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Preface

Nanotechnology is one of the most prominent emerging techno-
logies. It has been heralded as a key technology for the twenty-first
century that — according to the expectations of a broad alliance
of policymakers, scientists, and industry representatives — will
contribute to economic prosperity and sustainable development.
Via its enabling role in nanobiotechnology and in concert with
“converging technologies,” nanotechnology could also influence the
future of human nature and play a role in creating artificial life. The
development of nanotechnology is thus also related to new debates
about the human condition and the future of society as well as to
man'’s relationship with nature and technology.

In view of the revolutionary potential frequently attributed to
the nanosciences and nanotechnology with respect to nearly all
fields of society and individual life, it is not surprising that research
and reflection on their presumed societal consequences started
early. Technology assessment (TA) and studies of the ethical, legal,
and social implications (ELSI) began analyzing issues related to
nanotechnology and society about 10 years ago. The analysis,
deliberation, and assessment of the expected impact of nanotechno-
logy on future society are now regarded as necessary contributions
to the present and further development of nanotechnology and its
enculturation into society. Ethical reflection on nanotechnology, in
particular on its relationship with living systems in nanobiotech-
nology, has emerged quickly and led to the new term “nanoethics,”
which has been elaborated on and debated at workshops, con-
ferences, and summer schools as well as in books and scientific
journals.

In the present book, I review the considerations of nanotech-
nology elaborated in philosophy, ethics, and the social sciences
and systematize and develop them further. The focus is on issues
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of ethical responsibility regarding chances and risks of nanotech-
nology and its possible applications. From this analysis of the
normative challenges posed by nanotechnology, my goal is to
derive orientation for further, responsible work in research and
development. I thus put the book in the context of the keywords
“responsible innovation” and “reflective sciences” which have been
central concepts in the debates about the relationship between
science and society for the last few years.

To a not unsubstantial extent, the analyses presented in this
book are based on my own previous studies. Nearly 10 years ago
I began to concern myself with the societal and ethical aspects of
nanotechnology. This research has led to a number of publications
that I have been able to use as a starting point for the present
work. I would like, above all, to mention the book Auf dem Weg in
eine nanotechnologische Zukunft. Philosophisch-ethische Fragen
(The Path to a Nanotechnological Future: Philosophical and Ethical
Issues), published in German by Verlag Karl Alber in 2008. The major
developments versus that book are the introduction to the historical
development of the field, the mapping of the ethical issues posed by
nanotechnology, the addition of the field of animal enhancement,
the programmatic focus on the explorative role of ethics and philo-
sophy, as it has been formed in the debates on speculative nano-
ethics, and the concentration on aspects of responsibility.

My thanks go to my many colleagues in Germany, Europe, and
around the world with whom I have had the opportunity in the
last few years to discuss the philosophical and ethical aspects of
nanotechnology. This has taken place both within these disciplines
as well as within the framework of interdisciplinary dialogue, for
example in the fields of technology assessment and of STS studies
(i.e., on science, technology, and society). To represent these many
people, 1 would here like to name just a few: Alfred Nordmann,
Arie Rip, and Tsjalling Swierstra. My special thanks for long and on-
going cooperation on questions related to nanotechnology and for
a number of valuable substantive suggestions go to my colleagues
in Karlsruhe Christopher Coenen, Michael Decker, Torsten Fleischer,
and Peter Hocke-Bergler as well as to Hans-Jiirgen Link.
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My thanks also go to Alison Hepper and Michael Wilson for
ensuring the quality of the language and for their professional trans-
lation. I heartily thank Monika Zimmer for preparing the layout
rapidly and carefully.

Armin Grunwald
Karlsruhe, January 2012
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Chapter 1

Agenda and Overview

High expectations are placed on nanotechnology, for example,
regarding health care, economic growth, and sustainable
development. Parallel to them, however, there are also concerns
about side effects and possible risks it poses. Commissions and
expert groups have been dealing with the ethical, legal, and social
implications (ELSI) of nanotechnology since an early stage of its
development. The quest to achieve an ethical understanding in and
for nanotechnology is an element of both public debate and scientific
self-reflection. After having researched and debated the societal and
ethical issues of nanotechnology for some ten years, the time is ripe
for me to attempt to summarize, systematize, and assess the status
of these issues as well as to think about the further perspectives of
the field.

1.1 The Motivation

Since its beginning, nanotechnology has been viewed as something
special, unlike any other technology, such as the technology of
microsystems, propulsion technology, or catalytic technology.
Starting with the controversial visions of Eric Drexler (1986),
nanotechnology has contained a utopian and visionary element.
After many in society were disillusioned with technical progress,
especially as a result of the unintended consequences for the
environment and society (Grunwald, 2009a), nanotechnology
brought back hopes that technology might be a positively
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Agenda and Overview

redeeming force. Yet it also triggered anxieties about just the
opposite, namely about dystopian developments. This coincidence
of new technical opportunities and extremely far-reaching
expectations — but also anxieties — provided from the beginning
the central motivation for systematically studying the social and
ethical issues of nanotechnology (for a comprehensive overview
see Guston, 2010).

Viewed against this backdrop, the social discussion about
nanotechnology does not revolve solely around the future of a
specific line of technology or around the resulting consequences
for society. It also revolves around such grand topics as the future
of human nature, the future of the relationship between man and
technology or between man and nature, and the sustainability
of human development. Far-reaching questions arise precisely
there where nanotechnology encounters living systems, such as
in nanobiotechnology and in nanomedicine. This was the reason
for me to speak of “nano(bio)technology” in this book. The boom
in visions of the future and the clustering of reflective scientific
studiesin this field (e.g., Baird etal.,2004; Nordmann, 2005; Dupuy,
2005; Selin, 2005a,b; Brown et al., 2000; Grunwald, 2007; Fiedeler
et al., 2010) are an expression of this particular manifestation
of the debate about nanotechnology, which makes it especially
appealing to philosophical analyses. It should not be surprising
when in the process methodological issues sometimes move to
the focus of attention, in particular whether and how it is possible
to make statements with regard to visions of the future or to
derive orientation without slipping off into ideas that are purely
speculative and arbitrary (Nordmann and Rip, 2009; Grunwald,
2010). In the meantime, the debate has differentiated into two
branches, a practically oriented one and a futuristic one:

(@) Of interest among the practically oriented issues of
nanotechnology are those that are already politically relevant,
such as risks to our environment and health or issues of
equity. Questions have been and are still being asked about
the toxicity of nanoparticles, and debates have begun about
the regulation of nanomaterials. The public debate about
nanotechnology has been spurred on by position papers
published by nongovernmental organizations (e.g., ETC, 2003),
while ministries and other government bodies hold workshops
and public discussions on the possible risks of nanomaterials.
Researchers and nongovernmental organizations are dealing
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with issues of equity, in particular concerning the access of
developing countries to the expected benefits of nanotech-
nology. The UNESCO has commissioned an expert group to
prepare the field for action (ten Have, 2007).

(b) In a rather futuristic respect, the grand issues mentioned
above — such as about the future of human nature and about
man’s relationship to nature and technology — continue to be
discussed. This takes place above all in the field of “converging
technologies” (Roco and Bainbridge, 2002), which builds on
nanotechnology, especially on nanobiotechnology. Currently,
the two great topics are human enhancement and synthetic
biology.

The focus in both branches is on implementing the concepts of
“responsible innovation,” “responsible development,” and “reflective
science” (Siune et al., 2009). Instead of there being a division of labor
between science and innovation on the one hand and attempts to
cope with their societal consequences on the other, as was frequently
the case in earlier times, research and reflection on the possible
consequences of science and innovation are now supposed to be
pursued as part of research and development. Their results shall
be taken into consideration in the further shaping of the scientific
agenda and technical progress (Kaiser et al., 2010).

In the last few years, ethical reflection on nanotechnology has
developed quickly and identified many ethically relevant issues
(e.g., Kushf, 2004; Grunwald, 2005). The early ethical studies on
nanotechnology (about 2003) focused above all on the need to have
ethics in and for nanotechnology. The ethically relevant aspects of
nanotechnology that were named in those studies are an indication
of a grouping and a very tentative (or positively phrased, of an open)
approach to this relatively new field of reflection on science and
technology. The concept “nanoethics” was quickly coined in this
connection. Since then, a number of anthologies have been published
about the social issues raised by nanotechnology in general and
about ethical issues in particular (e.g., Schummer and Baird, 2006;
Allhoff et al, 2007; Banse et al., 2008; Fiedeler et al., 2010). The
international journal Nanoethics was also founded during this
period.

There are problems of definition, however, with the object
of ethical reflection about nanotechnology, namely the field of
nanotechnology itself (Schmid and Decker, 2003; Schmid et al,
2006; Chapter 2). Nanotechnology has so far been less technology

3



