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1. Introduction: Policymaking in times of transition

The European chemical sector is facing many challenges and as a result many policy makers and
advisors are in need to work towards a profoundly different system. These persistent problems are

visible across several dimensions:

1 Geopolitical instability is shifting the terms of global trade and raising questions about

strategic autonomy?

1 The climate crisis is driving up energy costs for this energy-intensive sector’ and

increasing pressure to phase out fossil resources®

1 The European chemical industry is already breaching multiple planetary boundaries,
including the introduction of novel substances and ocean acidification.”

1 The globalized chemical market exposes European producers to increasing economic

volatility®

Each of these challenges is too significant to be addressed by any policy strategy alone. Many
approaches continue to rely on traditional methodologies: operating within silos, emphasizing
compliance, and responding to emerging issues with increasingly comprehensive yet isolated
strategies. As highlighted by the European Environmental Agency (2024), this phenomenon

results in a fragmented and reactive policy landscape that obstructs systemic transformation®

As a policymaker or policy advisor in an EU member state, you are already working within this
transition, whether it is explicitly framed that way or not. Policymakers are navigating a complex
environment where existing strategies, despite being well-intentioned, are often unable to include

all relevant issues.

This report offers a new perspective that intends to help you make better use of what is already
in motion. It emphasizes the significance of three major strategies — Safe and Sustainable by
Design (SSbD), Circular Economy (CE), and Sustainable Carbon (SC) — which are increasingly
influencing the future of the EU chemical sector. Each strategy offers valuable tools and insights;
however, they are often implemented in parallel, lacking sufficient integration with one another

and the broader transformation underway.

1 See The Draghi report on EU competitiveness

2 https://www.reuters.com/sustainability/climate-energy/eu-power-grid-needs-trillion-dollar-upgrade-avert-spain-style-
blackouts-2025-05-05/

3 https://www.reuters.com/sustainability/climate-energy/climate-science-advisers-tell-eu-phase-out-fossil-fuels-2024-
01-17/

4 Barnosell, 1., & Pozo, C. (2024). The impacts of the European chemical industry on the planetary

boundaries. Sustainable Production and Consumption, 44, 188-207.

5 https://www.reuters.com/markets/commodities/survival-fittest-petrochemical-makers-battle-global-glut-2024-08-09/
6: European Environment Agency. (2024). Governance in complexity: Sustainability governance under highly
uncertain and complex conditions. Publications Office. https://data.europa.eu/doi/10.2800/597121



https://commission.europa.eu/topics/eu-competitiveness/draghi-report_en
https://www.reuters.com/sustainability/climate-energy/eu-power-grid-needs-trillion-dollar-upgrade-avert-spain-style-blackouts-2025-05-05/
https://www.reuters.com/sustainability/climate-energy/eu-power-grid-needs-trillion-dollar-upgrade-avert-spain-style-blackouts-2025-05-05/
https://www.reuters.com/sustainability/climate-energy/climate-science-advisers-tell-eu-phase-out-fossil-fuels-2024-01-17/
https://www.reuters.com/sustainability/climate-energy/climate-science-advisers-tell-eu-phase-out-fossil-fuels-2024-01-17/
https://www.reuters.com/markets/commodities/survival-fittest-petrochemical-makers-battle-global-glut-2024-08-09/
https://data.europa.eu/doi/10.2800/597121
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From a transition’s perspective, this fragmentation is a missed opportunity. The report aims to
assist you in navigating between these strategies, identifying overlaps, managing tensions, and
aligning efforts more effectively. It draws on interviews, literature, and practical experience to

provide grounded insights.

Rather than providing a definitive blueprint, this report presents a discussion agenda: serving as
a compass for the necessary deliberation among policymakers. It aims to align ideas, interests,
and ambitions while building upon the existing strategies, tools, and experiences. This represents
a crucial first step to orient your efforts within the broader transition facing the EU chemical
sector and facilitates connections with others engaged in similar endeavors. The report is

intended as a practical guide for reflection, coordination, and strategic action.

Why incremental change is not sufficient

The conventional approach of adjusting individual interventions or optimizing discrete processes
is no longer adequate. The scale and complexity of the challenges confronting the chemical
sector require a more systemic approach; one that aspires to achieve systems change,
acknowledges uncertainty, embraces learning, and links short-term actions to long-term

transformation.
A transitions perspective offers such an approach, grounded in the recognition that:

1 Uncertainty isinherent in complex systems. More data or tighter controls cannot eliminate
it. Instead, policy must learn to navigate uncertainty rather than resist it’

1 Subjectivity in defining what is deemed sustainable, safe, or fair, as well as in selecting
quantification methods, is an inherently political matter®

1 The chemical sector is deeply interconnected with broader societal systems. It cannot
transition in isolation, nor can its impacts be neatly categorized into ecological, social, or
economic domains.”

1 There are multiple ways to understand and address sustainability challenges. No

single strategy or perspective suffices; a plurality of approaches is essential.

These insights are not abstract. They reflect the lived reality of many policymakers: fragmented
responsibilities, short political timeframes, and procedures that prioritize compliance over
transformation. A transitions perspective does not replace this reality; it helps navigate it more

strategically.

How this report might be useful
This report examines what is already being done and explores how existing efforts can be better

aligned. It focuses on three strategies that are currently shaping the future of the EU chemical

’Stirling, A., 2017, O6Precautionary Appraisal as a Res
l gnoranced, i n: Ro u stlategya Econbnaios,dRbudedde. of Ec o

8Stirling, A. (2024). Responsibility and the hidden po
democraciesd for sust daumahd Rekporsiple Ihnovatiors I1(@), 2820082.0 n s .
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sector: Safe and Sustainable by Design (SSbD), Circular Economy (CE), and Sustainable
Carbon (SC).

These strategies do not connect perfectly to each other, but neither are they in opposition. Each
addresses different parts of the transition and brings a distinct set of methods and experiences
(chapter 2). The aim of this report is to show where they can complement one another, and how

policymakers can draw insights from other areas without abandoning their current methods.

Identifying shared principles across strategies can help build bridges. For example, a policymaker
working on SSbD may find common ground with colleagues focused on Sustainable Carbon
through shared concerns about material sourcing. Similarly, Circular Economy strategies often
align with SSbD in their systems-level thinking. Recognizing these overlaps and

complementarities can be a first step toward more coordinated and strategic action (chapter 3).

At the same time, we must acknowledge that a new approach will need to be adopted to
practice. The landscape in which we operate is shaped by existing policies and legislation,
existing infrastructures, practices and beliefs of other policymakers and industry actors. Some,
but not all these actors and elements will instantly align with an integrated approach. (chapter 4).

To find this alignment and build synergies, we call for more explicit deliberations. Discussion with
other policymakers, industry actors, NGO's, researchers etc. is key to building a shared,
integrated perspective, and coordinated action. Use our practical discussion agenda to guide
these conversations. This agenda provides you with discussion subjects and questions to come
to a shared understanding of the three relevant strategies and translate these to your own
practical context.

This report can be used as reference work, to enrich these conversations and better understand
the strategies, their overlapping principles, and how they complement one another. These
insights come from interviews with actors working across multiple policy strategies, industry,
from literature, and from expert discussions. What emerges are grounded lessons for people
inside governments who are already navigating this transition of the EU chemical industry.

The discussion agenda is presented on the following pages.



Towards a sustainable chemical sector

— a discussion agenda for policymakers

Creating a sustainable and resilient chemical sector
requires a bold and integrated approach that supports
systemic transition. This means working across policy

domains and aligning efforts around three key strategies:

— Circular Economy (CE) — designing out waste and
keeping materials in use.

—> Safe and Sustainable by Design (SSbD) — ensuring
chemicals are safe for people and the environment
from the outset.

— Sustainable Carbon (SC) — using carbon in ways
that reduce environmental impact, such as through
renewable or recycled sources.

These strategies share four underlying principles (fig 1),
and complement one another in tools, scope and
perspective (fig. 2). By integrating these strategies, we
can avoid introducing new sustainability challenges or
technological lock-ins. At the same time, we can identify
opportunities for cooperation and alignment across
sectors, disciplines, and EU member states. A first step is
to engage policymakers in a shared dialogue about what
this integrated approach means in practice.

Section A

How to use this agenda
Start with dialogue: Bring together different perspectives
— across departments, sectors, and countries.

QN

Section A Discuss how your team interprets the key
strategies and core principles. What are your priorities?

@) ©] @
L
Section B Explore how these principles can

complement each other and be translated into your
national or regional context.

This discussion agenda is a practical tool to support

that dialogue. It helps policymakers develop a shared
understanding of what a integrated vision for a sustainable
chemical sector entails — beyond short-term targets or
sectoral interests.

Discussing assumptions and priorities for Systems Change

Figure 1

Safe and
Sustainable

Underlying
1 Principles 2
Systems Change

Sustainability

Circular
Economy

Do we share an understanding of the key strategies?
—> Safe and Sustainable by Design (SSbD), Circular
Economy, Sustainable Carbon.

Do we share the ambition to work from an integrated

sustainability perspective?

— This means embracing the four overlapping
principles: Systems thinking, sustainability, use of
renewable inputs, life cycle perspective.

&

Life Cycle Perspective

3
Renewable Inputs

How are these principles linked to our respective goals

and mandates?

— Consider how departmental priorities, stakeholder
interests, or political aims intersect with these values.

What other principles should be included or balanced

alongside these?

—> For example: economic growth, affordability, strategic
autonomy, competitiveness.




Section B

Applying Core Principles in Practice

Figure 2

Criteria for fossil dependency sc }
and feedstock origin

Anticipate possible future harms

Transition

perspective

for products in
linear economy

Introducing
R-strategies for
less demand and
more circularity

1 - Systems Change
— What future vision are we collectively working toward?

» What societal challenges are we aiming to address?

+ What long-term benefits do we foresee — socially,
ecologically, economically?

— Is our envisioned future just and inclusive?

« Who should be involved in shaping our plans? Whose
voices are missing?

« Who benefits and who might be disadvantaged by
these transitions? (Think: SMEs, industry, citizens,
nature, retailers)

+ Where are current power structures reinforcing the
status quo? Can they be challenged?

—> How does our policy work contribute to systems
change?

« Where do we see potential for upscaling, adaptability
or multifunctional solutions?

+ How can we avoid locking in unsustainable practices
(e.g. high emissions, inequality)?

« What short-term trade-offs are acceptable to enable
long-term transformation?

%

2 - Sustainability

—> What safety risks arise when loops are closed?
(Examples: accumulation of Substances of Very High
Concern, hazardous effluents, process safety)

— How do we assess and monitor the safety of materials,
processes, and final products?

— What are the anticipated sustainability impacts at the
broader system level? (Think: CO, emissions, air/water
pollution, land use, health and societal risks)

Circular
Economy

of new carbon-based products

Safe and o
Sustainable Highlight the
harm potential of
materials in the

lifecycle loops

Broadens focus
from individual
chemical functions
to systems

3 - Renewable Inputs

—> Where can we shift from consumption to circular use
of materials? (R-strategies, circular business models,
behavioral change)

—> For materials that aren’t circular, how can we tap into
sustainable carbon sources? (Biobased, recycled
carbon, CCU)

—> How do we ensure long-term security of supply and
material availability?

— How can we align this with renewable energy access

and reliability?
r
@

4 - Life Cycle Perspective

—> Which existing waste streams could be tapped as
valuable inputs?

— What supply chain collaborations could drive systemic
transformation?

— What opportunities exist to close the loop post-use?
(Reuse, repair, remanufacture, recycle)

— How might we work with regional industries to
exchange resources or energy? (Industrial symbiosis)

The agenda is based on a recent study by DRIFT and TAUW,
commissioned by the Dutch Ministry of Infrastructure and
Water Management, which identified four core principles and
several supporting elements that connect these strategies in

practice. See report.
drift & TAUW

for transition
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2. Three strategies for changing the EU chemical sector

The EU chemical industry is currently facing complex challenges that ask for transformative
change. This involves addressing complexity, uncertainty, and the need for collaboration across
silos, sectors, and strategies. A critical first step on this journey is to develop a better
understanding of the strategies already in action. This chapter introduces three key strategies of
interest: Safe and Sustainable by Design (§SbD), Circular Economy (CE), and Sustainable

Carbon (SC). For each strategy, we will outline the core concepts, origins, and driving forces.

2.1 Safe and Sustainable by Design
Safe and Sustainable by Design (SSbD) is a strategy that promotes the (re)design of chemicals
and materials to minimize harm to human health, the environment, and society throughout their

entire life cycle.

While no single, universally accepted definition of SSbD exists, most interpretations emphasize
several consistent elements. It is a voluntary strategy intended to guide the innovation process
for chemicals and materials toward a greener and more sustainable industrial transition. SSbD
encompasses two iterative phases: in the (re)design phase, desirable functions within a
bounded system are identified, for example flame retardancy in electronics. Various chemicals
and materials, including theoretical or emerging options, are then considered for these functions.
In the assessment phase, the identified substances and related processes are evaluated for
potential harms, encompassing social, economic, human health, and environmental impacts
across the entire lifecycle. Assessments typically examine hazard characteristics, worker
exposure during production, exposure during use, and broader lifecycle impacts. A central
mechanism within SSbD is the emphasis on transparency in decision-making, which includes

measures such as utilizing FAIR data (Findable, Accessible, Interoperable, Reusable).

Example in practice: The EU Horizon project DESIDERATA aims to develop halogen-free flame
retardants for electronics, as the halogen-containing fire retardants can be toxic due to
bioaccumulation in environments and are hard to recycle. This project involves collaboration with

researchers and industry partners.

Driving Forces Behind This Strategy:

In response to calls from the Chemicals Strategy for Sustainability and the European Green
Deal, numerous organizations have begun developing strategies for SSbD, building on decades
of policy work related to chemical safety and green chemistry. The strategy emerged from the
recognition that safety is a fundamental component of sustainability and that reducing harm
from chemicals cannot be achieved solely through bans or restrictions; it should instead become
an inherent responsibility of companies. Consequently, SSbD argues that change must begin in

the design phase.

SSbD seeks to bridge the disconnect between traditional safety measures and sustainability
goals. This method is voluntary and open to interpretation and offers a more holistic way of

working, currently functioning more as a shared mindset than a rigid regulatory standard.


https://www.desiderata-project.eu/
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2.2 Circular Economy

At its core, the Circular Economy (CE) is a strategy aimed at preserving the value of products,
materials, and resources within the economy for as long as possible while minimizing waste.
Unlike the traditional linear model of "take—make—-dispose," CE focuses on closing material
loops and reducing both waste and resource extraction.

This strategy is grounded in systems thinking, emphasizing the design of consumption and
production systems that prioritize circularity—not just at the level of individual products or
components, but across entire supply chains. One of CE's primary ambitions is to decouple
economic growth from environmental degradation by extending the life cycles of materials and
maximizing direct reuse. The 9R Framework (Cramer, 2017) provides a hierarchy of strategies for
closing loops, ranging from Refuse, Rethink, and Reduce to Reuse, Repair, Refurbish,
Remanufacture, Repurpose, Recycle, and Recover. These strategies represent increasing levels of
circularity. Several innovative business models support these strategies, such as leasing, pay-
per-use, and maintenance, repair, or takeback services.

Circular Strategies

economy Make product redundant by abandoning its function or by

Smarter offering the same function with a radically different product
product

use and Make product use more intensive (e.g. by sharing product)
manu-

facture Increase efficiency in product manufacture or use by consu-
ming fewer natural resources and materials

Reuse by another consumer of discarded product which is

z still in good condition and fulfils its original function

% Repair and maintenance of defective product so it can be

s Extend used with its original function

= lifespan of

= product Restore an old product and bring it up to date

S and its

‘g parts Use parts of discarded product in a new product with the

= same function
Use discarded product or its parts in a new product with a
different function

Useful Process materials to obtain the same (high grade) or lower
application (low grade) quality
of mate-
rials Incineration of material with energy recovery

Linear
~ economy

Fig. 1. Overview of 9R-strategies for closing loops. Lower R-strategies are preferred over higher,

more linear strategies.®

A growing number of projects exemplify the circular economy in practice within the chemical

sector, including the use of recycled content in packaging (rPET); chemical leasing, where

9 Kirchherr, Julian & Reike, Denise & Hekkert, M.P. (2017). Conceptualizing the Circular Economy: An
Analysis of 114 Definitions. SSRN Electronic Journal. 127. 10.2139/ssrn.3037579.

%
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chemicals are provided as a service rather than a product®®, and innovative recovery processes

that enable the reversal and disassembly of complex products (e.g, laminates, polymers).

In addition to utilizing secondary raw materials, circular economy strategies also encompass the
use of sustainable biobased raw materials. These renewable resources, such as biomass or
organic waste, must be responsibly sourced and managed. When produced without harming
ecosystems or competing with food production, these materials can help reduce dependence on

fossil resources and support closed-loop systems.

Driving forces behind this strategy

The concept of a circular economy builds on several earlier ideas, including Cradle to Cradle
(Braungart & McDonough), Industrial Ecology, Biomimicry, and the Performance Economy (Walter
Stahel). These concepts gained traction in the 1970s in response to rising concerns about

pollution, environmental degradation, and finite resource availability.

The circular economy offers a framework to tackle many systemic challenges facing the EU
chemical industry, including pollution, waste, overconsumption, resource scarcity, market
volatility, and biodiversity loss due to harmful emissions, pollution, and land use. Furthermore, the
EU views the circular economy as an opportunity to enhance strategic autonomy and
competitiveness by improving resource efficiency and reducing reliance on global supply chains.
1 For the chemical sector, which plays a key enabling role for other industries, CE represents
both an environmental necessity and a competitive advantage in the transition to a sustainable

future.

2.3 Sustainable Carbon
The Sustainable Carbon strategy aims to transition the chemical industry away from its reliance
on fossil-based carbon toward sustainable sources, namely sustainable biomass, recycled

materials, and carbon capture and utilization (CCU).

Three dominant approaches characterize this strategy. The first focuses on defossilizing
existing infrastructures, such as adapting steam crackers to process alternative feedstocks.
The second emphasizes creating identical chemical products through alternative routes, such as
synthetic gas or methanol. The third approach involves developing entirely new materials using
innovative processes derived from biomass or waste products, commonly referred to as new
chemistry. For instance, recycled plastic bottles are being converted into feedstock, thereby
reducing the need for virgin fossil inputs. An example of the second strategy is polyethylene
furanoate (PEF), a bio-based alternative to the widely used polyethylene terephthalate (PET)

plastic.

Driving forces behind strategy

The Sustainable Carbon concept has evolved in various contexts and lacks a singular conceptual

or theoretical baseline. Numerous initiatives in recent years have called for increased attention

10 chemicalleasing.com
11 https://environment.ec.europa.eu/topics/circular-economy_en

10


https://chemicalleasing.com/
https://environment.ec.europa.eu/topics/circular-economy_en
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to sustainable carbon sources. In 2020, the Nova Institute, a German consultancy and research
organization, launched the Renewable Carbon Initiative (RCI) to advocate for the complete
substitution of fossil carbon in chemicals and plastics. The Netherlands emerged as an early
adopter of this strategy, driven by a unique historical context characterized by a once-strong
fossil-based industry now destabilized by geopolitical tensions, the closure of natural gas fields,
and rising energy prices. Sustainable Carbon has been adopted as a strategy to enhance
strategic autonomy and unlock new economic potential for the chemical sector. In 2024, five
European countries urged the European Commission to propose sustainable carbon policy
packages to facilitate the transition from fossil to sustainable raw materials within the chemical

industry. 12

The rationale behind the Sustainable Carbon strategy is twofold. First, carbon-based materials
will continue to be essential in the future, even in a decarbonizing world, and their demand may
even increase in certain areas, particularly where they can replace depleting key resources such
as metals and minerals. Second, European member states are losing their competitive
advantage in the global market and must create a new market in which European industries can
thrive, such as through the development of sustainable chemicals.

12 hitps://www.government.nl/documents/publications/2024/04/15/joint-statement-on-a-european-
sustainable-carbon-policy-package

11


https://www.government.nl/documents/publications/2024/04/15/joint-statement-on-a-european-sustainable-carbon-policy-package
https://www.government.nl/documents/publications/2024/04/15/joint-statement-on-a-european-sustainable-carbon-policy-package
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3. Working between strategies: an integrated approach

The European chemical industry is confronted with significant challenges that necessitate
transformative change. Three pivotal strategies—Safe and Sustainable by Design (SSbD),
Circular Economy (CE), and Sustainable Carbon (SC)—are already being tested in practice to
facilitate the required changes. Policymakers must work effectively across these strategies to
accelerate the transition.

This chapter outlines how policymakers can move beyond parallel implementation and begin to
work across strategies to more effectively support the transformation of the EU chemical sector.

Adopting an integrated approach is a strategic step toward systemic change, offering:
1 The ability to address multiple sustainability objectives simultaneously.
1 A means to avoid unintended lock-ins and the perpetuation of unsustainable practices.

1 A shared foundation for collaboration and alignment across departments, sectors, and EU
member states.

We propose three steps to help policymakers build an integrated perspective: identifying shared
principles, leveraging complementarities, and navigating tensions constructively.

3.1 identify shared principles
Despite their different origins and emphases, CE, SSbD, and SC are underpinned by a common
ambition: to foster a more sustainable, resilient, and future-proof chemical sector. Across all

three strategies, we identify four core principles that can serve as a foundation for alignment?®,

Underlying
1 Principles 2
Systems Change Sustainability

Sustainable
Sustainable

3
Renewable Inputs

4
Life Cycle Perspective

Circular
Economy

Figure 1: SSbD, CE and SC share 4 underlying principles

13 Some of these are explicitly mentioned in the strategies, others are more implicit, but part of the driving

forces behind the strategy.

12
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1 System Change: None of the strategies seek only incremental improvements. Each
challenges the current operational framework of the chemical industry and proposes a
new path forward. Circular Economy aims to reconfigure how materials circulate within
the system and how economic activity relates to resource extraction. SSbD explores how
essential functions can be fulfilled in the future using safer substances, starting from the
design phase. Sustainable Carbon advocates for a departure from fossil-based inputs
and the establishment of new, more sustainable carbon supply chains. In essence, all
three strategies are rooted in a critique of the status quo and a push for
transformation.

2. Sustdinability: Each strategy promotes its interpretation of sustainability. Sustainable
Carbon aims to reduce fossil fuel dependence, a major driver of rapid climate change.
Circular Economy focuses on minimizing extraction, waste, and pollution, while SSbD
incorporates safety into its definition of sustainable practices. Despite their differing
approaches, the shared intent is clear: to design a system that can be sustained over
time.

3. Renewable Inputs: All three strategies seek to eliminate the use of non-renewable
resources. Their methods vary: Sustainable Carbon emphasizes replacing fossil
feedstocks; Circular Economy aims to reduce raw material extraction and waste
production through closed-loop systems; and SSbD promotes the use of less hazardous
and more sustainable materials at the design stage. Despite these differences, the
common goal of moving away from resource depletion remains.

4. Lifecycle Perspective: Each strategy examines chemicals and materials over their entire

lifespans, albeit from different perspectives. SSbD evaluates the full lifecycle of
substances performing specific functions, Sustainable Carbon focuses on the origin and
sourcing of chemical inputs, and Circular Economy considers material flows across entire
systems in multiple lifecycles. In all cases, there is an understanding that chemicals
traverse various contexts and lifecycle stages, all of which must be considered.

These principles can serve as guiding principles for change, outlining the elements that should
be central to a shared future vision. They provide a shared language that can help policymakers
align across departments and policy domains, even when terminology or tools differ. Utilize these

four principles as a starting point for interdepartmental discussions.

3.2 Leverage Complementary Strengths
Each strategy brings distinct strengths that can help address the limitations of the others (see
Figure 2). By working across strategies, policymakers can design more robust, future-oriented

interventions.

13
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Criteria for fossil dependency @ :>
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of new carbon-based products

Transition

perspective
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lifecycle loops

Broadens focus
from individual
chemical functions
to systems

Introducing
R-strategies for
less demand and
more circularity

Circular
Economy

Figure 2: SSbd, CE and SC can complement one another both in insights and tools.

These complementarities are beneficial in two ways: first, each strategy contributes practical
lessons based on the challenges it faces and how it addresses them. Second, each strategy
offers content-specific tools and perspectives that can enrich the work conducted within the
other strategies.

Experiences and complementarities of SSbD

The content of the SSbD strategy provides insights that complement the other two:

1 For projects primarily based in the Circular Economy strategy, SSbD offers tools to
assess the hazard potential of materials retained within the loop, aiding in determining

when reuse or recycling may not be appropriate due to safety concerns.

1 For projects primarily based in the Sustainable Carbon strategy, SSbD provides
anticipatory assessment methods that help evaluate the potential risks associated with
new renewable materials, fostering more responsible innovation in feedstock
development.

Practical experience with SSbD reveals several relevant insights:

1 SSbD emphasizes the inclusion of multiple goals and interests within the design process
of chemical products and processes. This often entails making difficult trade-offs and
navigating tensions. SSbD guidelines address this by clearly defining the scope and
ensuring transparency in decision-making. This approach allows practitioners to learn
about effective practices and to document why certain impacts or functions are
prioritized through the use of FAIR data.

14
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SSbD addresses the uncertainty surrounding the various impacts of new substances and
processes. It promotes iteration as a response, acknowledging that complete certainty is
unattainable and that design and assessment must evolve concurrently. A common
challenge is balancing safety uncertainties against the potential benefits of substances.
This may sometimes be managed by banning unsafe chemicals or, in other cases, by
implementing additional measures to contain chemicals during their use.

SSbD currently lacks a widely recognized definition or well-developed guidelines. With
numerous competing definitions and interpretations,* applying SSbD can be time-
intensive and challenging, particularly for Small and Medium Enterprises (SMEs) with
limited resources. Solutions include transdisciplinary collaboration with researchers and
industry actors to co-develop practical methods and cultivate shared understanding.

Experiences and complementarities of Circular Economy

The CE strategy offers insights that complement the other two strategies:

For projects primarily based in SSbD and SC strategies, CE's emphasis on system-level reuse

and its experience with market coordination can broaden the focus beyond individual substances,

encouraging more holistic thinking about material flows and functional substitution, as well as

aiding in the scaling up of new chemicals.

Practical experience with CE provides valuable insights:

il

CE emphasizes creating a market for circular production and consumption. One of the
main challenges is market coordination: while many companies are willing to invest in
circular products and services, the supporting ecosystem is often lacking. Policymakers
have experience stimulating new markets for CE through procurement policies,
standardization, and support for circular business models. These experiences can be
beneficial for other strategies as well.

CE focuses on closing material loops, which presents a technical challenge in the
chemical sector. Chemicals are often intermediary products that can be transformed,
diluted, or bonded with other substances during production processes, making recovery in
their original form difficult. For instance, achieving true circularity, where a chemical is
reused in the same application, is often unfeasible; recovering a solvent from paint used
on a wall is nearly impossible due to evaporation during application.

Practitioners within the circular economy strategy address this challenge by employing
the Cradle-to-Cradle approach, which distinguishes between biological and technical
cycles. In this framework, industrial chemicals belong to the technical cycle and should be
designed to remain in closed loops within the technosphere. This entails reusing,
repurposing, or downcycling chemicals in ways that prevent leakage into the

environment. In this cascading use model, chemicals are reused in successive

14 See the reports by (OECD, 2024), (CEFIC, 2024), JRC 2024
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applications of decreasing complexity or quality, extending their utility while minimizing
waste and environmental harm.

Experiences and Complementarities of Sustainable Carbon:

At the content level, Sustainable Carbon highlights transition pathways for various chemicals

and underscores the dependency on fossil resources:

1 For projects primarily based in Circular Economy, Sustainable Carbon can provide
viable options when moving away from base chemicals is not currently feasible, such as
in pharmaceuticals or specialized coatings.

1 For projects primarily based in SSbD, Sustainable Carbon can introduce criteria for
fossil dependency and feedstock origin. While SSbD emphasizes function and safety,
integrating SC methods allows practitioners to more comprehensively evaluate the
origins and renewability of chemical inputs, ensuring a more thorough sustainability
profile.

Experience with developing and applying Sustainable Carbon strategies provides relevant
observations to consider:

1 The Sustainable Carbon strategy emphasizes challenges such as the lack of
standardized sustainability criteria and the need for cross-border coordination of
industrial infrastructure. Many quantitative tools do not adequately capture desired
traits, such as the renewability of carbon feedstock. For instance, a Life Cycle
Assessment (LCA) may fail to reflect whether biomass is sustainably sourced or
intensively farmed, creating a disconnect between sustainability assessments and real-
world sustainability. Advocates of Sustainable Carbon often incorporate minimum
sustainability criteria alongside these tools, requiring proof of sustainability before a
biomass input is included in the analysis. Progress is anticipated from a call for new
policies for sustainable carbon from the European Commission, which should establish a
level playing field for sustainable carbon®, including the institutionalization of standards.

1 Sustainable Carbon strategies also underscore the importance of coordinating industrial
infrastructure across countries. Adapting a single steam cracker to accept recycled
materials may necessitate a substantial volume of recycled or biobased carbon input.
This demand for scale requires strategic decision-making regarding which industrial
assets should be retrofitted and which should be phased out. Projects aligned with the
Sustainable Carbon strategy frequently address these coordination demands. ¥

15 https://www.government.nl/documents/publications/2024/04/15/joint-statement-on-a-european-
sustainable-carbon-policy-package

16 Ministeries van Infrastructuur en Waterstaat & Klimaat en Groene Groei, 2025 , Conceptvisie op
duurzame koolstof de chemie - concept versie,
https://www.internetconsultatie.nl/duurzame_koolstof _in_de_chemie/bl
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3.3 Navigate Tensions and Trade-offs
Working across strategies presents challenges, as each has its own institutional logic, metrics,
and assumptions. However, these tensions should not be viewed as barriers; rather, they

represent invitations to engage in structured dialogue.
We recommend four practical points of attention?”:

1 Avoid Over-Integration: Attempting to apply all methodologies simultaneously can lead
to paralysis. Instead, leverage the strengths of one strategy to address the limitations of

another.

1 Start with Concrete Cases: When working across strategies, you may still be
constrained by the bureaucratic rules of your own policy domain. Rather than attempting
to change the entire system at once, begin with a specific case or project where you can
experiment with integrating insights from multiple strategies. This approach allows for
learning and innovation without being hindered by existing institutional structures. For
instance, in the case of ABS in children’s toys, SSbD principles are partially embedded in
safety regulations, while CE and SC considerations remain underdeveloped—presenting a
clear opportunity for integration.®

1 Clarify Assumptions: Terms such as “sustainability” or “impact” can have different
meanings across strategies. Make these assumptions explicit early in the process to
avoid confusion and ensure that all stakeholders are aligned toward the same goals. The

four core principles can serve as a useful starting point.

1 Create Space for Reflection and Learning: Establish regular opportunities to reflect on
whether your project contributes to broader transition goals. This involves setting shared
ambitions, tracking progress, and adjusting actions as necessary.

Filling in blind spots

Beyond the practical considerations of integrating strategies, there is an opportunity to broaden
the transformative potential of CE, SSbD, and SC by actively engaging with perspectives that
are often underrepresented. While these strategies provide solid technical and material
foundations, they tend to overlook questions of power, justice, and distribution. Transition
Management literature reminds us that transitions involve not only changes in technologies or
materials but also shifts in who benefits, who decides, and who bears the risks. By incorporating
these political-economic dimensions, policymakers can help ensure that sustainability

transitions are not only effective but also fair and inclusive.

Additionally, there is a need to foster imagination and diversity in envisioning the futures we aim
to create. While CE and SSbD introduce some openness, they often assume current functions
and consumption patterns as givens. Transition Management encourages deeper inquiries: What

kind of future are we building? What products and services do we genuinely need? What forms of

17 These approaches are based on interview and one test dialogue.
18 See attachment for the complete case study.
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daily life are both desirable and sustainable? Engaging with these questions can help avoid

merely optimizing the current system and instead support genuine transformation.

Finally, there is a clear opportunity to expand participation and learning. SSbD already initiates
this through FAIR data and stakeholder engagement, but more can be done to ensure that the
voices of workers, communities, and civil society are meaningfully included. By embracing
participatory approaches, policymakers can help ensure that transitions remain open, adaptive,

and responsive to evolving societal values.

Beyond the practical considerations of combining strategies, there is a valuable opportunity to
broaden the transformative potential of CE, SSbD, and SC by actively engaging with
perspectives that are often underrepresented. While these strategies offer strong technical and
material foundations, they tend to pay less attention to questions of power, justice, and
distribution Transition Management literature reminds us that transitions are not only about
changing technologies or materials — they are also about shifting who benefits, who decides,
and who bears the risks. By incorporating these political-economic dimensions, policymakers

can help ensure that sustainability transitions are not only effective, but also fair and inclusive.

In addition, there is room to create room for imagination and diversity in what futures we are
working towards. While CE and SSbD introduce some openness, they often assume today’s
functions and consumption patterns as a given. Transition Management encourages us to ask
deeper questions: What kind of future are we building? What products and services do we truly
need? What forms of daily life are both desirable and sustainable? Engaging with these
guestions can help avoid optimizing the current system and instead support genuine
transformation.

Finally, there is a clear opportunity to broaden participation and learning. SSbD already makes a
start through FAIR data and stakeholder engagement, but more can be done to ensure that the
voices of workers, communities, and civil society are meaningfully included. By embracing
participatory approaches, policymakers can help ensure that transitions remain open, adaptive,

and responsive to evolving societal values.
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4. An integrated approach in practice

When implementing an integrated approach, it is essential to consider the context in which it will
be applied. We have assessed the alignment of the current system with an integrated
perspective by examining the existing policy landscape (see Appendix 1) and identifying current
practices and ideas among policymakers, industry actors, and researchers across various EU

member states.

Through interviews with European policy officers, industry representatives, and researchers, we
gathered insights regarding experiences with the implementation of Circular Economy (CE),
Sustainable Carbon (SC), and Safe and Sustainable by Design (SSbD). During these interviews,
we explored the strengths and tensions that arise when combining the strategies. Some key

lessons learned from these discussions include:

Overlap, tensions, and blank spots of the strategies

1 Terminology Variation: Not all participants used the same terms as those employed in this
project. For instance, the strategy "Sustainable Carbon" is referred to as "defossilization" in
Austria, while "bio-economy" is also commonly used. It is crucial to align terminology with
conversation partners to ensure clarity and understanding, recognizing that even minor
differences can be significant.

1 Interconnected Strategies: There is a considerable overlap between the Sustainable Carbon
and Circular Economy strategies. Achieving a circular economy often involves substituting
fossil-based feedstocks with renewable alternatives. For example, researchers in Austria are
exploring renewable biomass from algae to fulfill the objectives of the Sustainable Carbon
strategy, which also contributes to a more circular economy.

1 Incorporating SSbD in R&D: Integrating SSbD into the research and development process
allows for the early identification of potential future substances of very high concern. By
seeking alternative, less harmful substitutes, the production process is less likely to hinder
future recycling at the end of a product's life. In this way, SSbD complements CE and can
enhance its effectiveness.

1 Strategy-Centric Project Approaches: Projects are typically approached from the
perspective of one of the three strategies. While this often results in partial implementation
of another strategy, it is usually unintended and not the primary goal.

1 Safety Considerations in Production: To enhance the safety of a production chain, it is
advisable to produce hazardous chemicals at the location where they are further processed
into less harmful substances. This approach minimizes the presence of harmful chemicals at
multiple locations and reduces the need for transportation.

Integration of the framework

1 Unified Narrative Demand: All interviewed parties expressed a strong desire for a cohesive
narrative that combines all strategies. Such a narrative would enable policymakers to present
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a single, comprehensive account of all requirements to the industry, alleviating the burden of
a lengthy list of obligations.

Legislative Mandates for Sustainability: According to industry representatives and policy
officers, the most effective way to enhance sustainability is through mandatory legislation.
While making products more sustainable often leads to increased costs that can negatively
impact the business case, enforcing sustainability through legislation levels the playing field
for all industries involved.

Legislative Impact on Feedstock Substitution: Legislation, such as the Ecodesign for

Sustainable Products Regulation (ESPR) and the Packaging Directive, as well as the EU
Emissions Trading System, can drive the substitution of fossil feedstock with renewable
carbon, either through legal requirements or additional costs associated with fossil feedstock
use.

Awareness of SSbD: The term SSbD is not widely recognized in the industry. Research and
development teams often focus on enhancing the safety and sustainability of their products
using their own methods. As these existing methods are already in use within companies, the
implementation of SSbD work processes is less likely. Typically, industry R&D methods
concentrate on improving the safety and sustainability of specific chemical processes,
without considering the entire lifecycle.

Awareness-Raising Initiatives: The governments of Austria and Belgium are actively
promoting SSbD awareness within the industry and society through workshops and events
such as the Green Chemistry Platform. Additionally, the conditions for receiving subsidies
often target innovative solutions that incorporate one of the strategies, requiring recipients
to report ontheir progress in implementing these strategies.

Monitoring/reporting

il

Measuring Sustainability Improvements: Various methods are employed to assess increases
in sustainability. In some cases, indicators such as energy use and the consumption of virgin
materials are evaluated before and after a project. It is crucial to consider the entire lifecycle
to prevent increases in energy or virgin material use at other stages of the product's life. This
enables quantification of sustainability changes by comparing a business-as-usual scenario
with the improved case.

National-Level Sustainability Measurement Challenges: Measuring sustainability progress on
a national scale poses challenges due to the need to collect data from numerous parties,
much of which is not publicly available. An alternative approach to gauge national
sustainability progress is to track the number of companies and entities engaged in
sustainability-related projects.

Ongoing Monitoring Initiatives: Policy officers in Austria are developing a monitoring strategy
for Circular Economy, which is expected to be shared by the end of the year. This initiative

aims to yield concrete metrics to measure sustainability progress in the coming years. In the
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Netherlands, the Integrated Circular Economy Report serves as a comparable monitoring

strategy that has been in operation for several years.

While the number of interview participants was relatively limited, it was noteworthy that policy
officers, industry representatives, and academics provided comparable responses regarding
Circular Economy, SSbD, and Sustainable Carbon, as well as their integration. There is a
conceptual agreement among professionals in these fields, although differing views may emerge

as cases become more realistic and detailed.
In conclusion

These insights from practice demonstrate that while the integration of Circular Economy, SSbD,
and Sustainable Carbon is still developing, the foundational elements are already established.
Across countries and sectors involved in this study, there is a shared recognition of the need for
alignment—not only to reduce complexity but also to unlock synergies and accelerate progress.
The experiences of policymakers, industry actors, and researchers highlight both the practical
challenges and strategic opportunities associated with working across strategies. By investing in
a shared language, coordinated monitoring, and inclusive dialogue, policymakers can transition
from fragmented implementation to a more coherent and transformative approach. The demand

for integration is evident—now is the time to act.
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5. Conclusion: From fragmentation to strategic alignment

The transition of the EU chemical sector is already underway. Across Europe, policymakers,
industry actors, and researchers are actively engaging with strategies such as Circular Economy
(CE), Safe and Sustainable by Design (SSbD), and Sustainable Carbon (SC) to tackle urgent
sustainability challenges. These strategies are not in competition; rather, they are
complementary. Each provides distinct tools, perspectives, and strengths. When aligned, they

can reinforce one another and accelerate systemic change.

This report has demonstrated that while integration is not yet the prevailing approach, the
foundational elements are already in place. The shared principles of system change,
sustainability, renewable input, and lifecycle thinking offer a common language for
collaboration. Each strategy has concentrated on different challenges and has been developed
in various contexts, making cross-strategy collaboration advantageous. Such integration
enables policymakers to address multiple goals simultaneously, avoid unintended lock-ins, and
formulate more coherent and future-proof policies.

However, integration does not occur automatically; it requires deliberate effort. The current
policy landscape is influenced by existing legislation, policies, infrastructures, and institutional
routines. To advance, we must create space for strategic dialogue across departments, sectors,
and member states. This is where the discussion agenda becomes essential. It provides a
practical tool to support reflection, coordination, and shared learning. It aids interdisciplinary
teams in exploring how CE, SSbD, and SC relate to their own contexts and how they can be

translated into actionable policy.

We encourage policymakers to utilize this agenda not as a mere checklist but as a compass. Use
it to:

1 Align ambitions and assumptions across teams;

1 Identify complementarities and tensions between strategies;

1 Explore opportunities for strengthening existing policies through integration;
1 Build coalitions for coordinated action.

The transition of the chemical sector is complex—but it also presents a significant opportunity.
By adopting an integrated perspective, policymakers can pave the way toward a chemical

industry that is not only competitive but also safe, circular, and climate resilient.
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Appendix 1: Case studies

In this appendix, we explore the integration of strategies in practice through two case studies:
. Plastic packaging

. Acrylonitrile butadiene Styrene (ABS) in children’s toys

For each case, we examine how current policies, programs, and legislation relate to the
integrated framework. This analysis helps identify where and how the framework could be applied
and whether it offers new insights or opportunities. Specifically, we ask: Where could the
application of the integrated framework reveal gaps in current approaches? Where might it
highlight tensions between strategies? And how could it assist in measuring progress in the

chemical industry more effectively?

The chapter is structured as follows: Section A1l provides an overview of the general policy and

legislative context. Sections AL2 and AL3 present the two case studies in greater detail.

Al.1l General policy, programs and legislation related to improving sustainability (CE, SC,
SSbD)

Before focusing on the two cases, it is important to understand the broader policy context in
which these cases are situated. Two significant packages for the sustainability of products in
Europe are the Circular Economy Action Plan (CEAP) and the Ecodesign for Sustainable
Products Regulation (ESPR). These policies and regulations serve as examples, as many more
exist, including the EU Chemicals Strategy and REACH.

CEAP

The new Circular Economy Action Plan (CEAP) was adopted by the European Commission in
March 2020. The plan is a key component of the EU Green Deal and aims to accelerate the
transition towards a European circular economy. Measures in the plan seek to make sustainable
products the norm in the EU while minimizing waste. Key actions include setting minimum
sustainability requirements for products, promoting the use of digital product passports,
strengthening green public procurement, and supporting circular business models. The plan
emphasizes sectors with high potential for circularity and significant resource consumption,

including packaging and plastics.

ESPR

The Ecodesign for Sustainable Products Regulation (ESPR) Y focuses on promoting sustainable
production and use of products within the European Union. The regulation came into force on 18
July 2024 and aims to significantly enhance the sustainability of products placed on the EU
market by improving their circularity, energy performance, recyclability, and durability. Existing

products must be assessed to determine whether they meet the requirements set forth in the

19 https://commission.europa.eu/energy-climate-change-environment/standards-tools-and-labels/products-
labelling-rules-and-requirements/ecodesign-sustainable-products-regulation _en
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ESPR. If they do not meet the minimum standards, they must be redesigned for compliance. The

sustainability requirements will be implemented in phases, sector by sector.
The requirements established in the ESPR include:
1 Extending the lifespan of products
Improving product reusability
Increasing repairability of products
Increasing recycled content

Ensuring products are resource- and energy-efficient

=A =2 =4 =4 =4

Imposing strict limits on harmful substances in products

These requirements enhance the circularity of products while reducing resource and energy
consumption and limiting harmful substances. The ESPR, therefore, integrates all three strategies
within the requirements for sustainable products. In practice, the ESPR will focus on four product
groups over the next five years: textiles/clothing, furniture, tires, and mattresses. Additionally,
there will be a focus on materials such as iron/steel and aluminum. The criteria developed for
these product groups will incorporate the three strategies, although the practical synergies and

interactions between these strategies remain to be determined.

Al.2 Policy, programs and legislation related to plastic packaging

Plastic packaging encompasses a wide range of plastics with varying properties, optimized for
specific packaging requirements. Commonly used polymers in packaging include PET, HDPE,
PVC, LDPE, PP, and PS. The full names and examples of common uses for these plastics are
presented in Table A121

Polymer Full name Applications

PET Polyethylene Terephthalate Bottles for water, soft drinks, and condiments

HDPE High-density Polyethylene Plastic grocery bags, shampoo bottles

PVC Polyvinylchloride Clear blister packaging, shrink wrap, medicine
packaging.

LDPE Low-density Polyethylene Plastic films, plastic grocery bags

PP Polypropylene Yoghurt cups,

PS Polystyrene Cups, plant pots trays

Table A121: Widely used polymers used as packaging

The following subparagraphs describe legislation related to plastic packaging and (single use)

packaging waste.
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The Packaging and Packaging Waste Regulation (PPWR) was adopted by the European
Parliament on 19 December 2024. The regulation aims to reduce packaging waste and enhance

the sustainability of packaging. Safety and sustainability dimensions considered include:

1 Minimizing the presence and concentration of substances of concern that could pose

unacceptable risks to human health and the environment in packaging materials.

0 Forfood-contact packaging, strict concentration limits are established for lead,

cadmium, mercury, and hexavalent chromium.

1 From 12 August 2026 onwards, strict limits will be imposed on the concentration of PFAS
in packaging materials.

1 All packaging placed on the market must be recyclable
0 The regulation provides conditions that must be met for packaging to be
considered recyclable
0 The regulation outlines a grading system to express recyclability performance,

based on design-for - |
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