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ABSTRACT
This sub-study analyses the needs and options to foster the development of new, non-/less toxic
substances. It includes an assessment of existing policy programmes, including R&D funding,
supporting green or sustainable substance development and an analysis of related barriers and drivers.
The analysis of existing activities shows that no programmes specifically supporting the development
of new, non-/less toxic substances exist, albeit the US EPA and individual Member States carry out
individual activities, however with a broader scope, i.e. fostering sustainable use of chemicals.
The main barriers to substance development identified are: lack of contacts between supply and
demand, confidentiality, time to market and resource needs, general resistance to change and fear of
change-over costs, complexity of supply chains and a lack of research funding. The main drivers
identified are legal pressure and consumer demands, as well as competitiveness (new functionalities,
less toxic solutions).
An EU programme specifically addressing the development of new, non-/less toxic substances would
support the implementation of the Non-Toxic Environment Strategy by increasing the supply of
alternatives for the use of toxic substances. Support actions of the programme should consist of
integrating the ‘Non-toxics issue’ into all EU policies, including in R&D funding instruments,
providing opportunities for stakeholders to make contacts and overcome supply-chain barriers,
supporting education and training at all levels of the supply chain and in universities, as well as
general awareness raising on the benefits of less toxic substances. Any (additional) actions supporting
substitution would also drive new, non-/less toxic substances development.
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EXECUTIVE SUMMARY
This sub-study analyses the needs to implement, at the Commission level, a specific ‘Programme on
the development of new, non-/less toxic substances’ (EU Programme) that should support the
provision of alternatives to the use of toxic substances, thereby contributing to achieving a non-toxic
environment.
The report identifies current barriers and disincentives to the production and use of new, non-/less
toxic substances from literature review and stakeholder discussions, which the potential EU
Programme should help to overcome. The EU Programme is understood as a broader set of measures
improving the overall conditions for new, non-/less toxic substances development. Therefore, the
analysis of and needs for support identified are not limited to funding activities but include various
aspects. The sub-study closely relates to the sub-study on substitution and the sub-study on innovation
and competitiveness that form part of the project report, too.
A potential EU Programme should generally strengthen the supply of substances with (more)
favourable properties for human health and the environment than those they should replace. This
includes properties that enable safe and efficient recycling, while meeting the technical needs of the
users.
Non-toxic or less toxic substances can be regarded as a sub-set of ‘green chemicals’ and ‘sustainable
chemicals’. While the concept of green chemicals also addresses, among others, resource efficiency
and optimizing chemical synthesis in addition to the reduction of (eco-)toxicity, the concept of
sustainable chemicals additionally includes social and economic aspects of chemicals production and
use.
The assessment of existing programmes supporting new, non-/less toxic substance development
includes programmes that address green and sustainable chemistry. This acknowledges the fact that
many industry actors already take an integrated perspective to substance and product development, i.e.
use sustainability indicators or criteria to guide their business decisions.
In order to structure the identification of needs to support the process of new, non-/less toxic substance
development, three distinct steps in this innovation process are identified as posing specific
challenges, which would not exist or to a lower extent for the use of existing alternatives in
substitution. These are:

identification of technical requirements to new, non-/less toxic substances (application, end-oflife properties, specific technical functionality) and of business /research partners

identification of future legal requirements or certification needs potentially guiding the substance
design and

actual substance (in-silico) design process, which should take account of the legal and technical
demands and requirements as well as avoiding toxicity of the new substance.
No existing programmes that specifically support the development of new, non-/less toxic substances
could be identified. However, several programmes and initiatives exist, in the United States in
particular, to foster the use of green or sustainable chemistry, among others by supporting substitution
in general. Some EU Member States implement related activities. The lack of strong programmes
supporting new, non-/less substances development can be explained by the fact that publicly funded
research is increasingly organised to fulfil societal (sustainability) needs and hence addresses larger
contexts and research clusters. Consequently, rather than supporting specific substance development
as such, existing programmes embed these activities into larger research and innovation areas.
Several stakeholder networks exist which, among others, work on the (improvement of the conditions
for) innovation via the development of new, non-/less toxic substances. One example is the Green
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Chemistry and Commerce Council, a US-based network of academics, companies and legislators,
which, among others, has outlined a strategy to promote green chemistry in general. At the EU level,
the platform ‘SusChem’ is a prominent example of such networks, which has sub-organisations in
different Member States.
From the literature review and stakeholder discussions, barriers to the R&D of new, non-/less toxic
substances were identified, which cannot, however, be prioritised with regards to their relevance, due
to lack of substantiating data on the actual impacts on R&D. Furthermore, most literature addresses
barriers to substitution without differentiating whether and how they (also) relate to substitution with
new substances rather than existing ones.
The main barriers identified, which are regarded as being relevant for the R&D process on new, non/less toxic substances can be summarized as follows:

conflicts from increased transparency needs of users and the protection of confidential business
information;

researchers of new substances do not know the needs (companies in demand, types of substances
and applications);

companies wanting to use a new, non-/less toxic substance have difficulties identifying a partner
to conduct the development work with;

research and development of new substances needs time;

administrative and financial burdens as well as registration process of new substances (in
competition to existing ones)

the need for new infrastructure for the design and production;

fear of hidden costs and resource needs for changes to new products;

fragmented demands due to complexities of the supply chains;

general resistance to change;

different messages from policy, science, supply chain, etc.;

difficulties in expressing benefits in terms of cost savings due to quantification and focus on
prices rather than costs;

lack of funding;

lack of trained and well- educated workforce.
Feedback from the stakeholder workshop, conducted in the context of this project, mainly support
these findings from the literature. No ranking of relevance of these aspects was possible. It was
mentioned, however, that research funding and the existing research infrastructure would not be of
highest priority for action, although more support from EU R&D would be useful. Substance design
tools were named as ‘sufficient’, however with a need for improvement with regard to coverage and
quality of individual tools.
The stakeholders at the NTE Workshop identified the following factors as main barriers to R&D on
new, non-/less toxic substances:







insufficient (legal and market) incentives for new substance development;
lack of contacts between substance developers and users of these substances as well as
opportunities and platforms for experience exchange;
lack of a basic overall understanding of toxicity aspects and how these could be integrated in
substance design by all concerned actors;
low ‘interdisciplinary understanding’, lack of education and training;
missing specific funding opportunities;
low overall awareness of benefits of non-/less toxic substances.

The main drivers for the development of new, non-/less toxic substances identified from literature also
relate to substitution in general. Overall, consumer demand and regulatory pressure are identified as
the core drivers for green chemistry innovation, with an overall agreement from literature and
stakeholder feedback that the incentives posed by regulation outweigh the barriers that could arise
Milieu Ltd
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from requirements to assess and register new chemicals before marketing. Additional drivers include
competitive advantages from new, innovative products and avoiding business risks, such as scandals,
insurance costs, etc. The opportunity to develop new or more efficient functionalities/materials, such
as could be the case from the use of nanomaterials is another, important driver of new substances
development.
The use of waste as feedstock was analysed with a view to the opportunities to link the development of
non-toxic or less toxic substances to related R&D activities. It is concluded that related research
mainly focuses on exchanging the feedstock for chemicals production. Aspects of the (eco-) toxicity of
the products are of low relevance, as the main aim of related projects is to lessen dependency on raw
materials from other countries while obtaining the same product as if virgin materials are used.
Consequently, little incentives for the development of new, non-/less toxic substances are expected
from this area and the topic was not further elaborated.
Drawing conclusions from the internet research, literature review, stakeholder interviews and the NTE
stakeholder workshop in June 2016, an EU programme supporting research and development of new,
non-/less toxic substances could help achieving a non-toxic environment by providing alternatives to
toxic substances. While the programme should include elements that increase available research and
development funding, other aspects of improving the overall ‘environment’ in relation to providing
guidance at policy level, raising awareness, increasing education, enabling networking and fostering
substitution appear of equally high relevance.
It seems important to view the development of new, non-/less toxic substances in context and
differentiate two principle cases: larger innovations at material level, where broader contexts are
addressed and research and development of specific substances in specific applications. While the
former is currently covered by the EU research and innovation programmes, like Horizon 2020, the
smaller scale research happens at company level and less public funding appears to be granted (and
demanded). In both cases, new, non-toxic or less toxic substance development is not an end in itself,
but instead functions as an enabling factor in the context of a larger undertaking.
Several proposals and recommendations on how to overcome barriers to the development of new, non/less toxic substances and their use, and to strengthen respective drivers, were identified from the
literature and stakeholder inputs. These could be grouped into two types of responses:



Response 1: Strategic actions to integrate ‘new, non-/less toxic substance development’ in all EU
policies and to improve the overall regulatory and economic frame for related R&D; and
Response 2: Enabling actors to better implement R&D on new, non-/less toxic substances by
awareness raising, enabling networking and supporting training and education.

To guide all actors on the direction of innovation, the EU Commission could develop a
Communication that:




outlines the roadmap to phasing out (eco-)toxic substances,
describes the needs and opportunities to foster the development of new, non-/less toxic substances
across policies and activities, and
highlights priority research areas for new substance development based on the priority
substitution needs as well as synergies and interlinks with other societal challenges.

The EU Commission could initiate reviewing policies in order to reduce regulatory burdens and
include more drivers for the development and use of non-/less toxic substances. Additionally, ‘toxicity
aspects’ as a horizontal requirement could be included or further emphasized in all of the research and
innovation activities funded by the Commission. A separate R&D programme supporting the
development of new, non-/less toxic substances to fulfil the (priority) substitution needs would provide
further incentives in this regard and would need further assessment of what are the priorities for
substitution (i.e. which substances/substance groups, which applications etc.).
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Approaches enabling all actors to more efficiently innovate towards new, non-/less toxic substances
could include several actions, starting with the identification of needs for training and education, the
facilitation of information and methods-exchange between training institutions or the publication of
best practice examples of ‘green chemistry education’.
Supporting networking activities of all actors would be another action that could be incentivized or
further supported by the EU Commission, e.g. via web platforms or conferences. Finally, funding for
R&D in the field of new, non-/less toxic substance development could be provided, for the
development or improvement of substance design and hazard prediction tools in particular.
Key findings on new, non-toxic substances development
The problem

A non-toxic environment implies that toxic substances are replaced with safer alternatives.
Existing substances and non-chemical solutions are not always suitable alternatives and new
solutions may be required;

Barriers to the development of new, non-toxic substances include fears of costs, a lock-in in
the current production situation, the potential need to establish new relationships with
suppliers/customers, a lack of experience in cooperating on issues of substitution and substance
development and uncertainty about the outcome of the development process and the future
market opportunities for the new, non-toxic substances;

Contextual factors that hamper the development of new, non-toxic substances include a lack of
clear development goals at policy level (i.e. definition of non-toxic substances), missing inter
and transdisciplinary cooperation in science and at the corporate level, a generally hesitant
business environment regarding “green chemistry” and a lack of awareness and education;

Research and innovation programmes exist which integrate the development of new, non-toxic
substances as an option to achieve larger solutions to societal problems at the Member State
and EU level. However, research programmes that specifically address the development of
new, non-toxic substances at smaller scale, i.e. for specific applications, are largely
unavailable.
Gaps and inconsistencies in current policy

The need to develop new, non-toxic substances is not integrated as horizontal issue in all EU
policies and research programmes;

Although substitution of hazardous substances is discussed since a long time, little emphasis
has been placed on supporting the related development of new, non-toxic substances and
creating a favourable business environment, e.g. with view to replace restricted substances;
hence, an EU research area or strategy specifically targeting new, non-toxic substances
development is needed.

A strategy, implementation instruments and networks to raise awareness about the benefits of
using non-toxic substances and building related capacities in companies, academia and the
general education system should be considered; such measures are still lacking at EU level
(including providing support to Member States).
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ABBREVIATIONS USED
CEFIC
CIEL
CMR
EAP
EC
ELINCS
EINECs
EPA
ERA
EU
EuMat
FET
FP
GC3
LEIT
MoE
NCER
NGO
NOTES
NTE
OECD
PBT/vPvB
PPP
PPORD
(Q)SAR
R&D
REACH
SAICM
SME
SPIRE
SusChem
UBA
UN
UNEP
US
WHO

European Chemicals Industry Association
Center for International Environmental Law
Carcinogenic, Mutagenic, Reprotoxic
Environment Action Plan
European Commission
European List of New Chemical Substances
European Inventory of Existing Chemical Substances
Environmental Protection Agency
European Research Area
European Union
European Engineering Materials and Technologies
Future and Emerging Technologies
Framework Programme
Green Chemistry and Commerce Council
Leadership in Emerging and Industrial Technologies
Ministry of the Environment
National Center for Environmental Research
Non-Governmental Organisation
Non-toxic Environment Strategy
Non-toxic environment
Organisation for Economic Cooperation and Development
Persistent, Bioaccumulative and Toxic /very Persistent, very Bioaccumulative
Private Public Partnership
Product and Process Oriented Research and Development
(quantitative) structure activity relationships
Research and Development
Registration, Evaluation, Authorisation and Restriction of Chemicals
Strategic Approach on International Chemicals Management
Small and medium sized enterprise
Sustainable Process Industry through Research and Energy efficiency
Sustainable Chemistry
German Federal Environment Agency (Umweltbundesamt)
United Nations
United Nations Environmental Programme
United States
World Health Organisation

1

INTRODUCTION

The aim of sub-study f is to assess the need and potential options to develop an EU Programme on
new, non-/less toxic substances that should support the achievement of a non-toxic environment.
It is acknowledged that existing substances, materials and processes could prove as valid and less or
non-toxic solution to the use of toxic substances. Although also this area of identifying research and
development deserves support, this sub-study merely addresses the aspect of developing new
substances.
In this report, information is compiled on the status quo:




regarding policy support in similar programmes, however with a broader scope than ‘only’
development of new, non-/less toxic substances, i.e. on the development and use of Green
Chemistry or Sustainable Chemistry, and
of individual activities and measures implemented at different levels and by different actors, such
as governments in the EU Member States or in non-EU countries, companies, research networks,
or non-governmental organisations (NGOs).

Furthermore, literature on barriers and incentives to the implementation of Green Chemistry was
analysed and stakeholders were consulted via interviews and as part of the Non-Toxic Environment
Workshop (NTE workshop) conducted in June 2016.
Based on the status quo description and the identification of barriers and incentives to the development
of new, non-toxic or less toxic substances, options for the EU to act are extracted and described that
could constitute different elements of an EU programme.
In the following, and throughout the sub-study report, the term less toxic substances is used to
facilitate readability. While ‘no toxicity’ is the goal for orienting activities, ‘only’ a decrease in
toxicity (less toxic) may be achievable and desirable. Hence, the term ‘less toxic’ includes both
inherently non-toxic substances (if possible) and less toxic substances than those in use, both of which
will result in an overall decrease in the toxicity of substances on the market.
1.1

PROBLEM TARGETED

The implementation of a non-toxic environment strategy (NOTES) obviously requires the eventual
phase-out of the use of toxic substances in mixtures, articles and processes. Key drivers to substitution
are regulatory pressure, e.g. from use restrictions, product authorization or the duty to communicate on
substances in products and articles, as well as market demands for less toxic products (c.f. sub-study a
on substitution or sub-study b on non-toxic articles and material cycles).
The phase-out of substances is only possible if suitable alternatives are available that ensure the
respective functionality remains on the market1. Replacement of a toxic substance could occur by
different means, including with different processes, materials or services. In case of chemical
alternatives, a substitute could be selected from the existing substances or the development of a new
substance could be started. In the optimal case, the research and development would result in a nontoxic substance that fulfils the functions and requirements of the originally used, toxic substance.
Finally, the new, non-toxic substance should have properties enabling safe and efficient waste
1

In exceptional cases, products, processes or services including or requiring the use of the toxic lack benefits and should not
be maintained on the market.
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treatment as a contribution to implementing a circular economy.
The cases of phthalates and of poly- and perfluorinated chemicals shows that the replacement of a
toxic substance with (similar) existing substances may be ‘regrettable’, as similar (eco-)toxicities may
be linked to them, and that it may be difficult to find alternatives from the portfolio of existing
substances in the market. These cases are strong triggers for the development of new, non-/less toxic
substances. However, these activities may take time and, as is evident for the fluoro-chemistry, may
require different substances for different applications of a toxic substance. In some cases, it may be
necessary to consider entirely different technologies, in particular where the molecular structure
required for a particular technical function is directly linked to toxic properties, as shown in the
example of persistence (c.f. also the sub-study d on persistent chemicals).
In addition, substances may be developed to fulfil a particular (new, innovative) function in a larger
context. This has been occurring of late in the area of nanomaterials, where material scientists have
improved the technical functionalities of e.g. plastics by incorporating carbon nanotubes and have
developed new, functionalized packaging materials etc. Here, the development of new substances,
which may or may not be less or non-toxic, is driven by the aim of developing a new functionality, a
new material or significantly improving the quality of existing materials rather than only replacing a
substance without achieving different functionalities.
The (current and) future overall demand for new, non-/less toxic substances can hardly be estimated
due to several reasons, such as:








It is not fully clear in which applications substances are used, which are deemed for substitution,
due to an overall lack of knowledge on the use of substances;
It cannot be judged to which extent non-chemical solutions or existing substances are feasible
alternatives to the use of toxic substances and, vice versa, if the pressure to identify new
molecules will increase as no feasible alternatives are on the market;
The rate of substance development, whether as a possible alternative or as a development to
create new materials or product innovations, which could be judged e.g. by the number of nonphase in substances under REACH is not a good indicator for the need of substances, as they only
show the successfully finalized development processes;
Substance development is an innovation activity and all actors are careful about publishing needs
and offers in this regard;
The statements of different actors are not pointing towards the same direction regarding the needs
for support on the research and development of new, non-/less toxic substances.

Consequently, if and how large the demand for new, non-/less toxic substances actually is cannot be
quantified. However, with view to the fact that approximately 60% of all existing chemicals are
classified as hazardous for human health (and additional ones for the environment), a potential
demand of a large scale is expected, if a non-toxic environment should be achieved.
Key aspects to be addressed in the area of designing new, non-/less toxic substances relate to:






bringing those actors who are able to design new, non-toxic or less toxic substances together with
those, who need either to substitute a toxic substance or who would like to develop new materials,
products or functions;
further developing methods and tools for in-silico design and hazard prediction, as well as
educating scientists and technologists who can work with and interpret them;
providing funding opportunities to academics and companies;
improving the overall research and business environment paying more attention to and placing
emphasis on the low toxicity of substances in a horizontal approach; this could trigger additional
needs for substance development, in particular where they are addressed in EU funded research
and innovation projects, for instance.
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The EU Research and Innovation Programmes cover a wide range of domains addressing different
scientific, economic and societal challenges. There is no specific theme for the development of new,
non-/less toxic substances, but this issue is covered by projects funded under different themes, notably
LEIT-NMPB (Leadership in Enabling and Industrial Technologies, Nanotechnologies, advanced
Materials, advanced manufacturing and Processing and Biotechnology). Activities address the whole
innovation chain with technology readiness levels spanning the crucial ranges from medium levels to
high levels preceding mass production. They are based on research and innovation agendas defined by
industry and business, together with the research community, and have a strong focus on leveraging
private sector investment.
The large EU R&I programmes, such as Horizon 2020, provide funding opportunities for
multinational research networks developing large-scale innovations and development processes.
Projects targeting the development of new, non-/less toxic substances to replace toxic ones may fit into
the category of eligible projects. This could be the case if they do not concern any of the currently
prioritised societal challenges or if they do not have large-scale impacts across a sector but ‘only’ for
individual products. They may not be regarded as ‘innovative enough’, e.g. if they involve incremental
improvements rather than systematic changes, or they may not need a large research community to be
involved. Nevertheless, these projects may considerably contribute to a decrease in production, use,
emissions and exposures to toxic substances and hence be a valuable contribution to the non-toxic
environment. Consequently, there is a funding gap.
1.2

FOCUS OF THE SUB-STUDY FOR THE NON-TOXIC ENVIRONMENT STRATEGY

Sub-study f focuses on the identification of needs and opportunities to increase (scientific) research
and development on new, non-toxic and less toxic substances and analyses barriers and disincentives
to their production and use. Issues relating to the general context of substitution and commercialisation
of substances are part of sub-study a, on substitution and grouping.
It is not in the remit of this sub-study to define the understanding of ‘non-toxic substances’. However,
the understanding of the term in this sub-study is outlined in Section 2.1.1.
The EU Programme is understood as a set of instruments, tools and measures that support any of the
actors developing new, non-/less toxic substances in overcoming barriers and challenges in their work.
In addition, it should include activities improving the overall scientific and business environment in
relation to the use of less toxic substances.
1.3

CONTEXT OF THE R&D PROGRAMME ON NEW, NON-/LESS TOXIC SUBSTANCES

The two aspects new substances should fulfil – absence of or significantly reduced toxicity and
properties supporting safe and efficient waste treatment - are part of the wider concepts of green
chemistry and sustainable chemistry.
The term ‘green chemistry’ was introduced by Paul Anastas and John Warner in the late 1990s. It was,
and still is, defined by the majority of actors and in most related publications according to the ‘12
principles of green chemistry’2. These principles include, in addition to a decrease in the toxicity of
products as well as a decrease in the toxicity and the amount of wastes from the manufacturing
processes, aspects such as improved efficiency of the production process, reduction in resource use
and emissions of greenhouse gases, or improved installation safety. Consequently, the concept of
green chemistry relates to a number of environmental, health and safety aspects in the production and
2

American Chemical Society, April 2016.
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use of chemicals in general.
Green chemistry can be viewed as part of the wider concept of sustainable chemistry, which evolved
with the global sustainability goals. Apart from the principles of green chemistry, the concept of
sustainable chemistry also includes economic and social aspects of the production and use of
chemicals.
The German Federal Environment Agency (UBA) and the OECD have developed a concept that
represents the common understanding of sustainable chemistry.3 Rather than being a fixed goal,
sustainability is understood as an improvement process, with different aspects and criteria that should
provide orientation about the direction in which innovation should move. How sustainability is
interpreted in practice depends on the actors applying the concept and the question they aim to answer;
the tools and approaches require operationalisation of the general goals of reduced environmental
impact, contribution to social improvement and economic balance.
Although there are clearly differences between the concept of green chemistry and sustainable
chemistry, the two terms are frequently used synonymously.
At the workshop organised by the EU chemicals industry association (CEFIC) to provide input to the
NTE project at an early stage, the presentation by Clariant, among others, showed that companies
normally do not view the aspect of ‘non-toxic substances’ or ‘less toxic chemicals’ in isolation but as a
part of a wide range of improvement areas for their portfolio. Clariant stated that they consider the 12
principles of green chemistry as well as several economic and social factors in the analysis of how
their product portfolio could be improved. Hence, it is noted that an isolated view on toxicity is not
compatible with current trends in assessment and performance evaluation, as well as innovation and
development work in companies and policies.
At the stakeholder workshop in June, several participants also stressed that an EU Programme on less
on non-toxic or less toxic substances should not only focus on identifying alternatives to toxic
substances. Instead, it should widen the focus and a) strengthen thinking about which functionalities
need to be achieved rather than which substances need to be substituted and b) to focus on nonchemical alternatives.4 While considering these two as important aspects of substitution, they are not
covered in this sub-study.
The recycling of waste chemicals through their use as feedstock in the production of other chemicals is
an additional aspect included in the analysis of this sub-study. Although relevant to the concepts of
green chemistry and sustainable chemistry, it is analysed mainly to identify synergies to foster the
development of green chemicals. Figure 1 illustrates how the development of new, non-/less toxic
substances is embedded in the 12 principles of green chemistry and the even wider concept of
sustainable chemistry.

3
4

Umweltbundesamt, viewed April 2016.
The sub-study on substitution considers this aspect.
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Figure 1: Embedding of non-/less toxic substances in the landscape of chemicals concepts
Green chemistry 12 principles, including

Sustainable chemistry (e.g. UBA)
Green chemicals + social aspects
+ economic perspective
Overall (process) concept
Provides orientation
Integration at UN level

•
•
•
•

•

Sustainable chemistry

Fewer or less severe hazards of products,
processes and auxiliaries
• More efficiency: less resource
use, less waste generation
• Pollution prevention, accident
prevention, use of
renewable resources etc.

Green chemistry

Non-toxic /
less toxic
substances

(New) non-/less toxic substances
•
•

No hazards or less severe hazardous properties
Properties allowing safe end-of-life,
enabling recycling and/or reuse

1.4

AIMS OF THE SUB-STUDY F

The aims of sub-study f, as outlined in the terms of reference of this project, are to:






give an overview of existing programmes and individual measures supporting new, non-/less
toxic substance development, including a brief analysis of the level of related investments;
describe instruments and approaches to promote the development of new, non-/less toxic
substances;
identify the need for and the potential scope of a respective R&D Programme in the EU and how
it could be integrated in and complement ongoing activities;
outline potential elements of an R&D Programme on new, non-/less toxic substances in the EU;
describe the added value of a potential EU Programme on the development of new, non-/less
toxic substances.

Milieu Ltd
Brussels

Study for the strategy for a non-toxic environment of the 7th EAP
Sub-study f: Programme on new, non-/less toxic substances, August 2017 /18

2

OVERVIEW OF THE STATE OF PLAY OF THE SUB-STUDY AREA

2.1

DEFINITIONS AND CONCEPTS

2.1.1

Definition of non-/less toxic substances5

At the NTE stakeholder workshop in June, the participants stressed the need to define the term ‘nontoxic substance’ as used in the ‘Non-Toxic Environment Strategy’ as well as in the context of new
substance development. This would be needed to give guidance to substance developers and signals to
the target what should be achieved by the market, i.e. which substance properties should be avoided
(as a minimum) and which properties could be desirable. It was also common understanding that the
definition might change over time to take account of progress in phasing-out of toxic substances or of
new scientific knowledge on (eco-)toxicity. The workshop participants identified the definition of
‘non-toxic substance’ as (also) a political issue and did not conclude on it further.
It can be regarded to be common understanding that ‘non-toxic substances’ are considered substances
that at least have no properties of (very high) concern, as defined by REACH Art. 57:



Carcinogenic, mutagenic and reprotoxic (CMR), persistent, bioaccumulative and toxic /very
persistent and very bioaccumulative (PBT/vPvB);
Properties of similar concern, commonly understood as including at least endocrine disruption
and respiratory sensitisation.

In addition, scientists increasingly discuss developmental neurotoxicity as a threat to the overall health
of the human population, due to the serious effects they could have on brain development6.
Furthermore, highly sensitising and immunotoxic substances may be included in the definition of a
non-toxic substance. Another type of substance that could be considered are ‘persistent, mobile and
toxic’ (PMT) substances, which can spread rapidly and irreversibly, thus have the characteristics of
becoming planetary boundary threats.
Whether the concept of non-toxic substances should cover very persistent substances may be subject
to discussion (c.f. sub-study d). At the NTE stakeholder workshop, persistence was highlighted as a
property that needs to be viewed with care.
Whereas persistence is an important functionality for many technical application and might be
desirable for substances handled in closed systems and where a long lifetime is intended (e.g. in
cooling liquids), it should be avoided for all substances that might be released and reach humans
and/or the environment. In the best case, a substance would be stable (persistent) during its use and
any potential recycling and recovery, but non-persistent when released into the environment. Scientists
stated that there are options to design substances that change their persistence depending on ‘outside’
conditions, e.g. pH value.
It was also noted that containment of chemicals or materials in the technosphere has proven very
difficult over time and considering the waste life-stage. Hence, it appears plausible and precautionary
to assume all substances are eventually released to the eco-sphere, unless they are destroyed before
(non-persistent).
Overall, the definition of ‘non-toxic substances’ is regarded as a dynamic concept, which should be
reviewed regularly and updated to take account of progress made and new scientific information on
5

In the following, the term „less toxic substances’ is understood as including non-toxic substances a primary goal as well as
substances that are less toxic than the toxic substances they should replace.
6
C.f. for example the recently published consensus statement derived from a study. Project TENDR, 2016.
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properties posing threats to human health or the environment.
Other than the definition of ‘absence of hazards’ (c.f. above), the target to be reached does not have to
be changed over time. However, the following proposal needs concretisation. As an overall goal for
the use of substances, the following aspects were identified as being the most relevant long-term goals
at the NTE workshop’s break-out group. Substances on the market are:




able to satisfy and balance societal needs;
safe in their uses;
‘gone’ after their use.

2.1.2

Understanding of the term ‘programme’

The sub-study should draw conclusions, among others, on potential elements of an EU programme on
the development of new, non-/less toxic substances. Therefore, we will briefly outline the
understanding of the term ‘programme’ of this study.
A ‘programme’ is considered to be a set of measures that contribute to the same overall objective and
are interlinked. A programme is developed together with the relevant stakeholders. It defines the roles
and responsibilities of the actors involved and focal action areas. It should also include a system to
monitor progress against the objectives (and potentially more specific, defined, targets). These aspects
are described in an overarching programme document.
2.1.3

Model of the substance development process

We structure the identification of needs for an EU Programme on the development of new, non-/less
toxic substances according to a model of the substance development process. The model was
introduced and discussed at the NTE stakeholder workshop in June 2016 and was revised afterwards
according to the input received. Figure 2 illustrates the model as discussed in the break-out group of
the workshop, with slight amendments.
According to stakeholder feedback, the activities in an EU programme should focus on the steps 1 to3
in Figure 1, because only these are specific to new substance design. Steps 4 and 5 would relate to the
development process and steps 6 to 7 to the actual marketing. These four steps rather depict ‘regular
business’ of companies and are similar for any substitution activity. However, there are interactions
between the phases as challenges in development or marketing might influence substance design and
the substance design largely determines development and marketing strategies.
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Figure 2: Steps in the development of new substances
Research

1) Identification of
need: description
of needed technical function(s)
and end-of-life
properties

1

Development

5) Performance
testing of in the
intended application; identifcation
of potential
(other) uses

3) (In silico) substance design incl.
hazard prediction &
assessment of
technical quality

2

3

2) Identification of
(future) legal requirements and/or
certification needs
potentially guiding
substance design

Marketing

4
4) Synthesis &
hazard testing;
economic
considerations

5

7) Broad(er)
market
penetration

6

7

6) Bringing
substance(s) on
the market;
market up-take

As indicated in the workshop, the first three steps are the core focus of this sub-study, while
development and marketing challenges and opportunities are considered as factors influencing the
former to varying degrees. Consequently, the EU programme should include activities that support
actors in identifying the needs for new substance and provide the necessary tools and instruments for
(in-silico) substance design, while at the same time creating a favourable business environment
(marketing) and overcoming structural challenges in substance development, such as production
infrastructure, economic risks etc.
2.2

EXISTING PROGRAMMES ON NEW (SUSTAINABLE) SUBSTANCE DEVELOPMENT

Existing programmes that support ‘green’ or ‘sustainable chemistry’ were identified via an internet
search, screening web-pages of the UN, the OECD and the environment ministries of various
countries.7 While some organisations conduct activities, like awareness raising or explaining the
concept of green or sustainable chemistry, such as the UNEP or the OECD, other institutions or
programmes become more actively involved in the actual development, marketing and use of such
substances. The latter could be research institutions, companies, technology platforms or funding
institutions/programmes that more directly interact with the market. In the following section, we
describe what actors or activities we have identified at the global, regional and national levels.
2.2.1

Global level

The United Nations Environment Programme (UNEP)8 and the Strategic Approach on International
Chemicals Management (SAICM)9 mostly address issues related to the sound management of, and
communication on, chemicals. Whereas the reduction of negative impacts from the production and use
of chemicals is the core goal of SAICM, the development of ‘green chemicals’ and related research
and development actions are not explicitly mentioned in the implementing documents. Hence, no
respective programme supporting the development of new, non-/less toxic substances exists at the UN
level. There are no indications of relevant individual activities directly related to SAICM
7

Individual activities by government actors related to green or sustainable chemistry but not integrated into a GCP are not
considered here, but are described in section 2.9.
8
UNEP, http://www.unep.org/chemicalsandwaste/.
9
SAICM, http://www.saicm.org/index.php?ql=h&content=home.
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implementation that should be taken into account in the sub-study. However, the overall goal of
SAICM can be regarded as a driver for substitution and therefore indirectly to the development of
new, non-toxic substances.
2.2.2

Organization for Economic Cooperation and Development (OECD)

The OECD maintains a website10 on sustainable chemistry including a ‘Sustainable Chemistry
Platform’ and the possibility to download OECD publications related to sustainable chemistry. The
platform provides links to other websites. It states that the OECD’s work focuses on the identification
of drivers for ‘sustainable chemistry’ and innovation. Documents and links are partly outdated and the
webpage appears to be maintained very infrequently. Consequently, the OECD is not an active player
in the field of green or sustainable chemistry, neither by raising the issue prominently nor by actively
influencing market supply.
The OECD coordinates and carries out activities in the area of development and making accessible
hazard prediction tools and hazard testing of chemicals. The former activities are relevant for
substance design in order to screen potential new substances for undesirable hazards.
2.2.3

United States

2.2.3.1 Federal level – the United States Environmental Protection Agency (US EPA)
The US EPA and its federal partners (i.e. federal research institutes and authorities) do not embed its
activities on ‘green chemistry’ into an overall programme framework. However, the many actions
implemented do form a programme and are arranged in such a way that they complement each other
and create synergies in the implementation.
In 2014, a proposal for a national ‘Sustainable Chemistry Research and Development Programme’ was
introduced to the US Senate. It was referred to a committee and no further actions are reported on it.11
The bill defines sustainable chemistry as follows:
‘The term ‘sustainable chemistry’ means the design, development, demonstration, and
commercialization of high quality chemicals and materials, chemical processes and products, and
engineering and manufacturing processes that eliminate or reduce chemical risks to benefit human
health and the environment across the chemical lifecycle, to the highest extent practicable’

The programme should coordinate and promote all of the national efforts related to the development
and use of sustainable chemicals. The proposed bill foresees the establishment of an interagency
working group to manage the programme, which is supported by an advisory group composed of
independent experts from all relevant stakeholder groups. It also suggests a study to identify the status
quo on sustainable chemistry research, based upon which a national strategy should be elaborated. The
act furthermore includes requirements for the national agencies’ budgeting and reporting on achieving
the programme’s goals.
The topic ‘green chemistry’ constitutes a priority work area of the US Environmental Protection
Agency and it runs a respective website12, which includes basic information on the understanding of
green chemistry and the EPA’s research activities, the annually granted Green Chemistry Challenge
Award and links to literature and tools in support of green chemistry.
The EPA’s national research is structured in accordance with the Chemical Safety for Sustainability
10

OECD, http://www.oecd.org/chemicalsafety/risk-management/sustainablechemistry.htm.
US Congress, 2014.
12
US Environmental Protection Agency, Green chemistry.
11
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Strategic Research Action Plan 2016 – 201913 and includes several topics relevant to the development
of green chemicals14:







development of (computational) methods to assess and predict chemical hazards;
provision of data for risk assessment of new materials;
improvement of assessment methods of life cycle risks;
development of tools to support the design of sustainable substances;
promotion of tools and information to identify the sustainability of chemicals;
supporting other institutions in their activities to promote and develop green chemicals.

The EPA funds academic research related to green chemistry via its National Center for
Environmental Research (NCER). It also provides grants to individual researchers (fellowship
programmes). In addition, two funding programmes for innovative activities or technologies exist for
small and medium sized enterprises (SMEs). These are not specific to green chemistry but cover
environmentally friendly innovations in general.15
2.2.3.2 State level – the example of Washington
Washington is an example of a federal state that maintains its own Green Chemistry Programme. The
Department of Ecology manages the programme and has it on its website.16 The department offers
support to companies, e.g. regarding hazard and risk assessment of chemicals, provides general
information on green chemistry, such as webinars, case studies on the use of less hazardous chemicals
and links to other information as well as annually puts up an award for ‘Safer Chemistry Champions’.
Under the leadership of the Department of Ecology, a roadmap for green chemistry was established17.
The Roadmap is based on an analysis of existing activities and actors in the field and discussions at a
dedicated roundtable. It describes the process of initialising a Green Chemistry Programme, starting
with a phase of awareness-raising and capacity-building and continuing with the development of the
actual programme and its implementation. A Green Chemistry Center was established, which works to
integrate Green Chemistry into education and training and to identify and create green chemical
solutions. The centre maintains a network of actors from industry, governments, non-governmental
organizations and academia. It publishes a newsletter and organizes webinars and conferences.
In other federal states, such as California, Connecticut, Michigan or Maine, so-called ‘Green
Chemistry Initiatives’ exist, which mainly consist of legislation on particular products (e.g. children
products, cosmetics) or substances (e.g. flame retardants). They do not comprise particular
programmes to promote the development of new, green chemicals. They are frequently accompanied
by information and tools for e.g. alternatives assessment, hazard information databases or links to
‘design for environment’ programmes, e.g. by the US EPA. Green chemistry programmes mainly
aimed at promoting research for new green substances or respective collaboration centres do not
appear to exist in other states than Washington.
2.2.3.3 Stakeholders
The Green Chemistry and Commerce Council (GC3) is a US-based network for companies that aims
at promoting the use of Green Chemistry and implements relevant activities. Among others, it

13

US EPA, 2015.
Other aspects relate to more efficient risk assessment of existing chemicals via computational methods, the improvement of
tools by which to assess the lifecycle risks of chemicals or e.g. the assessment of alternatives.
15
US Environmental Protection Agency, Small business innovation research program.
16
State of Washington, Department of Ecology, Green chemistry.
17
Washington State Department of Ecology, 2013.
14
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published an ‘Agenda to Mainstream Green Chemistry’18 outlining strategies and specific actions in
this regard. Although the GC3 does not focus on the development of new green substances, the overall
approach and some of the action areas are relevant.
The Agenda to Mainstream Green Chemistry was developed and agreed among the members of the
GC3; hence involving those actors that are actually developing new green chemicals. It includes a
definition of green chemistry:
‘Green chemistry is the design of chemical products and processes that reduce or
eliminate the use and generation of hazardous substances throughout their lifecycles:
design, manufacture, use, and end of life’.
2.2.4

Other, non-EU countries

Scientists and companies all over the world involve in the research and development of green and
sustainable chemistry. Frequently, they organise their work in industry and/or academic networks or
platforms at national or regional level. However, government policies and programmes supporting
these activities in a structured and overarching manner are rare. No specific policy programmes
supporting the (national or regional actors in) research and development of ‘green’ or ‘sustainable’
chemistry have
been identified in Australia, Canada, Japan, India, Russia and China.19 Little information on the
government projects or activities were identified in these countries.
Apparently, in Brazil no government green chemistry programme exists20, but some related initiatives
were identified in the Brazilian research community; however, they focus on the use of renewables as
energy sources and raw materials. A proposal for a roadmap to foster research and development in
green chemistry was published and is stated to be implemented in Brazil (Chemical Watch (2011) and
Correa et al. (2013)).
2.3
2.3.1

THE EUROPEAN UNION’S RESEARCH AND INNOVATION FUNDING
The 7th framework programme for research and technological development

Prior to the implementation of Horizon 2020, EU research and innovation support was partly covered
in the framework programmes for research and technological development (FP). In the 7 th FP,
approximately 150 projects in the area of environment and health were funded between 2007 and
2016.
In a report by the World Health Organisation (WHO)21, some key figures on the research activities are
provided, among others it is pointed out that the topic nanotechnologies, materials and new production
technologies were more prioritised in the 7th FP than in earlier research programmes. Related activities
included research on risks and risk assessment methods from nanomaterials, alternative toxicology
testing for chemicals (i.e. non-animal test methods) and work on food contaminants. The authors state
that ‘environmental chemicals’ and ‘nanomaterials’ had received the highest funding of all work on
environmental stressors. Another statistic included in the report shows that end-point related research
18

Green Chemistry and Commerce Council, 2015.
The following web-sites were searched for indications of green chemistry programmes: Australian government,
Department of the Environment and Energy, home; Government of Canada, Federal sustainable development strategy;
Government of Japan, Ministry of the Environment, In focus; Government of India, Ministry of Environment, Forest and
Climate change, Home; Ministry of Natural Resources and Environment of the Russian Federation, Home; Ministry of
Environmental Protection, People’s Republic of China, Home.
20
Minstério do Meio Ambiente, Segurança química.
21
WHO, 2015.
19
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was funded, e.g. on genotoxicity, carcinogenicity and ecotoxicological effects. The statistics do not
point out which of these projects include a development of new, non-/less toxic substances as
alternatives to the studied environmental stressors.
A EU report22 providing summaries of the research projects funded under the 7th FP area of health and
environment shows that none of the projects in the area of ‘chemical risks’ deals with the development
of new, non-/less toxic substances. Instead, projects focus on alternative methods to animal testing, the
development of hazard prediction methods, databases for hazard and risk information as well as risk
assessment methods. The same applies to the research area ‘Safety of Nanomaterials’, within the
health and environment funding, where methods and tools for the extraction, detection, identification
and hazard and risk assessment of nanomaterials mainly have been the focus.
An overview and short descriptions of projects on nanotechnologies and nanoscience funded under the
6th and 7th FP is published as pdf-version of a mapping portal23. According thereto, around 200 ‘nanoprojects’ were funded under the programme area ‘key enabling technologies’ in FP6 and FP7. These
projects are differentiated by the portal into projects supporting policymaking and projects for
particular applications. The later are separated into research on nanomedicine; energy and
environment; electronics, information and communication technologies; agro-food; industrial
applications, nanomaterials, textiles security. Whether or not in these projects new, non-/less toxic
substances were developed could not be analysed; however, it is assumed that this occurred to a
significant extent as many of these projects appear to aim at providing innovative materials with new
functionalities. Unfortunately, an assessment or the innovation activities including the development of
new substances and an evaluation of whether or not they are non-toxic or less toxic and in how far this
has been considered in these projects does not exist.
A report analysing patenting activities under the 7th FP24 provides several perspectives on the nature of
patents that can be related to the projects of the FP. However, it is not possible to identify from the
report if any of the patents relate to newly developed substances (with less toxic characteristics). In
addition, the report specifies that patents are not a comprehensive indicator of new product
development, as not all new developments are patented. According to the Commission
Communication on the evaluation of the 7th FP25, 1,700 patents are related to studies conducted under
the research programme.
2.3.2

Horizon 2020

Horizon 2020 is the EU research and innovation programme aimed to support the implementation of
the EUs economic, environmental and societal goals and making it competitive on the global market.
Other research and innovation programmes, such as the European Research Area (ERA) or the LIFE+
programme complement Horizon 2020.
Funding under Horizon 2020 is organised in multi-annual work programmes prepared by the
Commission and involving stakeholder consultations via different advisory groups. The work
programmes are separated into thematic sections. The following research areas are regarded as being
particularly relevant for the funding of those projects involving the development of new, non-/less
toxic substances:



Excellent Science with the topic of ‘future and emerging technologies’;
Industrial leadership with the topic of ‘Nanotechnologies, Advanced Materials, Advanced
Manufacturing and Processing, and Biotechnology’;

22

European Commission, 2014.
European Commission, n.d.
24
European Commission, 2015.
25
European Commission, 2016.
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Societal changes with the topic of ‘Climate Action, Environment, Resource Efficiency and Raw
Materials’.

Unfortunately, no statistics and comprehensive overview of the content of funded projects or the
nature of innovations (i.e. development of new substances) is available from the Horizon 2020
website. The Cordis website allows searching for research projects but a detailed assessment of
projects funded under the ‘Leadership in Enabling and Industrial Technologies’ (LEIT) programme
regarding the extent to which new, non-/less toxic substances were developed is impossible, as it
requires extensive resources. Therefore, instead we have assessed the description of some calls in the
current Horizon 2020 work programmes regarding how the development of new, non-/less toxic
substances is addressed.
2.3.2.1 Future and emerging technologies (FET)
In the 2016-2017 work programme on future and emerging technologies (FET) one important funding
are is ‘open research’. Projects need to meet several conditions to qualify for funding, which are
specified in the separate calls under the FET topic. These include that research should contribute to a
larger, radical technological innovation. We cannot deduce from the work programme if new
substances’ development would be included in the definition of ‘a radically new technology’.
Under the FET topic ‘Open coordination and support actions’, activities to disseminate research results
and support experience exchange are financed. Under the area ‘innovation launchpad’, continuing
support to innovative projects in the phase of marketing new products is covered and the call ‘FET
pro-active’ includes sub-topics under which R&D for new, non-/less toxic substances could be
covered, such as the area 4: ‘New technologies for energy and functional materials’. Finally, the area
‘FET flagships’ addresses large scale research initiatives aiming at transformation with regards to a
particular goal.
Research and development of new, non-/less toxic substances could fit under the topic of future and
emerging technologies of Horizon 2020 because research topics are not limited. However, substance
development for a particular purpose or application, e.g. with the aim of providing an alternative to a
toxic substance and not addressing a larger innovation, is unlikely to accord to the level of ambition
highlighted under the programme objectives and the conditions listed in individual calls.
2.3.2.2 Climate action, environment, resource efficiency and raw materials
The topic area ‘Climate action, environment, resource efficiency and raw materials’ implements
research activities under the Europe 2020 Strategy on ‘Smart, Sustainable and Inclusive Growth’ and
is stated to be driven by and oriented towards main societal challenges. This area is expected to
consume around 60% of Horizon 2020’s budget with the share of climate related actions being 35% of
this. The Horizon 2020 website does not provide any information on how the development of new,
non-toxic substances is considered under this topic.
The work programme 2016-2017 covers the research call ‘greening economy’. In this call, actions on
resource efficiency, green and competitive economy are being prioritized, which relate, among others,
to the EU 7th Environment Action Plan (EAP). According to the summary text of the call, research
eligible for funding should concern systemic innovations which include the ‘adoption of a challengedriven, solutions-oriented research and innovation strategy that crosses disciplinary boundaries and
involves co-creation of knowledge and co-delivery of outcomes with economic, industrial and
research actors, public authorities and/or civil society.’ A work focus on avoiding the use of toxic
substances or promoting the development of new, non-/less toxic substances is not included, despite
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the high priority given to the topic in the EU’s 7th EAP.
In 2012, the EU Commission decided on a strategy concerning bioeconomy26, which is due for review
and updating in 2017. Among others, the strategy should support the EU in securing food supply, in
preventing the depletion of natural resources and in decreasing environmental pressures, including
from the use of energy and on the climate. Furthermore, the EU’s dependency on fossil fuels should be
reduced.
The bioeconomy strategy links to R&D on new, non-/less toxic substances in two aspects: The use of
bio-based products, defined as products derived from biological materials, is expected to result in
improved functionalities and characteristics, including a lower toxicity. Bio-based processes could be
alternatives to processes involving the use of toxic substances.
The description of the research area does not explicitly mention a reduced toxicity of bio-based
products (as compared to those they should replace) or (reduced) emissions of (less) toxic substances
from bio-based processes as an explicit goal or aspect to consider.
2.3.2.3 Key Enabling Technologies
The area of ‘Key Enabling Technologies’ is the most likely of all Horizon 2020 research areas to
address the development of new, non-/less toxic substances. It focuses on four technologies:
nanotechnologies, advanced materials, advanced production technologies and biotechnology. These
areas are assumed to be crucial to maintaining a competitive position in the EU.
While research on nanotechnologies and advanced materials may involve the development of new
substances (at nanoscale), biotechnologies and changed processing may result in lower emissions of
(less) toxic substances as a side effect.
The overarching aim, in this research area is also the increase of competitiveness of EU industries,
with a view to resource and energy efficiency and the use of non-fossil materials in particular, which is
emphasized as being the (most) important goals of the programme area.
Several calls with various sub-topics are foreseen in the 2016-2017 work programme covering among
others the construction sectors, information and communication technologies, biotechnologies, within
which the development of new, non-/less toxic substances could occur. Toxicity as a characteristic to
consider in the project design and outcomes is, however, stressed only in very few of the sub-calls in
the current work programme.
While the development of new, non-/less toxic substances may be covered under this research area, as
nanomaterials per se are frequently new substances, the requirement that funding projects should
concern an enabling technology might be the main obstacle in research on new, non-/less toxic
substances fitting under this heading.
2.3.2.4 Overall suitability of EU research funding
The EU invests considerable amounts of financing in research and development activities. Apart from
the large framework programmes, which merged into Horizon 2020, additional, smaller programmes,
such as the ERA exist. The research programmes aim to support the EU in remaining /becoming a
sustainable, competitive economy.
From screening the directly available documentation of activities in the FP7 and Horizon 2020, it is
26

EUROPEAN COMMISSION, Directorate-General for Research and Innovation, ‘Innovating for Sustainable Growth - A
Bioeconomy for Europe’, 2012, available at: http://ec.europa.eu/research/bioeconomy/index.cfm?pg=policy&lib=strategy.
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concluded that the toxicity of chemicals used in products, processes or services is in principle
considered in research actions via a general requirement to assess and manage the research impacts,
including potential risks.
However, it is understood from the overview descriptions and some exemplary work programmes of
Horizon 2020 that the development of new, non-/less toxic substances is not an explicit focus. While it
is likely that projects on technological innovations (partly) include developments of new substances, in
the area of nanomaterials at least, it is unclear from the documentation of project results to which
extent this occurs and whether or not they are ‘non-/less toxic’.
Overall, EU research intends to support meeting the global societal challenges, including climate
change and increasing resource efficiency. The reduction of the toxic load in humans, the environment
and the technosphere are not listed as a ‘societal challenge’ and, therefore, do not trigger any specific
work programmes.
The Horizon 2020 eligibility criteria regarding the level of innovation and the size of the problem to
be tackled, as well as the partly defined transnational and interdisciplinary approaches of projects,
could prevent access to financing for companies who ‘only’ want to innovate via substituting one
substance by another.
Consequently, it is concluded that there is room for improvement and that an EU programme
specifically addressing the development of new, non-/less toxic substances, regardless of whether
within or in addition to Horizon 2020, could be of significant added value and would not double any
of the existing research activities. In addition, further mechanisms to built-in project elements
identifying needs for and potentially implementing new, non-/less toxic substance development could
be considered.
2.4

EU MEMBER STATES

Whereas in many EU Member States the Ministries of Environment (MoE) have specific departments
dedicated to chemicals or chemical policy to fulfil regulatory tasks and obligations, no accompanying
larger scale programmes to specifically promote the development of new, non-/less toxic substances
beyond the regulatory work could be identified, although individual activities exist (c.f. below). An
exception is the field of nanomaterials, where for example awareness raising and dialogue projects are
initiated by the governments.
One example of a framing activity is the German National Dialogue on Nanomaterials27, which the
German government initiated in 2006 with the aim of providing a platform for stakeholders to discuss
risks and opportunities of the new technology with a view to a sustainable development. The ‘NanoCommission’ published two reports of its work (2006 – 2008 and 2010 – 2013). The Commission’s
work is continued in a new format as topic-related 2-day stakeholder workshops on a half-year basis.
Another example is the National Action Plan on Nanomaterials in Austria28, which structures the
government’s related work, including involvement of stakeholders via a commission and other forms
of dialogue. It also outlines scientific R&D priorities to identify uses and potential risks from
nanomaterials. The action plan included measures to promote Austria’s strengths in the field of
nanotechnologies, fostering research on environmental health and safety and supporting stakeholder
dialogue and public awareness-raising.
Another example of ongoing activities in the Member States is the ‘International Sustainable
27
28

Bundesministerium für Umwelt, Naturschutz, Bau und Reaktorsicherheit, Der NanoDialog der Bundesregierung
Nanoinformationsportal, ÖNAP.
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Chemistry Collaborative Centre’ (ISC3). The ISC3 aims to bundle and network actors working on
sustainable chemistry, further promoting, developing and implementing the concept of sustainable
chemistry internationally. Furthermore, specific research and activities are envisaged, making the
ISC3 a focal point for sustainable chemistry. The Center is due for opening in 2017 and supports
ongoing efforts of the German policy makers and environmental administration, including on the
implementation of SAICM.
The German Federal Environment Agency has commissioned several projects in the sustainable
chemistry areas, such as on instruments to measure the sustainability of chemicals and to promote
chemical leasing.
In addition, national research funding may be targeted, among others, to promoting science on
sustainable and green chemistry. An example is the Danish National Research Council, which funds
the Center for Sustainable and Green Chemistry, an institution supporting with fundamental concepts
on establishing a new, (non-toxic) chemistry based on renewable resources. Other initiatives, e.g.
investigating ‘cleaner production’ technologies, such as the use of biocatalysis in chemical synthesis
exist, e.g. the programme Greenchem at the University of Lund, Sweden. As a side effect from
optimised processing, substances may include less impurities leading to less toxicity.
Consequently, there are activities in the EU Member States that aim at promoting the use of
sustainable chemistry in general and, among others, the use of less or non-toxic substances. However,
comprehensive programmes targeted to supporting the R&D and the use of new, non-/less toxic
substances could not be identified.
Research is increasingly organised and funded according to clusters of societal needs or clusters
related to particular fields of innovation, both in the EU and in the Member States. Consequently,
scientific research and development is not organised according to ‘traditional’ or newly oriented basic
sciences but rather follows a transdisciplinary approach. Given this, the development of new green
chemicals is not explicitly subject to research programmes, but may be included in larger innovation
projects. Again, nanomaterials, which are frequently new substances, are an exemption as their
development may be subject to individual research programmes, such as at the EU level29.
According to a recent literature review by Dichiarante, V. et al. (2015), the majority of scientific
publications on green chemistry research focuses on process optimisation and catalysis. Most articles
deal with organic chemicals or the processing/production of organic chemicals. A survey conducted in
2004 among experts is cited, which indicated a need for support in the field of computer-aided
molecular design. The authors assume that this is due to the fact that the development of the new
substances and designing it according to technical and societal needs it the basis for all further
innovation and development work.
2.5

CONCLUSIONS ON EXISTING PROGRAMMES ON NEW, NON-/LESS TOXIC
SUBSTANCES

Apart from the activities of the US EPA, no consistent or strategic governmental policy framework to
promote the development and use of ‘green’ or ‘sustainable’ chemistry solutions have been identified
at the level of international organisations, non-EU countries or the EU Member States. However,
relevant activities, including the promotion of substance development in general exist and are, in
addition, likely to be integrated in R&D (funding) programmes.
At the EU level, the development of new, non-/less toxic substances is covered as an aspect that is
29

European Commission, 2013.
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integrated into different research programmes, in particular the ‘leadership in enabling and industrial
technologies’. However, Horizon 2020 does not define a specific work focus in this regard, apart from
funding nanotechnology research. Furthermore, the conditions defining eligibility of projects might be
very demanding for substance developers that are not embedded in larger innovation projects.
Therefore, a specific research area on the development of new, non-/less toxic substances or, more
broadly, ‘sustainable chemistry’, would complement existing research programmes and provide
opportunities for targeted research funding to develop new, non-/less toxic substances as alternatives
to the use of toxic substances. This could also support steering the substance development towards
substitution priorities, e.g. regarding particular substances or substance groups or applications with
high exposure potentials.
2.6

BARRIERS TO THE DEVELOPMENT OF NEW, NON-/LESS TOXIC SUBSTANCES

Literature on barriers to, and opportunities for, the development of new, non-/less toxic substances
was analysed in order to identify which potential actions, by a related EU Programme would help
overcome the barriers and to strengthen the opportunities.
It should be noted that barriers to changing chemical supply in general, e.g. from the fossil-based
resources to renewables, are not addressed, as they do not directly relate to the aim of toxicity
reduction and pose other challenges (e.g. competition on land use with other uses).
In general, few publications address barriers to and opportunities for the development of new, non/less toxic substances specifically. Some publications on substitution in general include a perspective
on the option to use new, non-/less toxic substances as alternatives and what barriers need to be
overcome in these cases. Any drivers and barriers identified for substitution would also apply to the
specific activity of new substance design, unless it is conducted in the context of an entirely new
application or material development. In this regard, the analysis of barriers can be seen as comprising
a sub-set of issues identified in sub-study a on substitution as well as of sub-study e on innovation and
competitiveness. These three aspects need to be viewed together in order to identify optimal solutions
for a non-toxic environment, i.e. the phase out of the use of toxic substances as far as feasible.
The most advanced sector in designing new substances is pharmaceuticals. The approach of in-silico
design of new active substances rather than synthesising a high number of potential derivatives and
assessing their effects is increasingly used. This allows targeted modifications of structures, among
others, to ensure these substances do not remain in the environment but are biodegraded.30
Fennelly and associates31 identify several obstacles for the implementation of green chemistry. These
mainly relate to the interaction in supply chains and although they are not specific, they are applicable
to the process of developing new substances. The barriers described are listed in the following with the
barriers at the top of the list being the most specific to new substance development and those in the
later bullet points being barriers to substitution in general and, hence, are also applicable to R&D on
new, non-/less toxic substances:


conflicts between increased transparency needs of users (more certainty about what they are
doing) and the protection of confidential business information;

30

C.f. for example the approach ‘benign by design’, which aims at optimising the persistence of substances, so as to have the
necessary stability of substances to carry out their function (in the body) but to be easily and quickly degraded in the
environment, if possible to full mineralisation. Lederer et al., ‘Putting benign by design into practice-novel concepts for
green and sustainable pharmacy: Designing green drug derivatives by non-targeted synthesis and screening for
biodegradability’, in Sustainable Chemistry and Pharmacy 2 (2015) 31–36.
31
Fennelly and associates, 2015.
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green chemistry suppliers do not know those in need, companies in demand of green chemistry
hesitate to contact suppliers beyond existing supply chains;
burden from the process of registering a new product on the market /regulation for placing new
substances on the market, including the need to development analytical methods and standards;
fear of hidden costs and resource needs for changes to new products;
lack of a common definition of ‘green’ chemicals in the specific supply chain;
fragmented demand due to complexities of the supply chains (one manufacturer - many clients,
one retailer - many products);
resistance to change in supply chains with regards to actors and products; any innovation must
compete with existing infrastructure;
confusion on what are the best (better) solutions due to different messages from policy, science,
supply chain etc.;
fear of regrettable substitution;
difficulties to express benefits in terms of cost savings due to quantification and focus on prices
rather than costs;
imbalance in supply and demand, low rate of commitment between suppliers and users.

Obviously, but something which is not explicitly mentioned in the report, the development of new,
non-/less toxic substances takes time, which may be another reason why actors chose to look for
existing alternatives, rather than developing new ones, in particular where regulatory requirements
include short transition periods.
The report ‘An Agenda to Mainstream Green Chemistry’32 identifies that the development of green
chemistry innovations is a key barrier to green chemistry implementation; i.e. it indicates that the
supply of new, non-/less toxic substances lags behind the demand. The lack of respective innovation is
regarded as being due to financial challenges, difficulties in getting clear market signals about the
potential uptake of new, safer alternatives as well as path dependence in supply chains affecting the
ability to adapt to changes. Further potential barriers are seen in the lack of funding opportunities for
green chemistry innovations as well as regulatory uncertainty regarding options for placing new
substances on the market. The authors identify a strong need for education and training at all levels to
overcome a lack of awareness and competence, and approaches to stop the externalisation of health
and environmental costs in public evaluation of policies and practices in order to illustrate true costing
of products and processes. A last barrier mentioned is the lack of indicators to measure whether a
change signifies a move in the direction of green chemistry or not.
R.E. Engler 33 identifies the following barriers to sustainable chemistry in general (not focusing on
substance design):

(anticipated) availability, costs or performance of (new) technology;

needs for technical qualification (internal or regarding standards);

change-over cost or business risk;

regulatory notification/registration/approval; and

a general hesitation to apply ‘green’ technologies.
He concludes that barriers (and drivers) for green chemistry are equal in all regions of the world and
that regulatory barriers apply to any new technology, regardless of whether it is green/sustainable or
not. However, where data requirements exist for marketing substances, a more level playing field
exists if these apply equally to existing and new substances, hence indirectly supporting the
development of new substances as compared to regions, where data requirements exist only for new
substances.

32
33

Green Chemistry and Commerce Council, 2015.
Engler R.E, 2016.

Milieu Ltd
Brussels

Study for the strategy for a non-toxic environment of the 7th EAP
Sub-study f: Programme on new, non-/less toxic substances, August 2017 /31

One of the reasons to introduce REACH in the EU was to eliminate this discrimination between new
and existing substances with regards to market access. While the legislation prior to REACH did not
require placers on the market to provide information on existing substances34, extensive information
had to be provided for new substances before their placement on the market.
Since the registration of non-phase-in substances under REACH came into force (app. 10 years), 1,567
non-phase-in substances were registered.35 Statistically, this amounts to app. 195 new substances
brought to the market.
The European List of New Chemical Substances (ELINCs) includes approximately 5,400 substances
notified between September 1981 and 2008. In addition, notifications that could not be concluded
before REACH are included in the REACH statistics as NONS registrations, of which 3,790 were
claimed (i.e. a registration number taken). This amounts to a total of approximately 9,200 newly
marketed substances within 26 years; i.e. on average 350 per year. This indicates that the development
of new substances has decreased since the implementation of REACH.
This analysis should be regarded as very rough and simplified and it should be borne in mind that
resources of substance manufacturers were reallocated from R&D to registration activities36.
An OECD report37 on the role of governments in green chemistry innovations is based on a survey
among company representatives active in the field. The respondents indicated a great potential for
growth in green chemistry and highlighted an increasing level of cooperation, including with
government agencies in research and information exchange. Challenges are posed by risks and
uncertainties related to investments into new technologies and markets.
The participants in the NTE workshop’s break-out group were of the opinion that there is no
significant lack of tools by which to predict hazards and/or design new substances. An example
mentioned is the QSAR toolbox by OECD/ECHA. Stakeholders stated that these tools are available,
although some of them are of too a low quality and/or too expensive (for SMEs to afford) and would
benefit from improvements regarding their predictability, completeness and applicability. It was not
discussed in detail if these tools are sufficiently applicable and fit for purpose if molecules from a
(bio-based) chemistry should be assessed.
Overall, stakeholders did not see a lack of tools as a significant obstacle to substance development.
This is partly reflected in the written feedback received after the workshop, where the lack of tools for
hazard prediction and substance design was evaluated as of low priority with regards to existing gaps
and deficits. This is, however, contradicted by the considerably high priority given to activities to
improve these tools and implementing respective activities. Furthermore, the working group and
feedback from stakeholders might not represent the entire community of scientists and companies that
(want to) develop new substances.
Likewise, the availability of research funding for the development of new, non-/less toxic substance
was not ranked as a significant gap; in contrast, several actors stated that sufficient funding
programmes exist and provide resources, including to SMEs as parts of larger consortia. However,
several participants mentioned that the ‘freedom of research’ is limited by the availability of funding
not directly related to marketing a final (innovative) product. Opportunities such as provided by the
European Research Council that select projects identified as ‘pioneers’ and qualify for excellent
science should therefore be increased, potentially with a focus, however, on the development of new,
34

Substances listed in the European Inventory of Existing Chemical Substances (EINECS).
ECHA registration statistics (https://echa.europa.eu/regulations/reach/registration/registration-statistics), viewed November
2016. This number includes actually new substances, as well as ‘existing’ substances, which have not been pre-registered.
However, it is likely that the latter case is infrequent.
36
EU Commission, 2015.
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OECD, 2012.
35

Milieu Ltd
Brussels

Study for the strategy for a non-toxic environment of the 7th EAP
Sub-study f: Programme on new, non-/less toxic substances, August 2017 /32

non-/less toxic substances to direct related R&D activities. It was stated important that research could
work on a ‘trial and error’ basis to develop actually new solutions, rather than (only) incremental
improvements. On the other hand, directing research towards providing solutions to societal
challenges ensures that public money is being spent for the overall welfare of society and ensures that
forces are joined and synergies are created.
The written feedback on research funding is difficult to interpret, because it was identified as a
significant gap (second highest priority), whereas the corresponding responses of providing research
funding was ranked with a comparatively low priority.
It was discussed at the Stakeholder Workshop that chemicals production is ‘locked-in’ in the
traditional manufacturing processes and facilities as well as the raw materials it uses since a very long
time. The comparatively low degree of flexibility in production combined with a business model of
selling chemicals rather than solutions would hinder innovation and the development of new, non-/less
toxic substances.
In addition, and forming another perspective on the infrastructure for new, non-/less toxic substances
development, a lack of education of chemists and chemical engineers in green chemistry was
emphasised as important obstacle.
There is a significant correlation between the results from the literature review and the feedback from
the stakeholders, identifying the following issues as main challenges/barriers to new, non-/less toxic
substance development:
There are insufficient (legal and market) incentives for new substance development; under the
current conditions new, non-/less toxic substances bear many risks as compared to the use of
hazardous substances or as compared to substitution with a less, but still hazardous substance.
Incentives could include:
 Regulation has been identified as main innovation driver, e.g. in the latest EU innovation
surveys;
 Economic instruments such as fees and taxes enhancing the need to phase out the use of
toxic substances;
 Methods to internalise external costs of using toxic substances, in order to make new, non/less toxic substance development more attractive;
 Instruments like patent rules, awards and market pull instruments to support introduction of
new, non-/less toxic substances.
Actors developing new, non-/less toxic substances and their potential users have insufficient
opportunities to make contact. Therefore, it is challenging to change existing, traditional supply
chains or to initiate new, non-/less toxic substance development in a particular application. In
addition, actors within the scientific and research community should have more opportunities for
exchanging information and experience;
New, non-/less toxic substance development is an interdisciplinary task. Due to a lack of a basic
overall understanding of toxicity and how it could be integrated in substance design by all of the
actors concerned, the R&D work is less efficient and successful than it is assumed that it could
be;
The overall awareness of benefits of non-/less toxic substances is regarded as low.









2.7

DRIVERS OF R&D OF NEW, NON-/LESS TOXIC SUBSTANCES

The report ‘An Agenda to Mainstream Green Chemistry’38 identifies consumer demand and regulatory
pressure as core drivers for green chemistry innovation in general and the related demand for new
38
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solutions. Overall, both literature as well as the stakeholder feedback suggest that the incentives posed
by regulation outweigh the barriers that could arise from requirements to assess and register new
chemicals before marketing. Whereas barriers only occur from chemicals legislation (testing costs,
administrative efforts for registration etc.), drivers stem from different legislation, including
environmental and workers’ protection legislation.
Additional drivers include competitive advantages from new, innovative products and avoiding
business risks, such as scandals, insurance costs, etc.
In his presentation at the Global Business Summit 2016, Engler39 mentioned the following drivers for
the implementation of green chemistry, which also relate to aspects of sustainable chemistry in
general:










cost savings, e.g. through waste reduction, treatment reduction, energy savings, worker safety,
reduced capital investment;
unique performance or properties;
regulatory pressure;
consensus standards (e.g. ISO, ASTM);
feedstock security;
accident prevention;
liability concerns;
encourage investment;
employee recruiting, engagement, retention.

A recent notice by Chemical Watch40 quotes John Warner (co-founder of the 12 principles of green
chemistry) and David Constable (Director of the American Chemical Society’s Green Chemistry
Institute) saying that regulation would hinder innovation, as industry invests resources in fighting new
regulation rather than in developing new, non-/less toxic substances. They state that REACH has only
pushed the production of hazardous chemicals to Asia rather than promoting their phase-out. In
contrast, the notice quotes the NGOs ChemSec and Centre for International Environmental Law
(CIEL), which argue that stricter laws (restrictions and authorisation) do help to bring safer chemicals
to the market.
In the report for CIEL, Baskut T.41 analysed patent filings after a scientific opinion on phthalates was
published and the EU Commission recommended that Member States adopt measures preventing
children’s exposure to phthalates in 1998. He identified a significant increase in patents both for
alternative substances to phthalates and alternative solutions that would not need the use of softeners
at all. The second case analysed concerns related to CFCs, which, after legislation on ozone depleting
substances was passed and continuously made stricter, also stimulated inventions to replace the use of
CFCs with less toxic alternatives. Furthermore, it is stated that a clear (legal) direction, according to
which chemical properties are to be avoided, is necessary to ensure that new chemicals are actually
less toxic than those they replace.
Baskut argues that stricter legislation and economic instruments proved to be useful in making new
substances more competitive compared to existing ones, which benefit from economies of scale. This
particularly relates to the implementation of the ‘polluter pays principle’ and taxation of the use of
hazardous substances, which directly relates to the degree of hazard and would be a means to
internalise external costs from the use of toxic substances.

39
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Baskut T. also highlights the importance of information availability on toxic properties in the
identification of substances that should be replaced by less hazardous alternatives. He stresses that
confidentiality should not apply to substance property information.
Green Budget Europe42 published a note on the Danish taxation of PVC and phthalates, which was
introduced in 2000 and aimed at initiating a reduction in the use of PVC and substitution of phthalates.
It requires tax-paying for any products (including imported articles) containing more than 10% PVC
and differentiates tax rates according to product types. Phthalate-free PVC is taxed at approximately
half the rate of phthalate-containing PVC. The tax is described as successful because it has reduced the
use of phthalates by one third and lead to substitution of classified phthalates by non-classified ones.
Schulte, P.A. et al.43 state that green chemistry should include considerations of workers’ protection
early in the design and selection of chemicals. This would correspond to the hierarchy of measures for
workers’ protection and has the potential of significantly reducing workers’ exposure both during
substance manufacture, as well as during formulation and use of mixtures. Parenthetically, the
objective of improving workers’ protection could be an important driver for green chemistry solutions.
The authors also advise involving workers in implementation processes of green chemistry solutions.
The SusChem ‘Vision for 2025 and beyond’44 outlines that the EU chemical industry needs support in
order to develop innovations and foster competitiveness of EU industry. They see problems of current
R&D work, among others, in the lack of R&D funding and a less positive image of chemistry in
general which may be a cause of decreasing numbers of chemistry students.
One of the visions is that working at the molecular scale, e.g. by targeted substance design, would
yield new products with improved properties, including fewer and/or less severe hazards. This
includes increased use of nanotechnologies and biotechnology, which is also believed to improve
material efficiency, better use of wastes as feedstock and would result in less (hazardous) waste.
However, the production of substances with fewer or less severe hazards is not explicitly mentioned as
a goal or vision of the platform (although it can be assumed to be implied in many areas, such as the
development of new materials).
The OECD report45 on the role of governments in green chemistry innovations identifies regulatory
requirements and product standards as key factors driving investment decisions.
Nanomaterials
A number of publications from different perspectives and actors highlight the potential of
nanomaterials as an innovation area eliciting high expectations regarding more sustainable solutions to
existing challenges, such as the publications by Iavicoli, I. et al.46, Senjen, R.47 or the OECD48. These
expectations mainly relate to improved or new technical properties and resource savings, e.g. due to
the weight reduction of materials and products. The expectation of new materials with novel properties
that could fulfil functions in technical applications for which no solutions exist or where quality could
be significantly improved, including through a reduced use of resources or longer product lifetimes,
are a key driver in the development of nanomaterials. Barriers to nanomaterial development are
uncertainties regarding the potential health and environmental risks from nanomaterials, a lack of
methods for their identification and the scepticism of (parts of society) regarding the use of
nanomaterials in general. The latter is stated to be reflected in supply chain requests for ‘nanomaterialfree’ products.
42
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Due to their small size, nanomaterials may have different hazardous properties than the substances at
microscale. Hazards were assessed at the international level for a number of substances by the
OECD49 and, for example, in the context of REACH registrations. At the EU level, the NanoSafety
Cluster50 is dedicated to safety research for nanomaterials. In recent reports, opportunities to predict
nanomaterials’ hazards using grouping and read-across approaches are discussed, which could be used
in the development of nanomaterials and early assessments51.
Under the EU research and innovation programme Horizon 2020, several projects are funded that deal
with the development of (production lines of) nanomaterials that should provide new or improved
functionalities. Hence, the particular technology ‘nano’ is promoted as a research area that appears to
have resulted in considerable (positive) innovations.
In the German National Stakeholder Dialogue on Nanomaterials52, the aspect of safety of
nanomaterials was discussed several times. All industry participants and associations, regardless of
their size and sector, confirmed that risk assessment is an integral part of their R&D.
Nanotechnologies have been discussed at the very beginning of their (intended) use in the market. The
high public awareness of potential risks motivated companies to include hazard prediction actions as
well as risk assessments to exclude nanomaterials, which are not likely to get acceptance on the
market (i.e. cause high risks).
Nevertheless, a study showed that of the total amount of investments done in the development of
nanomaterials, only a few percent were allocated to characterising and evaluating their hazards53.
At the NTE workshop, regulation was found to be the most relevant driver for the development of
new, non-/less toxic substances (as opposed to substitution with existing substances), with a
functionality not being available in the market (i.e. there is no alternative) or the development of new
approaches to solving a particular challenge. More favourable patent rules and/or easier market access
for new, non-/less toxic substances were discussed as being supportive but not a sufficient incentive to
trigger their respective substance development.
Some participants mentioned that for the substance producers, any change taking place ‘anyway’ in
the production lines could be an opportunity to consider including a new substance in the portfolio.
2.8

PUBLIC PRIVATE PARTNERSHIPS TO FOSTER GREEN CHEMISTRY

Existing public private partnerships (PPP) appear to focus mainly on the use of renewable resources,
increasing resource efficiency and decreasing environmental impacts in the field of waste generation,
climate gas emissions etc., in order to achieve sustainability goals.
The PPP ‘Sustainable Process Industry through Resource and Energy Efficiency (SPIRE)54‘, for
example, aims at reducing energy use and consumption of non-renewable resources compared to the
current levels. Reduction of the toxicity of products is not in the focus of the program.
The European Technology Platform SusChem55, and the respective national platforms, is an example
of a PPP with the aim of promoting R&D in sustainable chemistry. The cooperation is characterised as
49
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fruitful by its organisers and necessary to join forces and effectively and efficiently promote
innovation.56
There are several examples of PPPs established to conduct research and innovation in the field of
green chemistry, such as:




The public private partnership ‘Bio-based Industries’, which uses EU research funding (Horizon
2020) in conjunction with private investments (at a ~1:3 ratio) to further develop technologies
and products from renewable resources.57
The Netherlands Organisation for Scientific Research (NWO) under the Ministry of Education,
Culture and Science. Among others, it funds research from an ‘Innovation Fund Chemistry –
LIFT’58 for university researchers that cooperate with at least one private company.

In their report ‘Making the Business and Economic Case for Safer Chemistry’, Trucost59 shows that
sales of ‘safer chemicals’ are increasing whereas the market for conventional products has remained
stable. Consequently, they expect economic benefits from green chemistry innovations, with these
trends being likely to continue in the future.
An important reason for hesitation in investing in green chemistry is seen in a lack of communication
of success stories and related low awareness of overall benefits, including for society (enhanced by the
fact that societal costs of toxic chemicals are not quantified and communicated). Furthermore, more
fundraising potential could be spurred on if existing co-operations were better supported and if supply
chains further aligned their interests and capacities. An analysis of shareholder and NGO activities
shows that there is a strong demand for policies to phase-out the use of the most hazardous substances
(and replace them with safer alternatives).
Overall, stakeholders generally consider PPPs useful to:






2.9

leverage financing for research and development projects;
ensure that research and development is oriented towards fulfilling societal goals;
support uptake of innovations in the market;
foster health and safety research alongside product innovations; and
join forces to achieve progress in sustainable development.
ADDITIONAL INFORMATION FROM STAKEHOLDER INTERVIEWS

Some stakeholders were interviewed to identify which particular support is helpful to foster the design
of new, non-toxic substances60.
The stakeholders confirmed that in most cases, market actors in need of a new, non-/less toxic
substance (due to the lack of an existing alternative) initiate R&D. However, if possible they would
normally prefer the use of existing substances, because of lower R&D costs, the possibility to test a
substance in its application and a higher certainty of knowledge on substance properties as well as a
good overview of its supply. The lack of opportunities and networks for suppliers and users to meet
virtually or in reality (e.g. conferences, round tables etc.) would hamper the initiation of corresponding
actions.
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It was mentioned that prejudgements about the high costs and low quality of green chemistry solutions
still prevail, creating a potentially cautious or negative business climate towards green chemistry.
They stressed a need for awareness-raising, publication of good practice examples on the use of new,
non-toxic/less toxic substances and a demand for more/better education and training of all actors
involved.
Finally, few incentives to invest in the development of new, green substances were said to exist. This
regards the lack of clear regulatory signals on (future) restrictions and substance properties that should
be phased out, as well as the existence of standards and certification procedures that hinder changes in
product design. Interestingly, the development of more favourable patent rules and exemptions from
legal obligations for research and development were not viewed as of high priority for action.
According to stakeholders, the development and use of new, non-/less toxic substances would mainly
need:
Clear guidance from regulation and the market on which substance properties should be phased
out (i.e. a definition of ‘non-toxic’), clear signals on the phase-out goals (consistent authorisation
decisions) and guidelines on when hazard and when risk would be a decision criterion;

Proper planning and clarification of demands regarding a new, non-toxic substance, including on
its technical performance, future legal requirements, standards and certification procedures;

Networking opportunities for all actors, in particular among those companies that provide and
need new, non-/less toxic substances;

Promotion of any kind of partnerships, e.g. between different companies, between academia and
companies, between public authorities and companies, etc.;

Education and training:
 Of all actors on the benefits of new, non-/less toxic substances and how to overcome
barriers, e.g. via publication of best practice examples;
 Of researchers and substance designers within their own profession and to enable
understanding of the others’ work to facilitate a common understanding (e.g. training
chemists in basic toxicology or toxicologists in basic chemical engineering);

Creation of incentives to develop new, non-/less toxic substances, e.g. through green chemistry
awards, tax reductions, facilitated market access, market restrictions.
Over the course of interviews, it was explained that the design process ‘in-silico’ of new substances is
comparatively new and requires a high level of expertise. However, tools are available and could be
used after relevant training. Furthermore, the prediction of hazardous properties and linking the
substance design to avoiding (eco-)toxicologically hazardous properties are partly new scientific
disciplines. Models for hazard prediction would be available, but not for all relevant endpoints and
would need improvement.61 An overview of coverage and the quality of existing hazard prediction
models is missing.


In relation to the possibilities to include hazard considerations early into the substance development
process, the following needs can be derived from the statements of the interviewees:

education and training on the design of new, non-/less toxic substances—including on ‘in-silico’
and hazard prediction tools—should be promoted;

work in transdisciplinary teams should be increased to integrate diverse knowledge on substance
properties and technical functions early on in the decision-making on substance design;

networks should be established to combine expertise of different actors in the development of
new, non-toxic substances.

61

Prediction models for physical-chemical properties, mutagenicity and genotoxicity were stated to be well developed.
Models for ecotoxicity, bioaccumulation, biodegradation and endocrine disruption were found insufficient.

Milieu Ltd
Brussels

Study for the strategy for a non-toxic environment of the 7th EAP
Sub-study f: Programme on new, non-/less toxic substances, August 2017 /38

2.10 USING WASTE AS FEEDSTOCK
In addition to the goal of developing new, non-/less toxic substances, the EU programme could
include aspects of using waste as feedstock in chemicals production to possibly attract more resources
and actors involved therein. In addition, this could provide a link to the policy aim of closing materials
cycles/circular economy.
The use of waste as feedstock could regard:





the synthesis of substances from wastes;
the recovery/extraction of substances from waste materials and their reuse in a new production
cycle (potentially after purification);
the extraction of mixtures from waste materials and entering them into the production cycle (after
purification);
the use of wastes as fuel or energy source for chemicals production.

Figure 3 illustrates the four cases.
Figure 3: Use of waste as feedstock in chemicals production
Substance
Mixture

Waste as input
to synthesis
Recovery (and purification)
= manufacture / production

Production
waste
By-products

Fuel

This aspect was not discussed in detail at the NTE stakeholder workshop. However, in general all
participants agreed that:

efficient use of raw materials, decreasing toxicity and amounts of wastes in the production and
use of chemicals are in line with the concept of sustainable chemistry;

the type of input materials is not likely to (significantly) change the properties of the resulting
product (except as impurities) because the same substance should be produced as if virgin
materials are used;

the issue of using waste as feedstock could be considered as vehicle to integrate the topic of
developing non-/less toxic substances in existing research programmes.
In addition, the use of waste as feedstock may require different steps in the production of a chemical.
A result of this may be that the amount and types of intermediates and by-products as well as
impurities of the manufactured substance or mixture changes, which could cause lower (or higher)
emissions of toxic substances. This is currently not addressed in detail in the research on waste as
feedstock and does not appear to be a priority issue.
Lin, C.S.K. et al.62 give an overview of case studies and activities to use food waste as input material
for the production of fuels and chemicals. Food wastes are a valuable input material given their
content of organic materials and the high amounts available. Technologies involve the extraction of
substances as well as transformation via thermochemical processes (biofuels). However, whether or
62

Lin, C.S.K. et al., 2013.

Milieu Ltd
Brussels

Study for the strategy for a non-toxic environment of the 7th EAP
Sub-study f: Programme on new, non-/less toxic substances, August 2017 /39

not the use of food wastes as feedstock would result in lower emissions of hazardous substances is not
part of the current research.
Koutinas, A.A. et al.63 identify biotechnological processes/fermentation as an important option for
future production of chemicals from wastes and industrial by-products. The potential of using wastes
and applying specifically tailored biological processes are highlighted, i.e. the focus is set on the
principles of waste reduction. Whether or not these technologies, and the use of wastes and chemical
by-products, would influence the quality and toxicity of the final products and processing emissions is
not mentioned.
As in these two examples, literature on the use of waste as feedstock to chemicals production focuses
on reducing (organic) wastes and saving input materials. Accordingly, the use of waste as feedstock is
(currently) not identified as having a clear relationship to the non-toxic environment.
Several sub-topics on the use of waste as feedstock for the production of secondary materials are
covered under Horizon 2020, by research on ‘climate, environment, resource efficiency and raw
materials’. The aim of these projects is, among others, to decrease the EU’s dependency on other
regions in obtaining their raw materials. Priority appears to be given to the supply of critical raw
materials, including minerals and metals. The focus of research on the use of waste as feedstock focus
on resource savings and do not appear to link to toxicity of input or output materials.

63

Koutinas, A.A. et al., 2014.
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3
3.1

GAPS AND DEFICITS
OVERVIEW

Drawing conclusions from the internet research, literature review, stakeholder interviews and the NTE
stakeholder workshop in June 2016, significant challenges to the development of new, non/less
toxic64 substances exist and drivers are comparatively weak.
Assuming that regulatory pressure for substitution will increase, among others, due to the
implementation of the strategy for a non-toxic environment, the need for safer alternatives will also
increase. Stimulation of research on new, non-/less toxic substances may be a logical consequence
thereof. However, it is doubted that market forces and creating a demand for new, non-/less toxic
substances will be sufficient to satisfy the needs.
The design of benign substances (which are also suitable for the circular economy, in particular where
they are destined to stay in articles), should therefore be further enhanced by public programmes,
including at EU level, to achieve the societal challenge of a non-toxic environment.
At present, it appears that research funding at the EU level is not fully suitable for projects targeting
the development of new, non-/less toxic alternatives to the use of hazardous substances. This is
expected at least for those projects that do not address a global challenge in addition to the ‘toxic load’
and/or which do not involve multidisciplinary, international research teams but are rather targeted to a
replacement of a particular toxic substance in a particular application. Furthermore, it seems that the
reduction exposure to toxic substances is integrated consistently and focussed as a horizontal approach
in all research calls.
Which priority the non-toxic environment should have in relation to other societal challenges, like
climate change or resource efficiency, is a political decision. Similarly, the degree to which policy
makers interfere in the ‘freedom of research’ by directing it via the goals of any activity they fund may
be a more general discussion at policy level and relate to the level at which the problem is defined that
should be solved by research and development projects. However, if the replacement of toxic
substances by new, non-/less toxic substances should be promoted, prioritising the topic as a global
challenge and creating a separate programme may be useful.
Overcoming challenges from the identified deficits requires targeted actions, possibly in form of an
EU programme on the development of new, non-/less toxic substances. The following gaps and
deficits were identified:




Lack of awareness, education and training on the possibilities to design (and use) new, non/less toxic substances at all levels, for example:
 Company (product) managers are insufficiently aware of benefits of green/sustainable
chemistry and have little knowledge on how to identify suppliers, or experience in defining
needs;
 Cooperation in transdisciplinary teams developing new, non-/less toxic substances suffers
from a lack of basic understanding between researchers from different disciplines;
 Chemists lack education and training on how to use available tools, such as for substance insilico design or hazard prediction.
Lack of incentives to develop new, non-/less toxic substances and considerable barriers, e.g.
due to:

64

In the following, the term less toxic substances is used, integrating both the options that a substance is inherently not toxic
or that it is ‘only’ less toxic than the substance it should replace.
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Regulatory uncertainty on the phase-out of substances with hazardous properties, as the
current signals from the authorisation procedure are ambiguous (no denial of authorisation)
and restrictions are patchy. This results in uncertainties about potential future markets for a
new substance.
 Lack of guidance towards the goals of substance development (i.e. which properties should
be avoided, which are to be targeted, also with regards to the waste stage of substances);
 Few market incentives and strong competition from existing substances, which are available
at low cost (among other factors due to a lack of internalisation of environmental costs and
path-dependence relating to existing production equipment) and carry less risk (hazards and
market shares are known);
 Few or no market advantages from the use of new, non-/ less toxic substances, e.g. via
exemptions from legislation during R&D, patent rules, etc.
 The need to change production equipment, if new substances need to be supplied.
Lack of networking opportunities:
 For suppliers and potential users of new, non-/less toxic substances to meet and identify
cooperation opportunities (‘market platforms’ outside traditional supply chains);
 For researchers to exchange information and experience in new, non-/less toxic substance
development and to identify cooperation opportunities;
 For companies using new, non-/less toxic substances to exchange best practices and
experience;
 For all stakeholders to increase awareness.
Lack of suitable research funding, either related to basic research that could inquire new
approaches and qualitative changes in the supply of new, non-/ less toxic substances or related to
specific, smaller scale research on the development of alternatives to the use of toxic substances,
which are not related to larger technology changes.

In addition, all factors hampering the substitution of hazardous substances influence the need for, and
readiness to initiate and conduct, the development of new, non-/less toxic substances.
In the discussions at the NTE workshop, the participants in the break-out group stressed that the
current culture in substance design should change in order to achieve the goals of having only
substances on the market that are safe during use and do not cause any problems during disposal. In
particular, the integration of hazard prediction and respective design criteria excluding certain toxic
properties from the beginning of the development process were pointed out as a new and necessary
mind-set.
Apart from the gaps and deficits identified, an EU R&D programme on new, non-toxic substances
would need to have defined goals, indicators for success and related tools to monitor progress as well
as an organisation overseeing the implementation of possible activities. These elements that usually
pertain to any policy programme are not discussed in detail.
3.2

IDENTIFIED RESPONSES

The gaps and deficits identified in current policy are not new. Member States and stakeholders have,
to a smaller or larger extent, identified the gaps and have developed or are developing measures to
address the gaps. The catalogue of identified responses listed below, comprises a listing of existing
measures practiced in Member States and/or by other stakeholders as well as measures described in
the reviewed literature.
A number of ongoing processes within the Commission are currently assessing the performance of
chemicals legislation. These include the fitness check of all chemicals legislation except REACH and
the REACH review, which are both due in 2017. To achieve consistency between these processes and
the non-toxic environment study, the relevant results of this study will be used within those processes.
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The catalogue of identified responses in this study is a comprehensive inventory of all possible
measures identified during the work of this study. Further assessment will be needed in the context of
the better regulation agenda should any of the activities in the catalogue be considered by the
Commission to address the gaps or deficits.
Several proposals and recommendations on how to overcome barriers to the development of new, non/less toxic substances and their use and to strengthen respective drivers were identified from the
literature. These could be grouped into two types of responses to the gaps and deficits:




Response 1: Strategic actions to integrate ‘new, non-/less toxic substance development’ in all EU
policies, including research funding, and to improve the overall regulatory and economic frame
for related R&D by:
 (Further/enhanced) integration of the issue of ‘non-/less toxic substances’ in all relevant
policy areas, research and innovation funding schemes and projects, technology support or
publications etc.;
 Providing orientation on the direction of new substance development with clear signals from
legislation on desirable and undesirable substance properties via respective risk management
measures and policy statements;
 Increasing the importance of the non-toxic environment as a global challenge and
considering the implementation of a separate research area, aimed at providing alternatives
to the use of toxic substances;
 Lowering regulatory burdens for the development of new, non-/less toxic substances, e.g.
regarding approval procedures, registration, authorisation, notification etc. and increasing
regulatory burdens for the use of toxic substances;
 Creating economic incentives by decreasing costs for the development and use of new, non/less toxic substances inter alia via taxes or reduced fees, favourable patent rules etc. and by
increasing the costs for (the use of) existing, toxic substances, among others by internalising
environmental and health costs, taxes etc.
Response 2: Enabling actors to better implement R&D on new, non-/less toxic substances this
group of identified responses consists of the following actions:
 Overall awareness-raising of all actors on (the benefits of using) new, non-/less toxic
substances, including communication and campaigns on green and sustainable chemistry and
substitution, and increasing (commercial and consumer) market demand for non-toxic
products;
 Increasing competences and capacities for new, non-/less toxic substances development
through education of the workforce and scientists at all levels;
 Enhancing collaboration of all actors active in the field (stable, comprehensive, structured
and long-term cooperation of all stakeholders);
 Creation of specific research funding instruments targeting new, non-/less toxic substances
development conducted in smaller scale projects than being covered by e.g. Horizon 2020;
 Promoting the use of legislation and economic instruments in the Member States to increase
investments into R&D on new, non-/less toxic substances.

In the following sections, tables are provided listing the different responses identified to support R&D
on new, non-/less toxic substances. It is specified for each response, to the closure of which type of
gap it could contribute and whether it could be implemented in the short-term, mid-term and longterm. Finally, a brief characterisation of the type of response and why it is useful is provided.
It should be noted that the responses listed only relate to the EU Commission or the Member States. It
is expected that the most important incentives for R&D on new, non-/less toxic substance
development come from industry, e.g. by starting substitution activities and initiating research on new,
safer alternatives.
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3.3

RESPONSES RELATING TO POLICY INTEGRATION REGARDING THE ISSUE OF SUPPORTING THE DEVELOPMENT OF NEW, NON-/LESS
TOXIC SUBSTANCES

Table 1: Responses identified related to policy integration
Gap /deficit
Lack
of
awareness and
low priority on
the topic of new,
non-/less
toxic
substance
development in
the EC in general

Reason
for
gap/deficit
Lower
priority
compared
to
other challenges

#
1

2

R&D does not
sufficiently
include priorities
for R&D of new,
non-/less
toxic
substances
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Lower
priority
compared
to
other challenges

3

Identified responses

Qualification

Discussion

Development of a Commission communication on the need to consider across
policies and activities if the development of new, non-/less toxic substances
could be supported or incentivised. The communication could raise general
awareness and outline priority areas where policies could take up instruments
and tools to enhance R&D.
The communication could also highlight the goal of the non-toxic environment
as another horizontal challenge to society. It could point out direction to R&D
(i.e. what type of substances and/or materials should be targeted and which
properties would be regarded as ‘non-toxic’) thereby providing orientation and
guidance.
Each DG and their units assess what incentives they could provide and/or how
barriers could be reduced for R&D on new, non-/less toxic substances:
 Include the non-toxic environment as a policy goal /societal challenge
to be tackled;
 Identify legislation that discourages R&D on new, non-/less toxic
substances, lower disincentives and increase incentives;
 Identify actions to motivate more consideration of R&D on new, non/less toxic substances.
Integration of new, non-/less toxic substance design in R&D and R&I funding
programmes
 In evaluations of R&D programmes and their results, the development
of new, non-/less toxic substances is explicitly addressed
 Include rules in existing programmes that encourage assessment and
discussion of whether the development of new, non-/less toxic
substances could (also)be addressed in an application, e.g. to
substitute toxic substances or innovate at a larger scale
 The awards of research grants could include criteria related to the
development of new, non-/less toxic substances;
 Projects on resource efficiency of use of waste etc. should have an
obligatory component assessing substitution opportunities and whether
or not new, non-/less toxic substances could be developed;
 Research strengthening consideration of toxicity in life cycle assessment
should be promoted (operationalisation and weighting against other
criteria);
 An assessment of impacts of R&D projects on the use of toxic
substances and/or the opportunities to develop new, non-/less toxic

Short
term,
information,
orientation and
guidance

The option would create an
overall framework for policy
integration, send clear signals
on the relevance of R&D and
provide directions for all policy
economic and societal actors

Mid-term,
EC
internal review
and
different
resulting
actions

The
option
would
raise
awareness and trigger specific
actions to strengthen legal
drivers, weaken barriers and
increase the overall weight of
the issue in policymaking.

Short-term,
information
collection,
integration
in
R&D funding

Enhances the understanding
that chemicals as a horizontal
issue need to be considered in
R&D of all areas, increases
awareness, directs funding to
projects supporting non-toxic
innovations,
improves
information basis on toxic
substance
use,
promotes
consideration
of
toxicity
aspects in LCAs, promotes
interdisciplinary teamwork

Study for the strategy for a non-toxic environment of the 7th EAP
Sub-study f: Programme on new, non-/less toxic substances, August 2017 /44

Reason
gap/deficit

Gap /deficit
Current
R&D
funding does not
fully answer the
needs
of
developing safer
alternatives
for
toxic substances
in
particular
applications

The
implementation
of authorisations
and restrictions
does not fully
exploit
the
potential
as
regulatory driver
for new, non-/less
toxic substances
development

Regulatory
burdens related
to
the
development of
new,
non-/less
toxic substances
are too high

Too
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few

for

#

EU R&D funding
focuses on other
societal
challenges;
research funding
requires
high
degree
of
innovation, which
might and rather
addresses large
consortia
Regulation and
underlying policy
priorities were set
on other aspects
/challenges than
phase-out
of
hazardous
substances and
replacement by
new,
non-toxic
substances

4

Identified responses
substances could be made obligatory.
Identify, which programmes are suitable to fund R&D on new, non-/less toxic
substances (e.g. LIFE +) and develop a respective guiding brochure
Assess, if additional programmes should be implemented, e.g. as research topic
under Horizon 2020 or under other schemes, like ERA etc.
Develop research programme, if relevant

Qualification

Discussion

Mid-term,
information
collection and
provision, gap
analysis,
implementatio
n

Pointing out funding opportunities in existing instruments, in
particular
to
SMEs
could
increase
new,
non-toxic
substance development. From
the current study, it cannot be
sufficiently well derived, if there
is a significant need for funding
and/or if this type of R&D
should have higher priority to
support the NOTES
Strengthens regulatory pressure
for substitution and development of safer alternatives,
prevents ambiguous signals to
the market.
Grouping could decrease the
attractiveness
of
existing
alternatives.
A
broadened
product scope might increase
potential markets for new, non/less toxic alternatives (more
applications) and make R&D
more attractive
Decrease
administrative
burdens /costs for R&D

5

Authorisation decisions should increase pressure for phase-out (i.e. no granting of
authorisations where feasible (e.g. DEHP, HBCD)). This would indicate market
potentials for new, non-toxic substances and create more predictability.

Short-term,
legal
implementation

6

Restrictions could apply to substance groups rather than individual substances
(decreases the likelihood of existing substances being used as alternative)
Restrictions could apply to broader product groups, extending potential markets
for new, non-toxic substances.

Mid-term,
regulatory

Up
to
now,
regulation
is
equal for new
and
existing
substances,
no
priority yet on
positively
discriminating
(new,) non-/less
toxic substances,
yet.
Toxic
substances
use
not in the focus
of
standards
setting.

7

Identify significance of current burdens and extend or revise R&D exemptions,
where feasible, not increasing risks and supporting R&D on new, non-/less toxic
substances

8

Up

10

Identify if the concept of ‘low risk products’ applied in plant protection and
biocidal product legislation could apply in other legal fields, too (i.e. lower
burdens for products containing substances fulfilling specific hazard criteria).
Incentives/lower burdens include requiring fewer resources for authorisation
applications, quicker processing of applications, longer duration of
authorisations.
Revise standards regarding unnecessary burdens for R&D on new, non-/less toxic
substances
Technology standards may prevent re-design of mixtures and articles; this would
also discourage related substance development.
Develop patent rules favouring new, non-toxic substances, e.g. lower fees,

Mid-term,
regulatory, to
be addressed
under relevant
legislation
Mid-term,
regulatory, to
be addressed
under relevant
legislation

to

now,

9

Mid-term,
implementatio
n
Mid-term,

Easier market access for non/less toxic substances /mixtures
containing these, based on
proven favourable properties

Potential barriers to market
access and /or risks related to
denial of market access could
be reduced
Marketing barriers could be
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Gap /deficit
incentives
invest in R&D

to

Existing
(toxic)
substances don’t
reflect their true
costs
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Reason
for
gap/deficit
regulation
was
equal for new
and
existing
substances,
no
positive
discrimination on
(new,) non-toxic
substances.
(Further)
promoting
phase-out at MS
level is hardly
implemented.

External costs are
not born by the
companies
(polluter does not
pay).

#

Identified responses

Qualification

Discussion

longer patent duration.

implementatio
n

11

Develop compensation schemes for investments, which do not payoff (non-fault
failures to place safer alternatives on the market).

Mid-term,
economic

12

Motivate Member States to implement taxation schemes for hazardous
substances to internalise external costs for the use of toxic substances. Tax breaks
could be provided for companies using (new), non-toxic substances.

Mid-term,
economic

13

Develop a label ‘toxic–free’ or ‘innovative product due to content of newly
developed, non-toxic substance’.

Mid-term,
implementatio
n

14

Develop schemes that require companies to internalise external costs.

Mid-term,
economic

decreased and potential profits
increased, thereby making R&D
more attractive
Risks of failure and related costs
would be carried (partly) by
society, this would have to be
accompanied by criteria and
routines
for
proper
implementation and prevention
of misuse
This could create /increase
markets for new, non-/less toxic
substances
and
decrease
differences in costs for new and
existing substances.
Promote marketing on new,
non-/less
toxic
substances,
support
market
actors
in
choosing
non-/less
toxic
substances
Creating a more level playing
field regarding prices /costs of
substances would increase the
competitiveness of new, non/less toxic substances and
make
this
option
more
attractive
to
companies
considering substitution.
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3.3.1

Empowering actors to improve new, non-/less toxic substance development

3.3.1.1 Education, training and awareness-raising
Education, training and awareness-raising actions by the Commission could aim at increasing their
own activities and incentivising related actions in the Member States and in EU institutions (e.g.
scientific committees, agencies, and the JRC). For example, the Commission could seek opportunities
to integrate R&D on new, non-/less toxic substance into existing (staff) training programmes.
Another approach would be to launch actions or projects that would deliver materials and tools that
could be provided to support teachers at all levels (scholars to professionals), such as lecturing
building blocks, experiments, exercises, etc.
Grants could be given to professors to establish new research areas and Ph.D. schools within
universities and technical (engineering) schools, possibly in collaboration with business interested in
innovation. This could form the basis for developing student courses for bachelor, master and PhD
level. In connection with the development of new chemistry, it should be assured that analytical
monitoring methods are developed to make it possible to determine future occurrence, hazards and
health impacts of the new chemicals
This could be accompanied with an awareness-raising or communication that the topic ‘development
of new, non-/less toxic substances’ be integrated in all of the relevant curricula and specific courses or
seminars of scientists and engineers, including toxicologists and ecotoxicologists. Education and
training of company managers, procurement personnel and others involved in the decision on which
products are manufactured or used could support market uptake and demand for less toxic substances,
as well as lower barriers to R&D investments. Education of scientific and technological staff should
support innovation capacity. The conduction of these activities by other actors could be stimulated or
supported by providing funding – e.g. under the Horizon 2020 or European Research Area.
Examples of existing activities
Discussions of and approaches to education and training are primarily identified in the United States
and in relation to the concept of green chemistry. Recommendations from an early stakeholder
workshop on the topic65 appear to be implemented in several universities with chemistry education.
Awareness-raising campaigns are also part of many national activities (e.g. at the EPA), or state
government policy, where green chemistry is a priority policy area. Existing practices include
databases with teaching materials, teachers’ networks and student awards.
In the EU, green chemistry or sustainable chemistry teaching appears to be less explicit in the
academic context, although some universities offer respective specifications for chemists and chemical
engineers. The extent to which ‘green chemistry’ or ‘sustainable chemistry’ is integrated into other
(scientific) education could not be assessed.66
General awareness-raising campaigns on green chemistry or the use of new, non-/less toxic substances
by national public authorities could not be identified. However, EU and national institutions as well as
stakeholders conduct specific campaigns on substitution, e.g. in relation to workers’ protection.

65

Anastas et al., 2007.
An internet research was performed using English, German and French key words but did not show clear results in this
regard. Several Member States might have education programmes on sustainable chemistry in the different natural sciences
studies but this was challenging to identify due to the high number of universities, as well as to websites being in national
languages.
66
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Table 2: Responses identified related to education, training and awareness raising
Gap
There is a lack
of overview of
existing
activities

Lack
awareness
teaching
institutions

of
in

Lack
of
opportunities
for experience
exchange

General lack of
information on
benefits
of
using
new,
non-/less toxic
substances
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Reason
for
gap/deficit
Education
and
training on new, non/less toxic substances
(development) is a
horizontal issue and
only in a few cases a
separate
activity.
Therefore,
no
monitoring
or
statistics exist.
R&D on and the use
of (new), non-/less
toxic substances is
not a high priority
and challenging to
teach
due
to
inherent
interdisciplinarity
Teachers and trainers
are not aware of
each
other,
no
initiative to network
has been started.
Topic has low priority
/awareness
in
relevant institutions

#

Low priority of topic,
complex issue that
cannot be easily
discussed.

Identified responses

Qualification

Discussion

Collect information on ongoing education and training activities on the
development of new, non-/less toxic substances in the Member States as
well as in the Commission institutions, e.g. via surveys and/or a dedicated
study. Assess the status quo at all stages of education, including scholar,
university education and professional training. Identify priority areas, where
too little education and training is provided and/or where a demand exists
for more knowledgeable staff.
Organise information and experience exchange between businesses and
educational institutions to identify specific needs for professionals to
support and initiate the development of new, non-/less toxic substances.
Awareness raising at relevant teaching and training institutions on the
development and use of new, non-/less toxic substances for innovation
and sustainable development, including demonstrating benefits and
opportunities as well as the related legal context.

Mid-term,
information
collection

A better and more detailed
picture of training and education
needs, e.g. needs for qualified
workforce is necessary.
Needs and offer on training and
education as a basis to decide
what specifically should be
implemented
/supported
to
strengthen the workforce

18

Creation of an EU-wide education network to support teachers and
enable sharing of materials and tools for teaching green chemistry or
sustainable chemistry for all education levels.

Mid-term,
information
and awareness

19

Organisation of conferences for education and training institutions to
support integration of green chemistry in curricula of all relevant disciplines.

Information
and awareness

20

Development and publication of best practice examples of the use of
new, non-toxic or less toxic substances, including societal benefits, to raise
awareness and create a favourable business environment.

Information
and awareness

15

16

17

Mid-term,
information
and awareness
Mid-term,
information
and awareness

The option should increase the
awareness level via multipliers
conducting
training
and
education already.

The activity should support
information
and
experience
exchange to increase efficiency
and spread best practices
This
response
should
raise
awareness
and
enable
exchange on how R&D on new,
non-/less toxic substances can be
integrated in current education
and training.
The action should increase the
number
of
businesses
and
researchers
considering
new
substance development as a
viable solution, including through
demonstrating benefits
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3.3.1.2 Networking of actors
The aim of networking activities would be to foster the demand for and the supply of new, non-/less
toxic substances. This means, in particular, providing structural support for establishing contacts
between green substance designers/suppliers and those actors who are in need of solutions requiring
the development of new, non-/less toxic substances. This may be challenging, as new business
relationships beyond existing supply chains are necessary and particularly relevant for SMEs.
In addition, networking should enhance cooperation and knowledge transfer within the expert
community, supporting the development of new, non-/less toxic substances in general and cooperation
on specific aspects in particular, such as finding partners for research projects. This includes bringing
together experts from different disciplines, such as toxicology and ecotoxicology, engineering, process
and product design, etc.
Examples of existing activities
Several examples of networking and cooperation exist in the field of research and (technology)
development, some of them are introduced in the following:
SusChem67, a European Technology Platform for Sustainable Chemistry was created in 2004 as a joint
initiative between several chemical umbrella organisations, such CEFIC or the German Society of
Chemistry. SusChem, like other EU technology platforms are co-funded by the EU and have an
important role as an external advisory forum in the development of the research agenda under Horizon
2020. Several national Technology Platforms are ‘members’ of the EU SusChem Platform.
The aim of SusChem is to foster and to inspire EU-wide research in sustainable chemistry with a focus
on resource efficiency, water, raw materials, smart cities, enabling technologies and education. The
development of new, non-/less hazardous substances is not an explicit priority area, according to the
overall mission statement. However, the idea of an internet platform organising common research and
development activities appears a promising approach leading to synergies, efficient use of resources
and ensuring knowledge is distributed between different institutions.
COST is a European framework (not only EU Member States) aimed at supporting cooperation and
networking of researchers and other actors, including policymakers and society. This should foster
joint idea development and facilitate information exchange, also between policymakers and NGOs.
Networking activities within projects qualifying as COST actions are supported with funding, whereas
the direct research is not eligible for funding. COST complements research actions and programmes of
the EU and in other European countries.
In the US, a network of so-called ‘Manufacturing Extension Partnerships’ exists, which aims at
enhancing productivity and technological performance of US enterprises, including on green
innovations.68 The MEP is organized by the National Institute of Standards and Technology (NIST). It
has local offices in all federal states, which are established in cooperation between the Federal
Government (NIST) and different public and private partners, including universities, enterprises and
non-profit organisations.
The MEP offices provide technical and organisational advice and specifically target SMEs. Support
ranges from the provision of advice on workforce management to consultation on optimising technical
processes as well as on sustainability, research and innovation.
Funding is stated to be shared among the government and private organisations, i.e. the infrastructure
67
68

SusChem, Home.
NIST, n.d., Hollings manufacturing extension partnerships.
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is supported by public funding whereas individual activities and support actions are financed by
enterprises and other sources, including research funds. According to its website, and statements by
US representatives, the network is very successful in supporting enterprises and the return is much
higher than the State’s investments in enterprises69.
With its funding of several technology platforms, such as SusChem, Advanced Engineering Materials
and Technologies (EuMat) or Manufuture, the EU contributes to the networking of relevant actors and
stakeholders for industrial materials and technologies. In addition, most research projects should
include networking activities with other, related projects by default. Consequently, the EU already
supports experience exchange of research it is funding.
However, experience exchange and networking of actors not involved in the EU funded research
projects but innovating at smaller scale are not normally included in these activities, except where they
are members of national technology platforms that are linked to those active at EU level.
Consequently, and in order to support smaller scale, specific development of new, non-/less toxic
substances, the EU could support the networking of actors by providing infrastructure (web space,
contact persons, potentially coordinators in agencies) and further integrating these actors. Responses to
the gap in networking and experience exchange are provided in the next table.

69

‘As a public/private partnership, MEP delivers a high return on investment to taxpayers. For every one dollar of federal
investment, the MEP generates $17 in new sales growth and $24 in new client investment. This translates into $2.3 billion in
new sales annually. For every $1,900 of federal investment, MEP creates or retains one manufacturing job. Since 1988, MEP
has worked with 86,620 manufacturers, leading to $96.4 billion in sales and $15.7 billion in cost savings, and it has helped
create and retain more than 797,994 jobs.’; http://www.nist.gov/mep/about/index.cfm; viewed 07.04.2016.
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Table 3: Responses identified related to networking of actors
Gap
Lack
of
networking
opportunities
for potential
suppliers and
users of new,
non-/less
toxic
substances

Reason for gap/deficit
Unclear, who should best
take
the
initiative,
confidentiality
may
hinder cooperation, lack
of
resources,
diverse
companies and actors
which could /should be
involved

#
21

Lack
of
networking
opportunities
for
substance
developers

Apart
from
nanomaterials
development,
no
‘research community’ on
new,
non-/less
toxic
substances,
lack
of
resources

24
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22

23

25

Identified response
Provide a web platform for companies to post their
needs/offers related to developing new, non-/less
toxic substances e.g. in the context of substitution or
for larger product innovations
Make existing networks, e.g. on sustainable chemistry,
aware of the importance of R&D on new, non-/less
toxic substances development.
Provide information on how to meet potential
suppliers/customers via relevant agencies (e.g. ECHA
discussing
potential
authorisation
applications/Member States).
(Provide funding for the) organisation of conferences
on new, non-/less toxic substance development.

Qualification
Short-term, information

Discussion
This should help overcoming problems in
matching demand and (R&D) supply. This
was identified as crucial by many actors

Short-term,
awareness
and information

Make existing scientific networks, aware of the
importance of R&D on new, non-/less toxic substance
development.

Short-term, information
and awareness

General awareness raising and promotion
of new substance development to replace
substances of concern.
Use of the authorities’ knowledge on
producers /researchers of alternatives to
support matching demand and (R&D)
supply
Facilitates spreading of best practices and
innovation ideas in the research and
market communities
This option should increase interest in the
scientific community to contribute to the
development of new, non-/less toxic
substances

Short-term, information

Short-term, information
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3.3.2

Additional promotion and funding of R&D

The first section of this chapter discussed how R&D promotion and funding on new, non-/less toxic
substances should ideally be (further) integrated into existing funding programmes, such as Horizon
2020, LIFE or national R&D programmes. In addition, a separate funding instrument specifically
targeting smaller scale research on new, non-/less toxic substances, e.g. in the context of substitution,
could be implemented. Finally, it would support the research community if, for example, the
elaboration and improvement of tools for (in-silico) substance design and hazard prediction could be
fostered.
The use of in-silico tools appears most advanced in the area of pharmaceuticals; a transfer of
experience and an assessment of whether or not, and which, tools could also be used in other
applications would be useful. These tools might be adapted to incorporate new functionalities, such as
an option to consider specific technical performance of substances.
The identification of hazards to human health and the environment is a crucial step in the design of
new, non-/less toxic substances. The earlier the identification of (potential) hazards takes place in the
substance design phase, the better this can be taken into account in deciding on and steering the
innovation direction. Consequently, there is a need for tools that can reliably predict potential hazards
early on in the design phase; i.e. before an actual synthesis takes place (based on information on
chemical structures, computational methods/(Q)SARs))70.
The wide range of tools supporting the comparison of alternatives to hazardous chemicals and/or to
assess economic and technical feasibility of substitution are not considered in R&D programmes for
new, non-/less toxic substances, as they contribute to facilitating substitution but do not target the
substance design phase.
Existing activities
Methods and tools to predict a substance’s hazardous properties early in the design phase (i.e. before
actual synthesis) can only be based on models and approaches such as (Q)SARs, read-across
categories or other computational models, e.g. based on mode of actions.
The literature review on such tools shows that several activities are ongoing, related to all methods of
hazard prediction and that many of these aim to improve or develop computational methods and
models by which to predict hazards without (new) testing. Research on testing methods also could
contribute to model development, as testing results would feed into the overall information basis
underlying the development—or supporting the verification—of models.
Overall, considerable progress is being made in hazard prediction for all of the available methods, but
existing models are regarded as still being insufficient for regulatory (and potentially also scientific)
purposes. For example, (Q)SARs are stated to be available for all classification endpoints; however,
they do not cover all of the possible substances (limited applicability domain) and are less reliable
than, e.g. animal tests. For complex effects in particular, such as repeated dose toxicity, modelling and
hazard prediction based on molecular structure and substance (physical-chemical), properties may
remain a challenge for a long time to come.
Large research programmes are ongoing in the EU71 and the US72 with the aim of developing new
70

Although supporting the hazard assessment of new, green substances, the improvement of testing methods for chemicals
are not regarded as specific to green chemistry. They are therefore not regarded as in the scope of a GCP programme. An
exception is research and development on (in vitro) methods that aim at developing predictive models based on chemical
structure.
71
EUTOXRISK, An Integrated European 'Flagship' Program Driving Mechanism-based Toxicity Testing and Risk
Assessment for the 21st Century.
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hazard prediction approaches based on adverse outcome pathways and modelling as well as in vitro
methods, all of which would support the design of new, non-/less toxic substances. In addition, there
are software tools being developed73 that enable the use of existing information for hazard prediction
via computational methods.
Research is also ongoing on individual approaches to link the physical chemical properties of
substances to their toxicity or to develop intelligent testing strategies for example.74 These also include
specific efforts for efficient hazard identification of nanomaterials.

72

US EPA, Toxicology Testing in the 21st Century (Tox21).
E.g. CEFIC’s ambit tool, available at http://ambit.sourceforge.net/.
74
E.g. Schug et al., 2013 and Kostas et al., 2015.
73
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Table 4: Responses identified related to additional R&D funding
Gap
Hazard
prediction
tools
need
improvement

Reason for gaps
/deficits
Tools
do
not
cover all relevant
hazards
/substance types,
quality
and
usability can be
increased

#

Identified responses

Qualification

Discussion

26

Contract study to assess gaps and improvement needs for
hazard prediction tools.
Discuss priorities to improve hazard prediction tools with experts
and stakeholders (e.g. public consultation, conferences etc.).
Launch call for proposals to close the identified gaps via
improvement/development of new related tools (project
funding).
Support (international) networking of researchers on
(computational) hazard prediction methods, involve in the work
at OECD level.

Short-term,
information gathering
Short-term,
information gathering
Short-term,
implementation

These activities should identify the bottlenecks in
hazard prediction, in order to design targeted
research calls to close existing gaps in the
availability
and
functionality
of
hazard
prediction tools.

Short-term,
information

Launch EU-wide (or global) platform to consolidate knowledge
on hazard prediction methods and create a knowledge
resource. Identify if existing platforms, such as created in SEURAT
for potential synergies/interlinkages.
Assess and publish the status quo of existing tools; gaps and
deficits in relation to the ability to design new, non-/less toxic
substances for any application (e.g. technical chemicals, plant
protection products).
Set priorities on improvement needs/needs to support the
development of additional tools involving relevant stakeholders.
Identify training and education needs on the use of tools; assess
possibilities to support respective train-the-trainers programmes.

Short-term,
implementation

Create synergies and enable experience
exchange to facilitate the development of
better hazard prediction tools that can be used
in in-silico substance design
Supporting
experience
exchange
and
information as well as making available of
existing hazard prediction tools

27
28

29

30

In-silico
design tools
need
improvement

Milieu Ltd
Brussels

According
to
stakeholders, the
tools are not of
sufficient quality
(some are) and
could
be
developed
to
meet
specific
needs
/for
specific uses.

31

32
33

Short-term,
information
gathering
Short-term,
implementation
Short-term,
implementation

Feedback on the need for (better) design tools
was mixed and the situation unclear. These
measures should identify and describe in detail
any gaps in tools and incentivise their
development, where necessary
This should enable more actors to use available
tools and to involve in new, non-toxic substance
development.
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3.4

THE USE OF WASTES AS FEEDSTOCK TO CHEMICALS PRODUCTION

Activities on the use of waste as feedstock may be interesting for two reasons:




The use of wastes as feedstock could affect the use and emissions of toxic substances:
 Replace toxic virgin materials resulting in a use reduction of toxic substances and/or;
 Produce less toxic products (differences in impurities and hence in (eco-)toxicity due to input
materials and/or differences in processing) and/or;
 Changes in the amount of emissions of toxic substances (differences in processing).
Projects assessing the use of wastes as feedstock could be connected to new, non-/less toxic
substances development and reducing toxic substance emission, i.e. triggering innovations to
generate different products, with less toxic properties. Potential synergies involve raising
awareness and integrating the topic of ‘non-/less toxic substance development’ into overall
funding policies.

A literature research on the use of wastes as feedstock to chemicals production has identified a
considerable amount of activities. Waste streams rich in organic carbon, such as plastics or food
wastes, are considered as a valuable resource, which could be used to produce chemicals either via
extraction or by synthetic reactions. Among the latter, biotechnological processes appear to be the
most promising option to obtain new chemicals. Research also seems to be oriented towards the
production of commodities rather than towards specialty chemicals, i.e. biofuels, acids, polymers etc.
are the main products described in the publications. Some examples of related publications are
provided in the following paragraphs.
Lin et al.75 give an overview of case studies and activities to use food waste as input material for the
production of fuels and chemicals. Food wastes are a valuable input material given their content of
organic materials and the high amounts available. Technologies involve extraction of substances as
well as transformation via thermochemical processes (biofuels). However, whether or not the use of
food wastes as feedstock would result in lower emissions of hazardous substances is not part of the
research.
Koutinas, A.A. et al.76 identify biotechnological processes/fermentation as an important option for
future production of chemicals from wastes and industrial by-products. The potential of using wastes
and applying specifically tailored biological processes are highlighted; i.e. focus is set on the
principles of waste reduction. Whether or not these technologies and the use of wastes and chemical
by-products would influence the quality and toxicity of the final products and processing emissions is
not mentioned.
Xiangqing, J. et al.77 describe a catalytic process using polyethylenes as feedstock to produce fuels and
waxes. The two-staged process requires low energy (catalysis). Due to the specificity of the process,
purer products are obtained compared to other recycling processes of polyethylenes. This may result in
less toxic products and process emissions, but this matter is not explicitly discussed by the authors.
No scientific research has been identified, up to now, on the change in toxicity of the final product, the
by-products or emissions from processes using waste as input material. Therefore, it is not possible to
judge if these activities are linked to reduced or eliminated toxic substances and, therefore, could
contribute to a non-toxic environment. The research priority in the field of using waste as feedstock is
clearly set on resource saving and decreasing the dependency on fossil fuels as well as resources from
outside the EU. Integrating aspects of the emission or production of new, non-toxic substances in these
75

Lin, C.S.K. et al., 2013.
Koutinas, A.A. et al., 2014.
77
Xiangqing, J. et al., 2016.
76
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projects is not evaluated as being helpful, given that other priorities are followed. However,
integrating a perspective of monitoring the changes in toxicity both on the side of input and output
materials could widen the perspective on costs and benefits of using waste as feedstock and increase
awareness on the issue. No specific responses were identified in this respect.
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4

AVAILABLE TOOLS TO RESPOND TO GAPS AND DEFICITS

The development of new, non-/less toxic substances is an important element of a Non-Toxic
Environment Strategy because it supports a) the phase-out of toxic substances by providing safer
alternatives and b) the development of (new) materials or processes that could avoid the use of toxic
materials as part of larger innovations.
At present, and using the methods applied in this sub-study (literature research, targeted interviews
and stakeholder workshop), it is difficult to judge the current and future demand for new, non-/less
toxic substances development. However, assuming policy trends moving towards the phase-out of
toxic substances, and with a view to the continuous specialisation and innovation regarding new
materials and processes it seems important and forward-looking in supporting and further developing
competences and capacities in the EU research community on the development of new, non-/less toxic
substances. A further development of capacities and competences inside the companies using
chemicals, as well as in capacity building, training and educational institutions, is of equal importance
to ensuring market uptake and the availability of a well-trained workforce.
Dedicated programmes for supporting research and the development of new, non-/less toxic
substances do not exist at the global, regional or national levels, except the ‘Green Chemistry
Initiative’ by the US EPA. The EU funding programmes do not explicitly target the development of
new, non-/less toxic substances to replace toxic ones; however, there are related programmes in the
area of (nano-)material innovations. Several institutions as well as stakeholder organisations are
working on elements related to and supporting the development of new, non-/less toxic substances,
such as building up pressure for the substitution of toxic substances, awareness raising, research and
the development on design and hazard prediction tools etc.
Specific barriers to the development of new, non-/less toxic substances are a lack of contacts between
the supply and the demand side, as new relations outside traditional supply chains need to be
established. In addition, the development of new, non-/less toxic substances poses considerable
business risks, including development costs, risk of decreased performance of the new products, low
acceptance on the market etc., which appear to frequently outweigh the potential benefits of reducing
the content and emissions of toxic substances from products and processes. Finally, it is challenging
for new, non-/less toxic substances to compete with existing substances, of which hazards and costs
are known and which are available without a time lag. Consequently, any ‘programme’ to enhance the
development of new, non-/less toxic substances should respond to the barriers identified and
strengthen any drivers and benefits of new substance development.
In this regard, several types of responses to the gaps and deficits are identified:









(Further) integration into EC policies and activities as well as awareness raising on the needs and
the opportunities to develop new, non-/less toxic substances in all relevant directorates of the EU;
Review of existing legislation and its implementation regarding barriers to new, non-/less toxic
substances development and how they could be decreased as well as which elements
strengthening related R&D could be further elaborated;
(Further) integration of aspects related to the substitution of toxic substances and the development
of new, non-/less toxic alternatives in all EU funding policies and consideration of establishing a
funding programme specifically addressing the need to develop safer alternatives as replacement
for toxic substances;
Implementation of measures at EU or Member State level to decrease the discrimination of new,
non-/less toxic substances against existing ones, regarding prices by integrating external costs and
using economic instruments like taxes and fees;
Education and training of scientists, engineers and other relevant staff on the benefits and options
to develop new, non-/less toxic substances as alternatives or in the context of product and process
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innovations;
General awareness raising on the toxic load and options to reduce it by developing new, non-toxic
substances;
Increase of information and experience exchange between researchers, companies and policy
makers as well as teachers and trainers create synergies and spread best practices;
Provision of additional, specific funding for research supporting the development of new, non/less toxic substances by providing new and improved tools;
Provision of research funding at ‘small scale’ to specifically support the development of new,
non-/less toxic substances to replace toxic substances in particular applications.
Development of indicators and monitoring instruments to evaluate policies and research funding
with regard to the availability of (new) non-/less toxic substances on the market, e.g. by
production and use volumes.

Overall, the societal challenge of a continuously increasing use of chemicals and an increased
exposure level of humans and the environment currently has a lower priority than other challenges,
such as climate change and resource efficiency. This results in a lower priority of substance
development for R&D.
An EU programme on the development of new, non-/less toxic substances should be weaved into
existing activities and could, to a large extent , consist of integrating and/or highlighting the option and
opportunities of developing new, non-/less toxic substances. However, a separate programme would
have be a stronger incentive for substance development.
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