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Summary

Anumber of concepts address safety-relevant
issues of innovative materials and products.
The Safe-by-Design (SbD) concept is one of
these, and aims to take account of these safe-
ty issues early on and during the entire prod-
uct development process. The nano-specific
concepts of SbD are intended to address pre-
vailing uncertainties about potential risks to
the environment and human health at the be-
ginning stages in the development of new na-
nomaterials and products. The basic assump-
tion of the SbD concept is that risks can be
reduced through the choice of materials, prod-
ucts, tools and technologies, making them as
safe as possible. Particular attention is paid
to the product development stage, when it is
still possible to intervene to control the selec-
tion of these factors. In line with the precau-
tionary principle, the early integration of safe-
ty in the innovation process is generally seen
as desirable.

* Corresponding author

Introduction

If there is a potential risk to the environment or
human health, it is to be avoided or reduced by
means of preventive decisions. This principle —
known as the precautionary principle — was laid
down by the European Union in a Communica-
tion in 20007 and is set out in detail in Article 191
of the Treaty on the Functioning of the European
Union (TFEU).2 Hence environment and health
policies consider not only known and scientifical-
ly provable risks but in addition account is also
taken of any lack of scientific certainty. General
food law3 and the EU regulatory framework for
chemicals (REACH)* for instance refer strongly
to the precautionary principle.

Recent years have seen the emergence of the
“innovation principle”, which can be regarded as
the counterpart to the precautionary principle.5
This still very new concept states that the devel-
opment of new regulatory strategies or guide-
lines should include a comprehensive analysis
of the effects on innovation. This demand is based
on the basic assumption that innovation also in-
cludes elements of novelty and experimentation.
The aim is a regulatory system in which regula-
tion encourages innovation rather than impeding
it. The European Commission uses the term “flex-
ibility by design”.® Critics warn of the risk that the
innovation principle, whose origins lie in the in-
dustrial sector,” could undermine the precaution-
ary principle and make it easier to circumvent EU
safety requirements.8 9 Its supporters, on the
other hand, refer to Art. 3(3) of the European Un-
ion Treaty which lays down: “[The Union] shall
promote scientific and technological advance.”10
Hence, depending on point of view, Union law is
interpreted to implicitly encompass the innova-
tion principle. The 2021 Regulation on the frame-
work programme for research and innovation,
“Horizon Europe” is likely to be the first legisla-
tive measure to explicitly contain the innovation
principle. 1!

In the field of conflict between safety and inno-
vation, it is above all the manufacturers and pro-
ducers of nanomaterials or products containing
them who find themselves facing a particular
challenge. Nanotechnologies are noted for the
variety of ways in which they can be used, but
where it is very difficult to predict the potential
risks and effects. In addition, there are ambigui-
ties in the definition of the term “nano”.

This dossier presents an overview of the con-
cepts behind the idea of integrating health or en-
vironmental safety considerations in the design
of materials, products or processes. The focus
is placed on the nano-specific Safe-by-Design
(SbD) concept. The conclusion will present an
overview of recent national and international
projects that have addressed or are addressing
SbD in the nano-context.

Safe-by-Design Concepts

There are a number of concepts that use design
approaches to aim for increased safety and
hence can be qualified as SbD concepts, as well
as those that include elements of SbD. The con-
cepts described in this section may differ in their
primary objectives — be it enhanced worker safe-
ty, better environmental protection, financial sav-
ings or the protection of human health — but ulti-
mately they all address the reduction of risks by
including safety-relevant considerations in the in-
novation processes as early as possible and tak-
ing account of the entire life cycle of the materi-
al or product.
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Design for Safety

“Design for Safety” is a systematic approach from
the field of engineering. Its purpose is to identify
particularly high-risk areas and to minimise both
probabilities of occurrence and effects, with sys-
tems being analysed through all phases of their
life-cycle.'2 A fundamental aspect is that safety
must be taken into account in the design itself.
The aim is thus to develop an inherently safe de-
sign. The four principles of inherently safe design
are “minimize”, “substitute”, “moderate” and “sim-
plify”. Thus, it is possible to increase intrinsic
safety by reducing hazardous substances, or re-
placing them with less hazardous materials. If
risks are eliminated by changes in design, there
is no need for further counter-measures that
would increase system complexity. In addition, it
is possible to integrate error-tolerance that for in-
stance would guarantee the operation of a sys-
tem even in the event of partial failures.'3 In prac-
tice, the “Design for Safety” principles cannot al-
ways be fully realized, in particular in cases where
the desired function is in conflict with safety. In
such cases, the advantages must be weighed up
against the risks involved.

Green Chemistry

In the field of environment protection, thoughts
are also being given to developing products and
processes with a lower intrinsic risk. For instance,
in 2006 the United States Environmental Protec-
tion Agency (EPA) drew up the “Green Chemis-
try Framework”, whose aim is to achieve a re-
duction of the production and use of hazardous
substances.'# Environmental pollution is to be
avoided by relying not on post-hoc disposal or
treatment (such as safe waste separation and
disposal) but rather on the reduction of the caus-
es of pollution. NanoTrust?® lists a total of 12
Green Chemistry principles, which inter alia re-
quire real-time monitoring of synthesis process-
es or the development of chemicals and prod-
ucts that are degradable and do not accumulate
in the environment.

Ecodesign

Ecodesign/ecological design is a concept from
the field of environment management, and its aim
is to reduce the environmental effects of prod-
ucts over their entire life cycle, an aim to be
achieved by means of an appropriate design in
the course of product development. The concept
has been codified within two ISO standards, ISO
14062:2002'6 and 1ISO 14006:2011.17 Within
Ecodesign various strategies can be pursued,
such as the selection of renewable materials, the
reduction of packaging materials, the prolonga-

tion of the useful life, an increase of functions or
an improvement of recycling capability. In addi-
tion to the ecological benefits, the hope is that
Ecodesign will also increase worker safety, since
it calls for the avoidance of hazardous substanc-
es in production. Economic benefits for business
have also been demonstrated, for instance
through a reduction of operating costs.8

Quality by Design

“Quality by Design” is a concept that has long
been in use in industrial sectors such as aero-
space, the automobile industry, medical technol-
ogy and the biotechnical and pharmaceutical in-
dustries.!® The introduction of quality tests during
the product development process leads to a more
efficient fault identification and reduction. The
successful application of this approach is de-
pendent on comprehensive knowledge of the ma-
terial properties, development and production
processes involved so that risks can be identi-
fied and evaluated.

In the pharmaceutical industry, Quality by Design
is implemented via internationally applicable
guidelines. The underlying principles are set out
in the three ICH guidelines “Pharmaceutical De-
velopment” (ICH Q8),20 “Quality Risk Manage-
ment” (ICH Q9)2" and “Pharmaceutical Quality
System” (ICH Q10).22 The entire life cycle is con-
sidered in order to identify the toxicity of pharma-
ceutical products at as early a stage as possible,
with a check being made of all critical process
parameters with respect to safety, effectiveness
and quality.23

Guaranteed safety?

Although many approaches claim to develop in-
herently safe materials, products and process-
es, statements that postulate complete safety are
generally avoided. Hence, the phrase “Safe-by-
Design” is often replaced by the term “Safer-by-
Design”. The problem can be most clearly illus-
trated using the example of pharmaceutical re-
search and development: Despite intensive op-
timisation and testing processes, it is not neces-
sarily the case that all possible negative effects
of a drug are known when the product is launched
on the market.24 A pharmaceutical product can be
withdrawn even many years after official licens-
ing and market launch for safety reasons.25.26
Even though it is, for instance, possible to iden-
tify substances with a low intrinsic risk potential,
the simultaneous maximisation of safety and
function is a major challenge, and requires labo-
rious optimisation processes involving expensive
and time-intensive iterative testing procedures.

Nano-specific
“Safe-by-Design”

The term Safe-by-Design is becoming increas-
ingly common in the fields of nanotoxicology and
nanosafety research. Safe-by-Design and Safer-
by-Design are approaches that include sustain-
ability aspects and the consideration of potential
risks as early as possible in the innovation pro-
cess. The concept has been further developed
for the nano-specific context within the EU co-
funded “NANOREG” project, a 42-month interdis-
ciplinary research project involving 68 partners
from 14 European countries. The aim is to re-
duce the risks that result from nanotechnology-
based industrial and consumer products. Within
the NANOREG project, SbD is a voluntary tool
that can be used as an aid to industry in the pro-
duction of nanomaterials, nanoproducts and na-
no-specific innovation processes.2”

SbD is regarded as a supplementary application
in risk management alongside existing industri-
al processes that offer a selection of precaution-
ary measures and tools for handling possible
risks and uncertainties. The creation of a network
of public authorities, industries and science is in-
tended to achieve efficient risk management for
artificially produced materials and hence accel-
erate the licensing process for new nanomateri-
als and products. In order to build upon existing
risk management systems, the development of
the nano-specific SbD concept made use of the
international standardisation for risk manage-
ment (ISO 31000:2009),28 and created a delib-
erate link to the ISO project management guide-
lines (1ISO 21500:2012).29

The NANoREG SbD concept makes use of the
Stage-Gate® innovation model as conceptual
framework, a process model developed by Rob-
ert G. Cooper for innovation and product develop-
ment.30 Its starting point is a multi-stage linear
innovation process with “stages” constituting pro-
duct development milestones where the actual
innovatory steps take place. Integrated “gates”
provide the opportunity for intervention and ad-
justment, allowing relevant correction measures
to be taken. The decision-makers at the gates
are referred to as “gatekeepers” and base their
decisions on an evaluation of safety-relevant da-
ta. To this end, the entire findings of various risk
investigations are collected in “safety dossiers”.3

In practice, it is only with difficulty that regulation
and safety research can be combined, and in
many cases run parallel to each other. Safe-by-
Design is intended to provide an approach at this
point to integrate safety as constructively as pos-
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sible in product development, but to date the NA-
NoREG SbD concept must be seen as difficult
to implement, as was determined in the national
SbD projects as part of the 4t national invitation
of the Nano Environment Health Safety (Nano-
EHS) programme (see Box 2). The follow-up NA-
NoREG programme — NANoOREG 2 — addressed
the question of the practical applicability of this
concept. A further objective was to establish a
link to the regulatory process and industry.

SbD projects at EU level

Following the NANOREG project, further projects
alongside NANoREG 2 have taken up the topic
of SbD at the EU level or focused on the earliest
possible inclusion of safety in the innovation pro-
cess for nanomaterials, products and process-
es. With the exception of NANoREG and Na-
noMile, which are funded within the seventh EU
research framework programme, all the projects
fall under the EU Horizon 2020 programme. Box 1
provides an overview of the basic details of each
project.

Box 1:
EU projects on Safe-by-Design and the early
integration of safety in innovation processes

NANoREG

The project starting point is the limited under-
standing of safety aspects of synthetic nanoma-
terials along the value-creation chain, which al-
so endangers innovatory and commercial poten-
tial. The aim was to reduce the risks that derived
from nanotechnology-based industrial and con-
sumer products. To this end, the Safe-by-Design
concept was developed as a voluntary tool for
self-regulation and self-testing of synthetically
made nanoproducts and nano-specific innova-
tion processes. The project is seen as a pan-Eu-
ropean approach with 68 partners from 14 differ-
ent countries of Europe.32

NANoREG 2

The “Safe Innovation Approach” (SIA) was de-
veloped as part of the EU funded NANoOREG 2
project, linking the SbD concept with the “regu-
latory preparedness” approach. Regulatory pre-
paredness describes the timely perception of in-
novations by the regulatory authority in order to
determine whether the existing legislation cov-
ers all safety aspects. A basic factor in SIAis that
innovators and regulators develop a high degree
of awareness for safety issues and that a great-
er interaction with industry is required.33:34

Funding
Project title programme Coordinator Term
NANoREG FP7 Ministerie van Infrastructuur 1.3.2013-
A Common European Approach to the en Waterstaat, Netherlands 28.2.2017
Regulatory Testing of Nanomaterials
NANOREG 2 Harizon Institut National de 1.9.2015-
Development and Implementation of 2020 I'Environnement Industriel 31.8.2018
Grouping and Safe-hy-Design Approaches et des Risques (INERIS), France
Within Regulatory Frameworks
ProSafe Harizon Ministerie van Infrastructuur 1.02.2015-
Promoting the Implementation 2020 en Waterstaat, Netherlands 30.04.2017
of Safe by Design
NanoGenTools Harizon Universidad de Burgas, Spain 1.01.2016-

2020 31.12.2018
NanoMile FP7 The University of Birmingham, 1.03.2013-
Engineered Nanomaterial Mechanisms Great Britain 28.02.2017
of Interactions With Living Systems and
the Environment: a Universal Framework
for Safe Nanotechnology
NanoFase Harizon Natural Environment Research ~ 1.09.2015-
Nanomaterial Fate and Speciation 2020 Council, Great Britain 31.08.2019
in the Environment
EC4SafeNano Horizon Institut National de 1.11.2016-
European Centre for Risk Management 2020 I'Environnement Industriel 31.10.2018
and Safe Innovation in Nanomaterials et des Risques [INERIS], France
& Nanotechnologies
caLIBRAte Harizon Det Nationale Forskningscenter  1.05.2016-
Performance Testing, Calibration and 2020 for Arbejdsmilje, Denmark 31.10.2019

Implementation of a Next Generation
System-of-Systems Risk Governance
Framework for Nanomaterials

ProSafe

The project’s aim is to encourage the implemen-
tation of Safe-by-Design. Amongst other things,
there should also be an increase in the accept-
ance of the SbD concept in order to ensure its
inclusion in industrial nano-specific innovation
processes. The ProSafe project is affiliated with
the NANoREG and NANoREG 2 projects.3®

NanoGenTools

The project is developing new methods to identi-
fy risks in connection with nanomaterials in order
to ensure consumer safety. The aim is to estab-
lish cross-sector synergies between leading nano-
safety research centres and industry. It combines
approaches from the fields of genomics (toxicog-
enomics), proteomics, biophysics, chemistry, bio-
informatics and chemoinformatics in order to de-
velop “in vitro high throughput (HTS) assays”.36

NanoMile

This project was dedicated to acquiring a detailed
understanding of the interaction between syn-
thetic nanomaterials and living systems. A num-
ber of test systems were used, from bio-fluids to
multi-cellular organisms, animals and humans.
One focal point was the development of in-silico
tools to predict risks.37

Project budget

€ 49.586 mill. of which
€ 10 mill. EU funding

Homepage

www.nanoreg.eu

€ 11.933 mill. of which
€ 9.995 mill. EU funding

www.nanoreg2.eu

€ 3.095 mill. of which
€ 2.512 mill. EU funding

n/a

www3.ubu.es/
nanogentools/

€ 706.500 of which
€ 706.500 EU funding

€ 12.965 mill. of which
€ 9.625 mill. EU funding

http://nanomile.eu-
vri.eu/

€ 11.297 mill. of which www.nanofase.eu/

€ 9.954 mill. EU funding

€ 1.999 mill. of which www.ec4safenano.
€ 1.999 mill. EU funding  eu

€ 9.828 mill. of which
€ 7.999 mill. EU funding

www.nanocalibrate.
eu/home



http://www.nanoreg.eu
http://www.nanoreg2.eu
http://www3.ubu.es/nanogentools/
http://www3.ubu.es/nanogentools/
http://nanomile.eu-vri.eu/
http://nanomile.eu-vri.eu/
http://www.nanofase.eu/
http://www.ec4safenano.eu
http://www.ec4safenano.eu
http://www.nanocalibrate.eu/home
http://www.nanocalibrate.eu/home
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Funding
Project title programme
SafeNanoKap Nano-EHS
Applicability of the “Safe-by-Design”
Concept - Case Study Development
of Nanomaterials for Coffee Capsules
ShD-AT Nano-EHS
Relevance and Added Value
for Austrian Companies
Nano EHS SWOT ShD Nano-EHS

Nano EHS Strengths/Weaknesses
Analysis “Safe-by-Design”

Box 2: National Safe-by-Design projects

NanoFase

An integrated exposure assessment framework
is being developed containing methods, param-
eter values, models and guidelines. The inten-
tion is to create a flexible multimedia model for
risk assessment of differing scales and complex-
ities. In this way, the project is aimed at making
a contribution to Safe-by-Design by identifying
connections between material properties of syn-
thetic nanomaterials and their environment.38

EC4SafeNano

The EC4SafeNano project’s aim is to set up an
independent scientifically sound centre. This cen-
tre (“hub”) is to be linked with various networks
and thus will act at the interface between research
institutions, industry, regulatory authorities and
civil society. The aim is to increase communica-
tion between science and industry.39

calLIBRAte

The aim of calibrate is to develop an adaptable
and overriding state-of-the-art risk governance
system for the assessment and management of
nano-specific risks for human health and environ-
ment.40 The framework is a system of systems
combining a number of models and methods. The
existing risk governance tools handled within cal-
IBRAte are the Swiss Precautionary Matrix, Sim-
pleBox4Nano,*! StoffenmanagerNano,*? Licara
Nanoscan, GuideNano,43 Nanosafer CB, CB Na-
notool44 and SUNDs.45

Coordinator Term
University of Natural Resources 1.3.2017-
and Life Sciences, Vienna - 28.2.2018
Institute of Waste Management
Brimatech Services GmbH 1.01.2017-
31.12.2017
Austrian Institute 1.03.2017-
of Technology 28.02.2018

SbD projects at national level

The 4th national invitation to tender of the Nano
Environment Health Safety (Nano-EHS) pro-
gramme funded three projects on the topic of the
assessment and monitoring of the sustained im-
plementation and verification of the NANoREG
Safe-by-Design concept. Box 2 presents an over-
view of the relevant project details.

SafeNanoKap

Within SafeNanoKap the applicability of the SbD
concept was played out on the basis of a theo-
retical example — the development of coffee cap-
sules made of plastic with nanoscale additives.
A Life-Cycle-Mapping was carried out of the se-
lected product example in order to identify the
possible risks and environmental effects of na-
nomaterials in plastics and to show the strengths
and weaknesses of the concept. In addition, ex-
pert assessments were gathered.4®

Conclusion

Project

budget Homepage

79,905 €  www.oeaw.ac.at/ita/projekte/
safenanokap/ueberblick/

80,000€  www.bionanonet.at/projects/sbd-at

n/a www.ait.ac.at/ueber-das-ait/
center/center-for-innovation-
systems-policy/nano-swot-sbd/

ShD-AT

The SbD-AT project considered various aspects
of the possible implementation of Safe-by-De-
sign concepts in industrial innovation processes,
including possible barriers from the point of view
of industry. The study identified and analysed
perceived advantages and disadvantages, risk
awareness and acceptance barriers of the SbD
concept from the point of view of experts and that
of potential users.4?

Nano EHS SWOT

The aim of this project was to determine and as-
sess the extent to which the SbD concept can
serve to ensure the development of safe nano-
materials and products in industry. The project’s
focus was on Austrian industrial downstream us-
ers of chemical substances with synthetic nano-
materials.*8

The early integration of safety aspects in innovation processes through design approaches is
often seen as an effective way to reduce risks for health and the environment and simultane-
ously to save financial and time resources. The field of synthetic nanomaterials and nano-
products has seen the development of the Safe-by-Design concept, which has precisely this
objective. In recent years, many projects have been dedicated to the SbD concept per se and
to its practical implementation in industry. Alongside the strengths of the concept, such as the
early addressing of safety-relevant issues, currently, however, a number of challenges con-
cerning practical applicability have been identified. The voluntary nature of the utilization in-
creases the users’ outlay in money and time without any visible added benefit for the enter-
prise. Currently, therefore, the nano-specific SbD concept must be considered as difficult to
implement, although the effort to include safety as early as possible in the innovation process

is generally very positively received.



http://www.oeaw.ac.at/ita/projekte/safenanokap/ueberblick/
http://www.oeaw.ac.at/ita/projekte/safenanokap/ueberblick/
http://www.bionanonet.at/projects/sbd-at
http://www.ait.ac.at/ueber-das-ait/center/center-for-innovation-systems-policy/nano-swot-sbd/
http://www.ait.ac.at/ueber-das-ait/center/center-for-innovation-systems-policy/nano-swot-sbd/
http://www.ait.ac.at/ueber-das-ait/center/center-for-innovation-systems-policy/nano-swot-sbd/
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