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Introduction

Foreword

Foreword

The environmental quality objective of a non-toxic environment has not been achieved as
intended, and it is clear that more research as well as investment in innovation are needed

to ensure a chemically safe future. Although Sweden is making progress, it is happening

too slowly. Many knowledge gaps remain before we are able to take the necessary steps
forward and increase the pace of change. Meanwhile, we are in the midst of an extensive

societal transition, with a focus on developing fossil-free industrial processes and adapting

society to climate change. This offers exceptional opportunities for Sweden, but we also
have a responsibility to work from a broader systemic perspective. It is important that the
transition does not result in increased emissions of chemicals and pollutants that harm
people and the environment.

In this report, we have summarised how research and innovation can contribute to

a society equipped to face the future in a chemically safe way. Working with expert
authorities, industry, interest organisations and researchers, we have identified areas where
research, innovation and increased collaboration can promote change and development
towards a chemically safe future, both nationally and internationally. Three areas that
should be prioritised are next-generation risk assessment, improving the potential for a
chemically safe circular economy, and preparedness for the impacts of climate change on a
non-toxic environment.

To meet coming challenges and accelerate the pace of the green transition, a long-term
national initiative in research and innovation for a chemically safe future is needed.
This report is part of Formas’ contribution to the 2025 Research and Innovation Bill,
where we propose a long-term initiative for a chemically safe future.

Stockholm September 2023
Johan Kuylenstierna

Director General, Formas
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Introduction

Summary

Summary

We are at the beginning of a major societal transition centred around the key elements

of green technologies, resource efficiency and electrification. This transition presents
excellent opportunities for Sweden, but also entails a responsibility for ensuring that the
transition itself does not result in the release of chemicals and pollutants that harm people
and the environment. To meet coming challenges and accelerate the pace of the green
transition, a long-term national initiative in research and innovation for a chemically safe
future is needed.

Government agencies, researchers, industry and interest organisations in Sweden agree
that society needs to expand its efforts to achieve a chemically safe society with fewer and
lower levels of hazardous chemicals in materials, products and the environment. Several
national, European and global goals and strategies also aim to ensure the sustainable
use of chemicals. In recent years, the issue of a chemically safe environment has been
addressed by the EU in several policy documents and strategies, including the Green
Deal, the EU Chemicals Strategy, and the EU Circular Economy Action Plan. At the
same time, the Swedish environmental quality objective of a non-toxic environment by
2030 remains. Globally, chemicals and pollution issues have received increasing attention
in recent years. The UN recently prioritised the issue by including chemical substances
among its list of the three global challenges: climate, biodiversity and chemical pollution.

Achieving a chemically safe future that also promotes the transition of society requires
increased collaboration, improved knowledge, and skills development in several areas.
Research and innovation with interdisciplinary and broad collaborations where researchers
work together with government agencies, industry and interest organisations is central to
this work and will help strengthen the capacity for preparedness and proactive efforts.

In collaboration with expert authorities, industry, interest organisations and researchers,
Formas has identified areas where research, innovation and collaboration will contribute
to change and development towards a chemically safe future, both nationally and inter-
nationally. Three areas should be prioritised:

1. Next generation risk assessment.
2. Improving the potential for a chemically safe circular economy.

3. Preparedness for the consequences of climate change on a
non-toxic environment.
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Next generation risk assessment

Chemical risk assessment is required for regulatory decisions. This applies not least to
which chemical substances should be allowed on the market and which materials are
deemed suitable for different products. As such, risk assessment is vital for industry,
for public authorities and politicians, and ultimately for public health and the state of
the environment.

The methodology currently used in chemical risk assessment has been in use for a long
time. With thousands of chemicals on the market today and new ones being added at
a rapid pace, risk assessment methodology needs significant modernisation. Authorities
and businesses need to be able to risk assess many chemicals and other substances in
combination and deal with new substances that do not follow traditional toxicological
patterns. To enable this, we need digital technologies, increased use of data and principles
for dealing with uncertain or missing data. At the same time, knowledge gaps need to
be filled and data on exposure, dispersal and effects of chemical substances are needed,
along with robust methods for measuring their levels and effects. To choose the right
policy instruments and other measures, we need to know more about which measures
are effective and which can be used even in the face of uncertainty.

With regard to chemicals, there is currently significant lack of scientific knowledge about
the governing system as well as socio-economic analyses. More research is required before
we can apply the right measure in the right place, and before we can begin to take a
more proactive approach. The move towards next generation risk assessment requires
more collaboration among researchers of different disciplines, as well as with authorities,
industry and other end users.

Improving the potential for a chemically safe
circular economy

The Earth’s resources need to be used with greater care and efficiency. Circular economy
is an important tool for this. It is important to reconcile the goal of a non-toxic and
chemically safe environment with the work towards a more circular and resource-efficient
economy. However, reconciling these aspirations also poses difficulties, as products and
materials to be reused or recycled may contain undesirable substances and materials in
the next use cycle. Key aspects for a sustainable shift towards resource efficiency include
traceability, the impact of circular economy on society and other sustainability goals, in-
centives for changing practices and behaviours, and policy instruments and enforcement.

Researchers, authorities, interest organisations and industry all point to the need for more
research in this area and for society to act and work together to increase both chemical
safety and a circular economy in parallel. Researchers, industry and other relevant
stakeholders need to come together to discuss and test solutions. The complexity of the
issue means that there is a need for both broad interdisciplinary research collaborations
and cross-sector collaborations.
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Preparedness for the consequences of climate
change on a non-toxic environment

Climate change is expected to affect both the presence and dispersal of environmental
pollutants. A changing climate will impact the way in which environmental pollutants
are dispersed, but it will also lead to effects that will require the introduction of new
chemicals or new uses for existing chemicals. There are major knowledge gaps on what
lies ahead. This, in turn, drives the need for more research.

Direct impact on chemical substances and other environmental pollutants occur when
temperature and precipitation change, resulting in droughts, fires, changes in ground-
water levels, floods, landslides and erosion. Chemical substances and environmental
pollutants are then dispersed in new ways, contributing to exposure to people and
environment. More indirect impact on chemical exposure also occurs as a consequence
when the need for chemical use changes, and when people change patterns of behaviour
when adapting to climate change. For example, the need for other types of pesticides
in agriculture will grow as temperature changes bring new pests to Sweden. The green
transition and technological developments also increase the need for chemicals, earth
metals and minerals. Their production, extraction, emissions and waste then need to be
managed. Being proactive requires better understanding of what people can expect to be
exposed to in the future.

To ensure a chemically safe future, knowledge and expertise needs to be built up and
expanded. For this, a long-term initiative in research and innovation is needed, with
collaboration as an important element. An investment in research and innovation for a
chemically safe future — for competitiveness, preparedness and proactive measures.

Formas proposes a long-term initiative for a chemically safe future,
focussing on research, innovation and collaboration to enable:

* Next generation risk assessment.
* Improving the potential for a chemically safe circular economy.

* Preparedness for the consequences of climate change on
a non-toxic environment,
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Chemicals — opportunities and challenges in a changing world

1 Chemicals — opportunities and challengesin a
changing world

We are at the beginning of a major societal transition centred on the key elements of green
technologies, resource efficiency and electrification. This opens up excellent opportunities
for Sweden but also comes with a responsibility to ensure that the transition does not
lead to the release of chemicals and pollutants that harm people and the environment.

To meet coming challenges and accelerate the pace of the green transition, a long-term
national investment in research and innovation for a chemically safe future is needed.

1.1 Ongoing societal transition

The green transition is already underway. This is particularly apparent in Norrland (the
northernmost region in Sweden), where there are planned investments on the order of SEK
1,000 billion over the next 20 years in fossil-free steel production, battery factories and
fossil-free electricity. Industry will play a key role in finding innovative ways of transi-
tioning to a fossil-free, bio-based, circular and digital society. This development presents
many opportunities as new industries and communities are established and expanded,
with new jobs and community services, new construction and new buildings and homes.
This also represents a unique opportunity for Swedish companies to help develop new
technologies and to strengthen Sweden’s competitiveness.

The technological developments now occurring to enable the transition to a more sustainable
society would not be possible without chemicals and other resources. Several of the tech-
nological solutions for reducing climate emissions involve an increased need for chemicals.
Electrification brings with it a growing need for innovation-critical metals and minerals for
battery manufacturing and power generation.! The transition to a sustainable society also
requires a resource-efficient and circular use of the Earth’s resources. A more circular manage-
ment of materials reduces value leakage in society’s material flows. This reduces both the
amount of waste generated and the management of waste that cannot be used as a resource.

The number of chemicals on the market is growing rapidly. Both industry and consumers
demand advanced products with specific properties, which may contain potentially
hazardous chemical substances that risk spread to surroundings. In parallel with the
transition, active efforts are being made to reduce the use of hazardous chemicals and
other substances. Chemicals that are regulated by law are replaced in production,
materials and products through substitution. This reduces the use of regulated substances,
while introducing new substances on the market.

Hazardous chemicals can pose a risk in production processes, during use and when

the item or product becomes waste. Their spread poses risks to human health and the
environment and leads to high societal costs for clean-up, health care and other mitiga-
tion measures. The way chemical substances and environmental pollutants are dispersed
is also being altered by climate change as temperatures and precipitation patterns shift.
Climate change can thus risk resulting in the spread of new and old pollutants in ways
we currently have limited knowledge about.

Society needs the capacity to manage both new and known chemicals and materials in
circulation while pushing the green transition forward. Businesses and public authorities
need to be able to respond quickly and effectively to protect people and the environment
from hazardous chemicals but also to create an increasingly resource-efficient society in
the long term. To enable proactive work, knowledge needs to be leveraged, with research
and innovation playing an essential role. With increased collaboration, relevant stake-
holders can act together for a chemically safe future.
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1.2 Lessons from the past

In 2013, PFAS (per- and polyfluoroalkyl substances) were detected in drinking water

in Ronneby municipality, which led to the closure of the waterworks supplying the area
with municipal water. Residents had been exposed to PFAS through drinking water for
many years. The source turned out to be fire foam from a training site for firefighters.
This exposure has had a major impact on physical and mental health and on the environ-
ment. It has also resulted in high socio-economic costs for subsequent clean-up and other
measures. PFAS, which have been used in very high volumes in a wide range of products
and applications, have now been detected in water, soil and living organisms all over
the world.? These persistent chemicals, sometimes referred to as ‘forever chemicals’,
will remain with us and in our environment for hundreds, perhaps thousands of years.
PFAS are a stark reminder that we need to scrutinise the chemical substances we produce
and use systematically and critically, not to risk causing major harm to human health and
the environment again.

Looking back, we also see that it pays to act. For many years, levels of environmental toxins,
such as DDT and PCB, increased in the environment. After the use was restricted or
banned, levels dropped and the negative impacts in the environment receded. Targeted
measures in restricted settings also have an impact. In the follow-up of the City of
Stockholm’s Chemical-smart Preschool project, the Swedish Environmental Research
Institute (IVL) could see that measures to limit exposure to a large number of chemicals
in preschools have reduced their levels.> When chemical substances are banned or restricted,
it can take a long time for levels in the environment to follow suit. After five PFAS were
banned in the EU and put on the EU’s list of substances of very high concern, the volume
used was reduced by 95 per cent between 2010 and 2021.% As the chemicals are very
persistent, it will take time before the levels in the environment will decrease.

Knowledge and proactive measures improve society’s ability to build a chemically safe and
sustainable society and increase Sweden’s competitiveness in the ongoing green transition.

1.3 Prioritised societal challenges

The pursuit of a chemically safe future and a non-toxic environment are prioritised
societal challenges in Sweden, the EU and the rest of the world. The UN now recognises
chemical pollution as one of three global challenges, along with biodiversity and climate,
and is establishing a global science panel on chemicals management. The WHO’s
European Environment and Health Process also identifies environmental pollution as a
priority area. In recent years, the issue of a non-toxic environment has been recognised in
several EU policy documents and strategies. All this while the Swedish environmental
quality objective of a non-toxic environment by 2030 remains. Below is a summary of
national and international goals, policy documents and strategies that link to the work
for a chemically safe future.
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1 Chemicals — opportunities and challenges in a changing world 10

1.3.1 National goals, strategies and visions

Sweden has been actively working towards a non-toxic environment since this was
introduced as one of our 16 national environmental quality objectives. The objective of a
non-toxic environment is primarily about preventing and reducing the spread of hazard-
ous xenobiotic substances. This is done both for the sake of human health and for the
environment and biodiversity. The Swedish Parliament’s definition of the environmental
quality objective of a non-toxic environment reads:

The presence in the environment of substances created in or extracted by society
should not threaten human health or biodiversity. The levels of xenobiotics are
close to zero and their impact on human health and ecosystems is negligible.
Levels of naturally occurring substances are close to background levels.

As the target is a parliamentary decision, many stakeholders will need to act for it to be
achieved. The environmental objective system also includes the Generation Goal, which
means that the objectives must be achieved without causing increased environmental and
health problems outside of Sweden’s borders.

Research and innovation to support the goal of a non-toxic environment is funded by
both the national research councils and private research funding bodies and companies.
As the national research council that contributes the largest share of funding to this
area’. Formas has a particularly important role. In the latest in-depth assessment of the
environmental quality objective of a non-toxic environment, the objective is deemed
partially achievable by 2030. This assessment is mainly based on expected EU legislation
enabling progress. However, when it comes to research, innovation and collaboration,
major needs remain.

Other national goals and strategies are also linked to the work for a chemically safe future.
The Swedish government’s 2020 Circular Economy - Strategy for the Transition in Sweden
closely links the vision and action plan to the work with chemicals and a non-toxic
environment. The vision for this work is A society in which resources are used efficiently
in non-toxic circular flows and replace virgin materials, and one of the four focus areas is
Circular economy through non-toxic and circular cycles.*” With many goals and strategies,
there are synergies in working towards a chemically safe future, but there are also conflicts
when working with different goals where achieving one goal can result in making another
goal more difficult to achieve.

1.3.2 European objectives, strategies and visions

The EU has a far-reaching chemicals legislation, REACH, which restricts the use of
particularly hazardous chemical substances in production and products within the EU.
In recent years, work on sustainability issues related to chemicals and a non-toxic
environment has been expanded in the EU. The EU’s Green Deal®, published in 2019, has
an explicit zero emission vision for a non-toxic environment. Since 2020, the EU also
has the Chemicals Strategy for Sustainability — Towards a Toxic-Free Environment®, which
addresses sustainable chemicals for the green and digital transition. It sets out a new,
long-term vision for the EU’s chemicals policy. The 2020 Chemicals Strategy has inten-
sified the work with chemicals in the EU. In the same year, the EU Circular Economy
Action Plan was published.!® It also notes a non-toxic environment as an important
aspect, with a section specifically on improving circularity in a non-toxic environment.

o0
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1 Chemicals — opportunities and challenges in a changing world n

Since then, the EU has published several reports related to chemical use and non-toxic
environment, including:

o First Zero pollution monitoring and outlook report.
*  Third Clean Air Outlook Report.

o Pathway to a Healthy Planet for All — EU Action Plan Towards Zero Pollution for Air,
Water and Soil.

* Regulation of the European Parliament and the European Council on nature restoration.

* Europes Beating Cancer Plan.

The EU Biodiversity Strategy'' emphasises the importance of pursuing the vision of zero
emissions and EU’s chemical strategy in order to increase biodiversity. The EU Farm to
Fork'* strategy highlights the importance of having safe food packaging without hazardous
chemicals and of reducing and optimising the use of pesticides. A new EU soil directive is
due in 2023, which will address pollution. Reducing pollution, especially air pollution, is
also an essential part of the European Commission’s mission for climate-neutral and smart
cities, under EU’s research and innovation programme, Horizon Europe. The WHO’s
European Environment and Health Process is developing a new declaration that includes
commitments to accelerate work to address the health aspects of climate change, environ-
mental pollution, land degradation and biodiversity loss.

In 2022, the European Commission developed the Strategic Research and Innovation

Plan for safe and sustainable chemicals and materials." This plan recognises the major

and numerous research needs for enabling safe and sustainable chemicals and materials.
Under the European Commission’s previous research and innovation programmes, a
research agenda for environment, climate and health for the EU 2021-2030 was devel-
oped, Health Environment Research Agenda (HERA). In HERA, 15 European countries,
with 24 partners, have identified which research needs should be prioritised in the EU for
the sustainable development of the environment, climate and health. The plan highlights
the need for research on chemicals, pollution and risk assessment to achieve a chemically
safe future.

1.3.3 Global goals, strategies and visions

In recent years, chemicals and pollution issues have received increasing attention globally.
The UN recently prioritised the issue by including chemical substances as one of the three
global challenges: climate, biodiversity and chemical pollution. A global science panel on
chemicals, waste and pollution is also being established under the auspices of the UN,
similar to the IPCC for climate. A majority of the UN’s global Sustainable Development
Goals in the 2030 Agenda also have a bearing on the use of chemicals and on a non-toxic
environment. According to a survey by the Swedish Chemicals Agency', the clearest links
are in the following sustainability goals: 2 zero hunger, 3 good health and well-being,

6 clean water and sanitation, 8 decent work and economic growth, 11 sustainable cities
and communities, 12 responsible consumption and production, 14 life below water, and

15 life on land.

o0
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Several global agreements are already in place, including the Stockholm Convention on
persistent organic pollutants (POPs), the Minamata Convention on mercury, the Basel
Convention on the control of transboundary movements of hazardous wastes and their
disposal, and the Rotterdam Convention on prior informed consent procedure for certain
hazardous chemicals and pesticides in international trade. Since 2006, there has also been
the UN-initiated Strategic Approach to International Chemicals Management (SAICM), a
framework that aims to promote chemical safety worldwide. This strategy focuses on risk
management of chemical use throughout their life cycle. A new target and a new strategy
to replace SAICM are being discussed.

1.4 Producing this report

Formas supports research, innovation and research communication in several fields
related to chemicals and circular economy and monitors developments in these areas.

In 2021, we launched a review of research and innovation needs in the field of non-toxic
environment. The review was based on the results of Formas’ 2015 government assignment
on a non-toxic environment, which was presented in the report Forskning till stid for arr
uppnd miljokvalitetsmaler Gififri miljo — Analys och strategi (Research to support achieving
the environmental quality objective of a non-toxic environment — analysis and strategy).’
Researchers from Swedish higher education institutions and risk assessment authorities
were interviewed to confirm, revise and complement the 2015 analysis. The results were
published in the form of a report in June 2022: Formas arbete med miljokvalitetsmdlet
Giftfri miljo. En dversyn och strategi framdt. (Formas’ work on the environmental quality
objective of a non-toxic environment. A review and strategy going forward.)"

In the field of resource efficiency and circular economy, we finalised the Omuvirldsanalys
av cirkuliir ekonomi (Broader analysis of the circular economy) report in 2019. We have
also identified that circular economy and non-toxic environment issues have important
and substantial overlaps and should thus, in many cases, be addressed together.

In 2022, we held a number of discussions with industry and interest groups to gain an
overall understanding of prioritised knowledge needs linked to a non-toxic environment.

We have been in contact with the following public authorities: the Swedish Chemicals
Agency, the Swedish Environmental Protection Agency, the County Administrative Board,
the Swedish Civil Contingencies Agency, the Public Health Agency of Sweden and the
Swedish Geotechnical Institute. We have also discussed these issues with organisations
from the private sector: Jernkontoret, Teko, Confederation of Swedish Enterprise, IKEM
— Innovation and Chemical Industries in Sweden, Swedish Construction Federation,
Swedish Food Federation, Sweden Food Arena, Atervinningsindustrierna, the Federation
of Swedish Farmers, and Ragn-Sells. The following interest organisations have also
participated: ChemSec, the Swedish Society for Nature Conservation, and Swedish
Commerce. The participating scientists were members of the Toxicological Council, an
expert organisation tasked with identifying and evaluating indications of new, potential
and emerging chemical risks for authorities and government.

Formas’ Research Council was consulted (in broader terms) on the content of the report
in spring 2023. We also gathered feedback on drafts of the report from experts from
several relevant authorities and other organisations.
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2 Future needs

In the transition towards more sustainable development, it is crucial to ensure the
quality of life for current and future generations. Stakeholders from every part of society
are involved in this process, from politicians and public authorities to businesses, other
organisations and individuals. This means they have significant responsibility and a
unique opportunity to build a safer society and a more sustainable economy.

The private sector is key to this transition, and more and more companies are prioritising
measures to improve the sustainability of their operations. They do this, in part, to

gain market share in a market where customers demand environmentally friendly and
sustainably produced products, and, in part, to be proactive and secure long-term access
to the materials, energy and labour required for growth and profitability. Prioritising
sustainability issues is thus part of proactive risk management for companies. This can
include how to deal with hazardous substances in materials, production processes and
products and how to prepare for the effects of a changing climate.

Politicians and authorities also have an important role in incentivising sustainable
development. However, they also need to ensure that society has information about what
chemical substances are used and may be present in our environment and what effects
they have on people and the environment. They also have a responsibility to ensure that
such information is produced and shared and that the right policy instruments are used
when needed.

2.1 Results from our data

In our meetings with civil and public organisations, such as public authorities, researchers,
industry and interest organisations in Sweden, they all agree that we must strive for a
chemically safe society with fewer and lower levels of hazardous chemical substances in
materials, products and the environment. However, not everyone agrees on the acceptable
levels for different substances from a health and environmental perspective and how cautious
society should be in relation to other benefits, such as resource efficiency or climate
adaptation. There are trade-offs about levels, for example, in the reuse and recycling of
materials and products. In food production, pesticides may be needed to make produc-
tion profitable, but how much pesticide residue should we accept in food and how much
impact on biodiversity should be accepted?

Formas’ previous report Formas arbete med miljokvalitetsmalet Gififri miljo — en jversyn
och strategi framdt shows a growing need for research and innovation in recent years

in the following areas: a non-toxic circular economy, digital tools in risk assessment,
substitution, remediation and the impact of climate change on chemicals, and exposure
to environmental pollutants.’

Several of the needs identified in the 2015 report (Forskning till stod for att uppna miljo-
kvalitetsmilet Gififri miljé — analys och strategi) are still relevant. This includes research on
methods and risk assessment of combination effects, research on risk assessment and risk
evaluation of how society prioritises measures, and research on socio-economic aspects
of chemicals.?

Researchers and risk assessment authorities recognise the need to transition to the next
generation of risk assessment. Society needs to develop risk assessment methodology to
effectively assess current and future risks. While these methods need to be developed,
equally important is enabling validation and implementation of these new methods.

2025
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There is a substantial and growing need to better understand new chemical substances
as they are introduced to the market and as new uses for existing substances arise. At the
same time, there is still a need to continuously evaluate the risks of existing substances.
‘The EU Partnership for the Assessment of Risks from Chemicals (PARC), which focuses on
developing, improving and strengthening risk assessment and risk management of chem-
icals by EU and national authorities, is improving our knowledge base. Even so, there
continues to be substantial need for research, innovation and collaboration. In PARC,
the long-term participation of Swedish researchers is limited by the lack of funding.
Swedish risk assessment authorities that are active in PARC empbhasise the great need
for a national initiative to expand Swedish participation and exchange in PARC, where
cooperation between authorities and researchers is central.

Many of the research needs are shared by the stakeholders we have been in contact
with. These discussions also highlight another area of importance in the work towards a
chemically safe future, namely legislation and its application. Different legislations need
to be harmonised. Several industry organisations we have spoken to report that current
chemicals legislation, and how they are implemented, make it difficult to move towards
increased resource efficiency and circularity.

Researchers, authorities and businesses alike speak of the challenges of working
towards a circular economy and, simultaneously, a non-toxic environment, which in
this context means minimising hazardous chemicals and substances from materials to
be recycled or reused. Often the component parts of the material to be recycled are
unknown, which complicates this work. They want information on the component
parts throughout the production chain — from production to end use. This requires both
providing information widely and developing appropriate technologies through both
research and innovation.

These identified needs are also aligned with the European Commission’s Strategic Research
and Innovation Plan for safe and sustainable chemicals and materials.®

It has also emerged that there is a need for research that examines the impact of measures
and their actual implementation in legislation, as well as socio-economic research that
examines and weighs benefits against costs. Social science and humanities research is
lagging behind when it comes to exposure to chemicals and other pollutants.

Everyone we spoke to agreed that there is a great need for increased collaboration.
Platforms and instruments are needed to encourage researchers, public authorities,
interest organisations, industry and other stakeholders to actively collaborate and
share information, future prospects, opportunities and barriers. This would allow for
a solution-oriented approach going forward. Increased cooperation and exchange has
significant potential for enabling real-world application of this research.

2025
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3 Prioritised areas

3.1 Next generation risk assessment

In brief

Society needs to manage the risks of the rapidly growing number of chemical
substances produced and used. For this to occur, the following is needed:

* Risk assessment tools to deal with the wide variety of chemical substances,
including methods for risk assessing new types of substances and groups and
complex mixtures of substances. For this, existing data needs to be used more
effectively and digital technologies be developed and implemented. Another
important issue is the ability to deal with uncertain or missing data.

* Better understanding of the exposure, dispersal and effects of chemical
substances, particularly for substances where the responsibility for developing
this information is not already defined in regulations.

* More insight into which measures and policy instruments are effective and
their estimated economic costs.

Chemical risk assessment straddles the line between science and policy and underpins
regulatory decisions. This applies not least to which chemical substances are allowed on
the market and which materials are deemed suitable for different purposes. Risk assess-
ment is thus vital to industry, informing decisions on everything from the materials used
in construction to the products available in shops, and the pesticides approved for use

in agriculture.

In a sustainable society that centres around green technologies, resource efficiency and

electrification, we need to be able to prevent, assess and manage risks that inevitably arise.

Society needs to be prepared to deal with both new and known chemicals, other sub-
stances and materials in circulation. In an ideal future, society will be able to anticipate
chemical risks and will know what substances are in circulation and their potential effects
on humans and the environment. Effective risk assessment is what will allow society to
achieve this.

Risk assessment is a well-established area of knowledge in Sweden, and there are many
established researchers and strong research groups in the field. This ensures access to
significant knowledge and expertise to deal with the research needs that lie ahead,
but a decisive and long-term effort is required to maintain Sweden’s leading position.
An important part of the initiative should aim at improving the recruitment of junior
researchers to secure access to future research, innovation and expertise for a chemically
safe future.
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3.1.1 Changing risk assessment methodology

There is a very large number of chemicals on the market today and this number is
dramatically increasing. A 2020 estimate found that there were more than 350,000
chemicals and chemical combinations registered for production and use.'® The established
risk assessment methodology used today is not designed for this situation.

To ensure a society where people and the environment are not exposed to hazardous
chemicals, a move towards next generation risk assessment is needed. Developing a
new risk assessment methodology poses many challenges, including dealing with large
amounts of information. It is also important to be able to assess large quantities of
chemical substances, combinations of substances, and groups of substances that were
previously little known, such as endocrine disruptors, microplastics and nanoparticles.
The recycling of materials in a more circular economy also places new demands on risk
assessment methodology.

Fundamental to an effective risk assessment methodology is knowledge of the exposure,
dispersal and toxicity of specific substances and groups of substances. With the explosive
growth of new chemicals, initiatives are needed to develop this information. However,
next generation risk assessment also needs to be able to come to conclusions despite a
lack of data on, for example, toxicity and exposure.

The EU Partnership for the Assessment of Risks from Chemicals (PARC) is making a concerted
effort to develop the next generation of risk assessment, but there is a great need to
complement the European effort at the national level.

Digital technologies for risk assessment

Today, the vast amount of data on chemicals is difficult to manage through manual risk
assessment. New digital technologies, including artificial intelligence (AI), could facilitate
and increase the use of existing data. The European Commission’s Joint Research Centre
(JRC) has identified a number of areas where Al could help increase capacity and quality
of regulatory risk management based on chemical risk assessment.”” For example, Al
could be used to help select and prioritise chemicals for risk assessment, to gather facts, to
organise data, to reveal patterns in large data sets, and to help create a faster process.

Digital technologies can potentially support development of safe and effective risk
assessment that can make significant advances. However, a shift towards digitalisation
and Al in risk assessment is also associated with several challenges. As these developments
are just starting, there is a significant need for research and innovation on how digital
technologies can be used and integrated into risk assessment. Initiatives are needed that
improve access to expertise, that combine different information, and that work in an
interdisciplinary and cross-sector manner, where researchers and civil and public
organisations collaborate.

Increase use of data and address knowledge gaps

While there is a large amount of data on chemical substances, there are many substances
for which data are scarce or missing. This means knowledge gaps need to be filled through
research and other means. However, with the sheer volume of substances also increasing
as new ones are introduced, it will always be difficult to collect sufficient knowledge and
risk assessors will always have to deal with knowledge gaps. Society also needs to use
available data to make judgements for other, similar substances even when the data are
insufficient. Society also needs to be able to deal with situations where decisions have to
be made without access to all the facts. There is currently a need to review
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what data are needed, how detailed these data need to be, what analytical methods risk
assessment should rely on, and how knowledge gaps should be addressed. To do so, we
need applied research, research on new analytical methods, validation of methods and
increased collaboration.

Some groups of substances are currently particularly challenging to assess because their
environmental or health effects differ from the assumptions or requirements of current
risk assessment methodology. Among these substances are endocrine disruptors, persistent
and mobile substances, microplastics, nanoparticles and mixtures of chemicals and/or
other pollutants. Risk assessment methodologies need to be adapted and developed to
deal with such substances. For example, endocrine disruptors differ from more traditional
chemical substances by showing toxic effects even at low doses. This means that different
methods are needed when analysing the effects of endocrine disruptors, methods that are
not standard in risk assessment. Similar difficulties exist for microplastics and nanoparticles,
where new methods not commonly used in risk assessment are needed to analyse effects
and characterise particles.

In addition to research and development of methods for analysing the effects of these
groups of substances, it is also important to validate both new and existing analytical
methods for use in risk assessment. For the results of this research to have regulatory

applicability, there needs to be greater interaction between regulatory authorities and
academia.

In the 2015 survey of research needs, Formas identified a major need for research on
the effects of mixtures of chemicals, known as combination effects, and on how these
should be assessed.’ As a response, we launched a call for large research projects in the
area. In 2019, the government investigation Framtidens kemikalickontroll — hantering
av kombinationseffekter och gruppuvis bedimning av dmnen (Future Chemical Control

— Managing combination effects and group assessments of substances) was finalised.'®
The investigators recommend that all chemical legislation should include risk assessment
of mixtures, and that a comprehensive European regulatory framework for chemical risks
to the environment and health including mixtures, should be established. The investiga-
tors also recommended that Sweden establish a national research programme to expand
knowledge on exposure patterns to chemical combinations. It is clear that there is still a
great need for research on how best to handle chemical combinations in risk assessment.

Some groups of chemical substances are similar in their chemical structure. When data
are available for some of the substances in a group, effects of other substances in the
group can sometimes be predicted without analysing them. There is a growing consensus
that chemical substances with similar chemical structures should be risk assessed as a group.
One example is PFAS (per- and polyfluorinated alkyl substances), a group of more than
10,000 substances, several of which have been found to be harmful to both humans and
the environment and very difficult to break down. However, for the vast majority of
PFAS, data on possible toxic effects are lacking. Currently, around 200 different PFAS
are regulated, and there is currently a proposal before the European Commission to ban
all PFAS chemicals. The proposal is for a form of grouped management despite the lack
of sufficient toxicological data for the majority of substances, and Sweden is one of the
nations behind the proposal.
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3.1.2 Data for risk assessment

Robust and science-based risk assessment requires knowledge of what chemical substances
are in circulation and where, i.e. the exposure, and their potential toxicity, individually
and in combination. The EU chemicals legislation REACH places responsibility on
companies to produce data on chemical substances, conduct risk assessments and propose
risk management measures. The amount of information to be provided depends on the
volume of the substance that the company imports or produces. For large volumes, more
information needs to be reported. REACH helps to ensure that society has access to
information on the chemical substances in use, though this information is not compre-
hensive. In particular, research needs to provide data on substances and uses that REACH
does not already cover or that will not be covered by REACH in the future.

Increased awareness of exposure

To know the chemical substances people and the environment are exposed to, society
needs to know what substances are present in consumer products, in drinking water and
food, and in our environment. The type of information required by REACH fills in part
of this picture. Measuring levels of chemical substances is also required for monitoring
exposure levels and dispersion patterns. This makes both research in this area and
environmental and health monitoring important. Environmental and health monitoring
data are important for research and for identifying potential risks. For example, research
uses environmental, health and exposure data to identify which combination of chemical
substances are relevant to society and which should be prioritised in research on com-
bination effects. This knowledge is needed to manage combinations in risk assessment
and regulation.

Large knowledge gaps exist, meaning research is needed on which substances are present
in society and their levels. Similarly, we also need to identify sources and uses of these
substances. According to the European HERA research agenda, more research is needed
on the levels of chemical substances in polluted areas, in the urban environment and in
humans. The latter is known as human biomonitoring. We also need to better understand
the occurrence and dispersal of and exposure to naturally occurring substances, such as
heavy metals in rock materials."

Environmental and health monitoring is important for long-term tracking of circulating
substances. Working proactively also requires detecting chemical risks at an earlier stage.
It is desirable to effectively identify new and emerging risk chemicals, NERCs. To identify
new chemical threats, the Government has tasked the Toxicological Council, an expert
body consisting of expert authorities and scientists, to identify and evaluate indications of
new, potential and emerging chemical risks. To improve society’s ability to predict future
chemical risks, we need to know what people and the environment are exposed to and the
effects these substances may have.

The need for more research on exposure, identification and dispersion of chemical sub-
stances becomes even more relevant as substances are repurposed both because of more
circular use of resources, and of substitution. The green transition and the development
and establishment of new industries make these needs even more pressing.
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Increased awareness of health and environmental impacts

Conducting a risk assessment requires information on the toxicity of a substance or
combination of substances. Despite a sharp increase in data for many years, there remains
a large knowledge gap on human toxicity and ecotoxicity for many chemical substances.
Under REACH, companies have a responsibility to fill in many of these knowledge gaps.
An important role for toxicology research will then be to address the knowledge gaps
that the chemical regulations do not. This could include certain types of effects or certain
substances. For example, substances that are imported in small volumes or imported as
part of a product and not as an individual chemical, such as liquid crystal monomers
in LCD screens. Research also needs to improve our understanding of the health and
environmental effects of substances unintentionally formed during production, use or
management of waste.

Effective risk assessment also requires more research on the health and environmental
effects of actual chemical combinations to which humans, animals and the environment
are exposed. Combinations may contain various chemicals from products or industry,
pharmaceuticals, pesticides and metals. As new chemical substances are introduced to the
market, new toxicology research is needed.

Method development

To address society’s need to identify substances in the environment or in humans, and to
assess whether they are hazardous, methods for detecting, predicting and analysing these
substances must be in place. With the many ‘new’” substances available today that differ
from established ones, there is a pressing need for new methods. This involves developing
more eflicient, cheaper and faster methods, but also methods that can have regulatory
applicability for investigating health and environmental effects that are not covered by
current tests. For example, research and innovation is needed on methods to measure
toxicity of mixture effects and nanoparticles.

To identify substances present in the environment more effectively, methods are needed
to broadly and objectively identify chemical substances in unknown combinations,
referred to as non-target screening. In addition, early warning systems are needed so that
screening and other sources of information can be used to detect new and emerging
risk chemicals, NERCs. Further research and development of exposure modelling is
also important for detecting as well as mapping chemical substances in humans and the
environment, but also in goods and materials.

Everyone who uses animals for scientific purposes within EU needs to implement the
principles of 3Rs in their work: replacing, reducing and refining animal experiments.
This principle requires that new methods are developed. Toxicology and environmental
research uses both animal and non-animal methods, and method development can
contribute to the refining and reduction of animal testing. A committed work with 3R
also increases Sweden’s competitiveness in research and innovation.

For developed methods to be useful for regulatory application, they must be validated.
Validation allows realisation of the next generation risk assessment, with effective
non-animal testing. Such methods can be used on their own or as a complement to
existing OECD animal-based methods. More research and innovation on exposure,
toxicity and method development are crucial for next generation risk assessment, and for
increased use of the 3Rs.
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3.1.3 Potential for applying risk assessment in society

Society must be able to manage the risks identified in a risk assessment. For that, knowledge
is required about which measures are effective, how costly different measures are and
which instruments can facilitate implementation of the desired measures or bring about
behavioural changes. Research is crucial in order for the results from risk assessments to
lead to appropriate and evidence-based measures in society. More research is also needed
on the governing system, including national and international targets and policies, legisla-
tion, policy instruments and measures, to ensure that future decisions on measures are
evidence-based and can be expected to have real-world impact.

Formas’ 2015 report Forskning till stod for att uppnd miljokvalitersmilet Giftfri miljo —
Analys och strategi (Research to support fulfilment of the environmental quality objective
non-toxic environment — Analysis and strategy) noted that there needs to be more social
science environmental research related to a non-toxic environment, and research on
methods for systems analyses.’

Measures and instruments

Once a risk has been identified, authorities or companies assess whether measures need
to be taken. Both the socio-economic benefits and the costs are considered. To determine
whether a measure is justified, it is necessary to know which measures are effective, the
benefit they are expected to offer and how much they cost to implement. To enable
evidence-based decisions, research needs to look at the effectiveness of different measures
and instruments related to chemical risks. More knowledge is also needed on socio-eco-
nomic analyses, such as cost-effectiveness analyses and instrument analyses. In addition,
more socio-economic and health economics research is needed to better understand and
increase the evidence used for risk management decisions.

When implementing a risk reduction measure in, for example, a procurement, instru-
ments such as legislation, taxes and content requirements are often used. Today, there is
often a lack of fundamental analysis to justify the choice of instruments. There is also a
lack of analysis on the effects of different instruments when applied individually, in com-
bination or as a complement. When the objective of proposing a measure is to increase
socio-economic efficiency, it is important to analyse this. Decision-makers need to analyse
many different options before making decisions. This may include which instruments
have already been implemented, the extent to which these instruments contribute to the
objective in terms of cost-effectiveness, socio-economic benefit and risk reduction, and
the extent to which further measures are needed. Instruments also need to be compatible
with other existing frameworks, such as legislation or risk assessment methodology.

In other words, research is needed in these areas to collect data to build evidence for
making decisions on risk management instruments.

Many decisions based on information from risk assessments need to be taken when there
is high uncertainty, for example when there is a lack of data and the decision is urgent.
Other situations may have conflicting objectives, for example recycling where it may be
difficult to balance the risk of exposure to chemical substances and the societal benefits of
[ESOUICE IeCOVeTY.

Increase implementation of gained knowledge

Existing and new risk assessment methods need to lead to a wider implementation of risk
management measures in practice. Research on risk assessment thus also needs to develop
methods for practical management of risks. It is also important to understand why risk
management measures are not implemented to the extent needed.
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Implementation research can provide deeper insights into the barriers and facilitators to
introducing new findings into organisations. This is essential for understanding how to
effectively and rapidly apply and manage new findings on chemical risks in organisations
that manage risks. The importance of implementation research and the need for further
development specifically for environmental health is highlighted as one of six key target
areas for research in the European HERA research agenda.

3.2 Improved potential for a chemically safe circular economy

In brief
Working towards a chemically safe circular economy requires:

* Research on how both the environmental quality objective of a non-toxic en-
vironment and resource-efficient and circular flows can be achieved in parallel.

* Broad interdisciplinary and cross-sector research and innovation collaborations
to address the complexity of this work.

¢ Collaboration among researchers, industry, authorities and other civil and
public organisations to jointly describe the targets and discuss solutions.
This requires solution-oriented and innovative forms of collaboration.

With a growing world population and increasing consumption, there is more and more
pressure on all natural resources and the Earth’s resources need to be used more efficiently
and with greater respect for the planet’s limits. This includes everything from forests and
water to the atmosphere, soil, metals, minerals and energy. The growing competition for
certain resources creates shortages and rising prices, affecting the global economy and
personal finances. To prevent shortages and reduce environmental pressures, the extrac-
tion of natural resources needs to be reduced and these resources need to be used more
efficiently throughout their life cycle: from extraction, transport, processing, production
and consumption to disposal as waste. Resources need to be reused to a greater extent and
the economy needs to move from one based on linear processes to one based on more
circular cycles.

Several official strategies have identified circular economy as a suitable tool for reducing
environmental and climate impacts. 7he Green Deal is the EU’s growth strategy and
aims to make the EU a climate-neutral, fair and prosperous society with a modern,
resource-efficient and competitive economy. The second EU Circular Economy Action
Plan'® adopted in March 2020, is an important part of the Green Deal. That same year,
the Swedish government presented a national strategy for a circular economy. Both
documents emphasise that important issues remain unresolved and that research has a
major role to play in addressing these issues. In the EU Action Plan, the Commission
notes that scaling up the circular economy will be crucial to achieving climate neutrality
by 2050 and to decoupling economic growth from resource use, while ensuring the EU’s
long-term competitiveness.
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The move towards a more resource-efficient and circular use of resources is already
underway and opens up significant opportunities, including for technology development
and the export of innovations. Different value chains have different potential. The EU
has highlighted textiles, packaging, plastics, batteries and vehicles as prioritised streams
for various measures.'® To make the transition to a more circular economy feasible, a
crucial challenge needs to be addressed: creating a resource-efficient society that is also
chemically safe and thereby fulfilling the goal of a non-toxic environment. In Sweden’s
national circular economy strategy, one of the focus areas is the intersection between a
circular economy and a non-toxic environment and how these objectives need to be ad-
dressed together. This is highlighted by both the EU’s chemicals strategy and the Swedish
Chemicals Agency’s documentation and report to the Government on proposals for a
strategy and new interim targets for 2030 for the environmental quality objective of a
non-toxic environment.?* These documents emphasise the need for circular and non-toxic
material fows.

Success in working towards a circular economy and the environmental quality objective
of a non-toxic environment is dependent on building knowledge through research and on
adopting new solutions from innovation and technology development. This work impacts
all parts of society, and it is important to put the different measures, trends and impacts
into a holistic context.

3.2.1 Circular non-toxic material flows

Reconciling the goal of a non-toxic environment with the promotion of a more circular
and resource-efficient economy is fraught with difficulties, as products and materials to
be reused or recycled may contain substances and materials that are not desirable in the
next use cycle. These challenges need to be addressed before progress can be made. Some
substances can be avoided relatively easily, others less so. Some substances are deliberately
added during production to fulfil an important function while others are formed during
production processes or use. Unwanted substances can also contaminate a product over
the course of its lifetime, for example certain packaging, construction materials and
workwear. Substances that have an important function in some applications but are
undesirable for other uses complicate a recycling process.

Increased reuse and recycling of materials and increased utilisation of residual and
by-product streams from various industrial processes require identifying and removing
hazardous substances not permitted or suitable for inclusion in recycled materials.
This needs to be done prior to waste management and during recycling. Today, this is
made difficult by a lack of access to information on the content of materials and the
absence of shared systems for tracing recycled and reused materials.

Part of working towards non-toxic circular material flows is designing products to be
non-toxic from the start. This means that products or materials placed on a market
should be free from hazardous substances, thus enabling a non-toxic, circular economy.
However, this approach is not the whole solution, as it will take a long time to phase
out everything currently in the material cycle, and it does not include the handling of
substances that are currently authorised but may prove undesirable in the future. There
are also substances that are considered too dangerous and undesirable for certain pur-
poses, such as in contact with food or in children’s toys, but desired for other purposes.
For example, society wants to have access to flame retardant materials while wanting to
avoid the presence of flame retardants in the environment. The right chemical has to be
in the right place, so to speak, which is also a challenge in the circular use of materials.
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There needs to be a way to reconcile the ambition of a circular economy with the goal of
a non-toxic environment, so that material flows are both resource-efficient and chemically
smart. More data and analysis are also needed, and there is a clear need for research to
describe, identify and resolve challenges and conflicting objectives to achieve both a
non-toxic environment and a more resource-efficient society.

Safe and sustainable by design and substitution of hazardous chemicals

Recycling materials containing hazardous substances can lead to major problems for human
health and the environment. To reduce this risk, manufacturers and distributors work
from the design and production phase to avoid hazardous substances from the outset and
to actively choose non-harmful substances or alternative methods or technologies. This is
often referred to as safe and sustainable by design. At the same time, work is underway to
replace hazardous substances with less hazardous or alternative methods or technologies
in existing production processes through substitution. For example, it is common for
producers of goods and materials to replace chemicals that have been regulated by

EU legislation.

However, there are challenges with both safe and sustainable by design and substitution.
It can be difficult to find safe chemicals that fulfil the same desirable function while not
creating other environmental problems. Regulated chemicals are sometimes replaced by
chemicals for which there is insufficient information on health or environmental effects
and which may also prove to be harmful in the future. There is a growing consensus in
favour of managing certain chemicals in groups to reduce this risk and avoid what is
referred to as ‘false substitution’. Risk assessment also needs to be able to handle that
substances are being substituted, and this requires sufficient knowledge about aspects
such as health and environmental effects. This includes both known substances and new
substances, but also when known substances are used for new purposes. For example,
where a new target group is exposed or where the substance is mixed with new types

of substances or dispersed in new ways. It is essential that all of these aspects can be
addressed by the next generation of risk assessment.

Recycling and waste

Using Earth’s resources over and over again instead of constantly mining and transporting
new resources across the globe could offer major environmental and economic benefits.
Today, the world is working to increase recycling, not least the EU. The potential is great.
In Sweden alone, 116 million tonnes of mining waste and around 36 million tonnes of
other waste were generated in 2020.*'

Many industries are now shifting their production towards greater circularity. To improve
the potential for success, it is essential that products be designed from the start to have
longer life cycles and to be recycled to a greater extent than today. What was previously
waste can then be used as a resource, reducing the value leakage in society’s material
flows. When different fractions can be separated and waste streams kept as homogeneous
as possible, more material can be recycled before it becomes waste.
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Increased recycling also reduces dependency on imports and amplifies environmental and
climate efforts. For many products, the biggest impact, both environmental and social,
happens when they are manufactured. Extending lifespan by replacing disposable items
with reusable ones, reuse, repair or improved product quality is thus also very important
for reducing environmental impact. Despite treatment in waste management, emissions
and dispersion of hazardous substances to air, water and soil still occur, for example,
through flue gases from incineration, through leachate from landfills or through fires

in waste storage facilities.”> Waste management is poorly regulated in many parts of the
world, and illegal shipments of waste to these areas have a major negative impact on
people and the environment.?? Recycling materials also carries the risk of exposure to
hazardous substances in the working environment and through emissions to air, soil and
water. As such, an up-to-date risk assessment is also important for recycling.

One of the many reasons why society does not recycle all the materials it consumes is
that there is no market for many recycled materials. Sweden has national targets for
improved waste management, reduced waste volumes and increased recycling of products
and packaging, with the subcategories plastics, wood, ferrous metal, aluminium, glass,
paper and cardboard. However, there are no targets for demand for the recycled material.
If more materials are to be recycled, there needs to be greater demand from public and
private actors for these recycled materials. Key prerequisites for a circular economy
include making it more profitable to use recycled raw materials and introducing more
market-based solutions and increased competition in the waste and recycling sector.

In Formas’ discussions on chemical safety and circular economy, several stakeholders have
highlighted legislation and its application as key issues for making significant progress
towards a more circular economy. The Swedish Environmental Protection Agency has
produced a guide for increased and safe recycling.?* However, further analysis and devel-
opment are needed to ensure that policy instruments reconcile the goal of a non-toxic
environment with the vision of a circular and resource-efficient economy so that products
made from recycled materials are chemically safe.

Traceability

To create a more resource-efficient and circular society, we need to know the content of
materials more. A common system for the traceability of materials, whether new, recycled
or reused materials, would facilitate this. The Circular Economy Delegation has defined
traceability as “the availability of requested and verifiable information at each stage of the
value chain and throughout the life of the product, until it becomes waste”.?> This is a
prerequisite for being able to circulate materials and products in a chemically safe way.
Developing traceability systems is important for having reliable information on the
chemical content of a material, such as hazardous substances and critical raw materials,
but it also provides traceability for social and ethical aspects in the production or handling
of the material. Increased traceability can also contribute to improved statistics on our
resource flows. More reliable statistics improve the basis for developing and analysing the
impact of policy instruments and enable the monitoring of targets.
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In Formas’ discussions, both industry representatives and interest groups have noted the
value of having a functioning flow of information about the content of materials at all
stages of production. The flow of information is currently hampered by the existence of
different regulations and practices in the global market. Without traceability at all stages,
the management of end-of-life materials and products for circular use is made more
difficult, as it is then not possible to fulfil legal requirements on, for example, chemical
content for the continued use of the resources. Increased traceability and transparency in
how products are manufactured and reused increases the potential for resource efficiency
and a circular economy while meeting chemical requirements.

The EU also recognises the need for more information about goods. Consumers and
businesses currently lack sufficient information about goods to make sustainable choices.
The European Commission wants to change this with new legislation on digital product
passports for items and goods sold on the European market. In practice, this means that
sustainability and traceability data will be shared directly with consumers and between
actors in the value chain. The purpose of the product passport is to provide digital
information about goods, including on their components and how they can be recycled.
Digital product passports are part of the EU Ecodesign for Sustainable Products Regulation
(ESPR) framework directive. The proposal currently covers around 30 product areas

— ranging from textiles, electronics and furniture to all non-durable consumer goods,
though excluding food. The bill is a step in the EU’s Green Deal, which in turn links to
the UN’s Sustainable Development Goals. The EU is expected to decide on the legislation
in 2024 and the new directives will be rolled out gradually, most likely starting in 2025.
Digital developments and other research will be needed to make this practically possible.

Work is underway to develop traceability systems in a number of sectors. Since different
industries may have different structures and different needs, even though they may

be part of the same production chain, there are challenges in creating common systems.
Another complicating factor is that different markets are regulated differently. Additionally,
traceability will require new labour resources and new approaches to administration,
and there will need to be trade-offs between what and how much information to trace.
The trade-offs are also complicated by the current lack of insight into what will be in
demand in the future, as new chemical substances may be associated with problems.

The EU Circular Economy Action Plan 2020 identifies traceability of information on
products and materials in value chains as a key enabler of the circular economy. The final
report of the Expert Group for Enhanced Traceability within the Delegation for Circular
Economy empbhasises the following:

* New information in this area needs to be developed through research and
pilot projects.

* Identify which industries or resource flows in Sweden can serve as pilots for how to
improve learning about traceability, and investigate how these are impacted by future
policy instruments. This should be based on prioritised materials or sectors where
enhanced traceability is most important.”

Developing methods for traceability and information sharing will enable more sustainable
production and consumption. This would also mean increased opportunities for reuse
and recycling of materials, thereby reducing waste. Research and innovation play an
important role here.

2025

Chemically Safe Future



Prioritised areas

26

3.2.2 Sustainable transition from linear to circular

Much of the research and development related to a circular economy focuses on process
and business development, business models, and policies and governance to promote
such development. These questions need to be supplemented by more research on the
impact of the circular economy on society at large, including how other objectives are
affected by or influence these efforts.

For circular economy to work, current structures and ways of working in society need
to be assessed and adapted for the circular approach. Enhanced cooperation and closer
dialogue among different actors is necessary to find profitable and effective solutions
going forward.

The complexity of a circular economy

The transition to a more circular economy means we need to change the way we produce
and consume goods and services, reduce resource and energy use, and minimise our
environmental impact and the amount of waste we generate. At the same time, a circular
economy needs to enable sustainable economic prosperity.

The benefits and costs of circularity are often calculated from an economic perspective.
Equally important for the circular economy to truly contribute to sustainable development
is that it benefits society more broadly and is environmentally and socially sustainable.
For example, a circular solution could benefit several different actors and target groups in
multiple ways, without counteracting other sustainability initiatives and measures.

Circularity, i.e. reuse or recycling, is used in marketing and can be difficult to assess and
verify. For example, some, but not all, of the production of a product may use circular
flows, recycled materials may have a higher environmental impact than virgin materials,
and recycled materials may contain hazardous chemicals.

We need to better understand both the direct and indirect impacts, benefits and effects on
the environment, health, labour market, economy and social aspects of society resulting
from innovations, solutions or initiatives aimed at promoting a circular economy.

3.2.3 Potential for accelerating the pace of the transition

A more circular economy can support achievement of several sustainability goals, which is
why it needs to be seen as affecting society at large. Despite major advances in technology
development and better understanding of the impact that different circular solutions can
have on both the climate and the environment, solutions are not being implemented at
the pace needed for a transition to a sustainable society. To accelerate this, better market
conditions for circular solutions are needed.

The transition can be strengthened by incentivising change, policy development and
investment in research and innovation. There are many strong research and innovation
actors in Sweden in areas related to the circular economy. To also contribute to a chemically
safe future, collaborations with researchers and experts in other disciplines need to be
expanded, for example in risk assessment, toxicology and ecotoxicology. A prerequisite for
research and innovation to drive development is broader interdisciplinary collaborations
and cross-sector research and innovation projects.
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Policy instruments and implementation

Work at the EU level is central to achieving circular material and product flows, and the
work of the EU Circular Economy Action Plan can enable a positive development of the
circular economy in Sweden and Europe. Laws and policies that enable circular solutions
are an important part of creating incentives for enabling the circular economy.

In the discussions held by Formas that form the basis of this report, several stakeholders
have highlighted legislation and its application as key issues for making significant progress
towards a more circular economy. This includes the waste hierarchy and the demarcation
between waste and chemicals legislation. There is a great need for collaboration and
innovation around policy and decision-making processes.

Collaboration and cooperation

The sustainability transition is a major and fundamental change in many sectors of society.
Collaboration and broad mobilisation are needed for the necessary progress in transitioning
to a more circular economy with non-toxic circular material flows. The ability to work
together across traditional organisational boundaries and sectors is a crucial factor for
success. Sweden’s strategy for a circular economy defines an overall shared vision for
national efforts. The speed of advances can increase once decision-makers in politics,
business, relevant authorities and civil actors meet and together define the way forward in
concrete terms.

Closer collaboration among actors in different sectors and industries is important if they
are to be able to do their part in expanding our knowledge base and creating sustainable
solutions for a profound societal transition. It can be difficult to achieve good collabora-
tion and cooperation that leads to results, especially when different disciplines, areas of
expertise and sectors come together. As such, it is important to use forms of cooperation
that are effective and fair, so that the best possible outcomes can be achieved.

The state has an important role in promoting cooperation. Through incentives and
regulation, the state can promote the emergence of circular solutions that contribute to
greater sustainability. The business sector also plays an important role in this regard, but
private individuals can also contribute if they are given the right conditions. Circular
solutions are also developed in associations or through direct collaboration between indi-
viduals, for example through organisations organising flea markets and swap days, sports
clubs circulating sports equipment, or neighbours sharing tools and other infrequently
used items. In addition, environmental and consumer organisations, among others, are
engaged in activities that promote a circular economy.

A forward-looking circular and chemically safe economy also requires a larger knowledge
base, both through research and innovative solutions. A prerequisite for research and
innovation to better drive the transition is more broad interdisciplinary collaborations
and, perhaps above all, cross-sector research and innovation projects involving policy-
makers, public authorities, businesses and other stakeholders.

Skills development

The move towards a more circular economy impacts the labour market and leads to
changes for many professions. Being in a strong position in the transition often requires
improving expertise in several areas. In the product and process industries, for example,
the need for expertise in product design and development of sustainable, repairable

and recyclable materials and products will increase. The need for expertise in increasing
chemical safety in products and processes will continue to be significant among both
producers and regulatory authorities.
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3.3 Preparedness for the consequences of climate change on a
non-toxic environment

In brief

Improved preparedness for the consequences of climate change on a non-toxic
environment requires a better understanding of:

* How exposure to and dispersion of chemical substances and other environ-
mental pollutants can be expected to change as a result of changes in
temperature and precipitation, and of droughts, fires, floods and landslides.

* How the use of and exposure to chemical substances and environmental
pollutants can be expected to change as a result of climate adaptation and
behavioural changes.

Climate change is also expected to affect the occurrence and dispersion of environmental
pollutants. A changing climate will affect how environmental pollutants spread, but it
will also lead to effects that will require introducing new chemicals or using chemicals for
new uses. Major knowledge gaps exist.

While the world is working to mitigate climate change, humanity faces a reality where
scientists and other climate experts agree that the climate is already changing. Society
must thus adapt to climate change by preparing for the challenges ahead, i.e. climate
change adaptation. Considering environmental pollution in this effort is important to
ensure a chemically safe future.

3.3.1 Direct effects of climate change

Climate change causes temperature increases, droughts, changes in groundwater levels,
heavy rainfall and floods. Not only can this increase the risk of landslides and erosion,

it can also lead to more fires and that ice sheets melt. When this happens, there is a

clear risk of new and old environmental pollutants spreading in ways that are currently
unknown or not fully predictable. Increasing our understanding of what to expect in the
future is important for improving our ability to prepare, adapt and act proactively.

Government climate and vulnerability analyses show that an increased risk of landslides
and erosion threatens communities, infrastructure and businesses.*® Among many other
things, they can impact and amplify environmental and health risks from contaminated
sites, landfills and other environmentally hazardous activities. For example, heavy rainfall
can lead to flooding of industrial sites and wastewater treatment plants, resulting in the
spread of environmental pollutants. Similarly, rockslides, landslides and mudflows can
spread pollution to fresh water sources.” The Swedish Geotechnical Institute states that
greater consideration is needed of the risks of contaminated areas in a changing climate

to avoid consequences for human health and the environment.” They also emphasise that
there are still knowledge gaps on the extent of climate impacts on different soil conditions
and possible consequences. Society clearly needs more research on the consequences

of floods, landslides and erosion on toxicity, mobility and dispersion of environmental
contaminants.
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An increase in fires due to warmer temperatures can also cause dispersion of both known
and unknown environmental pollutants and chemical substances. Forest fires are expected
to increase exposure to polycyclic aromatic hydrocarbons (PAH) and airborne particles.?
More droughts mean drier soils, which in turn increases the transport of heavy metals,
contributing to changes in their distribution patterns. The dispersion of pesticides and
other environmental pollutants is also expected to be affected. In addition, environmental
contaminants currently intact in ice and tundra may begin to spread again as they melt
and thaw, and risks we have not had to act on for a long time may become relevant again.
There is currently insufficient knowledge about what environmental pollutants can be
expected in the environment as a result of climate change and how they can be expected
to spread. More research is needed.

3.3.2 Indirect impacts of climate change

Changes in the climate mean that we need to change our behaviour and that society
needs to adapt and adjust. Several of the consequences are expected to affect the levels of
environmental pollutants and other chemical substances in the environment. As such,
this will also impact the potential for achieving the environmental quality objective of a
non-toxic environment and a chemically safe future.

One example is related to agriculture: As temperatures rise, the conditions for agriculture
change. In Sweden, this means, among other things, that the occurrence of certain pests

is expected to increase and along with this the need to use other types of pesticides
than those currently used and regulated. Another example is when climate change leads
changes in lifestyle and eating habits. When we start eating new foods, this may also
lead to exposure to new chemical substances and environmental pollutants. The Swedish
Environmental Protection Agency’s 2022 report Human exposure to chemicals in Sweden
in a changing climate®® suggests that a warmer climate will increase demand for more
energy-efficient buildings and possibly cause people to spend more time indoors, which
could increase exposure to indoor pollutants.

These are complex changes taking place on several fronts which may impact the spread of
and exposure to environmental pollutants. More knowledge is needed about many sectors
of society so that we can act and prevent potentially unwanted situations. Enabling
proactive risk assessment and measures by society requires both research and the sharing
of knowledge among researchers and different end users.

There are also major ambitions to reduce climate change. A central part of the ongoing
green transition to achieve climate goals, the UN’s Sustainable Development Goals and
Sweden’s environmental quality goals is society’s electrification and energy production,
where batteries, solar cells, wind power and now also nuclear power are central parts. New
industries are being established where there is a need for chemicals and innovation-critical
earth metals and minerals. Mining will also expand. The design of production processes,
recycling and management of emissions will determine how much impact production
will have on the environment. Well-designed processes from the start have the potential
of also helping to enable the circular economy.
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4 Instruments for research, innovation and
collaboration for a chemically safe future

There is already a great need for knowledge and expertise within the field of chemicals.
Moreover, with the increasing use of chemical substances, including for the green
transition, and the increasingly important process of moving towards a more circular
economy, this need is growing. To ensure a chemically safe future, it is essential that
society promotes new collaborations and an increased exchange of knowledge between
actors in the field. At the same time, more resources are needed for research and inno-
vation to generate new findings and innovative solutions. A research and innovation
initiative for a chemically safe future should be long-term and broad. It should include
different types of policy instruments, where the long-term need determines when in
time a particular instrument is used. Making substantial progress in the three areas of
next-generation risk assessment, strengthening the conditions for a chemically safe circular
economy and preparedness for the consequences of climate change on a non-toxic environment
will consistently require a combination of more high-quality research and innovation
and increased cooperation and collaboration. Increased collaboration between a wide
range of actors in different fields will be key. The instruments used in the initiative also
need to promote interdisciplinary and cross-sector approaches, skills development and
international cooperation.

As a research council, Formas can support progress towards a chemically safe future by
funding research and innovation that supports this work. Given the right conditions, we
can also provide an important arena for increasing the application of research and inno-
vation, for example through joint forums for researchers, authorities, industry and other
end users. We can then also ensure that supported research is both in demand from end
users and useful for the development of society. We could also make use of instruments,
such as policy labs, to enable discussion on specific key issues to move the work forward.

Appropriate instruments for the broad and long-term approach we propose include, but
are not limited to, research projects, innovation projects, mobility support and policy
labs. During the course of the initiative, other instruments may also be identified as
suitable to fulfil an identified need.

Cooperation and collaboration are not only important in research, innovation and
collaborative projects, they also determine the form efforts take for a chemically safe future.
In designing the initiative, we will both continue to expand our already established
partnerships with authorities, industry and interest organisations, and design the initiative
in co-creation with them.

4.1 High-quality research and innovation

The main instrument for high-quality research and innovation is the funding of research
and innovation projects through competitive calls for grant applications. The focus of re-
search should be on applicable and needs-driven research of the highest scientific quality.
Innovation efforts are needed to find new solutions, new ways of working in areas such as
risk assessment, and new ways of collaborating. We often fund three-year projects, but we
recognise that in some areas there is a need for longer project periods. Interdisciplinary
and cross-sector projects benefit from being given time to build common ground for
cooperation and to allow participants to develop an understanding of the language

and working methods of the involved disciplines and sectors. To build up expertise in
key areas and create strong interdisciplinary research environments, we thus need to be
able to support network-building and projects that have the primary aim of building
collaborations that can then conduct research and innovation projects.

2025

o0
Chemically Safe Future oo



Instruments for research, innovation and collaboration for a chemically safe future

31

Society needs to ensure future development and access to knowledge on chemical safety
and the circular economy. Calls for grant applications thus need to be designed so that
there are opportunities to fund junior researchers. Formas has extensive global activities.
We promote and initiate international research collaborations and participate in collabo-
rative research within EU and other international research programmes. Calls within the
initiative need to enable international collaborations to maintain and strengthen Swedish
participation in international research initiatives and in collaborations with strong
research environments in other countries.

4.2 Mobility between sectors

Both national and international researcher mobility drives quality, promotes more dynamic
research environments and increases the dissemination of research. Mobility between
academia and society improves the relevance of higher education to the labour market and
improves access to skills and expertise. Knowledge sharing and increased networking are
thus necessary for improving the potential for developing next generation risk assessment.
This makes mobility an important tool. Similarly, mobility can improve knowledge
exchange, relevancy and the quality of the research that will help achieve both circular mate-
rial flows and the environmental quality objective of a non-toxic environment in parallel.

Mobility among different sectors, such as among businesses, public authorities and
academia, increases understanding of the different needs and ways of working and
contributes to improved cooperation among different actors. It also helps to increase
the societal relevance of conducted research.

4.3 Policy lab for co-creation

Policy labs are a form of co-creative development process that bring together a group of
stakeholders to test, experiment and learn in policy development, focusing on new ways of
working, guidelines and regulations. Policy labs use methods designed to integrate multiple
perspectives and competences. In this way, it is a useful tool for creating well targeted
policies that can handle complexity and are well supported by both decision-makers and
users. Policy labs would make it possible to address such issues as how a municipality or an
industry can work with the circular economy and non-toxic environment under existing
legislation. Policy labs allow end users, researchers and other stakeholders to share know-
ledge and work together to achieve a common goal. This is a solution-oriented instrument.

Similar instruments that can also be useful for existing needs are living labs, design labs and
transition labs®, all with similar ambitions of collaboration and co-creation as policy labs.

4.4 Stimulate networking and real-world impact

Both mobility support and policy labs promote networking and the real-world impact
of research results. In addition to these instruments, Formas can provide collaborative
spaces to further stimulate discussion and knowledge sharing and increase understanding
of existing needs and solutions. With the right contacts, relevant research questions

for society can be asked that can lead to research or innovation projects. This, in turn,
expands the relevancy and real-world impact of research and innovation.

Networks and cooperation also need to be maintained and strengthened at the international
level. With a long-term initiative for a chemically safe future, we will be reviewing the
potential for supporting researchers financially in various international research collabo-
rations. There is also a need for and opportunities for providing funding to allow Swedish
researchers to participate in international expert groups. This also serves as a way of
encouraging networking, collaboration and skills development.
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are the environment, agricultural sciences and spatial planning. We conduct systematic
reviews that aim to make it easier for Sweden to achieve our environmental goals.

We also communicate about research and research results.
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