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Safer by design, safe by design, safety by design (here-
after SbD for all versions): These slightly different terms
all point towards a concept that has been becoming
increasingly relevant for the development and risk assess-
ment of engineered nanomaterials (ENM) in recent years
[1–6]. The common idea behind these different SbD
terms is to integrate knowledge of nanomaterials’ poten-
tial adverse effects on human health, animals and the
environment into the process of designing nanomaterials
and nanoproducts—and to engineer these undesirable
effects out of the respective materials or products. This
entails that functionality and safety be considered in an
integrated way right from the earliest phases of the re-
search and innovation process. SbD can thus be distin-
guished from a risk assessment paradigm which seeks to
address and regulate nanomaterials downstream, i.e. at a
point in time when new materials and products are fully
developed and ready for market. Consequently, the pop-
ularity of SbD approaches can be (partly) attributed to the
fact that with regard to ENM these downstream regula-
tory measures have proven notoriously difficult to imple-
ment, due in part to the lack of adequate (eco)toxicology
data. SbD’s promise of anticipating safety issues at the
design stage hence appears to be a potential avenue to
circumvent the difficulties of risk regulation.

The idea of designing materials and products that do
not impact negatively on human health, animals or the
environment is certainly not the invention of those ap-
plying it to ENM. Engineering design has a long tradition
of aiming to design in safe(r) ways, the most relevant
precursor approaches being ‘benign by design’, ‘preven-
tion through design’ [2], ‘inherent safety’, ‘green chem-
istry’ [4], ‘privacy by design’ [7], ‘security by design’
and principles from drug discovery and development [8].
While nano-related SbD may draw on these existing
concepts in some respects, its main origin can be traced
back to the Center for Biological and Environmental
Nanotechnology (CBEN) at RICE University in
Houston, Texas. CBEN’s director Vici Colvin coined
‘safety by design’ around 2004/5 as an alternative fram-
ing to the hitherto dominant focus on implications and
applications and employed it to direct more attention to
the environmental and biological risks of nanomaterials
[9]. This early use of the SbD concept is significant in the
way it allowed the transformation of characteristic ele-
ments of safety such as toxicity into quasi-properties of
materials and thus made safety a concern of engineers
and developers—and not just of toxicologists [9]. The
label was thus almost immediately embraced by chemists
and nanotechnologists alike, while toxicologists reacted
much more sceptically [5].

However, since that time it is not only scientists from
the engineering and safety research community that have
come to place high hopes in SbD, other actors such as
policy makers, regulators and businesses have also iden-
tified it as a potential solution to avoid the expected risks
of ENMs. Most significantly, the concept has been taken
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up in European research policy [10], which has led to
SbD becoming a central concern of several EU-funded
nanosafety projects (for a good overview of SbD-focused
projects funded in FP7 and Horizon 2020 see [8]). In
almost a dozen projects to date, SbD appears as a buzz-
word [11] and boundary object [12] that draws together
diverse actors from academia, industry and government
under a common goal—getting EU funding. Yet only
three of these projects—NanoREG, NanoREG II and
ProSafe—have so far engaged in a more explicit explo-
ration of SbD by conceptualising it as a risk assessment
framework across the product life cycle, that is, from
production to usage and end of life disposal. The projects’
commitment to making ENM safe(r) for human health
and the environment, however, is to a large extent based
on economic concerns: ‘to promote the sustainable and
responsible development and competitiveness of compa-
nies involved in nanotechnologies’ [13]. On the one
hand, one could criticise how safety thus becomes
instrumentalised as an enabler of innovation and is not
considered as a value worth promoting in itself. On the
other hand, getting industry actors on board could
strengthen the safety agenda and therefore contribute to
its success. The aforementioned EU projects embed SbD
into existing innovation management frameworks such
as product life cycle analysis and the stage gate model,
which entails two main limitations [14]. First, these
models have been developed for innovation and decision
processes in companies and thus may not be easily trans-
ferable to the global and multi-actor networks with their
heterogeneous interests and safety expectations which
underpin the development and commercialisation of
ENM [8]. Second, the linear innovation approach of these
models implies knowledge that is not existent at certain
stages and also does not take into account that research
and innovation processes may better be conceptualised as
non-linear collective and iterative learning [for how SbD
could integrate iterative learning see 4].

Thus, in order to further develop and assess the current
application of SbD, we need to critically engage with the
underlying assumptions of different SbD frameworks and
the ways in which safety is—and may be better—
conceptualised with regard to design possibilities. On a
conceptual level, many SbD approaches share the assump-
tion that safety can be treated like a property ofmaterials or
products, similar to fundamental physical and chemical
properties such as thermal conductivity or light absorption.

Yet this excludes the fact that exposure and use context co-
shape the effects of nanomaterials. In contrast to an essen-
tialist view that considers safety as an inherent property of
materials, safety could be better understood as a relational
category; that is, ENM become meaningfully safe or un-
safe only in relation to other entities. While it may be
relatively easy to define human bodies as entities that
ENM should relate to in safe ways, the matter becomes
much more complicated when we speak of something as
vague as ‘the environment’ [8]. ENM will always react
with their environment; thus making them completely safe
may not be desirable or even possible. From this perspec-
tive, SbD approaches may imply an unrealistic vision of
control because safety testing has so far not yielded any
definitive knowledge of nanomaterials’ (eco)toxicological
effects which could be implemented in the design of
ENMs. Against this background, the term ‘Safer by
Design’ represents a better alternative to ‘Safe/ty by
Design’ as it does not suggest unrealistic aspirations to-
wards complete safety [for similar positions see 1, 8].

SbD approaches share a focus on the value of safety
(or innovation), which consequently may lead to the
marginalisation of other values or concerns that might be
equally or even more relevant to the governance of ENM
(see Kallhoff, this Special Section). A focus on safety
sidelines broader socio-political issues and does not en-
gage with the societal desirability of innovations and the
powerful underlying imaginary in which technology be-
comes the ultimate problem-solver [8, 15]. Thus, we can
also understand the recent focus on SbD and safety in the
EU context as a narrowing down of the nano-debate to
safety concerns instead of pursuing broader innovation
governance questions that were still on the agenda at the
beginning of the debate about nanotechnology. Although
this Special Section highlights safety, we also want to
encourage a broader discussion about the current ranking
of values that is solidified by SbD and other safety-
focused approaches. To gain a more encompassing per-
spective, it is necessary to look beyond safety and explore
which other values and concerns should likewise be inte-
grated into the early-stage evaluation of ENM and nano-
products. This could be achieved by further theoretical
exploration and the inclusion of public opinion. Public
participation could highlight that potential consumers con-
sider some functionalities irrelevant, and thus prevent
investment in risk assessment procedures for products that
will not ultimately be accepted.
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As critical commentators on the SbD movement, we
also need to take a step back and observe what it
achieves for the actors involved. From this perspective,
SbD can be interpreted as a strategy that allows difficult
regulatory and political decisions to be shifted towards
scientists and industry actors, thereby reframing the
regulatory problem as a scientific or management issue
[8]. In this respect, SbD contributes to a more general
trend towards the scientisation of public policy, i.e. the
reduction of policy, ethical and value disagreements to
science problems [16]. Natural scientists might have
ample reason to welcome the current popularity of
SbD as a means to strengthen their role in the regulatory
process. For regulators who face restricted possibilities
with regard to regulation of ENM, SbD approaches
might also provide a way out of regulatory inaction.
At the same time, however, SbD approaches could also
be (mis)used to postpone regulatorymeasures and there-
by justify inaction. Moreover, scientisation disregards
the fact that risk-related decisions are inherently political
choices. Societal interests and values cannot be
disentangled from risk assessment because it is always
people who decide what counts as a risk and which and
how many data are considered essential for performing
the assessment [17]. A main deficit of existing SbD
concepts is that they do not account for the fact that
safety is always a matter of interpretation. Tackling the
socially constructed nature of safety opens up questions
with regard to who has or is given the power to define
safety levels, and to the processes through which safety
is negotiated among societal actors. This also entails an
explorat ion of how the promise of making
nanomaterials ‘Safe(r) by Design’ may use exaggerated
claims to persuade non-scientific stakeholders such as
funders to invest in SbD approaches and the projects
that promise to develop them. Hence, the debate about
SbD could benefit from a more thorough empirical
investigation of the actor-networks aligned via the con-
cept and their specific interests in promoting, exploring
and adopting it. Such research into the hidden politics of
SbD research projects and the political visions they
reinforce can embody an important mirroring effect
and raise awareness among natural scientists engaging
in these kinds of projects of how their research might be
co-opted by other actors and agendas. This Special
Section represents a starting point for this much needed
analysis and reflection.

The contributions in this Special Section are based on
talks given at the workshop BMaking Nano ‘Safer by
Design’^, which was held at the University of Vienna on
May 18, 2016.1 The workshop aimed to explore the
concept of SbD in an interdisciplinary dialogue. We
consider such interdisciplinary engagement as a prereq-
uisite in this context because SbD needs not only in-
sights from the natural sciences (e.g. on the transport
and degradation of ENM in ecologies), but also other
ethical, social, political and legal viewpoints, due to the
socially constructed nature of safety. Thus, the work-
shop sought to investigate ways in which an interdisci-
plinary perspective could contribute to a better under-
standing and evaluation of SbD. In this vein, the four
contributions in this Special Section span the fields of
natural sciences (Reimhult), ethics (Kallhoff; van de
Poel and Robaey) and law (Hildebrandt).

In the first contribution, Erik Reimhult provides an
important background perspective for the debate about
SbD by examining whether it is in fact possible to
identify the risks of nanomaterials with currently
existing techniques. He argues that the debate about
nanorisks has largely neglected basic insights from col-
loidal physics and chemistry. In an accessible and lively
manner, Reimhult argues that the specific properties of
nanoparticles impede their characterisation and hence
also the implementation of SbD approaches. For exam-
ple, nanoparticles are drawn to each other and therefore
have a tendency to become non-nano by natural design.
Still, nano-specific risks may emerge when colloidal
nanoparticles are freely dispersed in air or water, as well
as when nanoparticles are produced and recycled.
However, also in these cases, a range of problems
emerge with the existing methods that are employed to
identify, quantify and measure the properties of nano-
particles (e.g. light scattering and electron microscopy).
Based on these scientific limitations, Reimhult formu-
lates a critique of current regulatory promises to control
the risk of nanoparticles as ‘purely illusionary for simple
physical reasons’.

In the second article, ‘Safer by design and trump
rights of citizens’, Angela Kallhoff addresses the SbD

1 The workshop was organised by the Research Platform Nano-
Norms-Nature (Angela Kallhoff and Claudia Schwarz-Plaschg) at the
University of Vienna, in collaboration with the Institute of Law at the
University of Natural Resources and Life Sciences, Vienna (Iris
Eisenberger).
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approach from an ethical perspective by drawing on
Dworkin’s idea of trump rights. Instead of framing
safety as a property of a material or product as most
SbD approaches do, the presented rights-based frame-
work considers safety as a value that is employed to
enable the protection of basic legal rights of citizens
such as bodily integrity and health. This reframing shifts
the emphasis from the object (nanomaterial) to the sub-
ject (living being) and also calls for the inclusion of
further equally important rights such as freedom of
choice. It thus opens up the narrow focus on safety
towards a wider spectrum of values and rights that
should already be taken into account during the design
phase of nanomaterials. In a second move, the article
broadens the scope of safety concerns to the environ-
ment, thereby highlighting the potential of nanotechnol-
ogy in terms of environmental cleansing and other en-
vironmentally beneficial nano-applications.

The third contribution by Ibo van de Poel and Zoë
Robaey discusses SbD as one strategy to enhance the
safety of products. Their discussion focuses on uncer-
tainty in a distinct way: They explore whether or not
SbD is useful in reducing indeterminacy. The contribu-
tion starts with a helpful distinction between five types
of uncertainty: risk, ignorance, uncertainty in the narrow
sense, ambiguity and indeterminacy. The latter is an
openness of causal chains towards the future, including
openness due to operators who employ a device differ-
ently from the ideas of the designer. A polar case is
provided by an ‘idiot-proof design’; the authors chal-
lenge this option in two ways. Firstly, they argue that
taking safety for granted is in itself risky, because it rules
out the attention to risks, whereas the person using
an item might be the first to experience problems.
Secondly, they argue that ruling out certain practices by
design also is in a way undemocratic. In contrast to SbD,
they support and discuss ‘designing for responsibility.’

The fourth and final contribution ‘Saved by design?
The case of legal protection by design’ by Mireille
Hildebrandt focuses on the need of ‘legal protection by
design’ (LPbD) in relation to data-driven infrastructures.
Since our reality today is framed by data-driven ma-
chines that feed on our behavioural data and a choice
architecture for humans in a so-called ‘onlife’,
Hildebrandt argues that this architecture is designed
rather than given. Therefore, fundamental tenets of the
law, such as individual consent, fairness and legal cer-
tainty, can no longer be taken for granted in complex
computational systems. The law’s ability to regulate is

in dire need of LPbD, since current technological eco-
systems are disrupting the substance of legal effect and
the protection of fundamental rights. In reference to
LPbD, Hildebrandt further argues that, in order to rein-
vent and sustain human capabilities in the environment
of nanotechnology, there is substantial need for ‘legal
protection by design’ (in the case of nanotechnology, for
‘safer by design’) in order to bring nanotechnology
under the rule of law.
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