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1. INTRODUCTION 
Rinie van Est & Ira van Keulen 

“In the mid-twentieth century, the conception and development of computing laid 
the basis for the next transformation of our world. Since the latter half of the 
twentieth century, I think the equivalent transformative intellectual groundswell has 
been the move towards understanding, at a systems level, how living things work, 
and exploiting this to develop interesting and useful artefacts.” (Inman Harvey 
2010: 86) 

Europe has just recovered from the shocks that were caused by public controversies on 
cloning and genetically modified food. New ambitions of modern science, however, seem to 
have the potential to drastically broaden the bio-debate. For example, molecular medicine 
promises the early diagnosis and treatment of cancer, and affective computing artefacts 
that can ‘understand’ human emotions and respond in adequate way. Researchers at IBM 
are building a virtual brain to deepen their understanding of the brain, and the Venter 
Institute is constructing a microbe with a minimal genome in order to investigate what the 
smallest set of genes is that life needs. This study tries to come to grips with numerous 
developments at the forefront of science and technology and the social and political issues 
it raises. To do this we will investigate four fields of bio-engineering: engineering of living 
artefacts (chapter 2), engineering of the body (chapter 3), engineering of the brain 
(chapter 4), and engineering of intelligent artefacts (chapter 5). 

1.1. NBIC convergence: The new technology wave 

To apprehend how bio-engineering is currently developing, it is crucial to pay attention to 
“NBIC convergence”. NBIC refers to four key technologies: nanotechnology, biology, 
information technology and cognitive sciences. Convergence points to the belief that 
progress depends on the mutual interplay between those four key technologies. NBIC 
convergence is thought to be essential for the successful development of a broad set of 
new and promising bio-engineering areas such as molecular medicine, service robotics, 
ambient intelligence, personal genomics and synthetic biology. This joint set of engineering 
fields promises a “new technology wave” (Nordmann 2004). Will such a new technology 
wave come true and stand its ground? And what kind of technical, economic and social 
expectations will it involve? 

The upcoming intellectual debate around NBIC convergence can be characterised by two 
perspectives: science dynamics and a social view. From a science dynamics perspective, 
convergence is positioned as a key factor in the development and organisation of the 
natural sciences, because it challenges the historical divide between the physical and 
biological sciences. The science and engineering involved takes place at the interface 
between living and nonliving material; between mind and machine; between nature and 
technological artefacts. Van Est et al. observe that “NBIC convergence, as an actual and 
anticipated development, stimulates and substantiates both practically and ideologically the 
arrival of a new engineering approach to life” (Van Est et al., 2010: 33).  

Traditionally, engineering was mainly about manipulating external nature. We are used to 
using nonliving building blocks of nature to build sky-scrapers, computers and put a man 
on the moon. At the start of this century, our engineering ambitions have expanded “into 
the domain of living nature, ourselves included” (Swierstra et al., 2009b). For example, 
biochemists show an ambition to build artificial cells from scratch, and stem cell science 
promises to provide the fundamental living building blocks for regenerating certain parts of 
the body.  
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The arrival of the bio-engineering ambition to (re)design and (re)build the organic world 
directly brings up a second, social perspective. Precisely because NBIC convergence 
challenges basic categories that people use to understand the world – like living and 
nonliving, mind and machine – it is an explicitly value-loaded development. As Staman 
explains that “the concept implies that nanosciences and convergence (should) break 
through the boundaries of man, nature and technological artefacts” (Staman, 2004). 
Accordingly, it is self-evident that the fundamental broadening of our engineering ambitions 
towards biological and cognitive processes is in need of social reflection and political and 
public debate. This study wants to contribute to that debate by providing Members of the 
European Parliament (MEPs) with information about this fundamental development; bio-
engineering (in) the 21st century.  

In two ways our study presents a rather ambitious and unconventional technology 
assessment exercise. First of all, it does not focus on one specific technology, like radio 
frequency identification (RFID), pre-implementation genetic screening and selection or deep 
brain stimulation (DBS). We hope to provide the reader with a broad trans-technological 
overview of the above mentioned ‘new technology wave’, and the social and ethical issues 
it raises. For this we focus on four bio-engineering fields: engineering the body, 
engineering the brain and engineering living and intelligent artefacts. Second, since this 
study reflects on a broad range of bio-engineering ambitions, it does not seem sufficient to 
list the various developments and their related social and ethical issues. At the end of such 
an exercise the reader would probably not be able to see the wood for the trees. Therefore, 
we aim to provide the reader with a certain vocabulary that will help make sense of the 
trends in bio-engineering and capture and discuss its social meaning. In particular, the 
metaphors “biology is becoming technology” and “technology is becoming biology” play a 
central role in our description and analysis. We hope to use the above two ‘slogans’ as a 
kind of sensitising concepts in order to depict the state of the art of bio-engineering and 
reflect on its social meaning. 

1.2. Two bio-engineering megatrends 

“Conceptually at least, biology is becoming technology. And physically, technology is 
becoming biology. The two are starting to close on each other, and indeed as we 
move deeper into genomics and nanotechnology, more than this, they are starting 
to intermingle.” (W. Brian Arthur 2009: 208) 

Traditionally, the natural sciences have been divided into the physical sciences and 
biological sciences. While the physical sciences, like chemistry and physics, were involved 
in studying nonliving systems, the biological sciences were involved in studying living 
organisms. As indicated above, NBIC convergence points at the gradual dissolving of the 
tight borders between the physical and biological sciences. The convergence of the physical 
and biological sciences goes both ways, and each way represents a bio-engineering 
megatrend. W. Brian Arthur denotes these two megatrends with the catchphrases “biology 
is becoming technology” and “technology is becoming biology” (Arthur, 2009), respectively. 
From an engineering view on life, “biology is becoming technology” implies that we are 
increasingly looking at living organisms in mechanical terms. Seeing biology as a machine, 
however, is an old idea. “What is new is that we now understand the working details of 
much of the machinery” (Arthur, 2009: 208). The second megatrend “technology is 
becoming biology” implies that technologies are acquiring properties we associate with 
living organisms, like self-assembly, self-healing, reproduction, and cognition. “Technology 
is becoming biology” is about bringing elements of life-like systems into technology. Bedau 
et al. (2009) therefore speak about “living technology”. 
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1.2.1. Biology is becoming technology 

The first megatrend concerns the way the physical sciences (nanotechnology and 
information technology) enable progress in the life sciences, like biotechnology and 
cognitive sciences. This type of technological convergence has created a new set of 
engineering ambitions with regards to biological and cognitive processes, including human 
enhancement. One might say that developments in nanotechnology and information 
technology boast the dream that complex living systems, like genes, cells, organs, and 
brains, might in the future be bio-engineered in much the same way as nonliving systems, 
like bridges and electronic circuits, are currently being engineered. In this respect, the 
ongoing influx of the physical sciences in the biological sciences seems to go hand in hand 
with a growing influence of an engineering approach to life.  

1.2.2.

1.3.1.

 Technology is becoming biology 

The second bio-engineering megatrend is driven by convergence in the opposite direction. 
Here the life sciences – insights in biological and cognitive processes – inspire and enable 
progress within the physical sciences, like material sciences and information technology. 
This development relies heavily on so-called biomimicry or biomimetics. The basic idea 
behind biomimetics is that engineers can learn a lot from nature. Engineers want to 
emulate nature to enhance their engineering capabilities. In this line of thinking, algae may 
provide a bio-solar system that is more efficient than the silicon-based solar cells our 
engineers have created. But although nature’s achievement is impressive, engineers are 
convinced that there is still plenty of room for improving the engineering skills of nature. 
For example, algae absorb blue and red light, but not a lot of green light. Engineers would 
like to design more efficient bio-solar systems that can do it all. The bottom line is that our 
technological capability and level of understanding enables engineers to go beyond the 
‘simple’ mimicking of nature, and make a bold step in the direction of biologically, 
neurologically, socially and emotionally inspired approaches towards science and 
engineering. 

1.3. A societal debate perspective 

As indicated above, we also use the metaphors “biology becoming technology” and vice 
versa to reflect on the social, ethical and legal issues that are associated with the new 
technology wave. Here we just aim to give the reader a first feel for the state of the debate 
surrounding the two engineering trends, and how these trends may raise different types of 
societal questions.  

 Biology is becoming technology 

Society is quite familiar with discussing the megatrend “biology is becoming technology”, 
considering the steady growth in the number of engineering tools for studying, modifying 
and copying (parts of) living organisms. In particular since the 1990s, society became 
acquainted with these through a range of heated public debates around GM food, cloning, 
xeno-transplantation, embryonic stem cells, embryo selection, and so on. Themes like 
“messing with nature”, “playing God” and “the instrumentalisation and commercialisation of 
life” play at centre stage within the public debate. In this study we aim to understand how 
NBIC convergence with its promise of the total constructability of humanity and nature will 
add to that ongoing debate. NBIC convergence has already led to a growing international 
expert debate on human enhancement; that is, the promises and perils of engineering the 
human body and mind (cf. Van Est et al., 2006, 2008). 
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1.3.2. Technology is becoming biology 

When compared with “biology is becoming technology”, the social debate on “technology is 
becoming biology” is far less developed. Various authors, however, argue that this 
unfamiliar ‘bottom-up’ conception of engineering requires close scrutiny and ethical inquiry 
(cf. Ferrari and Nordmann, 2009: 52; Bedau et al., 2009). This study would like to put this 
bio-engineering megatrend on the radar and provide a first overview of some social and 
ethical issues involved. One major topic related to “technology is becoming technology” is 
the fear of loss of engineering control. At the start of this century, computer scientist Bill 
Joy made this argument in his pamphlet Why the future doesn’t need us (Joy, 2000). He 
warned that the ‘living’ character of gene technology, nanotechnology and robotics are 
“threatening to make humans an endangered species,” because they bring the processes of 
self-reproduction and evolution within the realm of human intervention. Joy’s main 
argument is that since “technology was becoming biological”, such manmade technology 
could get beyond the control of engineers. In the early stages of the debate on 
nanotechnology, the so-called Grey Goo scenario, in which self-replicating nano-robots 
destroy the world, played a role, but it was rapidly removed from the agenda for being 
unrealistic. Current developments in the field of synthetic biology and robotics, however, 
are breathing the new life into the debate that Joy tried to put on the public agenda. 

1.4. Content 

The report describes four fields of bio-engineering: engineering of living artefacts (chapter 
2), engineering of the body (chapter 3), engineering of the brain (chapter 4), and 
engineering of intelligent artefacts (chapter 5). Each chapter describes the state of the art 
of these bio-engineering fields, and whether the concepts “biology becoming technology” 
and “technology becoming biology” are helpful in describing and understanding, from an 
engineering perspective, what is going on in each R&D terrain. Next, every chapter 
analyses to what extent the various research strands within each field of bio-engineering 
are stimulated by the European Commission, i.e., are part and parcel of the European 
Framework program. Finally, each chapter provides an overview of the social, ethical and 
legal questions that are raised by the various scientific and technological activities involved. 
The report’s final chapter discusses to what extent the trends “biology becoming 
technology” and vice versa capture many of the developments that are going on in the four 
bio-engineering fields we have mapped. The report also reflects on the social, ethical and 
legal issues that are raised by the two bio-engineering megatrends that constitute a new 
technology wave. 
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