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Executive Summary

The Chemicals Strategy for Sustainability (CSS)
announces a Strategic Research and Innovation
Agenda in 2022. The current Strategic Research
and Innovation Plan (SRIP) delivers on this an-
nouncement and highlights current research and
innovation (R&l) areas crucial for accelerating
the transition to chemicals and materials that
are safe and sustainable.

This SRIP is a result of extensive consultations
with different stakeholder groups and reflects
the R&l needs flagged during these consulta-
tions. It provides a comprehensive outlook of R&l
needs for chemicals and materials across their
lifecycle, i.e., from production to (re)use, disposal
and pollution remediation. Chapter 3 outlines the
key enablers and cross-cutting aspects crucial for
maximising the impact of future research. Chap-
ter 4 lists the R&I challenges linked to the design
phase and builds on the work done in developing
the safe and sustainable by design framework
for chemicals and materials. Chapter 5 focuses on
safe and sustainable production processes. The
use stage of chemicals and materials requires
R&I to enable a reliable assessment of func-
tionality, performance, safety and sustainability,

including exposure monitoring and modelling
(Chapter 6) as well as hazard (Chapter 7) and
risk assessment (Chapter 8). R&l needs related
to the end of life of chemicals and materials
emerging from the need to decontaminate and
remediate pollution are addressed in Chapter 9.
Chapter 10 sets out a monitoring scheme for the
SRIP implementation.

The aim of the SRIP is to guide R&I funders in
their decisions on investments across EU, na-
tional and private funding programmes. It is an
opportunity for a more transparent communi-
cation among all relevant actors on joint R&l
priorities proposed by the wider community:
from academia to SMEs, large-scale industry,
regulators and policymakers.

The Commission will refer to this SRIP in the
Horizon Europe work programme as an over-
arching strategy. In addition, the Commission
invites research and innovation funders across
EU, national and private funding programmes as
well as researchers and innovators to support this
strategy and to contribute to its implementation.
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Introduction

With the European Green Deal!, the European
Commission positions Europe to become the first
climate neutral continent by 2050. The Green
Deal defines four interlinked policy goals which will
drive the transition to a sustainable economy and
society: climate neutrality, biodiversity protection,
circular economy and a zero-pollution ambition for
a toxic-free environment. To achieve these, several
strategies and action plans were adopted? amongst
which is the Chemicals Strategy for Sustainability
(CSS)®. The CSS aims to tackle the challenge of
producing and using chemicals to address societal
needs whilst respecting the planetary boundaries*
and avoiding harm to humans and the environment.
Addressing this challenge becomes even more ur-
gent in the context of the increasing complexity of
manufacturing and supply chains for some chem-
icals and materials®, and the resulting need for
the EU to secure access to those substances that

1 The European Green Deal

are essential for our life and health and for achiev-
ing a climate-neutral and circular economy®. Thus,
developing a strategic approach to research and
innovation (R&l) for safe and sustainable chemicals
and materials is not only a societal and planetary
urgency but is also an economic opportunity for the
EU’s chemical industry to gain competitive advan-
tage and to win consumers’ confidence by investing
in more sustainable solutions.

The CSS announces a Strategic Research and In-
novation Agenda in 2022. The present Strategic
Research and Innovation Plan (SRIP) delivers on this
announcement and highlights the R&I areas crucial
for making chemicals and materials safe and sus-
tainable. This encompasses improving the overall
sustainability of feedstock sourcing and production
processes and technologies to allow the chemical
industry’s transition to climate neutrality and the

2 European industrial strateqy, Zero Pollution Action Plan, EU Biodiversity strategy for 2030, Farm to Fork Strategy, EU Soil

Strategy, Circular Economy Action Plan, the Hydrogen Strategy, Materials 2030 Manifesto

3 Chemicals Strategy for Sustainability

4 |s Europe living within the limits of our planet? An assessment of Europe’s environmental footprints in relation to plane-

tary boundaries

5 EU strategic dependencies and capacities: second stage of in-depth reviews

6 Commission Staff Working Document: Strateqic dependencies and capacities



https://eur-lex.europa.eu/legal-content/EN/TXT/?qid=1576150542719&uri=COM%3A2019%3A640%3AFIN
https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-fit-digital-age/european-industrial-strategy_en
https://ec.europa.eu/environment/strategy/zero-pollution-action-plan_en
https://ec.europa.eu/environment/strategy/biodiversity-strategy-2030_en
https://ec.europa.eu/food/horizontal-topics/farm-fork-strategy_en
https://ec.europa.eu/environment/strategy/soil-strategy_en
https://ec.europa.eu/environment/strategy/soil-strategy_en
https://ec.europa.eu/environment/strategy/circular-economy-action-plan_en
https://energy.ec.europa.eu/topics/energy-system-integration/hydrogen/key-actions-eu-hydrogen-strategy_en
https://ec.europa.eu/info/research-and-innovation/research-area/industrial-research-and-innovation/key-enabling-technologies/advanced-materials-and-chemicals_en#:~:text=On%207%20February%202022%2C%20a%20Materials%202030%20Manifesto,strategic%20autonomy%20and%20the%20role%20of%20advanced%20materials.
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM%3A2020%3A667%3AFIN
https://op.europa.eu/es/publication-detail/-/publication/cc3917e1-dc41-11ea-adf7-01aa75ed71a1
https://op.europa.eu/es/publication-detail/-/publication/cc3917e1-dc41-11ea-adf7-01aa75ed71a1
https://ec.europa.eu/docsroom/documents/48878
https://ec.europa.eu/info/sites/default/files/swd-strategic-dependencies-capacities_en.pdf
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zero-pollution ambition. This document aims to
provide a comprehensive outlook of the key R&l
needs for chemicals and materials across their life-
cycle, i.e,, from production to (re)use, disposal and
pollution remediation (Fig.1). This SRIP is a result of
extensive consultations with different stakeholder
groups and reflects the R&l needs flagged during
these consultations (see Chapter 2).

This document does not distinguish between
base and specialty chemicals and the terms
‘chemicals’ and ‘materials’ are used gener-
ically, unless otherwise specified, to cover
all substances, including special categories
such as metals, polymers, nanomaterials
and other categories.

As the production of chemicals and materials is
energy and resource-intensive some of the identi-
fied research and innovation gaps are not unique
for the chemical industry but rather cross-cut-
ting for energy-intensive sectors and process-
es. Therefore, additional funding to improve the
overall sustainability of industrial production has
been already mobilised in relevant Horizon Europe
partnerships’. Moreover, other initiatives comple-
ment the SRIP by tackling challenges related to
the impact of pollution on environmental and hu-
man health, e.g.,, Horizon Europe Missions®, or by
presenting the state of play of relevant key tech-
nologies and available support instruments, e.qg,
the ERA industrial technology roadmaps® and the
Transition Pathway for the EU Chemical Industry!®
for the chemical sector.

7  European Partnerships

8 EU Missions in Horizon Europe

9 ERA Industrial Technologies Roadmap

10 European Industrial Strategy

11 Safe and sustainable by design framework

The present SRIP will support another R&l action
announced in the CSS - the safe and sustain-
able by design framework!!. This framework
sets out an approach to assess the safety and
sustainability of a chemical or material across
its lifecycle. Tackling R&I needs identified in
the SRIP will support the safe and sustainable
by design framework through e.g., innovative
methods and models, better data availability
for the assessment and innovation for the tran-
sition to safer and more sustainable production
processes and end-of-life options.

Given that chemicals and materials affect almost
all aspects of development, the SRIP will support
several of the UN’s Sustainable Development
Goals (SDGs). In particular, SRIP supports the sound
management of chemicals and waste - a specific
target of SDG 12 on Sustainable Consumption and
Production, and which is also referred to by SDG
3 on Good Health and Well-being and SDG 6 on
Clean Water and Sanitation. More broadly, safe and
sustainable chemicals and materials are crucial for
achieving goals in the area of food security (SDG
2), health (SDG 3) and sustainable cities (SDG 11).
Enabling safe and sustainable production process-
es and technologies may help to achieve SDG 9 on
Industry, Innovation and Infrastructure.

By identifying the important R&I areas for making
chemicals and materials safe and sustainable the
SRIP will help to guide research and innovation
funders in their decisions on investments.


https://ec.europa.eu/info/research-and-innovation/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/european-partnerships-horizon-europe_en
https://ec.europa.eu/info/research-and-innovation/funding/funding-opportunities/funding-programmes-and-open-calls/horizon-europe/eu-missions-horizon-europe_en
https://research-and-innovation.ec.europa.eu/research-area/industry/era-common-industrial-technologies-roadmaps_en
https://single-market-economy.ec.europa.eu/industry/strategy_en
https://research-and-innovation.ec.europa.eu/research-area/industry/key-enabling-technologies/advanced-materials-and-chemicals_en
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To monitor the SRIP impact the Commission will
produce an overview of how much Horizon Europe
funding is dedicated to R&l activities related to
chemicals and materials in overall, as well as with
a breakdown of funds according to the technical
chapters of the SRIP. This overview will give guid-
ance regarding existing investment gaps and thus
help to prioritise actions for closing them to achieve
the CSS’s policy goals and improve the overall Euro-
pean science-policy interface. This is accompanied
by an open invitation to other EU or national pro-
grammes to make use of the methodology to be
proposed (Chapter 10) and to contribute to the
overall reporting.

The SRIP is organised in eight scientific chap-
ters. Chapter 3 outlines the key enablers and
cross-cutting aspects crucial for maximising
the impact of future research. Chapter 4 lists the

R&l challenges linked to the design phase and
builds on the work done in developing the safe
and sustainable by design framework for chem-
icals and materials. Chapter 5 focuses on safe
and sustainable production processes, includ-
ing R&I needs to increase safety, energy efficiency
and resource efficiency/circularity. The use stage
of chemicals and materials requires R&l to enable
a reliable and robust assessment of functionality/
performance, safety and sustainability, including
exposure monitoring and modelling (Chapter 6) as
well as hazard (Chapter 7) and risk assessment
(Chapter 8). R&l needs related to the end of life of
chemicals and materials emerging from the need
to decontaminate and remediate pollution are ad-
dressed in Chapter 9. Chapter 10 sets out a mon-
itoring framework with R&l indicator to monitor the
SRIP’s implementation.
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Figure 1: The life-cycle approach of the Strategic Research and Innovation Plan (SRIP)

SAFE AND SUSTAINABLE CHEMICALS AND MATERIALS

Enablers and cross-cutting aspects: FAIR data & open platforms, validation and standardised test
guidelines, skills, education and training, green and innovatice business models
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Figure 1: The life-cycle approach of the Strategic Research and Innovation Plan (SRIP). The Plan focuses on enabling
and crosscutting aspects and R&! needs in line with life cycle stages of chemicals and materials. As chemicals and
materials are used in many different sectors and consumer goods the identified R&I areas can also contribute to
increasing the overall sustainability of these value chains and products.
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Stakeholder consultations

This R&l plan is a result of co-creation be-
tween the European Commission’s Directorates-
General, relevant EU Agencies and a wide net-
work of stakeholders from many different areas.
Ensuring an appropriate consultation mechan-
ism by engaging a broad range of stakeholders
throughout the development of the Strategic
Research and Innovation Plan (SRIP) allowed for
channelling their scientific and technical advice
to this report, which is available to policymakers.

The first round of stakeholders’ consultation, from
December 2021 to January 2022, involved the
R&I community (partnerships, existing technol-
ogy platforms, associations and EU Agencies
and their stakeholder groups) and focused on
the vision and outline of the SRIP and the main
research challenges under these. Consolidated
input was provided by selected groups that re-
present academia, industry including SMEs,
NGOs and Member States (via the European
Chemical Agency (ECHA), European Food Safety
Authority (EFSA) experts and Member States
networks).

A second open consultation occurred in June
2022. During this consultation stakeholders
were asked to identify any major missing
R&l needs, correct wrong attributions of R&l
needs between the different chapters and flag
any specific factual or terminology errors. All col-
lected comments were analysed and served
as input for refining and finalising the SRIP.

In addition, at the meeting in May 2022 of the
High-Level Roundtable on the Implementation
of the Chemicals Strategy for Sustainability the
topical focus was R&l for the transition to safe
and sustainable chemicals and materials. This
resulted in the Joint Report on Research & In-
novation and Safe and Sustainable by Design?2.
Recommendations from this report have been
duly considered.

12 Joint Report on Research & Innovation and Safe and Sustainable by Design



https://op.europa.eu/en/publication-detail/-/publication/1f4381f4-1e9d-11ed-8fa0-01aa75ed71a1/language-en
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3

A

Enablers and cross-cutting aspects

There are several cross-cutting aspects to the
different R&l needs covered in this document.
Ensuring access to quality data and validated in-
novative tools will be fundamental to speeding
up innovation. Coherent standards at the Euro-
pean level will facilitate the deployment and up-
take of these new tools. Boosting education and
skills will be critical for training a new genera-
tion of researchers and enhancing sustainability
management in industry, including SMEs. Finally
research into new business models will be key to
support the transition of the industry to safe and
sustainable chemicals and materials.

13 REACH

14 Information Platform for Chemical Monitoring
15 European Platform on Life Cycle Assessment
16 EFSA's new open access platform

3.1. FAIR data and open platforms

There is a lack of findable, accessible, interoperable
and reusable (FAIR) data on the use and occur-
rence of many chemicals, on chemical flows along
value chains and on exposure of humans and the
environment. Access to information on chemicals,
their toxicological properties and their presence in
the environment has improved considerably, e.g.,
through REACH!3, the Information Platform for
Chemical Monitoring (IPCHEM); the Life Cycle
Data Network!, the European Food Safety Au-
thority’s (EFSA) new open access platform?® and
the efforts of the European Environment Agency
(EEA). However, scientists, risk assessors and
risk managers still find themselves confronted
with gaps in knowledge and the lack of inter-
operable, high-quality data across the life cycle,


https://ec.europa.eu/environment/chemicals/reach/reach_en.htm
https://ipchem.jrc.ec.europa.eu/
https://eplca.jrc.ec.europa.eu/LCDN/index.xhtml
https://zenodo.org/communities/efsa-kj/?page=1&size=20
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which hampers the assessment of the safety
and sustainability of chemicals and materials.

Apart from data ownership and confidentiality,
a lack of data harmonisation remains a sig-
nificant barrier for data sharing for both research
and regulation. The European Open Science Data
Cloud'” provides guidance and support for data
sharing. The Chemicals Strategy for Sustainability
(CSS) announces the development of an open
chemicals data platform in support of the 'one
substance one assessment’ approach?®.

Research and innovation is needed in the following
areas:

Open platforms: ensure seamless access
and combination of data and tools (e.g,
methods and models) from different data-
bases enabling exchanges between differ-
ent stakeholders respecting the General
Data Protection Rules (GDPR), protection of
Intellectual Property Rights (IPR), Confidential
Business Information (CBI) and access rights
in line with European data governance act!s
stimulate open information exchange along
value-chain actors on safety and sustainably
aspects to facilitate risk assessment and
enable the creation of new business oppor-
tunities across the innovation ecosystem.

Big data tools: enable the use of large
volumes of both structured and unstructured
data to support hazard and risk assessment,
early warning signals as well as safe and
sustainable by design (SSbD) approaches;

17 European Open Science Data Cloud
18 European data governance act

10

facilitate the efficient extraction of data from
legacy documents, assessment and curation of
data quality and interpolation of gaps; enable
algorithmic assembly of datasets and models
across multiple domains to provide compre-
hensive information on the use, exposure and
effects on humans and the environment during
the entire life cycle; develop artificial intelli-
gence-based methods for the assembly of life-
cycle inventories and for forecasting scenarios
over multiple time and spatial scales; develop
data visualisation tools to support deci-
sion-making and improve communication.

Data interoperability and management:
improve harmonisation and interoperability
of databases and allow data re-usability for
different tools for SSbD, exposure, hazard,
risk and life cycle assessments; develop
harmonised, domain specific ontologies for
data documentation; develop harmonised
frameworks and user-friendly tools for
reporting and sharing data and metadata
related to safety and sustainability assess-
ments; implement data quality approaches
and uncertainty analysis.


https://ec.europa.eu/info/research-and-innovation/strategy/strategy-2020-2024/our-digital-future/open-science/european-open-science-cloud-eosc_en#what-the-european-open-science-cloud-is
https://digital-strategy.ec.europa.eu/en/policies/data-governance-act
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3.2. Validation and standardised
test guidelines

More efforts are needed to map requlatory needs
and provide access to a wider range of relevant
tools for regulators, ensure uptake of innovative
research results and facilitate the use of ani-
mal-free test methods. For test methods and
tools to be usable for regulatory purpose, inter-
laboratory validation and international standar-
disation are needed. While the OECD’s process
to develop Test Guidelines (TGs) and Guidance
Documents (GDs) on chemical safety testing is
time and resource consuming, with Good Lab-
oratory Practise (GLP) they form the basis of
the Mutual Acceptance of Data which is essen-
tial for all regulatory assessments of chemical
safety within the EU. Therefore, the OECD’s work
is an indispensable contribution to a strong and
enforceable EU regulation. The Malta Initiative®®
is adapting existing and developing new OECD
TGs and/or GDs for regulatory requirements for
nanomaterials. The public-private PEPPER plat-
form?° supports the pre-validation of testing
methods on endocrine disrupting chemicals.
However, there are currently a large variety of
New Approach Methodologies (NAMs) that need
validation. Actions for development and standar-
disation and TGs should engage different actors
(e.g., national agencies, research institutes and
industry), to coordinate efforts and build syner-
gies. Another area where standardised tests are

19 The Malta Initiative

20 PEPPER platform
21 EU Good Laboratory Practices

L,

also needed is for the assessment of a materi-
al’s durability (e.g., wear during the use phase).
Validated and standardised tools and methods
should be easily accessible to all users, especial-
ly for the SMEs.

Research and innovation is needed in the following
areas:

Validation of methods: extend the num-
ber of validated methods, including NAMs
addressing both health and environmental
safety, thus also leading to more OECD TGs,
in particular for complex materials; estab-
lish guidance on data integration of the dif-
ferent NAMs; enhance collaboration projects
with regulators/authorities and researchers for
the regulatory use and acceptance of NAMs
and other new methods; develop a set of cri-
teria for the regulatory acceptance of NAMs;
compare the uncertainties arising from the
different NAMs with the uncertainties arising
from in vivo studies; support the lab-to-lab
transferability of methods for validation and
incentivise companies to share test meth-
ods and data developed in-house; improve
quality control process in laboratories, in
line with EU GLPs?L.

Reference materials: develop and make
accessible reference materials (including
for complex materials), as well as reference
data (e.g., mass spectra) harmonised proto-
cols and quality requirement for non-target-
ed screening (NTS).

\


https://www.bmuv.de/en/topics/health-chemicals/nanotechnology/the-malta-initiative
https://www.ineris.fr/en/ineris/news/birth-pepper-platform
https://ec.europa.eu/growth/sectors/chemicals/good-laboratory-practice_en
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Durability tests: standardise accelerated
testing protocols and devices to assess,
among others, the friction, wear, corrosion,
or fatigue behaviour of materials.

3.3. Skills, education and training

To successfully achieve the green and digital tran-
sition it is vital to foster the skills and competences
needed. A good example is the European Insti-
tute of Innovation and Technology (EIT? and the
EU-funded Knowledge and Innovation Commun-
ities, e.g., the Climate-KIC%. Transition Pathway for
the EU Chemical Industry’® (under development)
has identified a number of actions for skills, edu-
cation and training, which go hand in hand with
the needs identified here. The European Research
Area also promotes the upskilling and reskilling of
talent, especially in academia?* and foresees sev-
eral actions to develop sustainability skills. Needs
identified here are specifically linked to the present
R&I context.

Research and innovation is needed in the following
areas:

Integrated approach in academic
training: establish curricula encompassing
education in chemistry, physics, materials
research and engineering with environment-
al, social and economic dimensions, as well

22 European Institute of Innovation and Technoloay
23 EIT Climate-KIC
24 European Skills Agenda

12

digital skills and behavioural science;

enable new generations of the workforce

to act and make decisions based on a deep
understanding of the complex relationships
between scientific and technological activ-
ities, society and the environment; establish
education tools/programmes on SSbD to en-
hance safe and sustainable chemicals and
materials as well as NAMs for the transition
to animal-free testing.

Stronger academia-industry collabora-
tion: bring academia and industry (including
SMEs) together to exchange knowledge and
better meet the R&l needs of companies.
Develop skills and competences to address
demands from the private sector and from
risk assessment institutions and build a
community with a strong understanding

of the nexus between chemistry, materials
science, product design, and sustainability.

Societal education: develop educational
materials including training programmes
for open risk communication, debate and
dialogue, and case studies training pro-
grammes for different stakeholders, in-
cluding consumers, environmental justice
groups, NGOs or entrepreneurs.


https://eit.europa.eu/
https://www.climate-kic.org/
https://ec.europa.eu/social/main.jsp?catId=1223&langId=en
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3.4 Green and innovative business
models

Beyond the role of technology, innovation in busi-
ness models is another important driver for the
green transition of upstream and downstream in-
dustry and businesses. The transition to a circular
economy and the foreseeable convergence with
digital technologies in many fields may lead to dis-
ruptive changes along the value chains. By putting
the performance/service the chemicals deliver at
the centre of the business, new business models
will turn the economic goal from selling as much as
possible into providing the service with optimised
resource efficiency. Thus, these models will be turn-
ing ‘efficient use of chemicals’ into an economically
driven goal throughout the whole supply chain. In-
novative business models should optimise the use
of available expertise, ensure resource efficiency
and the better management of hazardous chem-
icals during the entire life cycle and encourage
place-based, local innovation and the involvement
of SMEs. The industrial and industrial/urban sym-
biosis is a concept that allows businesses to take
competitive advantage of the circular use of ma-
terials, energy, water and/or by-products in trad-
itionally separate industries and urban ecosystems.

13

The key for this symbiosis is the collaboration and
the synergetic possibilities offered by geographic
proximity.

Research and innovation is needed in the following
areas:

Leasing or service: establish leasing or
service models for the chemical industry to
change from volumetric supply of chemicals
and materials, entailing cooperation along
the complete value chain; establish clear and
performance-related functional units (unit of
payment) based on best practices to facili-
tate these new business models; establish
industry specific roadmaps and milestones
for ‘how to move to chemical as a service’ in
the most efficient and inclusive manner.

Best practices and knowledge base: de-
velop best practices guidance for integrated
waste management in line with the legal
requirements leading to a circular economy.
Support knowledge development in change
management, develop instructions for how
to design profit sharing and liability issues.

Tracking systems: elaborate collaboration
models with the involvement of all the actors
in the value chain and across markets (from
the chemical industry to formulators, manu-
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facturing industry and recyclers) with the in-
volvement of the IT industry and standardisa-
tion actors to improve tracking, quality control,
monitoring and documentation and main-
tenance of chemical elements across values
chains and thereby create new markets.

Circular approaches: create innovative
value chains that leverage industrial and
industrial-urban symbiosis with the object-
ive to maximise the circularity of resources
(chemicals, materials, energy and water) in
a regional/local ecosystem (i.e., Hubs4Circu-
larity?®); co-design specific implementation
strategies, ensuring the participation of all
stakeholders (industry, SMEs, research and
technology organisations, local authorities,
educational institutions and civil society).

25 Hubs4Circularity

14


https://ec.europa.eu/info/research-and-innovation/research-area/industrial-research-and-innovation/sustainable-production-processes_en
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Safe and sustainable by design

To reduce the negative impact of chemicals and
materials on ecosystems and people, holistic ap-
proaches considering long term safety and sus-
tainability aspects along the lifecycle are needed.
The safe and sustainable by design (SSbD) frame-
work aims to evaluate safety and sustainability
through the whole life cycle during the develop-
ment of chemicals and materials. Although sig-
nificant progress has been made?®2728, further
methodological advancements are needed to
support the SSbD framework!! and to allow for
a coherent assessment, including the handling of
trade-offs and uncertainties and exploring the full
potential of the framework to drive innovation.

Toolboxes are needed to drive the uptake of SSbD
and provide access to a combination of methods and
models. Tools need to be accompanied by access to
interoperable data from across the value chain, and
by information about the reliability of data and tools.
Toolboxes should be accessible to all stakeholders,
in particular to SMEs, to help foster innovation.

4.1. Modelling and characterisation

Models and advanced characterisation play an
important role in the design of chemicals and
materials. To support the assessment of per-
formance and functionality molecular modelling
can be applied to quantitatively describe and
predict physical and chemical characteristics of
systems. Advancements in digital technologies
such as high-performance and quantum com-
puting will boost the analytical capacity of the
models. This will render the R&I cycle for SSbD ma-
terials and chemicals more efficient and effective.
All models need to include methods for the quan-
tification of uncertainties and high quality input
data must be ensured.

26 Mapping study for the development of sustainable-by-design criteria

27 Safe and sustainable by design chemicals and materials. Review of safety and sustainability dimensions, aspects,

methods, indicators, and tools

28 Safe and sustainable by design chemicals and materials. Framework for the definition of criteria and evaluation

procedure for chemicals and materials



https://op.europa.eu/en/publication-detail/-/publication/f679c200-a314-11eb-9585-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/567e3b0f-a66a-11ec-83e1-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/567e3b0f-a66a-11ec-83e1-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/eb0a62f3-031b-11ed-acce-01aa75ed71a1/language-en
https://op.europa.eu/en/publication-detail/-/publication/eb0a62f3-031b-11ed-acce-01aa75ed71a1/language-en

Strategic Research and Innovation Plan for safe and sustainable Chemicals and Materials

Research and innovation is needed in the following
areas:

Characterisation: advance analytical tech-
niques for the characterisation of chemicals
and materials to guarantee high quality
data; develop models for multi-modal,
multi-scale and multi-dimensional phases
(i.e., representations of the possible states
of the system) for the characterisation of
chemicals and materials; develop models
for assessing similarity in safety and sus-
tainability performance and properties of
chemicals and materials.

Optimisation: develop more robust, inter-
operable and adaptive models for multi-
objective optimisation of different require-
ments for a chemical or material e.g., per-
formance, functionality, safety and sustain-
ability; develop models of functionality and
required amount for a chemical in a given use.

Prediction: establish models for specific
matrices for the assessment of the impact of
chemicals and materials (e.g., fate and trans-
formation) and connect these to the in-silico
simulation tools to assess the influence of the
chemicals and materials on people and the
environment; develop simulation tools generat-
ing future scenarios predicting the functionality,
performance, safety and sustainability of new
chemicals and materials and the processes
needed to produce and recover them.

Design: develop models that provide
alternatives during the design phase and
create a database of suitable safer al-
ternatives, considering future requlatory
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requirements; develop models taking into
account findings from the recycling and
disposal of existing chemicals and materials
to redesign chemicals and materials from
secondary raw materials to achieve the
same or enhanced functionalities.

Processes: elaboration of modelling servi-
ces for the precise analysis of the process to
allow an efficient scale up of the processes
from lab to production scale.

Data gaps: improved methods to address
missing data, e.qg., extrapolating and upscal-
ing, with advanced technologies like artificial
intelligence or deep learning.

4.2. Life-cycle assessment

The hazard properties of a chemical, material or
product may have consequences along the whole
life cycle. Due to environmental and/or process
conditions, a chemical or material may evolve and
present different hazardous properties. By adding
aspects of the life cycle in the simulation of the
design phase (e.g., processing, use, recycling),
a holistic assessment of the impact of a chem-
ical or material can be performed. Currently, the
knowledge on the overarching life-cycle hazard
and exposure assessment for both chemical and
materials is scarce. Increasing interest in sustain-
ability has led to the development of many sus-
tainability assessment tools (e.g, Life Cycle An-
alysis (LCA), Life Cycle Costing and Cost-Benefit
Analysis). However, the methodological disparity
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of these tools can lead to conflicting assessment
results and generate confusion for many policy
and business decisions. Thus, alignment across
social, economic and environmental domains
still needs further improvement. Multidisciplinary
approaches should be built on a methodological
framework that considers the entire lifecycle of
chemicals and materials throughout their value
chains, addressing circularity and understand-
ing the mechanisms and actors at the origin of
the risks as well as economic, environmental
and societal implications.

To address these issues, the Commission created
the European Platform on Life Cycle Assessment?®
which serves as the EU’'s knowledge base that
responds to business and policy needs towards
sustainable production and consumption.

Research and innovation is needed in the following
areas:

Analytical frameworks: develop analytical
frameworks integrating the principal im-
pacts (environmental, social and economic)
that are typically considered in LCA as well
as chemical safety indicators when possible;
ensure better integration of multiparametric
toxicity/risk assessment with LCA meth-
odologies; better address the feedstock
transition and especially the complexity of
different types of renewable carbon feed-
stock (e.g., CO,, plastics waste, biomass).

Transformation assessment: develop test
methods and analytical tools to assess trans-
formation of substances via various (a)biotic

29 European Platform on Life cycle assessment (EPLCA)
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processes including mass balance; improve
environmental representativeness across all
life cycle stages, with special attention to use
and end of life as well as to difficult to test
substances (e.g., endocrine disrupting sub-
stances, persistent, bioaccumulative and toxic
(PBT) substances and persistent, mobile and
toxic (PMT) substances or advanced materials
such as nanomaterials.

Models and data for production, use
and recycling: generate data and develop
models to represent chemical or material
production and life cycle stages prior to the
production (e.g., the extraction of raw ma-
terials) as well as chemical use and recyc-
ling across the whole value chain.

Prospective assessment: develop meth-
ods for the estimation of environmental
impacts of new technologies and suitable
for the various stages of development of
chemicals and materials.

Integrated risk and life cycle assess-
ment: advance methods to integrate risk and
life cycle assessment; develop guidelines to
assess trade-off for decision makers.

Impact indicators: develop indicators to
assess the impacts and drivers of chemical
pollution through the life cycle of a sub-
stance building on available experience in
the areas of air, water, marine, soil and bio-
diversity; estimate planetary boundaries on
key impact indicators and support moving
towards absolute sustainability.

Sl
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Tools for socio-economic assessment:
develop tools to assess, quantify and, where
possible, monetise benefits and costs, includ-
ing externalities to human and environment-
al health, as well as other socio-economic
aspects and identify most cost-effective
solutions; develop cost categories for specific
groups of substances, e.g., social cost of per-
sistent chemicals (analogous to the social cost
of carbon used in climate economics); develop
methods for the quantification of emerging
impacts and for the estimation of non-quan-
tifiable impacts; achieve wider stakeholder
agreement on these innovative tools.

4.3. Development of safe and
sustainable by design
alternatives

To encourage uptake and emphasise the advan-
tages of applying the SSbD framework proposed
by the European Commission, good case studies
of substitution of the most harmful substances
are needed. Substitution should aim at develop-
ing safe and sustainable alternatives that pro-
vide the same or enhanced functionality with
lower toxicity and hazard (or even non-toxic,
non-hazardous) profiles and with improved sus-
tainability performance. SSbD chemicals and
materials have the potential to contribute to
new applications of advanced materials within
the innovation markets identified in the Materi-
als 2030 Manifesto®®. For all the research areas

30 Materials 2030 Manifesto
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production and scale up challenges should be
addressed as well as efficient dissemination of
information on safe and sustainable alternatives.

The focus of this section is the application of the
SSbD concept to find alternatives to the most
harmful substances as a priority for action. How-
ever, this approach does not limit the overall object-
ive to implement the SSbD framework in the de-
velopment process of all chemicals and materials
as well as finding non-chemical alternatives.

Research and innovation is needed in the following
areas:

SSbD flame retardants: develop new
flame retardants without hazard profiles
that would lead to classification as Sub-
stances of Very High Concern (SVHCs),
e.g., medium-chain chlorinated paraffins or
halogenated flame retardants, or materials
that in other ways prevent or retard flames,
e.g., by blocking access to fire, oxygen or
channel heat away; target several applica-
tion areas such as construction, transport
or consumer products.


https://ec.europa.eu/info/sites/default/files/research_and_innovation/research_by_area/documents/advanced-materials-2030-manifesto.pdf
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SSbD materials with plastic like
properties: develop new materials,
including biodegradable alternatives,
maintaining similar or enhanced functional
properties (e.q., flexibility, durability and/
or toughness) that are sufficient for the
intended service and expected use (time,
chemical or physical stress) as existing
plastics. This can include alternatives to
additives that are substances of concern,
such as phthalates and bisphenols.

SSbD surfactants: develop new surfact-
ants addressing safety aspects along the
entire life cycle and explore alternative
feedstocks for increased sustainability.

SSbD solvents: develop solvent formu-
lations without hazardous substances and
toxicity aspects linked to their volatility and
risks of pollution along their entire life cycle.
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SSbD corrosion and fouling-resistant
materials: develop new treatments or new
materials inherently resistant to corrosion
and fouling for the intended time of use, as
alternatives to current surface treatment
applications.

SSbD plant protection and/or biocidal
products: develop new plant protection and
biocidal products with improved efficiency,
biocompatibility and biodegradability to
overcome the problems of traditional
agrochemicals.
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Safe and sustainable
production processes
and technologies

Chemicals and materials production is an energy
and resource-intensive process that has important
impacts on pollution. The green and digital transi-
tion, as aimed for in the European Green Deal, still
requires significant advances to achieve climate
neutrality goals and the zero pollution ambition for
a non-toxic environment®!. Significant gaps remain
on how to overcome technical and scientific challen-
ges for clean and smart production processes pro-
gressing towards carbon neutrality and maximis-
ing resource efficiency, and to ensure access to
sustainable primary and secondary raw materials
and increase circularity. The revision of the Urban
Wastewater Treatment Directive®? and the Indus-
trial Emissions Directive®> will modemise these
regulatory frameworks and foster innovation. Clean

31 Zero Pollution Action Plan
32 Urban Wastewater Treatment Directive
33 Industrial Emissions Directive

and smart production processes are also relevant to
increase the protection of workers exposed to haz-
ardous substances®*, which is the focus of several
EU regulations®>>¢,

The sharing of best practices and developing syn-
ergies amongst sectors is also important. The new
Innovation Centre for Industrial Transformation &
Emissions (INCITE) will help industry identify pol-
lution control solutions. As stated in the introduc-
tion, many of the challenges faced by the chemical
industry are not unique to this industry and sev-
eral activities are already ongoing to decarbonise
industry and support the green transition of energy
intensive industries. To achieve sustainable chem-
icals and materials the chemical industry will be

34 EU strategic framework on health and safety at work 2021-2027

35 Directive on the protection of the health and safety of workers from the risks related to chemical agents at work

36 Directive on the protection of workers from the risks related to exposure to carcinogens or mutagens at work
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interlinked with advances in other sectors and
therefore the following R&I needs identified
by stakeholders might go beyond the chemical
industry as such.

5.1. Sustainable supply of primary
raw materials

A sustainable supply of primary raw materials
is necessary to prevent their shortage for future
generations. The demand for primary raw materi-
als is shifting due to new consumer patterns and
new technologies that allow for the substitution
of non-renewable and energy intensive materials
and catalysts. The sustainability dimension of a
primary raw material starts from their sourcing.
The sustainable sourcing and use of primary raw
materials require that safe materials or materi-
als that can be safely and sustainably processed
are generated with minimal or zero impact on
other resources. Sustainable sourcing consider-
ations should include low/zero Indirect Land Use
Change (ILUC) impacts, practices to assess and
prevent biodiversity loss and ecosystem degrad-
ation as well as social and ethical considerations
and trade-offs (e.g., between various ecosystem
services, competing use of biomass)*’.

The European Alliance for raw materials addresses
these challenges for rare earths and magnet value
chains. However, the chemical (and processing) in-
dustry is faced with a wider need for primary raw
materials, in particular the reduction of dependency

on fossil feedstock and overall feedstock diversifi-
cation. Moreover, the energy used for the acquisi-
tion and processing of the primary raw material
must be produced sustainably, the process energy
efficiency must be maximised and the emission of
greenhouse gasses as well as pollution must be
minimised or avoided.

Research and innovation is needed in the following
areas:

Sustainable access to raw materials:
enhance efficiency, occupational safety
and sustainability, beyond best available
techniques, of the different steps involved
in extraction and processing of minerals
and metals such as flotation, grinding
and separation; develop refining or sep-
aration processes using fully recyclable,
green solvents.

Sustainable access to biomass: develop
new technologies for safe, cost-effective,
sustainable and feasible sourcing, logistics
and valorisation of biomass from different
territories (land, freshwater, sea).

Renewable syngas production: develop
new technologies for syngas production
from renewable resources.

Renewable hydrogen production: im-
prove all renewable technologies that can
produce clean/low carbon hydrogen (e.g.,
water electrolysis using renewable energy,
methane pyrolysis); develop technologies
to increase biogas production; develop

37 A sustainable Bioeconomy for Europe. Strengthening the connection between economy, society and the environment
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innovative approaches in the supply chain
to ensure safe and competitive hydrogen

supply.

Alternatives for rare raw materials:
develop alternatives for rare raw materials
applications at a component level, includ-
ing energy harvesting, electromobility and
energy storage.

5.2. Sustainable supply and
recycling/upcycling of
secondary raw materials

Currently a very limited amount of the material
resources used by the European process industry
is composed of recycled and recovered materials
and these are mostly downcycled to less valu-
able products. To move towards a more circular
and sustainable industry that uses its resources
strategically, which follows the waste hierarchy
with no landfilling, the recycling and preferably
upcycling of large amounts of secondary resour-
ces is needed. The chemical industry holds a key
role in this aspect as many of its products are the
raw materials for other sectors. In a clean circu-
lar economy, it is essential to boost the uptake
of secondary raw materials and ensure that both
primary and secondary materials and products
are safe to use in their intended applications. The
circular economy action plan 2.0°® has shown that
this requires a combination of actions upstream,

38 Circular economy action plan 2.0
39 On making sustainable products the norm
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to ensure that products are safe and sustainable
by design, and downstream, to increase safety and
trust in recycled materials and products. To reach
this aim there is a need to foster findable, access-
ible, interoperable and reusable (FAIR) data and
digital assets principles. One contribution to the
way forward is the application of a Digital Product
Passport (DPP)*® between recycling companies and
the process industry to improve the economies of
scale in upcycling of material streams.

5.2.1. Recuperation and recycling/
upcycling of waste

Research and innovation is needed in the following
areas:

Measurement of substances in waste
streams: develop analytical tools to identify
and quantify substances in complex waste
mixtures (e.qg., plastic waste, electronic equip-
ment waste, construction waste, windmills,
batteries) including rapid sensing technologies.

Sorting and separating: develop effi-
cient solutions for sorting of waste and for
separation of hazardous substances at all
levels in the supply chain from the very
beginning of the production processes until
end of life, including the foreseen dis-
mantling and recovery processes; develop
extractive and processing technologies for
improved separation of by-products.

\
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Wastewater treatment: develop ad-
vanced industrial and urban wastewater
treatment technologies beyond Best Avail-
able Techniques (BATs) for energy, solute
and nutrient recovery as well as for the
removal of chemical contaminants.

Upcycling and recycling: develop effi-
cient recycling strategies that address the
specific needs of solid waste e.g., plastic
waste, biomaterials, nanomaterials, such as
physical, chemical and biological recycling
for pure and mixed plastic waste in closed
loops and avoidance of downcycling; target
recycling of critical raw materials (such as
lithium, rare earth metals and other rare
inorganics); develop technologies for the
efficient use of by-products from wood
refining, and for recovery of primary raw
materials from farm production and asso-
ciated waste streams; increase knowledge
on the performance, durability and energy
efficiency of secondary raw materials to
assess viability of recycled materials.

Residue treatment: develop technologies
for residue treatment (e.g., chemical recyc-
ling, thermal processing), establish controlled
sink of hazardous components from old
material recycling, enhance landfill mining.

Valorisation of soluble compounds:
develop conversion technologies that
transform solubilised compounds to valu-
able chemicals (e.g., in situ generation of
chemicals from liquid waste streams by
advanced membrane technologies).
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Valorisation of secondary, residual and
waste biomass: develop technologies to
converse effectively and sustainably sec-
ondary, residual and waste biomass to fuels
and value-added chemicals.

Monitoring and mapping: develop ad-
vanced mapping, tracking and tracing of
materials across the supply chain, and
improve data completeness, accuracy and
interoperability between the industrial
processes and the recycling companies, pro-
moting the application of the DPP; develop
efficient information mapping and sharing
system for secondary resources to promote
secondary raw materials markets.

5.2.2. Valorising emissions

Research and innovation is needed in the following
areas:

Carbon capture, utilisation and storge:
demonstrate the techno-economic viability
of efficient capture, use and storage of CO/
CO, streams from industrial installations,
converting them into added value chemicals
and materials; demonstrate cost efficient
environmentally friendly technologies for
capturing gas contaminants (e.g., use of waste
heat in scrubbers, increased mass transport

in intensified scrubbers, electrified systems
with promising novel materials and equipment
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design) and develop fit for purpose gas puri-
fication approaches (e.qg., advanced mem-
branes, environmentally friendly absorbents
and reliable catalysts for cleaning formu-
lations, compression, drying, concentration,
Pressure Swing Adsorption) while ensuring
the maximum process efficiency including for
downstream products; explore integration in
existing systems; optimise the overall system
by integrating advanced monitoring and con-
trol techniques based on digital technologies
and perform socio-economic assessment.

Biomethane: develop processes for cap-
turing, refining and transforming methane
from natural sources (for instance biogas),
agriculture and landfills into chemicals. The
focus should be on the development of
biomethane at much higher percentages
with integrated separation systems.

5.3. Clean, green and efficient
production processes

The chemicals sector requires relatively high
amounts of energy to produce primary or sec-
ondary materials of required purity for further
processing. The chemicals sector is therefore
depending on next generation of energy effi-
cient technologies as well as on the integration
of renewable energy and low-carbon energy
vectors or fuels (e.g, green hydrogen) into its
processes.
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In many chemical processes, water plays an
important role as raw material/feedstock or as
process water, e.qg., for cooling purposes. In the
context of clean drinking water becoming one of
the most challenging resources for the future of
humankind, solutions for efficient water treat-
ment technologies that prevent the contamina-
tion of the water resources and technologies to
minimise water usage are urgently needed.

Research and innovation is needed in the following
areas:

Energy efficiency and new sources:
develop highly energy efficient technolo-
gies addressing the most energy intensive
parts of specific processes (e.g., reduce
friction); improve tools and material
efficiency, performance and durability;
develop technologies to integrate renew-
able hydrogen into production routes for
chemicals (including fuels).

Optimisation of thermal energy flows: de-
velop technologies to increase process energy
efficiency by minimising and reusing thermal
energy losses; enable lower temperature
processes (e.g.,, via enzymes) to reduce energy
demand; establish ‘process integrated’ solu-
tions that offer better opportunities to increase
the efficiency of high temperature installations
e.g.,, heat exchangers or heat pumps.

Digitalisation of processes: combine tech-
nologies for more efficient production with the
digitalisation of processes enabling advanced
automation and process control, predictive



Strategic Research and Innovation Plan for safe and sustainable Chemicals and Materials

maintenance and real-time process simulation
as well as quality and emission control; enable
cognitive plants; establish digital twins for the
design and optimisation of processes.

Efficient use of feedstock: develop new
approaches (including industrial biotechnology)
that will lead to higher resource efficiency e.g,
solvent reduction and reuse, producing less
low-value by-products and waste and enabling
to cope with higher variability of feedstock.
This includes technologies for process intensi-
fication, tighter processing controls, processes
that adjust in real time to changes, solutions
to ensure higher yields from complex and
fluctuating raw material feeds such as more
tolerant reactor concepts able to deal with
feedstock variability or energy cost fluctuation
and processes minimising waste generation.

Closed loop processes: establish auto-
mated feedback, real time information for
closed-loop control of the process/product
parameters for the efficient control and
stability of processes to optimise the use
of resources and reduce product variability.

Increased efficiency of catalytic process-
es: develop new catalysts, e.g., chemicals,
materials, enzymatic and microbiological pro-
cesses, to increase efficiency and selectivity of
production of chemicals and materials.

Electrification of high temperature
processes: reduce CO, emissions by de-
veloping new electrified processes for high
temperature heating systems, that can be

powered with renewable electricity (e-crack-
er, e-furnace) capturing the full potential of
renewable energy sources while ensuring
process flexibility.

Chemical storage of renewable energy
sources: develop technologies to stabilise
the system against fluctuating imbalances
between the supply and demand of electricity.

Integrated water management: develop
integrated processes that will reduce water
consumption and the amount of final indus-
trial wastewater produced, such as concen-
trated metals or other inorganic sludges;
apply digital technologies to reduce the in-
take by industry of drinking or purified water,
manage water resources between industrial
sites and reuse wastewater streams; develop
closed loop systems where industrial waste-
water is recovered, processed, and reused;
establish findable, accessible, interoperable
and reusable (FAIR) databases on water by
combining data from industrial and public
sources; develop methodologies to measure,
monitor and remove pollutants, e.g., micro-
plastics in urban wastewater; combine smart
monitoring technology including, low-cost
sensors and monitoring devices with artificial
intelligence driven integrated system risk
management models and decision support
tools and technologies for water re-use in
chemical industry.

/,
-
.



Strategic Research and Innovation Plan for safe and sustainable Chemicals and Materials

2 7
7’,{ i

Exposure

To prevent, control or eliminate the exposure of
consumers, workers, vulnerable citizens and the
environment to hazardous substances, it is im-
portant to understand the environmental fate
and exposure pathways of such substances.

The EU manages different databases monitoring
the occurrence of chemicals: e.g, the database
for Substances of Concern In articles as such or
in complex objects Products (SCIP)*, which lists
articles containing Substances of Very High Con-
cern (SVHCs) that are placed on the EU market;
the Information Platform for Chemical Monitoring
(IPCHEM)#, which reports on chemical monitor-
ing data in humans, food and feed, air, water and
products; and the European Pollutant Release and
Transfer Register (E-PRTR)*? database, which cur-
rently monitors and reports on 91 chemicals at
the EU level.

40 SCIP database
41 |PCheM Portal
42 European Pollutant Release and Transfer Register

However, significant gaps remain in our know-
ledge about the exposure of humans and the
environment to which substances, in which quan-
tity, from which sources and via what route.
Examples of exposure sources are environment-
al pollution, food, consumer products, domestic
environments and workplaces. Exposures occur at
different times and locations. Developments in our
society — e.g., new consumption habits, new tech-
nologies and materials, new trades and urbanisa-
tion, demographic changes, and adaptation to cli-
mate change - are modifying exposure patterns.
Some chemicals, such as endocrine disruptors or
carcinogens, mutagens and reprotoxic (CMR) sub-
stances, can have a considerable impact on hu-
mans and on the environment, even with limited
exposure. Other substances, such as persistent
organic pollutants (POPs, e.g., PFAS) or persistent
bioacumulative and toxic substances that cannot
be easily degraded, remain in the environment
and build up over time. There are novel emerging

43 Fitness Check of the most relevant chemicals legislation (excluding REACH), as well as related aspects of legislation

applied to downstream industries Fitness check chemicals legislation
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pollutants (e.g, organophosphates, polymers,
cyclic silicone-based chemicals, chlorinated par-
affins) for which there are important information
gaps. The so-called ‘More than One Constituent
Substances’ (MOCS), including substances of ‘Un-
known or Variable Composition or Biological sub-
stance (UVCBs), pose additional challenges. The
cumulative exposure (total exposure to one chem-
ical from all sources and routes) and combined
chemical (mixture) exposures (exposure to more
than one chemical from one or multiple exposure
sources and routes) increase the complexity of
understanding exposure impacts.

@i_

6.1. Exposure monitoring

Exposure monitoring (including biomonitoring,
environmental monitoring and emission release
measurements) provides data about levels of ex-
posure and contributes to the validation of exposure
models. Targeted analysis as well as non-targeted
screening (NTS) can be used as a holistic approach
to detect and identify emerging contaminants.

Research and innovation is needed in the following
areas:

Monitoring strategies and campaigns:
develop strategies building on existing and
planned monitoring schemes in EU legislation
and reduce the time lag between the identi-
fication of a potential risk and its monitoring;
extend monitoring schemes to measure a
broader range of the chemical universe;
integrate environmental and human (bio)

monitoring to provide a holistic picture;
extend the scope of one-off environmental
monitoring (including in-situ monitoring)
campaigns (such as watchlists) to determine
reference background levels and combine
with large scale targeted and NTS of the
population; develop monitoring strategies
based on the grouping of chemicals accord-
ing to sources, uses, structural similarities,
physico-chemical properties, modes of action
and develop monitoring frameworks for
exposure to mixtures; develop methods and
collect data to better document consumer
behaviours in relation to products (cosmetics,
biocides, etc.); establish monitoring cam-
paigns combining source related monitoring,
geographical models on time and location,
spatial information on production, sales,

use, consumption and chemical composition;
sustain EU-wide human-biomonitoring pro-
grammes and laboratory networks; establish
quality assurance programmes for both
target and non-target screening, including
assessments on which level of certainty is
sufficient for risk assessment.

Exposure pathways: establish exposure
pathways throughout the full life cycle of a
chemical, i.e., between the environment and
humans, including from consumer products
and/or waste disposal; develop monitor-
ing tools and methods to track the source
and route of a chemical exposure as well
as combined (multiple chemicals, multiple
sources) and aggregated (same chemical,
different sources) exposures, and be able
to account for transformation products and
substances unintentionally added during
production processes.
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Specimen banks: establish and maintain
banks with environmental and human sam-
ples to allow information to be collected on
the retrospective temporal and spatial data
trends of exposures to understand current
exposures in their historical contexts.

Analytical methods and environmental
sensors: increase the sensitivity, speed, re-
liability and accessibility of routine analytic-
al methods and develop low cost and easy
to use monitoring equipment to allow for
more frequent obligatory monitoring. The
targeted demands are: real-time monitoring
(using digital tools), the early identification
of low-dose exposures, effect based/bio-
activity-based monitoring, environmental
omics fingerprinting or mapping, monitor-
ing in complex matrices including those

on diluted substances in particular for the
identification and quantification of nano-
materials (or nanoforms) and polymers with
low detection limits, dosing methods for
difficult substances (e.g. polymers, poorly
soluble, or volatile substances, microplas-
tics), extraction of difficult substances from
test systems, sensors to detect geomet-
rical forms, aggregates and agglomerates
of nanomaterials, sensors for multisource
monitoring for the assessment of aggre-
gated exposure, and protocols for mixture
preparation (also addressing impurities),
testing, monitoring and reporting.

Human biomonitoring tools: validate
innovative and cost-effective methods

for assessing the exposure of humans to
chemicals of concern e.g., low-cost personal
sensor and wearable devices potentially
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equipped with geolocalisation systems;
develop (metabol)omics-based biomarkers
of both exposure and effect in non-in-
vasive matrices (like urine, stool, sweat
and exhaled breath) for large population
screenings; develop new biomarkers for
monitoring chemicals of upcoming concern
and for circular economy subproducts and
mixtures; link to registry/epidemiologic-

al studies and enable the comparison of
exposure values and pathways for different
population groups.

Non-target screening: apply NTS for the
detection of novel, emerging and unknown
exposures and relate such exposures to
known pollutants and their exposure trends/
patterns; develop high-throughput, auto-
mated data processing and the exploitation
of different datasets to enable the identifi-
cation of the accurate compound and rela-
tionships between transformation products
and parental chemicals; improve, harmonise
and validate methods for generating (semi)
quantitative data from NTS methods to
integrate them into rapid risk assessment
workflows; facilitate early warning and the
identification of occurring mixtures; de-
velop reference materials for chemicals and
chemicals’ sub-products and derivatives
as well as compound libraries for NTS and
encourage input from industry on their
portfolios of substances.

Environmental fate characterisation:
elucidate the transformation of substances
in the environment and their bioavailability,
which includes approaches to measure and
estimate degradability and co-formulants
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throughout the full life cycle of sub-
stances; develop methods that allow for
a robust determination of a chemical
parent’s degradation half-life (DT50) to
assess the persistence of substances
that biodegrade less or more slowly than
others in different media and improve
mobility assessments; elucidate mode

of action, grouping and behaviour of
contaminants in sediment/soil and their
potential release from sediment to water;
understand how carriers and encapsu-
lates influence the environmental fate and
impact of ecosystems for a wide range of
substances and mixtures. Specific targets
are substitution candidates for POPs and
active pharmaceutical ingredients, metals
and organic compounds.

Exposure data and data analysis:
promote findable, accessible, interoperable
and reusable (FAIR) exposure data that are
accessible via established platforms and
quality-checked spatial databases with
improved spatial and temporal resolution
for exposure modelling; establish open ac-
cess toolboxes of methods (using artificial
intelligence) for the reliable interpretation
of monitoring data, which includes using
robust statistical methods for outlier
identification and handling of missing data
(or data below the limit of detection) and
tools using both chemical and biological
knowledge to detect harmful pollutants in
real-world samples.
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6.2. Exposure models

An exposure model is a mathematical rep-
resentation of an exposure scenario delivering
a quantitative estimate. Advances in modelling
and in quantification of their uncertainty are
needed to be able to estimate future exposure
levels, including long-term exposure, and safe
concentration limits considering different en-
vironmental, economic, technological and social
scenarios. Models should also help to prioritise
substances for which further action is needed.
Gender aspects and societal inequities need to
be considered in all exposure models.

Research and innovation is needed in the following
areas:

Environmental models: ensure predictive
environmental exposure models and real-life
models that can support regulatory process-
es including quantifying uncertainty; develop
models for source tracking using emission
patterns when possible and including trans-
formation patterns; update distribution and
exposure models for substances in the en-
vironment to reflect how contaminants move
between different environmental media

and biota as a means of setting threshold
values and environmental quality standards,
in particular for environmentally persistent
and mobile pollutants; develop models for
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different ecological niches so as to be able
to consider different scenarios of chemical
usage and chemical release from materials,
products and waste as well as models that
include multiple species; develop models for
exposure and fate of nanomaterials, poly-
mers and pharmaceuticals; increase inter-
operability of models and data to exploit
the full potential offered by models.

Multiple exposure models: develop
exposure models allowing combined and
aggregated exposure assessment for retro-
and prospective exposure scenarios including
modelling risks.

Early warning models: establish early
warning systems, including decision sup-
port for exposure reduction, using artificial
intelligence based predictive eco-toxicology
models that allow simulations of various
scenarios linked with real-time monitoring
sensor systems.

Human exposure models: improve mod-
els for exposure of humans to chemicals
from different sources via different expos-
ure routes (e.g, inhalation, ingestion, skin);
establish models linking external and internal
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exposure in humans and models consid-
ering mixture effects including co-exposure

to other health stressors; develop real-life
exposure models, and for entire life exposure,
including exposure to multiple factors, with
capacity of simulation at individual and
population levels. Improve in vitro to in vivo
extrapolation (IVIVE); develop Physiological
Based PharmacoKinetic (PBPK) models and
simulations to understand the concentration
of chemicals at the points of toxicity in the
human body; further develop organ-on-chip
technologies for testing human exposure
(including multiple exposure models).

Validation of models: validate and stan-
dardise exposure models to foster their
regulatory uptake and increase confidence
in their usage; use biomonitoring data to
refine generic models (‘reality-check’).
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Hazard assessment

Many chemicals on the market are not sufficient-
ly characterised for their presumed hazardous
effects®> and hazard assessment suffers from
a blind spot as ‘no evidence of an effect’ does
not equate to ‘evidence of no effect’**. To speed
up hazard assessments, cover more substances
and species and move away from animal-based
testing there is a need for a paradigm shift to-
wards New Approach Methodologies (NAMs) to
increase the use of the next generation of test-
ing methods based on in vitro and in silico model
systems. To enhance their applicability for requ-
latory decision-making, validation of these next
generation testing methods as well as other new
methods should be emphasised and OECD Test
Guidelines updated as relevant.

It is important to develop methodologies based
on high data treatment capacities and improved
molecular modelling that will speed up our cap-
acity to identify hazards and prioritize them for
further assessment or risk management. Sys-
tems biology approaches may offer breakthrough
possibilities to understand, model, and predict

the interference of chemical substances with bio-
logical systems. Environmental hazard assess-
ment should identify the effects of chemicals on
organisms and related populations, communities,
and ecosystems. Today, there is still lack of data
for many species and relevant endpoints, allowing
only for partial eco-toxicity assessments. A wider
ecosystem approach is needed.

Research and innovation is needed in the following
areas:

Integrated hazard assessment: develop
models to allow the integration of human
health assessment and environmental
assessment. Review assessment factors
for extrapolating from ecotoxicity to human
toxicity. Develop integrated protocols using
effect-based methods for a wide range of
relevant Mode of Action (MoA) in combin-
ation with non-targeted screening (NTS)
followed by target analysis to identify toxic
drivers of chemical mixtures occurring in
the environment. Develop high throughput

44 Study for the strateqgy for a non-toxic environment of the 7th Environment Action Programme
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methods facilitating the evaluation of many
biological responses in a single test and/

or increase the throughput of substances
tested; develop integrated approaches to
testing and assessment (IATA) combin-

ing methodological approaches such as
Quantitative Structure-Activity Relationship
(QSAR), read-across, in chemico, in silico,

in vitro, ex vivo, in vivo or omics technolo-
gies to close the gap between the number of
chemicals in use and the number assessed to
date; link epidemiological, biomonitoring and
toxicological studies and consider (population)
vulnerability and genetic variation as well
as non-biological contributors.

Mechanism based methods: develop
NAMs for assessing environmental haz-
ard and bioaccumulation (e.g., for ionised
chemicals and/or organo-metals) as well
as biotransformation across organisms
and species; advance in-vitro-to-in-vivo
extrapolation (IVIVE); use NAMs to advance
the read-across and grouping approaches
of chemicals based on knowledge about
their molecular mechanisms of action and
resulting requlatory endpoints; use NAMs to
support the uncertainty assessment of the
link between upstream effects and down-
stream concerns and identify more suitable
biomarkers of (early) effect and molecular
key events (KE) biomarkers. Enhance quan-
titative Adverse Outcome Pathways (AOPs)
and the time dimension linking different KE
(life-course AOPs). Link KE biomarkers with
AOPs to create a robust ontology for toxici-
ties. Investigate morphologically triggered
hazard properties.
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Toxicokinetic data: develop toxicokinetic
data of substances (including mixtures,
polymers, advanced materials and Unknown
or Variable Composition, Complex Reaction
Products and Biological Materials (UVCBs)) in-
cluding kinetic data of the biomarker of choice
and conversion factors (i.e, what part of a
dose is presented by the biomarker of choice).

(Eco)toxicity models and tests: change
from single (species) endpoints to study the
impact on the entire ecosystem and develop
advanced models and test methods to bet-
ter understand the toxicity of chemicals and
advanced materials across the entire eco-
system and to better prioritise species for
which targeted testing is necessary; estab-
lish standard in-vitro and in vivo bioassays
targeting new relevant endpoints in poorly
addressed species (e.g., amphibians, rep-
tiles, insects, arthropods and plants) beyond
the traditional evaluation of carcinogenic,
mutagenic and reprotoxic (CMR) risks and
endocrine disruption (estrogenic, andro-
genic, thyroidal and steroidogenic (EATS));
develop complex models for several critical
endpoints for genotoxicity, carcinogenicity,
the immune system and inflammation,
developmental toxicity, neurological and
metabolic related diseases and the inter-
action of environmental chemicals with
infectious agents; improve test systems for
aquatic media and terrestrial in vitro tests;
develop models for toxicity prediction both
for acute short term exposure effects as
well as for adverse outcomes due to long
term exposures, for disease development, or
generational effects; develop toxicokinetic/
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toxicity models for estimating how much of
an external exposure will reach target organs/
tissues/cells at what rate and how will it be
cleared; develop in chemico and in vitro virtual
cell and muilticell models and physiological
and system biology models to assess inter-
action at molecular, cellular and tissue levels
and to rapidly link exposure data to (human
and environmental) health outcomes.

Substance specific: develop robust toxicity
assessment of micro/nano size matter (e.q.,
microplastics, nanomaterials) and investi-
gate the long-range transport, uptake and
toxicity for humans and other organisms;
identify polymer-specific toxicities, charac-
terise the determinants and review existing
models for their adequacy to predict the
3D-molecular structures of polymers; study
the effects of the (long-term) exposure to
low levels of pharmaceuticals on humans
via the environment; further investigate

the toxicity of persistent, mobile and toxic
(PMT) substances; develop standardised

and validated test methods to investigate
endocrine disruption in invertebrates as well
as vertebrates; set-up in vitro approaches to
gain mechanistic knowledge about endo-
crine disruption-induced adverse outcomes.

Mixtures: study (eco)toxicological prop-
erties of (unintentional and intentional)
mixtures and of the constituents that
the mixtures contain; investigate the
combined effects of chemicals on hu-
man health and environment with other
external stressors (e.g., physical, climate
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change and social stressors) and genetics;
identify key components of mixtures for
relevant endpoints and for the qualifi-
cation and quantification of substances
interactions; perform proof-of-concept
studies to demonstrate the likelihood of
the synergistic effects of chemicals at low
doses and related mechanisms; develop
analytical methods to support Mixture
Assessment Factors (MAFs) and the com-
parison between generic versus specific
MAFs and further refinement of MAF values;
strengthen mixture toxicity approaches for
conventional and more complex materials
of unknown or variable composition, e.g.,
for More than One Constituent Substances
(MOCS).

Databases: build an open database of
synergistic and antagonistic interactions

of substances to derive empirical mixture
factors for different substance and inter-
action classes; develop databases on the
mechanisms by which nanosized/micronized
polymers may become bioavailable and/or
hazardous for environmental species.
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Data analysis: use artificial intelligence to
establish hazard mechanisms, including for
mixtures; connect the hazard mechanisms
with information on biotransformation
pathways, toxicokinetics/bioaccumulation
as well as species life history traits to
understand the relevance of the predicted
hazard mechanisms to affect populations;
develop computational strategies to over-
come data uncertainties related to in vitro
tools and to replace data from in vivo and
human clinical and epidemiological studies
where possible

Decision support and guidelines: establish
approaches on how to consider uncertainties
in the weight-of-evidence for the transform-
ation assessment; develop new health-based
limits values3, human biomonitoring-guidance
values* and external health-based guid-
ance values? for single substances as well
as for mixtures; develop guidelines for UVCB
substances based on key hazard markers or
on molecule types in the substance; develop
a library of testing strategies not only for the
scientists, but also for other stakeholders
(e.g, clinical, regulatory, and industrial).

45 Horizon 2020 European Joint Programme Cofund HBM4EU
46 Health-based guidance value
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Risk assessment

In the EU, chemical requlations risk assessments
are the basis for decision-making by risk man-
agers who identify, quantity and manage the
risks posed by chemicals. With increased know-
ledge about chemicals acquired over the years
and the development of new technologies and
new categories of chemicals, innovation in risk as-
sessment paradigms is needed. It is essential to
be able to prioritise substances according to the
concern associated with their hazard and exposure
brought about by their use.

The current risk assessment approaches are fo-
cussed on the use of selected species. Experi-
ence shows that ecosystems are very complex
and that it is very difficult to evaluate, follow and
react to protect all species with this approach.
Therefore, it is necessary to better address the
complexity of ecosystems and better consider
biodiversity in environmental risk assessment.

To deal with the large number of chemicals on
the market, it is necessary to move towards the

47 ECHA Data to prevent regrettable substitution
48 EFSA Chemical Mixtures
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use of grouping approaches and group-wise risk
assessment based on structural similarities and
similar mode of action as well as non-targeted
monitoring strategies. Group-wise risk assess-
ment will also better inform on the risks of com-
bined exposures and contribute to preventing
‘regrettable’ substitutions*’ of chemicals.

Approaches for the combined exposure to differ-
ent chemicals are under development, e.qg., by the
European Food Safety Authority (EFSA)*. Two
reasonings can be used for mixture risk assess-
ment. The first one is the mechanism-based mix-
ture assessment using grouping of compounds
with the same or distinct Mechanisms of Actions
(MoA) or belonging to the same compound class.
The second approach is based on real-life mix-
tures. The improvement of mixture risk assess-
ment can be done (1) either by implementing a
Mixture Assessment Factor (MAF) as an addition-
al risk management measure in single substance
risk assessment, (2) or via dedicated scientific
approaches addressing specific mixtures.
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Research and innovation is needed in the following Targeted approaches: address contam-

Inclusion of exposure data: develop
tools allowing the use of observational data
from epidemiology and cohort studies and
human biomonitoring data in risk assess-
ments and to link internal exposure to
external exposure (and vice versa) for risk
management decisions.

Grouping of chemicals: develop efficient
and mechanistic approaches, including the
use of artificial intelligence, for grouping

of chemicals including omics approach-

es supported by sufficient data on fate,
bioaccumulation and (eco)toxicological
properties before a risk assessment is being
made, not only according to chemical class,
but also considering chemicals acting on the
same targets and chemicals that co-occur.

Improved methodologies and tools:
address performance, regulatory feasibility,
legal compliance, protectiveness, data re-
quirements and the reliability of the conclu-
sions; compare New Approach Methodolo-
gies (NAMs) and traditional animal-based
models to benchmark acceptable levels

of uncertainty; develop and improve test
guidelines for end points in risk assessment;
address gaps in ex ante risk assessments
for chemicals and materials in the ear-

ly stages of development due to limited
data availability; develop probabilistic risk
assessment and models for cumulative risk
assessment, combining information from
different media, biota and humans.

areas: inants of emerging concern, persistent,

mobile and toxic substances (PMTs) and
endocrine disruptors to improve coverage of
vulnerable environmental compartments.

Information sharing: develop tools and
guidance for sharing information and data
across different fields to support the ‘one
substance - one assessment’ approach?®.

Risk mapping: develop digital tools for
interactive mapping of emissions and mod-
elled exposure of all substances together
with hazard profile to give information in
which areas there is high contamination/
pollution leading to high risk and where
measures to protect mankind and environ-
ment must be taken.

Trust building and risk communica-
tion: include social science and humanities
research to help increase transparency,
trustworthiness and trust (including trust
drivers) in risk assessments and its role in
protecting society; develop participatory
research projects in response to citizens’
growing concerns.
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Decontamination
and remediating pollution

As set out by the Zero Pollution Action Plan*, pol-
lution prevention should increasingly become the
norm. Nevertheless, the significant pollution legacy
of the past must also be addressed. There is an ex-
tensive body of environmental legislation protecting
soil, water and air from hazardous substances. For
example, the New Soil Strategy®° provides the over-
arching framework to protect land and soil in the
future. The Water Framework Directive®* monitors
pollutants in water with the aim to restore water
quality and avoid future pollutions. Nevertheless,
the significant pollution legacy of the past must
also be addressed.

Many different events - e.g,, the discharge of emis-
sions, the use of harmful substances in industrial
processes or inadequate waste disposal and acci-
dents - lead to the pollution of the environment.
Most of these cases also pose direct or indirect risks
to humans. Different contaminants have different

49 Zero Pollution Action Plan

effects on human health and the environment, de-
pending on their physico-chemical properties and
their biological activity, alone and/or in mixture.

Local pollution is present in all EU countries.
There are 2.8 million potentially polluted sites
of which an estimated 14% are expected to
require remediation®?. By 2018, 65000 sites
had been remediated in the EU. However, by far,
most potentially contaminated sites are still
left untouched. Only 449% of Europe’s surface
waters achieve good or high ecological status,
partly because of pollution. Around 25 % of Eur-
ope’s groundwater areas do not have a ‘good
chemical status’>.

50 Roadmap - New Soil Strateqy - healthy soil for a healthy life.

51 EU Water Framework Directive
52 Status of local soil contamination in Europe
53 Ensuring clean waters for people and nature.



https://environment.ec.europa.eu/strategy/zero-pollution-action-plan_en
https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12634-Healthy-soils-new-EU-soil-strategy_en
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:32000L0060
https://publications.jrc.ec.europa.eu/repository/handle/JRC107508
https://www.eea.europa.eu/signals/signals-2020/articles/ensuring-clean-waters-for-people

Strategic Research and Innovation Plan for safe and sustainable Chemicals and Materials

The contamination problem is mainly caused
by synthetic chemicals and heavy metals ori-
ginating from human activities both on land
and at sea>*.

Research and innovation is needed in the following
areas:

Risk analysis and management of
existing pollution: establish baseline
data on natural resource and ecosystem
resilience and develop processes that antici-
pate risks of existing pollution of air, water
(surface, groundwater and marine) and soil
(including sediments); develop decision tools
considering sustainability challenges and
the difficulties of data gaps and site-specific
conditions (e.g., geography, geology, land/
water use, vicinity of vulnerable receptors);
develop standardised toolboxes of instru-
ments for risk assessments.

Monitoring pollution: develop high-reso-
lution methods to measure persistent and
mobile chemicals in different media (soil/
water/air/sediment/waste) as well as high
resolution digital models of contaminant
mobility and (geo)chemistry in and between
different media (soil/water/air/sediment);
collect monitoring data to establish baselines
and show the effectiveness of remediation
activities at the intervention level.

Remediation strategies: establish remedi-
ation strategies based on risk analysis (e.g.,
for the remediation of PFAS contamination
in groundwater and soil) and sustainability

requirements (e.g., minimising environmental
and carbon footprints, maximising resource
efficiency); ensure participatory processes
creating local acceptances and when pos-
sible, contributions to interventions; define
efficient protection measures for workers in-
volved in decontamination and remediation.

Decontamination and treatment tech-
niques: develop cost-and-time effective
techniques, including bio-remediation
techniques, to remove contamination from
different media with a focus on persistent
and mobile chemicals (like PFAS) or selected
anthropogenic (nano)materials; establish
different techniques and advanced materials
for remediation, e.g,, filters, chemical degrad-
ation catalysers, to be able to address the
full range of magnitude of sites and time
and cost constraints; produce guidance for
sustainable remediation methods.

Storage of contaminated materi-
als: enable safe deposition or capping of
contaminated materials, including con-
siderations for how to adapt to increased
frequency of natural disasters.

Cost-benefit balance: develop methods
for sustainability analysis to compare the
effectiveness and needed resources for
different remediation approaches.

54 Contaminants in Europe’s seas Moving towards a clean, non-toxic marine environment. A
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Monitoring implementation

A methodology for monitoring funding deployed
under Horizon Europe for research and innovation
(R&lI) to achieve sustainable chemicals and
materials will be developed and made publicly
available. This is a first step in monitoring the
successful implementation of the Strategic
Research and Innovation Plan (SRIP) towards
meeting its objectives and assess the impact of the
SRIP on the R&I landscape.

The developed R&l indicator will include the num-
ber of relevant projects funded under Horizon
Europe that address the challenges identified in
the SRIP and their allocated budgets. The indicator
will be updated at regular intervals, triggered by
the adoption of the work programmes that set out
funding opportunities for dedicated periods.

55 Implementation of the Chemicals Strategy
56 Funding for the chemicals strategy
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This R&l indicator will not only support Horizon
Europe but will also provide added value for the
monitoring of research investments relevant for
achieving the objectives of the Chemical Strat-
egy for Sustainability (CSS). In particular, it can
provide a fact base to support the assessment
of progress in specific domains identified in the
framework of CSS indicators®>.

The methodology developed here will be available
for application by other funding programmes at
both the EU*® and national levels to monitor their
investments. Feedback from other programmes
is welcomed to allow an overall reporting on R&I
investments made in line with the SRIP.
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Conclusions

This Strategic Research and Innovation Plan (SRIP)
intends to support the development of safe and
sustainable chemicals and materials by propos-
ing a holistic overview of R&l needs, collected
through consultations with stakeholders, across
the life cycles of chemicals and materials. By
highlighting the key R&I needs for chemicals and
materials across their lifecycle this SRIP repre-
sents a necessary step towards better addressing
the interdependencies between safety, circularity,
and the overarching sustainability goals. It is also
an opportunity to support a more transparent
communication among all relevant actors on joint
future R&I priorities proposed by the wider com-
munity: from academia to SMEs, largescale indus-
try, regulators and policy makers. Together with
the future monitoring system the aim is to guide
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research and innovation funders in their decisions
on investments across EU, national and private
funding programmes.

The Commission will refer to this SRIP in the Hori-
zon Europe work programme as an overarching
strategy to which Horizon Europe contributes as
a means of addressing the identified challenges.

The Commission invites research and innova-
tion funders across EU, national and private
funding programmes as well as researchers
and innovators to support this strategy and
to contribute to its implementation.



IN PERSON

All over the European Union there are hundreds of Europe Direct information centres.
You can find the address of the centre nearest you at:
https://europa.eu/european-union/contact_en

ON THE PHONE OR BY EMAIL

Europe Direct is a service that answers your questions about the European Union.
You can contact this service:

— by freephone: 00 800 6 7 8 9 10 11 (certain operators may charge for these calls),
- at the following standard number: +32 22999696, or
- by email via: https://europa.eu/european-union/contact_en

ONLINE

Information about the European Union in all the official languages of the EU is available on the Europa
website at: https://europa.eu/european-union/index_en

EU PUBLICATIONS

You can download or order free and priced EU publications from:
https://op.europa.eu/en/publications. Multiple copies of free publications may be obtained by contacting
Europe Direct or your local information centre (see https://europa.eu/european-union/contact_en)

EU LAW AND RELATED DOCUMENTS

For access to legal information from the EU, including all EU law since 1952 in all the official language
versions, go to EUR-Lex at: http://eur-lex.europa.eu

OPEN DATA FROM THE EU

The EU Open Data Portal (http://data.europa.eu/euodp/en) provides access to datasets from the EU.
Data can be downloaded and reused for free, for both commercial and non-commercial purposes.




The Chemicals Strategy for Sustainability (CSS) is part of the EU’s zero

pollution ambition, which is a key commitment of the European Green
Deal. The Strategy aims to better protect citizens and the environment
and to boost innovation for safe and sustainable chemicals. To this end,
it announces a Strategic Research and Innovation Agenda in 2022. The
current Strategic Research and Innovation Plan (SRIP) delivers on this
announcement and highlights current research and innovation (R&I)
areas crucial for accelerating the transition to chemicals and materials
that are safe and sustainable. The aim of the SRIP is to guide R&lI
funders in their decisions on investments across EU, national and private
funding programmes. It is also an opportunity for a more transparent
communication among all relevant actors on joint R&I priorities proposed
by the wider community: from academia to SMEs, large-scale industry,
regulators and policymakers.
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