Cefic



PREFACE

The chemical industry in Europe is in crisis, having sig-
nificantly lost competitiveness and global market share.
While the U.S. chemical industry has returned to pre-COV-
ID production levels and China'’s industry has surpassed
them, Europe’s chemicals production would need to grow
by 18% to reach pre-pandemic performance (Chemical
Trends Report, May 2024).

Higher energy prices, limited access to raw materials, and
complex regulatory frameworks continue to hamper recovery
and growth. Yet the circular economy presents an opportunity
—one where Europe could reduce its reliance on imports
of raw materials.

Despite facing global challenges, climate goals, and shifting
markets, the European chemical industry keeps leading in
the transition towards more circular value chains through in-
novation and investments. However, this goes hand in hand
with challenges to make the business case for circularity on
a larger scale. Throughout the pages of our study, you will
see that; how the circular economy is shaping how compa-
nies innovate o design new products, manage resources,
and work with others to address society’s most pressing
sustainability challenges. Innovation for circularity is no
longer limited to individual projects; it's happening across
entire value networks. This transformation is visible in the
redefinition of business models, the restructuring of value
chains, and the emergence of new partnerships that tran-
scend traditional sectoral and organisational boundaries.
The circular transition is not a singular shift. It is a fun-
damental change in how value is created, shared, and
sustained. It demands a coordinated, multi-stakeholder
effort across entire value networks. It requires harmonised
policy frameworks, deep collaboration, and above all, a
long-term commitment to transformation.

This study is developed by the industry for the industry

and beyond — it draws on real examples from chemical
companies and across value networks. It explores what's
working, what barriers remain, and how we can collectively
move forward. It offers both a snapshot of progress and a
blueprint for scaling circular solutions. Circular transforma-
tion is not just about new technologies, it's about a new
mindset that is changing how we create and share value.
Innovation that goes past products and technologies is
enabling this shift. We hope the Cefic-UNITY study will
inspire you and that you will join us in building a circular
and resilient future for the European chemical industry
and beyond.

Viviane Zimmermann
Partner, Business Area

lead | UNITY

Daniel Witthaut
Executive Director
Innovation | Cefic
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EXECUTIVE SUMMARY

The transition to a circular economy presents a unique op-
portunity for the European chemical industry to lead global
sustainability efforts while enhancing its strategic autonomy
and contributing to climate neutrality. While progress has
been made, fully realising this transformation requires bold
investments, strong collaboration across value chains, a sup-
portive policy framework, and unwavering commitment.
This study assesses the chemical industry’s progress in adopting
circular economy practices, based on responses to a survey
submitted to Cefic members. The findings indicate that while
the industry has made strides, significant challenges remain
in accelerating the transition.

Key findings highlight how companies are re-evaluating prod-
uct portfolios, investing in circular capabilities, building con-
sumer confidence and trust, and strengthening collaboration
across value chains. However, several barriers persist, includ-
ing cost competitiveness, unclear business cases for circular
products, regulatory uncertainty, and a lack of market demand.

Key challenges identified:

= Scaling up and commercialising circular solutions remains
difficult due to fierce competition with imported virgin and
recycled feedstock, high investment requirements, immature
value chains, and slow market uptake.

= High European energy costs and regulatory uncertainty
further hinder investment and industry-wide transition.

It is imperative that in the transition to a more circular economy, Eu-
rope manages fo take the European production through that
transition, as climate and circularity targets should not be met
by closing down European capacity and relying on imports.
A successful transition depends on overcoming these hurdles
and leveraging key enablers such as innovation in products
and technologies, policy support, and collaboration along
value chains. Addressing the challenges mentioned requires
action across three focus areas:

1. Industrial Symbiosis and Beyond

= Circular economy success requires an integrated and
systemic approach to value creation and consumption.

= Strengthening collaboration between ecosystem actors to
monitor, manage, exchange and loop material flows is es-
sential.

2. Innovation and Digitalisation
= |nnovating in processes and product design with circularity

in mind.

Ecodesign requirements require a thorough analysis of
product lifecycles to identify innovation needs.

w

. Circular Feedstocks

Circular molecules are needed to keep on suppling society
with materials and services in the long term and reduce
the use of natural resources and the dependence on fossil

raw materials.

How to Accelerate the Circular Transition?

To overcome barriers and unlock the full potential of a circular
economy, a strategic, multi-faceted approach is essential. This
5-Point Action Plan outlines key actions to accelerate inno-
vation, strengthen resilience, and create a sustainable future
that benefits society, the environment, and the economy. By
implementing these measures, the chemical industry can turn
challenges into opportunities, enhance competitiveness, and
secure Europe’s leadership in the global circular economy.

Drive a supportive regulatory framework accompanied
by targeted incentives.

Mobilise investments in circular infrastructure and
technologies.

Get a macroeconomic mindset change towards circular
thinking embedded in society.

Foster innovation through new multi-stakeholder col-
|aborations.

Monitor and measure progress to identify gaps and
accelerate action.

Policy & Investment Priorities

Europe has a foundational regulatory framework, but more is
needed in terms of further harmonisation, policy incentives,
and secondary legislation, to accelerate the transition and
create a pull for circular materials. Coherence among the
various regulations driving circularity, while environmental
and circular objectives, should go hand-in-hand.

Beyond policy alignment, increasing demand for circular
products requires targeted market pull measures and business

incentives, such as:

1. A policy framework to further enable the circular transition.

2. Generate market pulls to create business cases for invest-
ments in circular products.

3. Provide incentives to foster circular innovation and invest-

ments in Europe.

By implementing these measures, the chemical industry can
drive innovation, enhance resilience, and solidify Europe's
leadership in the global circular economy, turning challenges
into opportunities for a more sustainable future.
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PURPOSE AND FRAMEWORK OF

THIS CIRCULARITY STUDY

The current economic model, based on resource extraction and
waste generation, is unsustainable, as it exceeds planetary
boundaries and neglects the negative environmental impacts (1)
(2). A transition to a circular economy, one that extends the use
of resources, redesigns products, and fosters new consumption
and production systems, offers a more sustainable alternative.
This shift is crucial in addressing global issues such as climate
change, resource scarcity, and pollution, while also presenting
growth opportunities for the chemical industry, which can drive
sustainability through innovation in materials and processes.
However, entrenched linear models, outdated practices, and
the need for collaboration and innovation still present significant
challenges.

The commitment to change to cleaner, safer, and more circular
production, while leading the transition of the industry globally,
was outlined in Cefic’s mid-century vision, “Molecule Managers”
(3). It presents a plausible pathway for a prosperous and more
sustainable Europe by 2050. This vision describes a super-cir-
cular economy in which carbon is fully circular, driven by a
universal carbon tax on one-way carbon, and supported by
a massive upscaling of renewable energy sources. Questions
were raised about the current linear economic model, which is
heavily reliant on volume-based business models, and addresses
how chemicals of concern should be managed within a circular
economy. The equitable sharing of benefits and costs, along
with the development of global standards, are identified as
crucial aspects requiring further thought leadership. In the Cefic
“The Carbon Managers” report (4), it is highlighted that the
chemical industry’s pathway to climate neutrality and circularity
is influenced by numerous factors, both within and beyond the
control of chemical companies, across the value chain. This
creates significant uncertainty around the mix of solutions and
costs needed for the transition, highlighting the need for access
to a wide range of options.

This study evaluates the progress made in implementing
the recommendations presented in “Winning in a circular
economy” (5), identifies persistent challenges, and highlights
opportunities to transform obstacles into enablers to accelerate
the transition.

Input was gathered through in-depth interviews with represent-
atives from the chemical industry and external stakeholders
(see Appendix), as well as best-practice examples driving
circularity in the areas of industrial symbiosis, digitalisation,
innovation, and circular feedstocks.

This document is structured as follows:

= A review of the chemical industry’s advancements in im-
plementing circular economy practices.

= Key focus areas: Exploration of industrial symbiosis, in-
novation and digitalisation, and circular feedstocks as
enablers of circular practices.

= Analysis of the current European policy landscape, along
with proposed enhancements such as market incentives
and regulatory support for circular innovation.

= A 5-Point Action Plan outlining key success factors to
accelerate the circular transition in the chemical sector.

While the study highlights significant developments, it also
acknowledges persistent challenges in upscaling and com-
mercialising circular solutions. By providing a policy overview
and actionable insights, this study serves as both a reflection
on progress and challenges, and a guide for achieving a
sustainable and competitive circular economy.

The aim is to ignite a cross-border, cross-sector dialogue that
unites diverse stakeholders in their shared responsibility to build
a thriving circular economy for Europe in 2025 and beyond.
This study demonstrates the chemical industry’s pivotal role
in shaping a collaborative, sustainable, and economically
competitive vision for a circular European economy.

PROGRESS IN CIRCULAR ECONOMY IMPLEMENTATION
BY THE CHEMICAL INDUSTRY

How far is the chemical industry in the transition to a circular

economy?

A survey of Cefic members assessed the integration of circular

economy practices within the chemical industry (Appendix).

The results show progress, but the degree of implementation

varies considerably.

= 90% report high impact on their business activity due to
the transition to a more circular economy.

®  72% cite customer demand for circular models as a key
driver.

= 82% confirm the circular economy is embedded in cor-
porate strategy.

= 52% state their companies are advanced in the transition.

Portfolio assessment

Drive circularity in operations & communications
Enhance internally circular capabilities

Cross value-chain collaboration

Investments in circular-focused assets
Reorganise for circularity

Rethinking business models

The survey examined how companies address seven key
steps identified for adopting circular economy principles.
This includes re-evaluating and adapting product portfoli-
os to evolving and changing demands, fostering consumer
confidence and trust, investing in circular capabilities, and
collaborating along value chains. However, the re-organisa-
tion and restructuring of business models towards a circular
economy remains in its early stages (see figure 1).

0

20 40 60 80 100

. Embedded in the organisation . Starting implementation . No implementation started yet

Figure 1: The level of implementation of the steps suggested as a high-level guideline to embrace circular economy (5) within Cefic members.



Progress in Circular Economy

The high importance of the circular economy in corporate strategy is also reflected in the high number of companies that

pursue one or more circular targets (see figure 2).

18 %
No

Yes

Circular inflow / feedstock

Circularity related revenue

Circular outflow

82 % Climate / emissions
Water & waste

Others

Circular products

Becoming fully circular
0% 5% 10%

15% 20% 25%

% share of responses

Figure 2: Companies having circular economy related targets (left) and the type of targets mentioned (right)

The transition to a circular economy is related to the transition
to a climate-neutral economy. This connection is evident in the
inclusion of climate-related targets in response to the question
of what type of circular economy-related targets companies
have. Examples of these targets include achieving net-zero for
scope 1 and 2 emissions, using 100 % renewable electricity,
and reaching carbon neutrality by 2045 or 2050.

Circularity and climate neutrality are integrated into corporate
strategies, with additional goals focusing on waste reduction
and/or water recycling and embedding circular economy
principles in procurement and business models to ensure
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that the product recycling rate is optimised to the maximum.
Companies are also targeting 2030 for significant progress,
aiming to expand circular product and service offerings and
reorganise business models.

A successful transition to a circular economy and the achieve-
ment of the set circular targets depend on how identified
barriers can be overcome and which internal and external
factors support the transition. Key barriers to progress include
cost competitiveness, the policy framework, unclear business
cases for circular products and a lack of market pull (mindset)
(see figure 3).

Progress in Circular Economy

Industrial symbiosis Chapter 3

Value chain collaboration

Product & technology innovation

Business model innovation
. Chapter 4
Innovation process

Digitalisation

Recycled feedstock
Bio-based feedstock
CO, as feedstock

Policy framework

Chapter 5

Market pulls & incentives Chapter 7 & 8

Global context

Mindset
Energy
Chapter 9
Waste P
Cost
L 1 1 1 1 1 1 1
25 20 15 10 5 0 15 20 25

% share of responses
‘ Success factors

% share of responses

. Obstacles

Figure 3: Rating of circular economy related elements addressed in the chapters of this report as obstacles and success factors to fully realise circular

transition (n=62)
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Progress in Circular Economy

Innovations in products and technologies, policy support, and
collaboration along value chains are essential to overcoming
these challenges.

A supportive policy framework that promotes low-carbon
and circular solutions is essential for enabling the transition
to a circular economy. Progressive, long-term legislation and
targeted incentives are needed to bridge the cost gap between
linear and circular products while ensuring the European
industry’s global competitiveness.

55 % of survey respondents highlighted concerns about the
cost competitiveness, the unclear economic feasibility (ROI)
and the lack of market demand for circular solutions within a
challenging European economic environment (market creation
is needed).

Innovation in products and technologies is also crucial for the
realisation of the circular economy. It takes time to develop
and scale suitable technologies and it is essential to accept
circular business models as the new norm for progress. Col-
laboration along the value chains to develop and support
circular solutions is also important.

A fundamental change is needed to establish the circular
economy as a new business standard. It requires raising
awareness within organisations and securing fop management
commitment. To increase the willingness of customers and
consumers tfo invest in sustainable solutions, it is necessary
to inform them about the benefits of circular products. This
requires transparent communication and training the workforce
and all stakeholders.

The results of this survey indicate that the chemical industry
has made progress in adopting the circular economy, but
there are still significant challenges to overcome to accelerate
the circular transition.

The survey forms the basis for further analyses via in-depth
interviews with representatives from the chemical industry

and external stakeholders (see Appendix) and highlights the
challenges and opportunities the chemical industry faces
regarding the circular economy. Industrial symbiosis and
beyond, Innovation and digitalisation, and the use of circular
feedstocks are three key focus areas in the chemical industry,
driving the transition to a circular economy.

= Industrial symbiosis and beyond: This refers to collabora-
tion between industrial companies and other stakeholders
out of the value network aiming to optimise the use of
underutilised resources, broadly defined, with the result
of keeping resources in productive use for longer.

= Innovation and digitalisation: Design innovative products
with a circular mindset, embracing the 10 different R-strat-
egies, from refuse to recycle, using new technologies
and digital solutions. An innovative circular mindset goes
broader than the product design and focusses also on new
business models, where outcome based or leasing models
are key in decoupling profit from increased resource use.

= Circular feedstocks: In the scope of this study, this concerns
feedstock originating from recycled waste and feedstock
sourced from sustainable biomass, capture CO, (Carbon
Capture & Utilisation) and atmospheric carbon (Direct Air
Capture). All these listed feedstocks replace and reduce
dependence on primary raw materials.

To utilise these levers and facilitate the transition to a circular
economy, the study provides insights into the main challenges,
opportunities, and progress made by the chemical industry
in these areas, as well as policy interventions and incentives.
Recommendations for all relevant stakeholders, (i.e. industry,
policymakers, society and consumers) and examples of suc-
cessful implementations of circular economy principles are
also included.

INDUSTRIAL SYMBIOSIS
& BEYOND

66

’

Without a doubt, Europe can do circular by fostering strong partnerships to build functioning loops along value chains

and across sectors along value networks. Now it's time to show, that Europe can do economy.

— Lauren Kjeldsen, Chief Operating Officer Custom Solutions at Evonik Industries AG

Chemicals are not manufactured for their own sake; instead,
their utility arises from their suitability for a wide variety of
markets, applications, and end-uses. Therefore, the chemical
industry is strongly interconnected with a lot of other indus-
tries and value chains. Nowadays, the chemical industry’s
role extends beyond traditional boundaries, involving active
participation in the full value chain. In fact, the unique ability
for the chemical industry to act as a key provider for a variety
of downstream sectors is the reason the chemical industry is

often referred to as the “mother of all industries”.

Neither the chemical industry nor an individual company can
realise a circular resource flow in an isolated way no matter
how ambitious they are. The transition to a circular economy
requires a much more integrated and systemic perspective
on value creation and consumption which brings together
the competencies and expertise across the entire circular
value network.

Industrial symbiosis is the use by one company or sector of underutilised resources broadly defined (including waste,

by-products, residues, energy, water, logistics, capacity, expertise, equipment and materials) from another, with the

result of keeping resources in productive use for longer. (6)

Industrial symbiosis involves organisations operating in dif-
ferent sectors of activity that engage in mutually beneficial
transactions to reuse waste and by-products, finding innovative
ways to source inputs and optimising the value of the residues
of their processes (7).

Kalundborg was a first industrial symbiosis project of its kind
in Europe, where companies share resources such as energy,
water and materials to operate more efficiently and reduce
waste. Kalundborg was founded in 1972 and has been
strengthening its industrial symbiosis for 50 years (8).

In the chemical industry, industrial symbiosis is well known and
established, it has been leveraged for a long time in the sector
and is engrained in how the chemical industry developed,
for instance within major chemical clusters such as the port
of Antwerp-Bruges, the port of Rotterdam, the Ruhr region,
port of Tarragona, and many others.

Companies have co-located over time to optimise overall
resource-efficiency. In many instances, in these areas, there
is a concentration of industrial and manufacturing activity,
including some large facilities and active policies to reduce or
minimise landfill and other forms of minimising pollution and

improve waste management, which may include taxes and
regulations but also voluntary agreements and business-led
initiatives. Transforming raw materials into building blocks for a
wide range of products and applications, such transformation
often requires intensive energy and resource utilisation, also
leading to waste streams, by-products and emissions, that
through industrial symbiosis, can be optimised and minimised
(9). While the obvious business cases for collaboration in
these clusters have been implemented, further valorisation of
by-products and waste from these companies, including urban
communities, can further contribute to resource optimisation
and the circular economy. Also, as costs for waste disposal,
incineration, and landfilling rise, new business opportunities
for industrial symbiosis can be created.

The general maturity levels of the chemical industry’s collab-
oration across and amongst each other can be seen in five
maturity levels, rising from the basic collaboration in a linear
value model to a fully digitised ecosystem in which waste is
completely avoided, the energy is fully utilised, and the eco-
system enables the full use of resources that can be adopted,
recycled and reallocated (see figure 4).



Industrial Symbiosis & Beyond Industrial Symbiosis & Beyond

INDUSTRIAL SYMBIOSIS AND ITS CHALLENGES

The maturity level of the chemical industry in implementing  activities. These regions often benefit from supportive policies,

industrial symbioses across the entire value network across  established industrial clusters, and a culture of sustainability.

e industries is generally evolving, but it varies widely across Port areas in Belgium and Netherlands are examples of large-
(o} (V]g}

Levelfy regions, companies, and specific initiatives. Some regions, par-  scale clusters, where multiple industries, including chemical

ticularly in Europe, have made significant strides in industrial plants, share resources like energy, water, and by-products.

Digitally integrated and
sustainable ecosystems

Maturity 4

el symbiosis, going well beyond the typical industrial symbiosis
eve

Maturity
Level

]

Linear collaboration
Upstream: There are
hardly any circular
economy initiatives.
Collaboration with
suppliers remains linear,
with raw materials being
supplied without
consideration of reuse or
recycling. There are only
cost based measures to
reduce waste.
Downstream: Products
are supplied to customers
without consideration of
the life cycle or the
possibility of recovering
materials at the end of
the use phase. The
economy remains linear
and waste products are
not refurned to the cycle.

Coordinated cooperation
Upstream: Companies
begin to involve their
suppliers more closely in
planning processes in
order to reduce waste
and utilise resources
more efficiently. The first
steps towards a circular
economy are taken by
incorporating recycled
materials into production
or optimising the use of
primary raw materials.

Downstream: Coordinati-

on with customers is
being improved in order
to design products in
such a way that they
have a longer shelf life
or can be recycled more
easily at the end of their
useful life. Programmes
are set up to take back
products or collect waste
streams.

3

Industrial Symbioses
Upstream: The integrati-
on of circular principles
is systematically
promoted. Waste and
by-products from the
production process are
recognised as valuable
resources for other
industries and passed
on. Suppliers and
chemical companies
work together to create
closed loops and
eliminate waste.
Downstream: Collabora-
tion with customers and
partners along the value
chain is infensified to
ensure that materials and
products are fed back
info the production
process. Products are
designed so that they
can be fully recycled at
the end of their life or
used in new products.

Figure 4: Maturity Levels of Collaboration for Circular Economy

To effectively propagate such an ecosystem, it's crucial to
develop a collaborative ethos focused on monitoring, man-
aging, exchanging, and looping material and product flows

Innovation driven value
networks

Upstream: Collaboration
with suppliers is
developing info an
innovation driver for the
circular economy. More
sustainable and circular
materials are developed
together. Digitalisation
initiatives enable
material flows to be
tracked and optimised in
real time.

Downstream: New
business models based
on the circular economy
are developed with
customers and other
stakeholders, such as
product-as-a-service
models or sharing
economy concepts.
Digital technologies
support the traceability
and fransparency in the
value chain.

Upstream: All partners in
the value chain are
digitally integrated,
enabling traceability and
transparency, and
optimisation of material,
byproduct and energy
flows. Waste is almost
completely avoided. The
chemical industry and its
suppliers operate in a
network based on digital
technologies such as
blockchain, Al and loT.
Downstream: Customers
and end users, and
upstream suppliers are
part of a comprehensive
circular ecosystem in
which products and
services are fully
optimized, products are
re-used, re-furbished and
ultimately recycled,
supported by digital
platforms. The circular
economy is fully realized
and the ecosystem is
designed to constantly
adapt to new technologi-
cal advancements and
environmental challenges

among various ecosystem actors. This involves discovering
new collaboration practices beyond industrial symbiosis,
supported by an enabling policy framework.

Example Box 1

Industrial symbiosis driving selection of new projects [NextGen District]
The Port of Antwerp-Bruges exemplifies industrial symbiosis within the chemical industry, fostering a circular economy

through strategic clustering. The NextGen District is a dedicated zone for new process industries related to the recov-

ery of raw materials from end-of-life products (recycling) or in the context of energy transition. In the selection process

of new projects, candidates have to prove synergies (in terms of material flows, energy, water, efc.) with the existing

activities in the port as well as the life cycle analysis of the products manufactured. This resulted so far into a prominent

circular hotspot with two plastics recyclers (PureCycle PolyPropylene and Triple Helix), Bolder Industries repurposing

chemicals in end-of-life tires, a green hydrogen producing company (Plug), and a company (Ekopak) producing cooling

and process water out of municipal waste water. The landlord Port of Antwerp-Bruges will monitor the efficiency of the

synergies based on the material flows and shared services.

In example box 2 it is shown how companies work together effectively to share physical resource flows and how by-product-

flows can take over many raw materials.

Example Box 2

By-product management: From Waste to Tap [Kemira]
In 2023, 44 % of Kemira's overall raw materials came from recycled sources or industrial by-products. In their feedstock

for the production of inorganic coagulants, which are used for treating wastewater and to produce drinking water, even

70-80% of all raw materials come from recycled sources. Two of the main by-products that are used include by-product

acids and spent pickle liquor (SPL), which come from different industries like the steel and chemical industry.

Another by-product that Kemira can valorise is ferrous sulphate. One of the coagulant productions sites in Pori (Finland)

has found, tested and is now mining a landfill from excess unused side-streams from a titanium dioxide plant that contains

several million tons of ferrous sulphate raw material, thereby utilising some of the 30 years of accumulated industrial

by-product. Aluminium-based raw materials are another necessary feedstock for Kemira’s coagulant manufacturing. It

works closely together with the aluminium- and chemical sectors to obtain and valorise aluminium by-products. As an

example, side streams from spent catalyst, aluminium metal finishing industry, silica- and even pharma industries generate

several by-product streams, which could be used as either solid or liquid aluminium sources for the coagulant production.



Industrial Symbiosis & Beyond

With the increasing recognition of industrial symbiosis as an
effective tool in the growth of a European circular economy,
there is potential for further development of industrial synergies.
Industrial symbiosis is an important step towards a circular
economy, especially in the chemical sector, which has bene-
fited greatly in the past from the networking and cooperation
of various stakeholders. Nevertheless, there are challenges
existing that explain the need for a higher level of maturity in
cooperation. These challenges are mainly reduced to three
key points:

Challenge #1: Economic Viability in Circular Models

The linear model’s compartmentalised approach, where each
member of the value chain focuses on a specific role, creates a
significant barrier to the economic viability of circular models.
This specialisation fosters stability and efficiency, making it
difficult for circular models, which require greater collabora-
tion and integration, to compete economically. Establishing
a common win-win business case to drive the industrial sym-
biosis efforts, is key in driving circular collaboration as part
of industrial symbiosis. Also, the increasing costs for waste
disposal and incineration, and severe reduction in landfilling
can contribute to the economic viability of certain industrial
symbiosis activities.

Challenge #2: Building Trust and Transparency in Collaboration
To reach a higher circular maturity level, a key challenge is
overcoming the tendency for value chain members to protect
their own positions and inferests, which hinders open collab-
oration. Companies must find ways to work together more

transparently and share information critical to circularity with-
out creating Intellectual Property issues and violating anti-trust
and competition laws. This requires building trust, ensuring
legal compliance, and fostering a willingness and collabo-
ration forum among all parties to bring enough information
to the table to proceed, and build win-win business cases,
even if it means sharing sensitive information and aligning
on common goals.

Challenge #3: Burden Sharing (Quality control and burden
allocation)

A major challenge in advancing circularity within the chemical
industry is the siloed approach of value chain members, which
often hinders collaboration. A key issue is “burden sharing.” In
an industrial symbiosis, if an incident disrupts one company’s
use of residual water, who is responsible for the production
loss? Addressing this requires both technical solutions (e.g.,
water treatment, monitoring) and non-technical measures
like clear agreements on responsibilities, cost-sharing, and
accountability. Focusing on burden sharing can distract from
broader goals, such as improving transparency of emissions
and encouraging effective mitigation strategies. However, ex-
cessive focus on burden allocation can hinder circular practices
and industrial symbiosis. Carbon accounting should promote
responsibility, not disputes. Effective dispute resolution and
shared risk management are essential to foster collaboration.
Without a fair burden-sharing framework, the willingness to
engage in resource exchange and symbiotic partnerships
diminishes. Additionally, industrial symbiosis often requires
time and investment for infrastructure and logistics.

Industrial Symbiosis & Beyond

CIRCULAR COLLABORATION BEYOND THE TYPICAL INDUSTRIAL SYMBIOSIS

As industries strive for a circular economy, the need for a
higher maturity level of collaboration (see figure 4) and es-
tablishing win-win business cases are crucial to overcome the
gaps in industrial symbiosis and fully harness the potential of
a circular economy. While industrial symbiosis has matured
through implementing low-hanging fruit in collaboration, ad-
vancing to circular economy value networks and ecosystems
requires greater joint investments, with a clear focus on win-win
business cases. Despite the challenges, there are significant
opportunities to enhance collaboration beyond traditional
industrial symbioses, which can help overcome these barriers
and unlock further potential in the circular economy.

= By expanding the geographical and sectoral scope of col-
laboration, industries can increase the variety of end-of-use
streams available for reuse, fostering greater innovation
and technological advancement. The integration of waste
management and sorting companies info industrial net-
works, as well as leveraging byproducts, biomass and
industrial CO, as feedstock, and innovating together
with circularity, re-use, disassembly in mind, can lead to
more efficient resource utilisation and better coordination
across the value chain.

= Standardisation and leveraging common definitions can
support the incorporation of waste, by-products and CO,
streams into innovative production processes, even for
smaller companies.

= Additionally, aligning economic incentives with circular
models can help make them more competitive with tradition-
al linear approaches, encouraging broader participation.
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Example Box 3

Closing the polystyrene loop via value network collaboration (Indaver & Katoen Natie)

Indaver who has been linking the waste and (petro)chemical sector since the start of the company in 1985, became
an expert in closing material loops embracing from the start of each investment project the reality of the (unpure and
unstable) waste and then building process steps to deliver drop in feedstock comparable to fossil based feedstock.
This impacted many crucial choices in permitting principles, process design choices, project timing, yield optimization,
creation of safe sinks for impurities, installing secure supply chains, ...

In order to recycle secondary polystyrene flows into styrene for new products in Indaver’s Plastics2Chemicals plant
in Antwerp, value network collaboration was set up. A sufficient supply of discarded plastics was ensured by signing
long-term contract with Citeo (France) and Fost Plus (Belgium) to manage the polystyrene from their selective collected
plastic waste. Indaver NV and Katoen Natie provide an essential link between suppliers and buyers by taking care of
the sorting of mixed plastic waste into 16 different end streams, pre-treatment (separation, purification and conversion

into small granules), chemically recycling of the secondary polystyrene into styrene and providing logistics services

such as storage, transport and just-in-time delivery to customers, guaranteeing unburdening so partners do not need

to change their existing operations.

Driving industrial symbiosis requires building value networks
beyond industry boundaries and trusted partners. Achieving
greater circular economy maturity means integrating circular
principles across supply chains, industries and sectors to
improve material flows and reuse, and reduce waste and
emissions. Effective collaboration requires moving beyond
silos, fostering trust and transparency for open information
sharing, while ensuring compliance with antitrust and intel-
lectual property rights to ensure win-win outcomes.

With increasing maturity in the realisation of the circular econ-
omy, the cooperation of companies is characterised by joint
investment in research and development, in which financial
but intangible investments (e.g. investment in joint skills) are
made. In such collaborations, investments are made in the
joint development of new technologies and relevant data is
exchanged. Processes are established, as part of the circular

transition, that extend the life cycle of the material and keep
the product in the loop for as long as possible, while having
a win-win business case established for all stakeholders in the
value chain. Advanced digital tools, such as the Internet of
Things (loT) and Artificial Intelligence (Al) (see table 2), play
an important role in optimising material flows and logistics,
ensuring resources are used as efficiently as possible. This is not
only a matter of trust but also of cultivating a circular mindset
that prioritises collective benefits over individual gains, while
still driving a business case to invest from all parties involved.
There are good practices existing where cross sector col-
laborations are making significant steps to overcome these
challenges in practice. The Circular Republic's concept is an
excellent example of collaboration in a circular economy
system that enables the recyclability of electric car batteries
in the automotive sector (see example box 4).

Industrial Symbiosis & Beyond

Example Box 4

EV battery recycling via value network collaboration [Circular Republic]

CIRCULAR REPUBLIC's concept project is a prime example of collaboration in a circular economy network for the
recyclability of EV batteries (see figure 5). The biggest challenges include high disposal costs, material losses during
recycling and manual dismantling. CIRCULAR REPUBLIC works with established companies and start-ups that have scal-
able logistics models and automated dismantling processes, for example. Partnerships with companies such as BMW,
which fund the company as a non-profit organisation, and material manufacturers that produce new cathodes help to
close the loop of battery recycling. This benefits the chemical industry by promoting material recovery and resource
efficiency. The project overview shows the flow of batteries from Cell manufacturers via OEMs to use phase and from
there via dismantling and recycling back into cell material. CIRCULAR REPUBLIC assembled players from every node
of this circular value chain to demonstrate how circular value flows can be an attractive case for all involved players.
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Figure 5: Collaboration in a circular economy
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An important factor in enabling effective “industrial symbiosis

and beyond” in the chemical industry is data exchange. By

sharing information on material flows, production outputs,

and resource availability, companies can identify synergies,

improve efficiency, reduce environmental impact, and enhance

competitiveness.

While geographic proximity can support symbiosis, it is neither

necessary nor sufficient. Strategic planning and co-innovation

are also essential to optimize co-location synergies.

The EU has launched several initiatives and funding programs

aimed at fostering circular economy practices, including the

development of Hubs for Circularity. Key aspects among

these are:

= Horizon Europe: The EU’s flagship research and innovation
program, Horizon Europe, allocates substantial funding
to projects that advance circular economy practices. This
includes research, development, and implementation of
circular hubs.

= Circular Cities and Regions Initiative (CCRI): This initiative
supports the development of circular economy projects at
the local and regional levels, including the establishment
of Hubs for Circularity. It provides funding, technical as-
sistance, and a platform for knowledge exchange.

Example Box 5

= European Regional Development Fund (ERDF): The ERDF
finances projects that aim to strengthen economic and
social cohesion in the EU by correcting imbalances be-
tween regions. It supports investments in circular economy
infrastructure, including circular hubs.

= European Green Deal: As part of the European Green
Deal, the EU has committed to becoming climate-neutral
by 2050. Funding under this deal supports circular econ-
omy initiatives, including the creation and expansion of
Hubs for Circularity.

Hubs for Circularity are innovative centres designed to pro-
mote and implement circular economy principles at a regional
or industrial level. These hubs aim to create sustainable,
closed-loop systems where resources are reused, recycled,
and reintegrated into the production process, thereby min-
imising waste and reducing the environmental impact. The
Hubs for Circularity (H4C) is a key instrument to advance
the research and innovation agenda of European industries
towards the Green Deal’s objectives. It is about building on
creativity, digital tools, Al, and breakthrough technologies for
implementing cost-optimal pathways and new value chains
for the engineering of net-zero circular economy all together.

Circular growth accelerator for a major industrial cluster [Chemelot Circular Hub]

Another good example of collaboration within value networks
is Circular Valley, a European network dedicated to promoting
the circular economy. Circular Valley is a global platform
based in Germany, rooted in the Rhine-Ruhr region, that acts
as an accelerator for international startups and innovators in
the circular economy. It brings together various stakeholders,
including leading chemical companies such as Bayer, BASF
and Evonik, to foster innovation in recycling and sustainable
materials.

Circular business models, such as sharing, product-as-a-ser-
vice or take-back schemes, are essential for high-maturity
collaboration, combining economic value with waste reduc-
tion. However, they often struggle against the entrenched
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efficiency of the linear economy. To compete, companies must
innovate to match or exceed linear efficiency while adhering
to circular principles. Progress also depends on harmonised
regulations (e.g. by-products, end-of-waste), incentives and
global standards that drive demand for circular practices and
overcome regulatory barriers to wider adoption.

In summary, achieving circular collaboration requires overcom-
ing the challenges of protecting individual interests, navigating
regulatory complexities, and addressing financial constraints.
By fostering transparency, developing trust, and rethinking
regulatory frameworks and funding vehicles, businesses can
move towards more integrated and effective circular economy
practices.

I

Long before it had a name, the sharing economy first saw the light. It matured organically, starting from a prospect to

grow business and generate profit, then evolving rapidly info the co-creation of enviro- and socio-economic wins. Around

the turn of the century, such win-wins became known as Industrial Symbiosis and recently also found an entry in policy

documents. The call for green regional industrial clusters in Draghi's report (10) and in the new EU mission letters are vital

steps towards wider exploration and implementation of circularity in cross-sectoral as well as urban-industrial clusters.

— Prof. Dr. Greet Van Eetvelde, Energy & Cluster Management (ECM) research group at Ghent University with focus on
Industrial Symbiosis since 1998; and Global Head of ESG at Climate & Energy for the INEOS group

The industrial cluster of Chemelot is determined to transform into the first circular and climate-neutral chemical site in
Europe, in close collaboration with “Hubs for Circularity” (H4C). The Chemelot Circular Hub is a public-private alli-
ance and collective movement that aims to be the ultimate growth accelerator for a circular society. More than 100
projects have been defined to stimulate the development and deployment of innovative technologies (related to use
of bio-based feedstock, mechanical and chemical recycling), the upgrade of existing and also new infrastructure (e.g.
large scale electrification, transport of circular and bio-based feedstock and products, and circular water management)
and education, re- and upskilling, and employment through its learning community and talent office to master the twin
transition and cope with the tight labour market. In addition, it wants to increase active involvement of both citizens
and other stakeholders in the region and beyond to address environmental concerns and co-develop solutions and
project opportunities. With the Brightlands Chemelot Campus, its joint venture Brightlands Circular Space (with TNO
and Maastricht University) and the research centers on bio-based and circular materials, and process innovation,
Chemelot not only has space to develop, pilot and demonstrate new and disruptive technologies but also to scale up
and host circular gamechangers at the industrial park.
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INNOVATION AND
DIGITALISATION
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To achieve a circular economy, we must reinvent ourselves. Chemical companies are prioritising circular

principles in their product designs and are leveraging digital technologies to enhance data transparency.

- Katja Scharpwinkel, Member of the Board of Executive Directors at BASF

Innovation and digitalisation are fundamental in driving the
chemical industry towards a circular economy since they
act as catalysts for developing new materials, technologies,
products, and business models. By embedding systemic cir-
cular thinking into the innovation process, considering the use
phase and the end-of-use phase right at the design stage,
these advancements ensure the integration of circular strat-
egies and ambitions at every phase of value creation and
throughout the entire product lifecycle. And in this innovation
process, utilising advancements in digitalisation during the
design phase can greatly accelerate the development cycle.

Through combining lab experiments with predictive data
tools, product properties can be optimised faster and more
effectively.

A conceptual framework to enable systemic circular thinking
during the innovation process is based on the so-called R-strat-
egies (11). The framework encompasses various strategies
related to the different product life phases (see table 1). The
chemical sector enhances circularity by actively embedding
the R-strategies in their innovation processes as illustrated in
table 2 with the interpretation of the sector’s role and concrete
examples of implementation.

Phase R-strategy Chemical sector interpretation

Refuse Consider the necessity to
manufacture products and
the necessity to use specific
raw materials or substances
when manufacturing products
on an LCA and risk based
approach.

Concrete examples

BASF and Citroén have reduced the overall weight and decrease
resource consumption of a car by increasing functionality to combine
sustainable mobility with affordability. E.g. refusing an onboard
audio system, since most consumers have their own mobile device.
BASF has developed OxsilanR, a thin film technology protecting met-
als from corrosion, e.g. before painting. This enables higher produc-
tivity with lower materials use and better safety, health & environmen-
tal profiles compared to the conventional phosphating processes.

Rethink Develop new business models YARA providing digital & outcome based agricultural tools reducing
that prioritise service over the volume of fertilisers and pesticides applied (see example box 10).
volume based sales (e.g. Kemira both as a product and service provider (see example box 11);
@ Chemical leasing). Use renewable biomass as feedstock. Transform sugar and starch to
_§_ Rethink and redesign prod-  produce detergents and polylactic acid via bacterial fermentation
= ucts to enable/facilitate one  (see example box 18 and 19). And start from bioethanol to convert
‘2 or more of the R-strategies it into ethyl acrylate (see example box 20). Niaga (example box 7)
a related to the use-phase and  and Allnex (example box 9) redesigned polymers to enable repaira-
end-of-life. bility and recycling.
Reduce Focus on efficiency improve-  Reducing use of primary resources by using side streams/by-products via

ments to reduce the amount
of materials and energy used
in the production.

Reduce the use of primary
raw materials.

industrial symbiosis (raw materials, energy, water etc.). E.g. NextGen Dis-
trict (see example box 1), by-product management Kemira (see example
box 2), Circular Republic (see example box 4). Detergents with higher
performance & concentration to reducing the required resources and
refillable packaging from Unilever and KAO (see example box 8). Make
use of renewable bio-based materials, see examples of Evonik, Futerro,
BASF and Dow (see example boxes 18-21) Make use of captured CO,
as a feedstock, see examples of Arcelor Mittal and Lanzatech, Perstorp,
Borealis and Unilever (see example boxes 22-25)
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Phase R-strategy Chemical sector interpretation Concrete examples

Use phase

End-of-Life

e Use of materials or substances after their initial
use, for the same purpose for which they were
originally designed, without prior recycling step.

Reuse of packaging material, Reuse of recovered solvents
or heat transfer fluids.

The reuse of packaging by facilitating refilling (see ex-
ample box 8).

Repair Foster service-based business models and
technical solutions focusing on maintenance
and repair that help to extend the life of
equipment and products.

PV back sheet coating from Dow to repair cracked PV
modules and self-sealing tyres (see example box 6).
Debonding characteristics of adhesives allowing disman-
tling, enabling repair and reuse.

Concrete repair mortars from Sika for restoration work,
repair of spalling of damaged concrete in construction
structures.

Provide materials used in refurbishing.

Refurbish  Foster service-based business models focus-
ing on refurbishment that help to extend the
second life of products.

Remanu-  Rebuilding of a product to specifications of

faclure the original manufactured product using a

combination of reused, repaired and new
parts, including the repair or replacement of
worn out or obsolete components.

Repurposing landfilled ferrous sulphate as feedstock for
Kemira’s coagulant production to treat wastewater (see
example box 2).

Repurpose Explore innovative ways to utilise discarded
products or components for a function that it
was not originally produced or designed for.

Repurposing synthetic end-of-life tyres for rubber crumb
on artificial grass sport fields.

Recycle Advance chemical recycling techniques com-
plementary to other recycling techniques to
recover and reuse materials that were previ-
ously considered non-recyclable to close the

loop on chemical materials.

Many chemical companies are investing into chemical
recycling, complementary to mechanical recycling. A
chemical recycling plant is started up by SABIC, (example
box 14) and other companies are planning to build chem-
ical recycling facilities e.g. lyondellbasell and Eastman
(example boxes 15 & 16).

Mechanical and chemical recycling are also applied in
the recycling process of mattresses, see example box 7 of
Niaga and example box 17 of Evonik and Dow.

Sika's Cradle-to-Cradle roofing membrane with pre-con-
sumer recycled content from scrap material during the
manufacturing process.

Futerro mechanically and chemically recycles polylactic
acid (example box 19).

Recover Extract energy or materials from waste that

cannot be recycled or reused.

Incineration of waste with energy recovery (electricity and/
or steam production).

Re-mining landfilled waste as a feedstock to produce
coagulants to clean water by Kemira (see example box 2).

Table 1: The potential interpretation for the chemical industry of the R-strategies and a link to concrete examples of implementation by the chemical
companies (For the ISO 59004:2024 definitions of the R-strategies see Appendix 11.3.).
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The increased focus of the chemical sector on the different
R-strategies is reflected in an analysis among circular economy
experts of chemical companies (see figure 6). The sector's
role in the rethink, reduce, repair, recycle, and recover strat-
egies is well recognised. However, its role in the refurbish,
remanufacture, and repurpose strategies is less clear. The
potential contribution of the chemical sector to the refuse
strategy has the lowest recognition but is implemented in the
design thinking of the companies (see table 1). Implementing
the different R-strategies into the company’s portfolio requires

an open mindset looking beyond volume-based opportunities
when developing a business case while keeping in mind
performance of the products as well as consumer needs. It
requires also a mindset change of regulators as legislative
frameworks are not always fit for circular business models.
Even though in the past, companies focus has been on recy-
cling, significant potentials are expected and necessary within
the collaborative consideration of the other R-Strategies within

the value network.
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Figure 6: Is there currently a contribution of the chemical sector to the specific R-strategies according to experts out of the sector.

The R-strategies are also a basis to further define what a sus-
tainable product should look like according to the Ecodesign
for Sustainable Products Regulation (ESPR). Under this regula-
tion, ecodesign requirements will be developed for different
product categories, based on the different product-related

aspects illustrated in Figure 7, which are linked to the majority
of the R-strategies. This will require further implementation of
the R-strategies into the innovation process by all actors along
the value chain, including the chemical sector.
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Figure 7: Key product aspects to be considered to develop ecodesign requirements under the ESPR (12)

Example Box 6

Durable photovoltaic coatings and self-sealing tires [Dow]

Dow has been working on novel solutions for PV modules and self-sealing tires.

Dow's self-sealing silicone technology provides a high-performance and sustainable solution for tires. Traditional self-seal-
ing tires are not recyclable and have complex, energy-intensive manufacturing processes. Dow’s silicone sealant forms
a self-sealing layer within the tire that maintains proper tire pressure for longer periods, improving safety and durability.
This technology eliminates the need for spare tires, reduces vehicle weight, and improves fuel efficiency. It also allows
Dow's silicone sealant to be efficiently removed, supporting recycling via easy separation of silicone from the tire at
the end of its life. This novel approach supports material compatibility and sustainability in the automotive industry.

In photovoltaic modules, degradation and cracking of the polymer backsheet - which protects the rear side of the
modules - can lead to rapid and severe performance losses. A number of PV modules installed over the past decade
are now showing signs of vulnerability, creating operational challenges for PV asset owners. As part of its innovation
efforts, Dow had developed a PV Backsheet Coating that addresses this issue. Applied as a spray or with a squeegee,
the coating repairs damaged backsheets and offers a competitive and significantly lower-carbon footprint alternative
to full module replacement.
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Example Box 7

Innovation and Digitalisation

Click and unclick adhesives allowing disassembling and recycling [Niaga®]

Niaga® is a leading technology provider and circular economy pioneer, emphasising design for circularity. The
click-unclick adhesive from Niaga® enables reversible bonding and allows for easy disassembling and recycling. This
on-demand debonding ensures that the materials return to their respective value chains, preventing waste. Having
successfully demonstrated its technological and market viability, Niaga's innovations are now implemented by their
downstream customers, that continue to utilize the Niaga technology and adhesive. To give three examples: 1) in Krefeld,
Germany, at Object Carpet a circular carpet manufacturing line is in operation; 2) in the Netherlands, Auping has
transitioned its full mattress portfolio to circular products, produced in their new (2024) circular production facility and
3) the Dutch furniture manufacturer Vepa is using it for the production of their office desk tops since 2025.

Example Box 8

Concentrated ingredients and refillable packaging transforming consumer behaviour [Kao]

Kao started in the early nineties an innovation process to reduce plastic waste by concentrating the ingredients of their
products and is reducing the use of natural resources and waste production by designing their consumer product plastic
packaging for reuse and refill. Kao released its first refill packs in 1991 and currently offers 423 refill products, which
is approximately 80 % of their products. This resulted in a 76 % reduction of plastic waste over the period 1995-2024.
For products that do not allow refilling because of a product’s nature and the consumer’s safety, certain parts of a
container are made to be reusable, such as spray nozzles. In parallel, the concentration of ingredients is increased to
make packaging more compact and innovation is done to replace to more sustainable materials and use more recycled
materials. The transformation of consumer mindset driven by Kao's promotion of refill products, is a remarkable example
of how sustainability can be achieved through strategic investments and consumer engagement. This case study serves
as an inspiration for other markets to adopt similar practices and highlights the importance of sustainability in driving
long-term business success.
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Figure 8: Plastic amount reduction by product and material innovation

27

Transition from a value chain to a value network thinking

Traditionally, in a linear economy, value is added to a product as it moves from one actor to the next along the value
chain. Each actor aims to maximise its own profit and only interacts with the value chain actor after them, often resulting
in a disconnect between early and later stages of the value chain (see figure 9). For instance, product manufacturers
are typically disconnected from municipal waste collectors and sorters.

Initially, circular economy was focusing on making the linear value chain circular via an increased cooperation among
value chain partners enhancing the application of the different R-strategies. In this model, also called “closed-loop
recycling”, producers internalise responsibility for the product throughout its life cycle, rather than displace it as soon
as the product can no longer be used.

Circularity can be much further optimised by looking beyond specific value chains and thus focusing on the optimised
use of the value of resources, materials and products within value networks, so called open-loop recycling. Both open
and closed loop recycling will be needed to transition to a fully-fledged circular economy.

Circular value networks require a collaborative approach to value creation, where the interests of multiple actors in-
volved in different value chains are aligned to keep resources in the loop. Rather than each value chain focusing solely
on maximising their product recycling, value networks emphasise shared responsibility. The management of such value
networks requires new competencies along the network partners (e.g. in collaboration methods, material management,
logistics services), which additionally need proper governance structures for successful implementation.
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Figure 9: From linear to circular economy
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NAVIGATING THE CURRENT LANDSCAPE AND OVERCOMING CHALLENGES

The ecodesign requirements under the ESPR (see figure 7)
will require a thorough analysis of each product lifecycle
phase to identify innovation needs. The non-binding Safe
and Sustainable-by-Design (SSbD) framework (13), developed
under the EU Chemical Strategy for Sustainability, outlines
how the chemical sector continuously improves its portfolio to
more sustainable and safe products through innovative design
thinking focusing on chemical and material production, thereby
potentially addressing several of the ecodesign requirements
elaborated under product-legislations such as the ESPR. SSbD
aims to integrate safety, circularity, and functionality throughout
the lifecycle, promoting a transition to a safe, zero-pollution,
climate-neutral, and resource-efficient economy. SSbD covers
various economic, social, safety, and environmental aspects
(see figure 10), which can be translated into concrete design
principles, as outlined in the Cefic SSbD Guidance (14). For
the “Resource use and waste” focus dimension, several prin-

Economic & technical sovereignity

Product Performance
Transparency & Information
Value Chain Collaboration

Safe and

Sustainable-

Value Chain actions (excl.
Consumers)

Lemployment & workers
Local communities

Consumers

Well-being

by-Design

ciples are proposed for the innovation phase of chemicals

and materials:

= Select materials and processes that minimise the gener-
ation of waste.

m  Select materials and processes that use/allow the use of
sustainably sourced biobased feedstock and/or sustainably
sourced circular feedstock.

= Select materials that have (where appropriate) an in-
creased durability or enable product sharing, reduced

|II

maintenance or a commercial “afterlife”.

= Compose products in a way which - as much as mean-
ingful- strive for recyclability.

= Match the raw material selection to the capabilities of the
waste management operations in the intended market.

®  Select materials and processes that reduces the abiotic

depletion potential.

Chemicals toxicity
Product safety
Health & Safety

Reduced climate impact

Protect, Preserve & restore
ecosystems services

Improved circularity:

= Biodegradability or compostabily

= Waste prevention along the life cycle

= Use of recycled feedstock & recyclebility
* Improved durability, repairability

Figure 10: A comprehensive, yet not exhaustive list of safety and sustainability dimensions to assess and design sustainable chemicals, materials,

products, and processes following Safe and Sustainable-by-Design principles. (14)
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Example Box 9

Repairing polymers [Allnex]

Innovation and Digitalisation

Allnex’s novel solution addresses the repairability characteristics of thermoset resins by introducing specially designed

thermoset resinsenabling welding and repair to expand the lifetime of composites parts.Allnex also addresses the

end-of-life phase of the applications by another pathbreaking innovation which is a debonding technique triggered by

a change in pH or heat. One could envision primers that peel off along with the printing ink, thus enabling recovery

and easier recycling of the neat substrate (e.g. a plastic). With the growing use of adhesives in flexible packaging and

structural parts, easier disassembly of glued parts makes recycling much more efficient. A third application that Allnex

developed are resins, which enable the recycling of high-value fibres from polymer fibre composite materials by the

possibility to de-crosslink and dissolve the resin matrix and recycle the fibres afterwards.

Next to product, material, and technology innovation, the
transition fowards a circular economy in the chemical industry
will also require the development of circular business mod-
els that can compete within a still primarily linear focused
economic system.

Linear business models traditionally rely on commercialising
solutions through the first point of sale, where success is
measured purely in terms of volume sold. This contradicts with
circular principles such as product durability and resource
efficiency (doing more with less material). Not only has the
linear model been demonstrated to exert massive strain on
our ecological systems, but it pushes us ever further across
the planetary boundaries.

The Product-Service System (PSS) Framework by Tukker (15)
(see figure 11) categorises business models that integrate
products and services to enhance sustainability. In the chem-
ical industry, PSS fosters a circular economy by shifting from
traditional product sales to service-based models, such as
Chemical Leasing or Performance-Based Contracts. These
models emphasise resource efficiency and extended product
life cycles, ensuring that chemicals are used more effective-
ly and with minimal environmental impact. By prioritizing
functionality over ownership, companies retain control over
resources, incentivising reuse, recycling, and innovation in
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sustainable chemistry. Shifting to more circular business models
does not imply avoiding traditional product sales (i.e. com-
modity sales) completely, but rather innovate and rethink the
business model where possible combining commodity sales
with service-based sales models.

Circular business model innovation focuses on transforming an
existing business model or developing a new one to integrate
and capitalise on circular economy practices. This approach
aims to optimise resource efficiency and create long-term
partnerships between providers and customers while fostering
continuous revenue streams, rather than peak revenues.

An example of an result-oriented business model in the chem-
ical industry is chemical leasing. In this model, success is
measured by performance or results, not by the volume of
chemicals sold. This aligns the interests of both supplier and
buyer, reducing chemical use and cutting costs, thereby in-
creasing profits for both parties. In chemical leasing, suppliers
provide not only chemicals but also value-added services,
managing the entire chemical lifecycle. This allows buyers to
focus on their core business while benefiting from the supplier’s
expertise. Common applications include conveyor lubrication,
water treatment products and digital farming (see example
box 9, 10 and 11).
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Service level Achieving successful implementation requires commitment from sustainability ambitions expand and skilled worker shortages

Pure Circular E;?%L:Efli‘)evel [ofiewg/ls ] both parties, expertise from suppliers, and mutual frust, and it~ become more acute, service models like chemical leasing and

Product / Pure Service necessitates a mindset change that challenges the typical way offering chemicals and knowledge as a service may grow in

Resource of doing business today. Clearly defined legal agreements importance, supporting the transition to a circular economy
Product./ Resource-Oriented Use-Oriented Result-Oriented outlining quality, liability, and responsibility are essential. As (see example box 10 & 11).

Ownership

Customer = owner Provider = owner
Customer = user

¢ [ ) « h h Example Box 10
Performance driven business approach [Yard]
Business model Business model mainly Circular product stil plays Customer and Business model Yara business approach aims to maximise the outcomes with the minimum, most efficient use of all resources needed
purely focused on focused on sales of central role, but business model provider agree on a purely focused on to grow crops. Yara solutions are based on a rich, high quality product portfolio, digital services and agronomic rec-
sales of circular circular products, but is not focused on product sales. result. There is no services. ommendations, enabling farmers to make informed decision for their farm
products. services are added. Ownership remains at provider pre-determined , ! ) N } o ) )
while product access is product involved. Yara's product portfolio, e.g. lower carbon fertilisers, organic based fertilisers, and bio stimulants, is designed as a
commercialised fo users or even nutritional plan responding to the specific farmers/crop needs to unlock the maximum potential from farming at minimum

hared b ltipl .
snarec by mulliple users impact though the use of the right fertilizers in the right way.

Yara product plus approach complements the physical products, with services as well as application and monitoring

Examples tools in the field, like N-tester, N-sensor, Atfarm and Soil Health Analytics, featuring extensive agronomic recommen-

tion t t to enh in-field nit t practices. Enhancing nit ffici It

Circular products Process consulling Leasing/renfing/ Performance LCA software leo T 8 S T T 0 el e e d ni S T 20755 e iees, Elenenig R egen B eifeer ey resl s
services Additional sharing/pooling contracting in economic benefits for all and enables decarbonisation, pollution reductions optimal yields, and crop quality.

data analytics services The company is involved in multi-stakeholder initiatives and supports regenerative agriculture to promote decarbonisa-

Figure 11: Product-Service System (PSS) Framework by Tukker (15) tion in the agrifood system and improve farmers profitability with the high performing solutions, as well as delivering

innovative models based on risk-reward sharing and incentive claims based on improved results.

Incentivization to increase Desire to reduce

resource volume 2 Volume resource volume

Clear and simple revenue —— Contracting hﬂ Independence of

contribution ra E— chemical supplier
Forwarding resource price Chemi.cal a Chemical No need to share (confi- Product and Service Provider [Kemiral
volatilities to buyer supplier Chemicals buyer dential) process information Kemira is a global chemical company providing solutions for water intensive industries, like municipal or industrial
wastewater treatment operations and the pulp and paper industry. They not only provide the best-suited products for
their clients, but also services to improve their customers' product quality, process and resource efficiency. One of the
Incentivization to reduce Desire to increase services that Kemira provides is an advanced product application service supporting operators in running and opti-
resources volume Performance performance mising the chemical treatment within their individual processes. Usually, the monthly charged service fee includes the
Additional value and & Contracting q Efficiency through focus on core supply of required chemicals, the provision of technical expertise and digital solutions to monitor, control and optimise
differentiation A h business the different stages of the treatment process. The service fee is usually linked to relevant output or performance KPIs,
Process knowhow and Chemical lIT Chemical Cost stability not to the consumption of chemicals.

service offering supplier Chemicals buyer Especially in sectors which apply public procurement, however, often it is still not adjusted to tender for these kinds

Increase profitability and Know How Services

. of service business models. Tenders for water treatment chemicals are not yet designed to allow for such “Chemical
recurring revenue

treatment as a Service” options, but only allows bidding on one or the other separately — not combined.

Figure 12: Comparison of a linear business approach versus an approach based on chemical leasing principles
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Integrating circularity into the innovation process from the
outset is crucial as it ensures that business activities are aligned
with circular practices from the initial stages of strategy and
development through to commercialisation and end-of-life
management. All players in the value chain must integrate
this approach. It is critical, right from the very early phases of

Explore:
Circular Ideation for
Product, Service & Business
Model Innovations

Focus:
Circular Strategy,

Governance & Targets

Which solutions could meet
customer needs in defined
innovation fields

What strategic and circular
guard rails are needed to
innovate successfully and
future-oriented?

Rethinking Rethinking
business product
Corporate models design

Strategy
& Circular
Ambition

Network
Benefit

Regulative
Requirements

Rethinking
end of use Rethinking
scenarios ownership

materials and product development, to consider the product
life cycle and end-of-use phases, and how the material or
product can be kept in or brought back into the loop.

To illustrate how circularity can be integrated into this process
four phases are differentiated (see figure 13).

Commercialise:
Circular Lifecycle
Management

Develop:
Circular Value

Creation & Capturing

What capabilities and skills are
needed to successfully commer-
cialise innovations within an
ecosystem?

What approaches and methods
are needed to develop different
types of innovations?

— Circular Design
Principles

Stage-
coe

Design
Thinking

Venturing ”

\__ Ac:;)rding to __J
10R-Strategies

Wil Go-to-market

&. Ecosystem
* feedback

Legal Ownership Models
for Resource Stewardship

=» Roll-out
= Training

Figure 13: Incorporation of circular thinking within the innovation process
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Focus:

Strategic planning lays the foundation for integrating circular
thinking into the innovation process. This involves defining clear
circular economy targets within the overarching innovation
strategy, setting the direction for future endeavours. Through
analysis of circular market requirements including regulatory
screening and technological trends, the landscape for inno-
vation potentials is assessed.

Explore:

During the circular exploration phase, concepts are developed
to enable circular resource flows according to corresponding
R-Strategies. Furthermore, potential end-of-use/life scenarios
within the intended market are identified and evaluated, for
instance, potential further application fields of End-of-Use
(EoU) products and resources. Based on the idea maturity,
evaluation criteria can be defined (see figure 14). Simultaner
ously, collaboration options within the value network or even
beyond are explored to maximise synergies and leverage
expertise across the ecosystem, and ultimately to come up
with viable business cases.

Organisational

Readiness

Social &
Environmental

Responsibility

Regulatory
Compliance

Figure 14: Evaluation Criteria for Circular Innovation Ideas

Innovation and Digitalisation

Develop:

In the circular value creation phase validated ideas are trans-
ferred into market ready solutions including new processes,
products, materials, business models or services while making
use of circular design principles according to relevant R-Strat-
egies and selected EoU/L scenarios. Furthermore, ecosystem
costs are identified and internalised where possible and
legal ownership models are defined to foster the concept of
resource stewardship.

Commercialise:

When introducing a circular solution to the market, any prod-
uct data and information that are required to foster a smooth
realisation of intended R-Strategies and EoU/Eol scenarios are
shared publicly, as well as whether reasonable concepts of
open soft- and hardware are being considered. Furthermore,
the market as well as salespeople must be sensitised and
educated to foster the required promotion and valuation of
benefits compared to linear alternatives.

Technical

Feasibility

Sweet Spot of

Circular Innovation

Market

Desirability

Business

Viability
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LEVERS FOR PROGRESS

Prioritising circular design principles, as worked out in the Safe
and Sustainable-by-Design framework, in every innovation
initiative is a key element in advancing and making progress
towards a circular economy. Finding chemical solutions with
positive impacts towards circularity can be facilitated by
making chemical data more transparent and available for de-
cision-support tools suitable for addressing complex problems.
Also, in the design and development phase, digitalisation and
the use of Al tools can significantly enhance, simulate impacts
of different designs and accelerate the development time and
time to market of more circular designs and products.

Enhancing Transparency, Traceability, and Measurability:
For chemical companies, embracing the circular economy
requires considering the entire product lifecycle, from feed-
stock to end-of-life. Increasingly, companies are focusing on
the lifecycle's role in sustainability, with digital technologies
being crucial for tracking and tracing materials. Greater data
transparency across the value chain simplifies measuring and
benchmarking circular initiatives impact and progress, aiding
sustainability reporting.

Digital Product Passports (DPP): DPPs can enhance product
transparency and traceability, promoting circularity in the EU
and streamlining information exchange. The EU Ecodesign
for Sustainable Products Regulation includes DPPs to manage
and disseminate product-related data among supply chain
entities, regulatory bodies, and consumers. However, this is
still in the early phase, and a lot of work needs to be done
in this area. For example, the EU vehicle battery regulation
(Regulation 2023/1542) mandates a unique battery passport
for all EV and industrial batteries over 2 kWh sold in the EU
from February 2027. It will be important to ensure coherence
of inclusion of DPP across pieces of legislation in a pragmatic
way supporting the real objectives of the regulations and
avoiding excessive and unnecessary data generation.
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Data Literacy and Ecosystem Setup: A mindset shift towards
data openness is crucial, supported by comprehensive ed-
ucation on digital literacy and guidance on implementing
digital product passports. Establishing a cross-company and
cross-value-chain digital ecosystem is essential, enabling
collaboration, idea exchange, and shared responsibilities.
Companies equipped fo operate network nodes should lead in
creating collaborative platforms for circularity-related projects.

Collaborative Data Exchange and Security: Collaboration
within the value chain is essential, but policies like antitrust
laws and intellectual property concerns create uncertainty
and hurdles that need to be managed carefully in these net-
works. Ensuring security and control over the entire supply
chain involves thorough vetting of security practices and risk
assessments. New practical solutions for data sharing should
be incentivised by policy rather than hindered.

Key Digital Technologies: Digital technologies drive circular
design and innovation by enabling companies to create sus-
tainable products from the outset. In the chemical industry,
digitalisation provides tools for transparency, traceability, and
collaboration across the value chain. The circular economy
focuses on efficient resource use through reuse, repair, recy-
cling, and sustainable production. Technologies like Al and
Blockchain optimise material flows, traceability, and impact
measurement, facilitating circularity across ecosystems by
ensuring transparency regarding the impact of circular meas-
ures, the origin of materials, and recyclability. To create a
digital basis for accelerating the circular economy, the right
technologies for the right applications must be identified.
The desired effect can only be achieved through the right
combination of digital technologies. Examples of possible
use cases are shown in table 2:

Innovation and Digitalisation

Technologies Example of use cases

Artificial Intelligence (Al)

Blockchain

Digital Twins

Internet of Things (loT)

Al-driven material selection: Recommend sustainable material alternatives based on recy-
clability data.
Predictive analytics for product end-of-life scenarios: Al helps plan reuse or recycling paths.
Circular business model optimisation: Data-driven insights for leasing, sharing and refurbish-
ment models.

Track recycled materials and components: Ensure material authenticity across multiple suppliers.
Smart contracts for circularity compliance: Automate sustainability verification for supply
partners.

Recyclability certification & tokenised circular credits: Incentivise companies to adopt circular
practices.

Providing relevant information for Digital Product Passport along a circular lifecycle.

Simulation of circular production loops: Virtual modelling of remanufacturing processes.
End-to-end life cycle simulation: Predicting the environmental impact of different product designs.
Product-as-a-Service model enablement: Helping companies move to service-based models.

Intelligent waste management: Real-time monitoring of material recovery.

Automated Resource Efficiency Tracking: loT-enabled sensors optimise resource use in factories.
Improving reverse logistics: Enabling seamless collection and redistribution of end-of-life
products.

Table 2: An overview of emerging digital technologies driving circular design and innovation and examples of use cases throughout the chemicals

value networks
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CIRCULAR FEEDSTOCKS FOR THE
TRANSITION TO A CIRCULAR ECONOMY
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Example Box 12 The future of a truly circular economy in Europe relies on the strategic development of material-to-material recycling

Digital tagging to enable efficient sorting, collection and recycling [BASF, Niagal]
Digital tagging is used to improve the efficiency of sorting and collection of end-of-use materials and/or residual ma-

technologies and infrastructure. Achieving this vision requires collaboration between all stakeholders. By maximising
the use of local waste streams as feedstock, dependency on imported raw materials can be reduced and economic

terials. The sorted material enables producers to use the collected materials again as feedstock.

= Niaga® has worked to design and launch a two material mattress that is full recyclable, with a digital product
passport accessible through the QR code on the Niaga® tag of the mattress including how to return it. The QR
code includes the list of materials and instructions on how to return the mattress at end-of-use. This could decrease
the incineration of the majority of 35 million of mattresses that go to waste in Europe every year.

= BASF introduced electronic tags into bags being used at construction sites to sort and collect residual parts of insu-
lation materials. In this way collection of the residues to the producer is ensured and the material can be re-used
into the production loop of the insulation material.

A prime example for using digitalisation as an enabler for circular innovation is illustrated by CATENA-X:

Example Box 13

Catena-X and MyCarbonFootprint calculator

BASF is very active in the creation of digital product passports to improve traceability and transparency in the chemical
sector and automotive sector. To support sustainability initiatives throughout the supply chain, BASF is actively engaged
in the developmentof a standardised battery passport in collaboration with Catena-X and the Global Battery Alliance.
The promotion of the circular economy and the reduction of environmental impact (Automotive & Transportation) strongly
depend on these digital solutions.

Catena-X is the first open and collaborative data ecosystem for the automotive industry of the future, connecting auto-
motive manufacturers, suppliers, service providers, and other players into end-to-end value chains in a trustworthy and
secure fashion. The Catena-X standardised global data exchange provides a sustainable solution for the digitalisation
of value chains, especially for SMEs, and supports the collaborative effort enabled through participation of multiple
stakeholders thereby enhancing circularity.

As a pioneer in co-developing digital product passports for batteries, BASF is leveraging this technology to enhance
transparency, regulatory compliance, and sustainable innovation, driving the chemical sector towards a circular economy
through optimised waste management and new business models. With these programs, BASF highlights the necessities
of digitalisation as enabler for circular transition and sustainable innovation.

One example where BASF has set the standard for developing digital tools that enable sharing information along the
value chain is the MyCarbonFootprint calculator. This comprehensive resource allows customers to understand and im-
prove their sustainability impact by providing detailed information on the product carbon footprint (PCF) and the share
of alternative feedstock for BASF products. By calculating key figures based on the quantity of products purchased,
companies can gain insights into their carbon footprint. The tool also offers guidance on making smart adjustments to
buying habits, such as choosing products with lower PCF or made from renewable materials. Overall, the MyCarbon-
Footprint tool empowers BASF customers to make informed choices and reduce their environmental impact.

The base to provide this information is the SCOTT tool: The SCOTT expert tool enables BASF to automate and validate
the calculation of the cradle-to-gate Product Carbon Footprints (PCF) for its entire sales portfolio.
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competitiveness enhanced. Success of circularity depends on regional implementation.

— Erwin Dijkman, President of Chemical Intermediates and Fibers at Eastman and Chair of the Sustainability Forum at Cefic

The investigation and application of alternative raw material
sources fo replace fossil raw materials is an essential part of
the transition to a circular economy. Waste-based, bio-based,
and CO,-based raw materials can be used to increase our
strategic autonomy, reduce dependence on fossil raw mate-
rials, and promote a circular economy (16). By fully utilising
and leveraging these alternative raw materials and keeping
the “carbon in the loop” for as long as possible, uses of fossil
raw materials can be significantly reduced.

Carbon remains central to the chemicals and materials used
throughout society (see figure 15), but this does not pose an
insurmountable obstacle to achieving a circular economy.
While decarbonisation is essential for the energy sector, its
role in materials use is more nuanced. Carbon is a key ele-
ment in many materials and industrial processes, particularly
in the chemical sector.

The chemical industry plays a vital role in providing and
using these alternative raw materials, supporting a shift to-
wards reduced reliance on fossil-based feedstock and im-
proving material circularity. Therefore, access to alternative
carbon sources, such as waste, CO, captured from industrial
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processes, and bio-based resources, is crucial. However,
this transformation depends on the availability of sufficient,
affordable, high-quality alternative raw materials, techno-
logical innovations, and infrastructure adaptations. Effective
collaboration across the entire value chain is necessary for
a successful circular economy.

Key challenges for adopting circular feedstocks include limited
access, scaling up production, and high investment costs.
Chemical companies can only use circular feedstocks at scale
if they have a consistent, long-term supply of high-quality
materials at viable costs, with a solid market demand for
these materials. This challenge makes fossil feedstocks more
appealing due to their abundance, consistency, maturity,
and lower costs.

To improve the availability and access to circular feedstocks
for the industry, it is of paramount importance to enhance
the collection and effective sorting of waste and biomass
and to get the right infrastructure in place. This can ensure
qualitative waste streams for further processing into secondary
raw materials.

I

Investments are needed in technology development for efficient and scalable sorting processes. Sorting processes today

very often scale in a linear way, which limits efficiency gains while scaling up. Such efficient sorting processes are key

to enable the production of high quality circular products.

— Gerben Meier, Vice President Global Product Development and Circular Design at LyondellBasell

Furthermore, as also referenced in the Draghi report (10),
creating incentives and enhancing demand for recycled,
biobased, and CO2-based materials is a pre-requisite for
such products that do not have enough of a business case
at present.

This transition requires significont upfront investment, often
hindered by policy uncertainty, a fluctuating and only slowly

changing regulatory environment, and weak market demand.
The European chemical industry is facing unprecedented chal-
lenges due to geopolitical and economic pressures, experienc-
ing its most severe downturn in a decade. As Europe undergoes
a “double-twin transition” toward climate neutrality, circularity,
digitalisation, and the production of safe-and-sustainable chem-
icals, significant investments are needed in the near feature.
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Figure 15: The Journey of Petrochemicals Explained: From Raw Materials To 95 % Of All Manufactured Goods (17)
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NAVIGATING TODAY’S CHALLENGES AND FINDING SOLUTIONS

The ongoing efforts being spearheaded by the chemical
industry in transforming feedstocks in the chemical industry,
revolve around the discovery and integration of alternative

¢¢

sources of carbon, such as waste, biobased or CO,-based
carbon , in the manufacturing of our products and materials,
whilst reducing and minimising virgin inputs of fossil carbon.

”

True circularity in the chemical industry isn't a singular pursuit - it demands a synergistic approach, leveraging waste

plastic, biomass, and captured CO, as complementary carbon sources. Meaningful progress relies on a unified vision

and reinforced partnership between value chain players.

Waste as a feedstock

A commonly known alternative source of carbon for building
circular economy is waste as feedstock. When looking spe-
cifically at plastics, approximately 80 % of the 58.8 million
tonnes of plastic produced annually in Europe today, does
not find its way back into new products (18). Instead, most of
the plastic still ends up being sent to a landfill, incinerated, or
exported. Much of this can be attributed to a lack of market
pull for these recycled materials, uncertainty in the policy
framework and cost effectiveness of virgin materials versus
recycled materials, as well as cost effectiveness of incinera-
tion and landfilling versus recycling. In addition, scale up of
collection and sorting mechanisms for a multitude of waste
streams and novel recycling technologies needs continuous
improvement.

Mechanical recycling, widely recognised in the circular econ-
omy, is crucial for revalorising waste and closing carbon

- Markku Korvenranta, Chief Operating Officer at Neste

cycles. However, achieving ambitious recycling goals requires
rapid expansion of both mechanical and chemical recycling
technologies. The chemical industry is collaborating in the
field of mechanical recycling, supporting the development of
advanced mechanical recycling, and utilising waste unsuitable
for mechanical recycling in chemical recycling technologies
now being scaled commercially.

Chemical recycling, unlike mechanical, can convert a broader
range of plastic waste back into its original chemical com-
ponents, enabling the transformation of diverse polymeric
waste info new raw materials. It includes various technologies
like pyrolysis, gasification, and depolymerisation. As these
technologies advance, these are complementing mechanical
recycling, offering more ways to convert waste into valuable
resources, enhancing strategic autonomy, and reintegrating

waste info the economy.
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Figure 16: The Circular Economy for Plastics (18)

Mechanical recycling, although generally having a lower
carbon footprint than chemical recycling technologies, is at
this stage only effective when applied to select categories of
plastics. In addition, mechanical recycling currently has more
limited potential for continuous revalorisation as over time
and multiple recycling loops, mechanically recycled plastics
will deteriorate, which in the process may weaken products'
functional properties. Complementing mechanical recycling,
innovations in physical and chemical recycling will help to
recycle more waste feedstocks (see figure 16) and divert waste
from landfilling and incineration. Also, in a recently published
study from JRC researchers, on environmental and economic
assessment of plastic waste recycling and energy recovery
pathways in the EU, the study confirmed that physical and
chemical recycling outperform energy recovery on climate
impact (19).

Chemical recycling can break down polymeric waste into
its basic molecular components, overcoming limitations and

handling a wider variety of waste. This process not only
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gives new life to end-of-use or hard-to-recycle plastics but
also produces alternative feedstocks of the same quality as
virgin fossil-based ones.

Chemical companies are eager to expand both mechanical,
physical and chemical recycling and are undergoing concerted
efforts to bring these innovations to scale and further optimise
these processes, also in terms of energy efficiency, while
addressing the challenges of contaminations and impurities
coming in with the waste feedstock.

To achieve this, there is a need for sufficient collection and
sorted waste feedstock, clear EU rules for calculating chem-
ically recycled content leveraging a mass balance chain of
custody, having mandatory recycled content targets included
in product legislations, and a harmonised approach for end-
of-waste and secondary raw materials. Allowing chemical
recycling to count towards recycling rates in Europe is also
crucial. This enabling policy framework is needed to create
the business cases for investment and allow investments in
large-scale chemical recycling facilities to take place.
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Biomass as a feedstock

Bioeconomy is defined as the use of renewable biological
resources from land and seq, like crops, forests, fish, animals,
and microorganisms to produce food, materials, and energy
(20). Since the earliest stages of the chemical industry, the
bioeconomy has represented an important resource and source
of innovation in our operations and manufacturing, with the
very first man-made plastic, Parkesine (patented in 1862),
being synthesised from cellulose or the production of vitamins
via fermentation (e.g. vitamin E from glucose). And this is no
less the case today, with bio-based feedstocks offering an
indispensable set of resources, which the chemical industry
has been increasingly leveraging to build a sustainable circu-
lar economy. Biomass derived products, biomass conversion,
biotechnology and biomanufacturing can all contribute to the
realisation of a circular economy, acting both as a means
of closing or tightening carbon loops and as a low-carbon
feedstock alternative to fossil inputs, or even as biological
capture and utilisation.

Although the use of biobased raw materials for manufacturing
biomass-derived products offers advantages, that can also be
transferred to the final products, difficulties such as biomass
seasonal and qualitative fluctuations, storage and transport
as well as potential competition for biomass between differ-
ent industries, such as the use for food, or as bioenergy and
biofuels benefiting from the strong pull for biobased feedstock
via the incentives for that market through the Renewable
Energy Directive, makes it challenging for biomass-derived
products to reach and survive the market. Moreover, market
players are often not able to charge a “green” premium for
such products, as most of the end-consumers are not willing
to pay such premium at equal performance. Therefore, the
use of biobased feedstocks is leveraged today in higher value
applications, still often niche applications.

The introduction of bio-attributed materials through mass bal-
ance approaches can help mitigate some of these challenges
by allowing for a more flexible and scalable integration of
biomass derived feedstocks into existing production processes.
This approach supports the gradual growth of bio-content in
the industry, while ensuring an optimal use of the available
infrastructure.
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Currently, bio-mass-derived chemicals represent a still small
share of about 3% in EU’s domestic chemical market in abso-
lute weight volumes (i.e. biomass-derived chemicals over the
total EU chemicals), thereby showing growth potential (21).
Interestingly, when looking at the EU market share for bio-
mass-derived chemicals on a global level (i.e. EU biomass-de-
rived chemicals over global biomass-derived chemicals), EU
covers around 31 % of the market. (22) This, compared to its
corresponding fossil-based global chemical market share |i.e.
EU fossil based over global fossil based) at 16 % shows the
importance of the biomass-derived EU chemicals sector on
the global stage and the untapped potential.
To exploit such potential and the contribution of biomass-de-
rived chemicals to net-zero, biomass use in the chemical
industry needs to increase. This increase in demand raises
concerns about biomass availability and potential conflicts
with other sectors e.g. food and fuels. Nevertheless, it is
important to recognize that:
= There can be synergies between the use of biomass in
different sectors that can achieve a high efficiency in
biomass use. Integrated processing facilities that co-pro-
duce a range of products (chemicals, plastics, fuels) from
bio-based feedstocks ultimately lead to more sustainable
integrated processes due to the high efficiency of biomass
use. The increased demand can be partially matched via
imports of sustainable biomass.
= Significant untapped potential can be unlocked by improv-
ing the collection of bio-waste, (such as food scraps and
agricultural residues, that can be transformed into valuable
chemicals through processes like anaerobic digestion
and fermentation) as stipulated by the Waste Framework
Directive, and promoting the utilisation of such bio-waste
streams as feedstock for conversion into value-added
applications. Currently, almost 75 % (23) of food waste
generated in the EU remains uncaptured.
= Biotechnology offers solutions by enhancing the efficiency
of utilization of biobased resources, such as developing
advanced microbial strains and enzymes for more selective
and efficient biochemical processes.
Chemical companies are therefore investing in the bioeconomy
to leverage the environmental benefits of bio-based feedstocks
and of biomass-derived products.

However, the use of biobased feedstocks in the chemical
industry is still limited due to, among others, the lack of cost
competitiveness with the fossil counterpart. For example, only
1% of plastics come from biobased feedstock, accounting for
just 0.029 % of the global biomass demand in 2021 (24). The
share of biomass used for chemical industry applications can
significantly grow by harnessing synergies between sectors
(e.g., in integrated processing facilities), by combining different
types of sustainable biomass sources, and by applying the
cascading principles for biomass use, aiming at achieving
the highest efficiency of biomass use and the lowest possible
environmental impact through the design of incentives.

CO, as a feedstock for circular chemicals

Another way to close carbon cycles and reduce the environ-
mental footprint of chemicals and polymers is to use CO, as
feedstock. Various technologies have been developed for the
capture and purification of CO, from industrial point sources.
A broad portfolio of advanced processes (including catalytic,
electrochemical, biotechnological) has been developed to
use CO, as an alternative carbon feedstock for the synthesis
of various platform chemicals, fine chemicals and polymers
which production is currently based on primary fossil resource.

While some technologies are still at the development stage,
a few technologies have been demonstrated at scale (e.g.
CO,to-methanol) and CO, captured from the ammonia pro-
duction is already used in the conventional production of
urea. Significant economic and regulatory barriers hamper
the deployment of CO,to-chemicals. The production of large
volume chemicals from CO, would require a high volume
of renewable or low-carbon electricity which would entail
high operation costs in addition to the investment in new
production assets.

While the utilisation of CO, as feedstock has been recognised
as contributing to carbon circularity in the Communication on
Sustainable Carbon Cycles from December 2021, the CO,
captured from industrial ETS installations and used for the
production of chemicals and polymers is still considered as
emitted under the Emissions Trading Scheme (ETS).
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PROGRESS IN THE CIRCULAR FEEDSTOCK TRANSITION

The chemical industry is undergoing a transformational shift
towards a sustainable, circular economy. With a focus on
keeping the carbon in the loop and reducing dependence on
fossil resources, innovation in the field of circular feedstocks is
receiving increased attention, with greater innovation efforts
and investments being made.

An array of complementary technologies is indispensable
in reforming the linear model and reducing the quantities of
waste destined for incineration, landfilling, and export outside
of the EU. In fact, in both the Reshaping Plastics report from
Systemiq (25) and the Plastics transition report from Plastics
Europe (26), it is projected that with further integration of
circular feedstocks, including mechanical and chemical recy-
cling, the circularity level can be increased up to 69 % with an
associated GHG emission reduction of 55 % throughout the
full value chain compared to the business-as-usual scenario.
Chemical industry players are now moving towards and
announce investments in commercial-sized installations and
for example, get fully integrating chemical recycling assets in
existing installations (see example box 14 and 15).

With this, Europe can see significant planned expansions
in the production of circular feedstocks which will allow for
further production of chemicals, including plastics. And with

further optimisation of technology and an enabling policy

framework driving the pull for circular products and boost the
demand for circular materials, further quantities of circular
feedstocks can be fed into downstream process installations.
In this transition, an increased collaboration can be seen
between on the one hand, the chemical companies and on
the other hand, the brand owners. Chemical companies are
ideal partners in this regard, as not only can they provide the
material ingredients necessary to progress in the circularity
and sustainability targets but can also adopt an advisory role
in suggesting green and circular chemical alternatives when
manufacturing products. On the other hand, brand owners
can enhance the financial viability of circular products and
business models. Acting as a relay between chemical compa-
nies and consumers, and offering the competencies of gifted
marketing and communications departments, brand owners
can develop and market products in a way that also position
these as more desirable and attractive to the end consumer.

Examples of investments in Chemical Recycling:

In the following examples chemical companies are plan-
ning and making investments in establishing commercial size
chemical recycling capabilities, complementing mechanical
recycling activities.

Circular feedstocks

Example Box 14

Recirculating ocean bound plastic new food contact approved containers [SABIC]

SABIC has structured its solutions into 5 pillars as part of the drive toward a circular economy: certified circular products,
based on chemical recycling, mechanical recycled products, certified bio-renewable products, design for recycling
and closed loop initiatives, highlighting the need for complementary technologies to transition to a circular economy.
As part of these initiatives, SABIC has invested in a commercial advanced recycling facility on the site of Geleen in the
Netherlands, currently in the commissioning phase, and feeding into the TRUCIRCLE™ ambition.

Highlighting the importance of collaboration across the value chain to keep valuable used plastics within the material
stream, SABIC has launched various projects with brand owners to incorporate ocean bound plastics into new de-
manding performance specifications such as food contact. BiPOD selected SABIC’s OBP-based polypropylene as the
materials for reusable rigid food containers. These innovations not only help reduce marine litter but also support to
accelerate plastics circularity.

Example Box 15

Breaking down plastics back to its building blocks [LyondellBasell]

LyondellBasell is making investments to secure feedstock supply, expand its recycling asset footprint and develop scal-
able technologies to grow its Circulen portfolio of polymers. These actions support the company’s goal to produce and
market at least 2 million metric tons of recycled and renewable-based polymers annually by 2030.

LyondellBasell has recently made the decision to build a first of its kind, commercial-scale advanced recycling plant in
Wesseling, Germany using its MoReTec technology to convert post-consumer plastic waste into feedstock to produce
new polymers. The new plant is expected to have an annual capacity of 50,000 metric tons per year. Construction is
planned to be completed in 2026.

Example Box 16

From old carpets to medical packaging materials [Eastman]

Eastman has been a pioneer in the commercial-scale development of polyester depolymerisation through methanolysis
technology (Polyester Renewal Technology- PRT) in the United States. With more than three decades of expertise in this
recycling process, PRT offers a highly impactful solution for hard-to-recycle polyester waste from various sources such as
coloured and opaque packaging and thermoforms, carpets, post-consumer automotive shredder residue, and waste from
the textile industry. This waste cannot be mechanically recycled and would typically be diverted to landfills, incineration
or end up in the environment. Instead, it can be recycled into high-quality polyesters suitable for use in various high-quality
applications such as food contact and medical packaging materials. Eastman’s focus on sustainability and innovation
has a long history of contributing to society’s quality of life. With PRT, polyester waste can be transformed into premium
specialty materials an infinite number of times with fewer greenhouse gas emissions than traditional processes.

Eastman announced in 2022 its plan to invest in a polyester depolymerisation facility in France to convert up to 110,000
MT of polyester waste every year into virgin-quality products. This project, which would follow the first operational plant
in the US, has been on hold since late 2024 due to uncertainty in EU legislation. While the plant construction is ready to
begin from an administrative and engineering standpoint, it is yet to be confirmed in legislation that chemical recycling tech-
nologies can contribute to plastics recycle content targets. This situation, together with competition from low-cost imported
recycled plastics hinder the securing of long-term contracts with customers, which are essential for the project's viability.
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Example Box 17

Recycling of mattresses [Dow and Evonik]

Dow is operating the world’s first industrial scale reactor for chemical recycling of end-of-life mattresses together with
their partner Orrion Chemicals Orgaform at their site in Semoy, France. Dow’s RENUVA™ mattress recycling program
turns end-of-life polyurethane mattresses into polyols for use in new mattresses and other applications via its depolym-
erisation recycling process. The recycled polyol has CO, savings of 54 % vs fossil-equivalent polyol (LCA specific to
RENUVA™ model and process as implemented at Semoy, France. LCA is framed by ISO standards 14040 and 14044
and verified by third party Quantis.) It brings together every touchpoint in the value chain to create a new ecosystem,
from collecting and dismantling to recycling and manufacturing. This collaborative process begins with the collection
of end-of-life mattresses. The mattresses are then dismantled, and the old foams are recovered before heading into the
recycling phase. Here, a unique chemical recycling process creates an entirely new product — RENUVA™ polyol — with
up to 50 % recycled content. The program is also being leveraged to recycled foams from end-of-life vehicles enabling
closed loop recycling in the automotive chain.

Evonik is testing an innovative polyurethane hydrolysis process to recover and reuse PU components from end-of-life
foam in new mattresses. The pilot plant in Hanau is successful, and the next step is a larger demonstration plant. Each
year, 300 kilotons of PU foam from old mattresses are incinerated or landfilled in Europe. Evonik, in collaboration
with REMONDIS, Vita, and other partners, aims to upscale this project. With Vita's expertise in foam production, it is
shown that Evonik’s process recovers higher quality raw materials, enhancing usability in foam production. According
to findings so far, the process also reduces the CO, footprint compared to using fossil raw materials.

Examples of investments in biobased innovations and  industries but also paving the way for a greener future. The
investments: following examples highlight some projects and collaborations
In recent years, the shift towards sustainable and circular econ- in this domain, showcasing how companies are leveraging
omies has also led to advancements in biobased innovations biomass-derived materials and innovative processes to create
and investments. These initiatives are not only transforming circular and sustainable solutions.

Example Box 18

From plant-based sugar to surfactants [Evonik]

Evonik has developed bio-based surfactants used in dishwashing detergents, shower gels and bath additives by using
bacteria to ferment plant-based sugars to bio-surfactants, called rhamnolipids. Normally, certain bacteria produce rham-
nolipids from sugar only in microscopic amounts, but with the help of the research team including bioengineers, process
experts and chemists, a strain of bacteria was created that could produce these biosurfactants in industrial amounts.
They consist of a sugar and a fatty acid component and are characterised by being a performant surfactant, but also
gentle on skin. Surfactants end up in the sewage and can be more easily broken down by the microbial communities
in the sludge of wastewater treatment plants that purify the water from the sewage. In some regions, the presence of
sewage treatment plants is rare, and the surfactants would be broken down more quickly by the natural environment
than non-bio-based surfactants. Also, they are ideal in regions where handwashing dishes is more common than the
use of dishwashers, which is mostly common in Europe and the USA.
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Example Box 19

Using fermentation to produce compostable and recyclable biobased polymers [Futerro]

Futerro is building its second commercial lactic acid, lactide and poly-lactic acid (PLA) plant in Normandy (France)
after it built its first commercial one in China. Lactic Acid and Lactide are two biobased platform molecules. In addi-
tion, the plant will also mechanically and chemically recycle PLA. Poly-lactic acid is a biobased polymer with excellent
mechanical properties and chemically recyclable without altering its quality. This new plant will have an annual pro-
duction capacity of 75,000 tons and the project should create 250 direct jobs and 900 jobs in adjacent sectors. PLA
is a polymer that can be either industrially composted or mechanically or chemically recycled to make new lactic acid
or PLA. In Normandy, an on-site recycling facility (covering chemical and mechanical recycling) will be built as well.
The biomass (wheat) that will be used as feedstock will be certified as sustainable according to the Renewable Energy
Directive-Il and will be exclusively sourced locally (France).

Example Box 20

Bioethanol to ethyl acrylate [BASF]

BASF is transitioning its portfolio towards using more sustainable feedstocks. A big first step has been done with
bio-based Ethyl Acrylate (EA), with the latter having a 14C-traceable bio content of 40% and a low Product Carbon
Footprint (PCF), offering a ~30 % reduction compared to fossil-based EA.

The bio-based EA is produced in Ludwigshafen using bioethanol from European sources that do not compete with food
production. The specification and quality of the bio-based product are identical to the traditional fossil-based version.
Bio-based EA can be used in various polymer dispersion applications, with primary targets being the Coatings and
Adhesives industries.

Examples of investments in CCU innovations and investments:

A few pioneers have succeeded in starting to scale up CCU technologies, as below examples highlight.

Example Box 21

Transforming captured carbon into ethanol [Arcelor Mittal and Lanzatech]

ArcelorMittal and LanzaTech Global Inc. announced the successful commencement of production of ArcelorMittal’s
commercial flagship carbon capture and utilisation (“CCU”) facility in Ghent, Belgium. The €200 million ‘Steelanol’
facility is a first of its kind for the European steel industry, deploying technology developed by the leading carbon
recycling company LanzaTech. The plant has the annual capacity to produce 80 million litres of sustainable ethanol,
around half of the current demand in Belgium, and expects to decrease the GHG emissions of the Ghent plant by
125,000 tonnes annually. LanzaTech'’s first four commercial plants were built in China, together with its venture partner
Shougang Group, a leading Chinese iron and steel producer.



Circular feedstocks

CASE STUDIES ON CHALLENGES IN SCALING
AND ESTABLISHING SOLID BUSINESS CASES

Despite all the hard work, all the developments and innova-  for circular products. Also the high European energy prices,
Producing methanol from captured CO,, renewable hydrogen and biomethane [Project Air - Perstorp] fions being worked on, up-scaling and commercialisation of ~ and the lack of clarity and uncertainty in the regulatory land-
Perstorp is planning a large-scale commercial unit to produce 200,000 tons of methanol per year by converting CO, circular solutions and business models remain challenging. scape (e.g. regarding the uncertainty for mass balance and
captured from their own operations, residual streams of carbon, renewable hydrogen and biomethane (which will be Important hurdles are fierce competition with virgin and im-  biogenic accounting) are hurdles for investments to proceed.
gasified into synthesis gas) in the context of the Project Air. Currently, most methanol is produced from natural gas. The ported virgin and recycled feedstock, high investment needs, Multiple examples and cases are included below to illustrate
production unit will include a pressurised alkaline water electrolysis plant supplying renewable hydrogen for project immature value chains and slow uptake of market demand these hurdles.

Air. Project Air has been granted 26 million EUR from the Swedish Energy Agency as part of their initiative the Industrial

Example Box 25

Leap. Target production start 2028-2029.

Example Box 23

Turning carbon emissions into everyday plastics [Borealis]

A new collaboration between advanced plastics supplier Borealis and eFuels producer Infinium represents an innovative
step toward low-carbon-footprint plastics by utilising captured CO, as alternative feedstock to fossil-based materials.
This innovation is made possible through Infinium'’s alternative to traditional fossil-based naphtha. Produced at Infinium’s
facility in Texas and shipped to Borealis’ site in Finland, “eNaphtha” serves as a key ingredient in manufacturing poly-
olefins, a widely used type of plastic found in packaging, appliances, apparel, and medical devices. These plastics
maintain the same quality, recyclability, and functionality as conventional materials while significantly reducing their
environmental impact.

The partnership between Borealis and Infinium demonstrates how industrial collaboration can help decarbonise plastics
production and support the transition to more circular and sustainable manufacturing. By integrating atmospheric carbon
into long-lasting materials, this initiative contributes to reducing CO, emissions while meeting the growing demand for
low-carbon alternatives.

Example Box 24

Converting waste gases into building blocks for consumer products [Unilever]

The Flue2Chem project aims to convert industrial waste gases into chemicals for manufacturing sustainable consumer
products. This two-year initiative, funded with £2.68 million from Innovate UK, focuses on replacing fossil fuel stock
with captured carbon from waste gases produced by foundation industries like metals, glass, paper, and chemicals.
The collaboration involves 15 key industrial players, including BASF, Tata Steel, and Johnson Matthey, and aims to
reduce greenhouse gas emissions, create a more sustainable supply chain, and decrease reliance on imported fossil
fuels. Unilever, who is also part of the project, has already piloted consumer products using captured carbon emissions,
such as OMO laundry detergent in China. This project represents a significant step towards achieving net zero targets
by rewiring the chemicals value chain to be less dependent on fossil fuels.
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First to market price premium and low-cost traditional fibres as hurdles to bring recycled fibres onto the
fashion market (27)

Renewcell, a Swedish circular fashion company transforming used cotton into recycled fibres named Circulose, had to
halt its activities for several reasons. The company faced delays in perfecting its recycled fibre product, Circulose, which
resulted in zero sales in November 2023. Circulose had a high first-to-market premium, making it more expensive than
virgin fibres. The fashion industry’s slow pace of adopting sustainable practices and the low cost of traditional fibres
on the market hindered Renewcell’s competitiveness. Despite substantial capital from venture funding, Renewcell failed
to secure long-term financing in December 2023.

Competition of cheaper virgin and imported plastics and high energy costs for European plastic recyclers
(28) (29)

The impact of cheap virgin plastics and cheap virgin and recycled plastics extends globally, making it difficult for
European companies focused on sustainability to compete. In addition, escalating operating costs, high investments,
upscaling and underdeveloped supply chains for recycled plastics are adding on the obstacles recyclers face to make
their businesses viable. This has led to a series of bankruptcies in the Dutch and Belgian plastic recycling industry,
including companies like Blue Cycle, Umincorp Polymers BV, Vinylrecycling, Stiphout Plastics, Ecocircle, TRH Recycling
and Advanced plastic Purification International NV. Despite their innovations, these companies couldn’t compete with
low-priced new materials and imports from outside the EU. However, loniqa managed to relaunch shifting their focus
from production to technology development and licensing.

E-methanol from CCU project cancelled due to escalating energy costs and immature e-methanol market
Power-to-Methanol in Antwerp was a consortium of 7 companies (INEOS Inovyn, Engie, Port of Antwerp-Bruges,
Fluxys, Advario, Indaver and PMV) to utilise CO, to produce e-methanol. This e-methanol was to be produced by
combining electrolytic hydrogen and captured CO, at the INEOS Inovyn Lillo chemical site. The hydrogen would come
from a newly constructed 5 MW water electrolyser, with additional volumes from the INEOS Inovyn on-site chlor-alkali
electrolyser — enhancing its feedstock supply flexibility. The CO, was due to come from a local industrial point source
within the Port of Antwerp region. Such a production unit would have been essential for understanding the emerging
chemicals-energy frontier, as e-fuels could reduce GHG emissions in global transport. Furthermore, the end methanol
product has a carbon footprint significantly lower than that of traditional grey methanol. Despite continued efforts, the
project faced numerous economic challenges—due to the European energy crisis in 2022 and escalating costs. Those
combined with the immature European e-methanol market, the decision was taken to halt the project and liquidate the
consortium at the end of 2023.



OVERVIEW OF THE CURRENT EUROPEAN POLICY
FRAMEWORK FOR A CIRCULAR ECONOMY

‘ Regulation/Directive ‘ Funding & Public Private Partnerships

. Voluntary guidance/Communication

EU Green Deal

EU Taxonomy Regulation
Corporate Sustainability Reporting Directive (CSRD) / European Sustainability Reporting Standards ESRS E5
Clean Industrial Deal

Circular Economy Act
International Standards on Circular Economy (ISO 59000)
European Standards on Circular Economy (CEN/TC 473)

Single Use Plastics Directive (SUPD)

Batteries & Waste Batteries Regulation

Packaging and Packaging Waste Regulation (PPWR)
Ecodesign & Sustainable Products Regulation (ESPR)
Green Claims Directive Proposal
End-of-Life Vehicle Regulation (ELVR)

System Directive (ETS) Mechanism Regulation Communication (GPP) Waste from Electrical & Electronic

Hubs4Circularity under Process4Planet
Registration, Evaluation, Authorisation and restriction aste Shipment Regulation (WSR)

of Chemicals Regulation (REACH)

Restriction intentionally added & unintentional release
of microplastics (under REACH)

Secure & sustainable supply of
critical raw materials regulation, Free
Trade Agreement provisions (FTA)

Woaste Framework
Directive (WFD)

Waste oils (under WFD)

Extended Producer Responsibility schemes (under WFD)
Food Waste Reduction (under WFD)

Sustainable Carbon Cycles
Strategy for a Sustainable Built Environment
Strategy for Sustainable & Circular Textiles Communication

Recommendation of use of Product Environmental Footprint (PEF) methods

Digital Product Passport (DPP)

Bio-Based Plastics & Biodegradable or Compostable Plastics Communication Bio-Based Plastics & Biodegradable or Compostable Plastics Communication

Figure 17: European policy framework for Circular Economy

Under the EU Green Deal, the EU is striving to be the first climate neutral continent, with the Circular Economy Action Plan (CEAP) An overview of selected frameworks in the EU that are most relevant for supporting a transition towards circular economy
adopted as one of its key building blocks. The CEAP announced initiatives along the entire life cycle of products, targeting along the product lifecycle is illustrated (see figure 17). Next to Regulations and Directives, it shows voluntary guidance, com-
how products are designed, promoting circular economy processes, encouraging sustainable consumption, and aiming to munication frameworks, as well as public and private funding partnerships.

prevent waste and keep resources in the loop. As such, it provides a solid framework to build upon.
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Overview of the current European policy framework

Legislation is a key lever to boost the circular economy by
incentivising the uptake of circular products. Significant efforts
have already been made in the EU regulatory frameworks
on products regulation —including e.g. on single use plas-
tics, recycled content targets—which are essential to create
a market for circular products. These targets should allow
for technology-neutrality, enabling companies to utilise the
most economically sound technology to attain these targets.
Therefore, pull mechanisms are crucial to increase demand
for circular products, as in the recycled content targets and
collection rate target in the Single Use Plastics Directive (SUPD),
the Packaging and Packaging Waste Regulation (PPWR) and
proposed End-of-Life Vehicle Regulation. Recycled content
targets encourage the use of recycled materials and drive
changes in production processes while contributing to the
EU’s single market for secondary raw materials.

Another important initiative is the Ecodesign for Sustainable
Products Regulation (ESPR), which establishes a comprehensive
set of sustainability requirements such as product durabili-
ty, reliability, reusability, upgradability, repairability, refur-
bishment, recyclability, and recycled content (see figure 7).

These requirements are to be further elaborated through
secondary legislation. This framework can significantly con-
tribute to drive demand for circular products by promoting
circular requirements in products, particularly because both
EU producers and external importers should adhere to the
same norms. In addition, the Right to Repair Directive aims
at promoting the repair of goods and is a commendable
initiative fo extend product lifetimes through reuse. The SUPD
has also influenced the behaviour of the consumer, away
from single use of plastics. The Directive on Green Claims
will ensure that environmental labels and claims are credible
and trustworthy, allowing consumers to make better informed
purchasing decisions.




THOUGHT STARTERS ON POLICY OPTIONS TO DRIVE
THE CIRCULAR TRANSFORMATION
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’

Chemical companies are focusing on developing innovative circular solutions in partnership with their value chains and

networks. In order to establish robust business cases to expand and scale up these circular projects, a strong market

pull is necessary for sustainable and circular products.

— Pavneet Mumick, Global VP Technology & Innovation at Huntsman

The momentum is undeniably building. This is evident from
incorporating circular thinking info the innovation process
in the chemical industry, to leveraging industrial symbiosis
and increased cross-value network collaboration driving cir-
cularity. Additionally, significant efforts in circular feedstock
innovations and investments are contributing to this progress.
At the same time, realising that our linear economic model is
well optimised and engrained in our society, it is clear that
an enabling policy framework and its implementation will be
key in driving the transition further.

As highlighted in Chapter 7, in Europe, there is an existing
framework to build from, but more is needed in terms of im-
plementation, harmonisation, improvement and optimisation
of different policies and/or secondary legislation throughout
Member States to accelerate the transition and create a pull
for circular materials.

Care needs to be taken that in our transition to the circular
economy, we do not become an EU heavily relying on com-
petitive fossil feedstock-based imports or competitive circular
imports, without truly developing our own circular industry. This
issue is also compounded by impacts resulting from increased
globalisation. Even if the transition towards a more circular
economy is fostered within the EU, companies would have the
challenge of marketing their higher priced circular alternatives
on the global market and/or losing market share within the
EU market as low-cost products are imported from non-EU
regions. Addressing these challenges requires a well-designed
and clear regulatory framework as a foundation, along with
proper incentives fo drive the transition in Europe. Moreover, it
requires careful consideration of the dynamics of a globalised
economy fo prevent the EU chemical sector from shifting from
circular production fo circular imports.

Today, already, the European competitiveness and the com-
petitiveness of the European chemical industry is at a breaking
point, building solid business cases to scale new technologies
needs a clear and stable policy environment (10).
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The following three key areas have been identified as crucial
for driving the circular transition within the chemical industry:

1. A policy framework to further enable the circular transition
An enabling EU regulatory framework that can create the push
and pull for more circular products and harness the productive
capabilities of the EU’s industrial powerhouses is a prerequisite
for a successful transition. It requires coherence among the
various regulations driving circularity, while environmental
and circular objectives should go hand-in-hand. Collaborating
with industry to develop efficient and straightforward solu-
tions — without unnecessary complexity or overreporting — is
essential. A predictable and supportive policy framework is
needed fo incentivise companies and unleash investments in
the transition towards a circular economy, minimising waste,
minimising the export of waste and diverting more plastic
waste from incineration and landfilling to recycling.

Recently, the EU has launched a new plan for Europe's sus-
tainable prosperity and competitiveness (30) that recognises
the need for legislators to implement boundary conditions
for a vibrant and competitive circular economy within which
the chemical industry can build its sustainable future. And
as mentioned in the Clean Industrial Deal (31) “EU industry
is a front runner in circularity. But these efforts are currently
hampered by the absence of scale and a single market for
waste, secondary raw materials, affordable energy, reusable
materials and lead markets. To address this gap, the Com-
mission will continue to engage with stakeholders to identify
actions and measures that would allow transformational steps
towards circularity”. Also, it is key that clarity is provided on
the mass balance chain of custody as part of the calculating
rules for chemical recycling and biomass to contribute to
circular targets. A Circular Economy Act will be adopted in
2026, which will accelerate the circular transition, building
on our single market. The Act will enable the free movement
of circular products, secondary raw materials and waste,

foster a higher supply of high quality recyclates and stimulate
demand for secondary materials and circular products while
bringing down feedstock costs.

2. Generate market pulls to create business cases
for investments in circular products

Chemical companies and its value chain partners are ready
to invest in the broad spectrum of circular technologies and
to innovate in the design process of products and materials
enhancing circularity. However, the competitiveness of more
circular products is often challenging, compared to products
from the fully optimised linear production processes, and
potentially undermines the business case for different actors
along the value chain. Therefore, beyond the enabling policy
framework and the pragmatic implementation, increasing the
demand for circular products via the creation of market pull
measures and incentives strengthening the business case,
needs to be addressed.

3. Provide incentives to foster circular innovation
and investments in Europe

The transition towards circular practices requires a significant
upfront investment, which is often difficult to justify due to
policy uncertainty and an ever-shifting regulatory landscape
in the long-term. Typically, investments and scaling up new
technologies take 5 to 10 years, including the proof of eco-
nomic and technical feasibility.

As highlighted in the Antwerp Declaration (32) as well as in
the Letta (1) and Draghi (10) reports, many of the investments
needed to decarbonise and transition to a circular economy
currently lack a clear business case. Markets today general-
ly do not provide a premium for green products, including
secondary (recycled) materials, to offset higher costs. Just like
renewable energy sources such as solar and wind, which
initially required financial incentives to become competitive
and are now as affordable as conventional energy, circular
technologies also need similar support to achieve widespread
adoption and cost-effectiveness.

Europe faces the unprecedented challenge of securing ad-
ditional investments of EUR 750-800 billion per year (10) to
navigate the twin transitions. Compounding this challenge
are global competitive pressures, which drives a lot of invest-
ments by encouraging innovation and investments, through
a range of support measures to lower consumer costs and
advance the global clean energy economy. Similarly, China
attracts investment through extensive industrial subsidies and
streamlined permitting processes.

To foster circular innovation and investments in Europe in-
centives to de-risk scale-ups from demonstration to first-of-
a-kind circular industrial projects, and prioritising pilot plant
infrastructure, including co-location facilities, are essential.
Furthermore, accelerating the permitting processes for new
circular industrial projects and net-zero infrastructure will be
vital.



THE PATH TO A CIRCULAR FUTURE: 5-POINT
ACTION PLAN WITH KEY SUCCESS FACTORS

The chemical industry has made significant strides in advancing
the circular economy, demonstrating leadership in innovation,
collaboration, and circular practices. The momentum is build-
ing, however, to achieve comprehensive transformation, it is
vital to address systemic challenges and unlock untapped
opportunities.

This study confirms that initial levers have been activated to
foster circularity within and beyond the chemical industry.
Building on the challenges and practice examples from the
previous chapters, five key success factors have been identified
for all relevant stakeholders at both EU and national levels
and along the full value chain to accelerate the transition to
a circular future:

o Drive forward a supportive regulatory framework,
accompanied with incentives

= Pragmatically improve and implement a clear and uni-
fied regulatory framework across EU Member States to
promote circular economy practices in alignment with
circular business models and create market demand for
circular products.

= Provide incentives to make recycled and circular materials
economically competitive with virgin materials, encourag-
ing their adoption across supply chains.

= Simplify approval processes to accelerate circular inno-
vation.

= Harmonise legislation to create a single market for waste,
circular feedstocks, and products, avoiding cross-border
challenges.
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e Facilitate investments in circular infrastructure and
technologies, by

= Expand funding mechanisms for breakthrough technologies
and accelerate/streamline permitting processes to attract
investments in circular infrastructure projects.

= |nvest in advanced mechanical and chemical recycling,
biobased and CCU technologies, as well as robust waste
collection and sorting infrastructure, to maximise material
recovery and reuse.

= Provide access to abundant low-carbon and renewable
energy as an enabling condition.

= Mobilize cross sectoral collaboration within the EU to
incentivize the market pull and accelerating adoption of
circular business activities.

e Establish a macroeconomic mindset change towards
circular thinking embedded in society

= Sustainability and circular principles should be integrated
into educational curricula and corporate strategies to foster
a culture of innovation and environmental responsibility.

= Consumer education campaigns and incentive systems
can encourage sustainable and circular purchasing be-
haviours. Public procurement criteria should also prioritise
low carbon and circular products.

= From early education to higher learning, sustainability and
circularity should be a key focus. By fostering a culture
of circular thinking, we can encourage future generations
to adopt sustainable behaviours and decision-making
throughout the economy.

Foster innovations through new forms of multi-stake-
holder collaboration

= Collaborate between industries, technology developers,
research institutions, and policymakers is crucial to creating
synergies and utilising resources efficiently. European cen-
tres of excellence and public-private partnerships should
play a central role in driving this forward.

= Create platforms for the joint exchange of knowledge and
for mapping the circular value creation network help with
planning and implementation.

= Drive multi-stakeholder innovation efforts to shift the
development model from a linear to an eco-system-
ic collaboration, fostering a more resilient and ad-
aptable economic and technological landscape.

Monitor and measure to evaluate progress and to iden-
tify needs for additional efforts and measures

= |mplement standardised circularity metrics supporting a
common understanding by all stakeholders along a value
chain of the transition status towards a circular economy.

= Use tools such as the “Circular Transition Indicators (CTI)”
(33) to measure and report progress consistently, aligned
with environmental, social, and governance (ESG) goals.

= Trigger the application of metrics not to just report the sta-
tus, but to foster transparency, to evaluate trends observed,
to increase awareness, to identify risks and opportunities,
and fo trigger improvement.

= Focus on metrics reflecting the required transition to a
competitive circular low-carbon economy in Europe in
which raw materials are maximally recycled and loss of
materials out of the economic system is minimised. The
Circularity Metrics Lab from the Environmental Energy
Agency is an example of metrics measuring the transition
to a circular economy in the EU.
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CONCLUSION: PAVING THE

WAY FORWARD

The transition to a circular economy is an economic, social, and
environmental imperative. While the chemical industry has made
significant progress, overcoming persistent challenges requires
a coordinated effort from industry leaders, policymakers, and
society. The findings of this study highlight the need for bold
investments, regulatory clarity, and strengthened collaboration
across value chains.

Moving forward, the industry must prioritise scaling up circular solu-
tions, fostering innovation, and enhancing the economic viability of
circular business models. A stable and coherent policy framework
is essential fo provide the necessary incentives, reduce regulatory
uncertainty, and create a strong market pull for circular materials.
Moreover, promoting a cultural shift towards circularity among
businesses, consumers, and society in general will be pivotal in
overcoming challenges and advancing the circular economy.
By implementing the 5-Point Action Plan with key success factors
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for Accelerating the Circular Transition outlined in this study, the
chemical industry can turn barriers into opportunities. This frans-
formation will not only drive sustainability but also enhance the
sector’s competitiveness, resilience, and long-term prosperity.

A collective and sustained effort is required to make circularity
the new norm. Now is the time for decisive action to build a
future where economic growth and environmental responsibility
go hand in hand.

A Call to Action

The transition to a circular economy is not just a challenge,
it is an opportunity to reshape industrial models, enhance
sustainability, and strengthen Europe’s global leadership. By
embracing innovation, collaboration, and systemic change,
the chemical industry can drive meaningful progress towards
a circular and prosperous future. Now is the time to act.
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APPENDIX

INFORMATION ABOUT THE SURVEY

A total of 62 responses were received. Of the companies
surveyed, 63 % represented companies with more than 5,000
employees, 29 % companies with 250 to 5,000 employees
and 8 % smaller companies with fewer than 250 employees.
The responding companies cover the entire value chain, with
47 % producing basic chemicals, 50% intermediates and 77 %
speciality chemicals. In addition, 18 % stated that they had
more downstream activities and 6% had activities directly
linked to the end-user or retail sector.
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LIST OF INTERVIEVVEES

BASF, Covestro, Eastman, Evonik, ExxonMobil, Huntsman, Lyon-
dellBasell, INEOS, Ikem, Neste, P&G, Sabic, DOW, KlimaW-
irtschaft, UGent, Circular Republic, Zero Waste Europe, Port of

Antwerp-Bruges, Futerro, Lanzatech, Circle Economy Consulting,
VITO, Allnex, KAO, Port of Rotterdam, WBCSD, Nova institute,
Perstorp, Yara, Circularise, Unilever, Kemira, Kraton, Systemig,
Ellen MacArthur Foundation, Catena-X, OVAM, Borregaard, P4P
ASPIRE, HELM AG, Circular Valley, North Sea Port, essenscia,
Sustenuto — Cradle to Cradle, Circular Economy Foundation,

IRISS, Chemelot Circular Hub

ISO DEFINITIONS R-STRATEGIES

Definitions of the different R-strategies according to ISO 59004:2024:

R-strategy

Refuse

Rethink

Reduce

Reuse

Repair

Refurbish

Remanufacture

Repurpose

Recycle

Recover

ISO 59004:2024

Make solutions redundant by abandoning its function or by offering the same function with a
radically different solution.

Reconsider design (durability, biodegradability, recyclability and other sustainability criteria) and
manufacturing decisions. Make service use more intensive (e.g. through sharing or by putting

multi-functional products on the market).

Increase efficiency in product manufacture or use by consuming fewer natural resources and

materials.

Use a products or its component parts after their initial use, for the same purpose for which they
were originally designed.

Restore a product to a condition needed for the product to function according to its intended

purpose.

Restore an item, during its expected service life, to a useful condition for the same purpose with
at least similar quality and performance characteristics.

Return an item to a like-new condition from both a quality and performance perspective using
an industrial process.

Adapt a product or its component parts for use in a different function than it was originally in-
tended for, without making major modifications to its physical, chemical or mechanical structure.

Activities to obtain recovered resources for use in a process or a product, excluding energy recovery.
Retain value: process to maintain the value of the object of consideration

Recover energy: generation of useful energy through direct and controlled transformation of
recovered resources.
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https://www.iso.org/obp/ui/en/#iso:std:iso:59004:ed-1:v1:en:term:3.2.2




