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General 
Emergent technologies comprise a problematic category since technologies may be 
considered as emergent for diverse reasons. 
A crude preliminary typology might derive from the following rationale: 
 
Technologies may be classed as emergent because they are stalled at some point in the 
innovation cycle. Examples from your list would include GM crops, which are stalled by 
regulatory impositions in certain markets and as a consequence the development of next 
generation applications has been impeded; or xenotransplantation, where perceptions of 
risk and concerns over market acceptance have inhibited demonstration or proof of 
principle in patients. 
 
Technologies may be considered emergent even if they have entered the market or 
clinical practice if they are still contested as public goods. Your example of regenerative 
medicine is a case in point: the costs and patient specific nature of interventions will 
restrict it to Pareto-optimal minorities. Similarly, whole genome sequencing, whatever 
the initial cost of sequencing an individual genome, will only ever be applicable to 
privileged sub-populations owing to the prohibitive costs of data storage and search costs 
as well as the sheer scale implications of such an undertaking. 
 
Established technologies moving into new and contested domains of use, eg genetic 
diagnosis for proneness to mental disorder or diet-based disorder (nutrigenomics) 
 
The above categories have in many instances already been the subject of detailed 
examination by NCB. Not only are the ethical markers they invoke well rehearsed, but 
the opportunity to do anything constructive through public engagement has probably  
passed. In the case of nutrigenomics, the technology is also stalled, because it is clearly 
inadequate to the task for which it is being promoted. Multiple genetic markers of low 
penetrance and marginal association are a poor collective guide for dietary and lifestyle 
choices. 
 
Technologies may be considered as emergent if they are at an early stage in the 
translation from scientific demonstration or discovery to technical feasibility. 
Conventionally they are regarded as emergent if enough novelty and formalised 
intellectual property has accrued to support speculative investment 
 



An interesting set of arguably emergent technologies of the latter class are what I term 
convergent technologies. These are comprised of pairs or groups of scientific 
enablements, one of which may open up possibilities for others. Examples are the 
convergence of: 
nanotechnology and synthetic biology; human enhancement and digital technologies like 
smart implants (posthumanism), microbial metagenomic profiling and environmental 
bioremediation; induced mutagenesis and genomics in plant breeding (tilling); site 
directed mutagenesis and gene therapy. (Some of these are commented upon more 
specifically below.) 
Of course the risk with all of these is that of hype – over-selling of their potential. In the 
competitive climate for research funding this is probably inevitable, but in the longer 
term public confidence in the promises of scientists may be eroded and anticipatory over-
problematisation by the STS community may ensue before the scope of feasible 
application is established. 
 
Nevertheless, some of these convergences will reach fruition and we can be confident 
that this will be as a consequence of networked co-production by extended consortia. 
This implies the emergence of new models of knowledge generation and sharing as well 
as decentralised provenance of the inventions which will feed in to the innovation cycle. 
How well these will feed into the governance landscape will be a question which I’m sure 
the working group will want to debate. Certainly new models for the ownership and 
sharing of intellectual property will be required. Whether these can be borrowed from the 
self-organising, networked, peer production model of the open source movement remains 
to be seen. Nonetheless, the processes of biological research and invention do share some 
of the features which have enabled open source software to flourish, and equitable open 
licensing arrangements based on  the General Public License GPL have been developed 
(see Cambia.org.au ). Another valuable resource is Yochai Benkler’s Wealth of Networks, 
available online at: http://www.benkler.org/Benkler_Wealth_Of_Networks.pdf . 
 
Either way, based on the observations expressed below concerning loss of confidence in 
the institutions and mechanisms of the global economy, emergent forms of economic and 
social entrepreneurism (see for example http://www.schwabfound.org/sf/index.htm)and a 
new generation of innovators who can collaborate and work across these framings will be 
required. They will need all the ethical support for decision-making they can get. 
 
Emergent drivers and the operating environment for biotechnologies: 
Emergent technologies may also be categorised according to the particular drivers which 
sustain them. The classical dichotomy of unmet need versus opportunism, normally 
formulated as technology push versus market pull, has been well played out in the arena 
of ethics and justice in terms of the distribution of risk and benefit and the 
distribution/decentralisation of decision making, goal setting and responsibility. 
Latterly, however, this territory has shifted somewhat with the recognition since the 
global financial crisis - and here I paraphrase Professor Mayer,  Dean of the Said 
Business School at his opening address to the 2010 Schwab Foundation summit - that 
markets have failed to ensure equity, that corporate greed, the putting of profits before 
people, has eroded confidence in institutions, and growth achieved at the price of 
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disregard for livelihoods and natural ecosystem resources. So there may be a case for 
revisiting the underpinning ethics and reconsidering the distribution and positioning of 
governance roles and also the assumptions linked, for instance, to concepts like  the 
fourth hurdle. 
 
Against this, and on a more positive note, innovative regulation is emergent as a 
significant driver as witnessed by investment in technologies for alternative fuels and 
carbon sequestration technologies, and international agreements on global climate 
change. At the same time we can see how divergent national interests can corrupt such 
endeavours. 
 
Specific comments on technologies 
 
Convergent Technologies: 
Nano-materials and synthetic biology. 
As molecular mechanisms of self assembly, replication, sorting and segregation and 
template-based synthesis are progressively unpacked from living systems and 
reconstructed as modular enablements such as bio-bricks, opportunities for the design and 
manufacture of nano-structured materials will emerge. We can already cite regular 
repeating nano-scale nets self-assembled from cleverly designed oligonucleotides and 
three dimensional molecular cages based on the same principle.  
Of course, self-assembling and self-replicating materials can naturally stimulate fear in 
relation to external control or lack of it, especially when viewed in the context  of the 
problems caused by prion proteins. Groups opposed to this kind of technology are bound 
to latch on to this to promote their cause. However, given that the potential for a potent 
biomimetic chemistry is of such importance, expertise from the science community 
should be brought to bear on the identification of areas where there might be unexpected 
self-perpetuating outcomes, as well as on the limits of containment. This will be an 
important feed into the ethical framing of this exciting prospect for advanced 
manufacturing and materials.  
  
 
Microbial metagenomics and environmental remediation. 
Metagenomic analysis is emerging as a powerful tool for the informative deconstruction 
of the complexities of microbial communities and their combined activities as mediators 
of chemical transformations in the environment. This knowledge may be applied to the 
design of systems, comprising consortia and co-metabolites, for bioremediation either in-
situ or in bioreactors (which may also produce valuable by-products). The principle may 
also extend to the microbiologisation of extraction of minerals and fossil fuels, a prospect 
which promises to reduce the impact of extraction process on the landscape and water 
courses.  
The challenge is to engage people with the idea that microbial diversity is critical to us 
and that we now have the means to harness it intelligently in support of sustainability. 
This is an instance where balanced upstream public outreach and a broadening of the 
community of ideas is an ethical imperative. 
 



For tilling, a novel reverse genetics approach to mutagenesis in support of plant breeding, 
the issue is that novel traits may be generated which are just as radical and/or 
unpredictable as those introduced by transgenic technologies (GM). Should this imply 
that similarly restrictive regulatory impositions be imposed? Certainly in Canada novel 
trait regulation is already raising issues for the valorisation of small market crops. The 
setting of thresholds for what constitutes sufficient novelty to trigger regulatory oversight 
when, unlike GM, the method of production itself (the process) cannot be so invoked, is a 
problem which the working party might want to debate. 
 
We have attempted to highlight, with a few examples, the different sorts of ethical issues  
which might be associated with different types of emergent biotechnologies, especially 
those which may be regarded as convergent  and which may be expected to engage 
networks both at the entrepreneurial  and the governance levels. On the global 
international stage the potential for conflict within such networks may be exaggerated by 
diverse sets of regional ethical frameworks. A study of this possibility in the context of 
European science  networks in the field of stem cell technologies has been conducted at 
Egenis by Dr Marco Liverani. (PhD thesis Exeter 2012) He would be a good person to 
consult if the working group wish to explore this question further. 
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