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ABSTRACT ARTICLE HISTORY
Synthetic biology predominantly follows a market-driven approach, Received 13 November 2023
both within the private sector and academia. We present a research Accepted 25 April 2024
journey undertaken by a synthetic biologist who received guidance
from responsible innovation scholars, reflecting on the wider 5 ke .
L. . . ynthetic biology;
effects .of synthetic plolpgy technologies. The outcome is a re- biotechnology; responsible
evaluation of synthetic biology through the lens of ‘conviviality’, a innovation; research journey;
concept introduced by Ivan lllich to designate a modern society conviviality
of responsibly limited tools, where individual freedom is realised
through personal interdependence. We find that in its current
form, synthetic biology is not convivial since it relies on
centralisation, monopolies and technologies which have the
capacity to negatively affect the biosphere and its inhabitants.
We argue that a broader conception of biotechnology, beyond
genetics, is needed to conceive convivial biotechnologies. In our
research journey we explore a range of approaches for
responsible biotechnology innovation, which includes open-
source, commons-based, decentralised organisations, and post-
growth models.
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In the book Tools for Conviviality, the eclectic intellectual Ivan Illich stated ‘T have
chosen “convivial” as a technical term to designate a modern society of responsibly
limited tools * Illich (2018). According to Illich, ‘convivial tools’ are those that
empower individuals and communities to pursue their own goals and meet their own
needs, fostering autonomy and self-reliance. Illich argued that modern industrial
societies had become overly dependent on complex technologies that served to centralise
power and control, often at the expense of individual freedom and human dignity. He
believed that convivial tools should be simple, accessible, and under the control of the
users themselves, rather than being monopolised by large institutions or corporations.
Convivial tools, in Illich’s view, would promote a more equitable and participatory
society by enabling people to actively engage with their environment and each other.
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They facilitate collaboration, creativity, and cooperation, rather than fostering depen-
dence on expert knowledge or hierarchical structures.

The first author of this perspective came across Illich’s notion of convivial tools during
a responsible innovation training course for synthetic biologists (Pansera et al. 2020),
where the concept of ‘conviviality’ was suggested as a guide for the development and
use of new technologies. The idea of conviviality resonated with the sentiment of
some of the young researchers in the room that synthetic biology might aid a transition
from an economy based upon finite resources to a more sustainable society based on
renewable plant-based materials as inputs. The idea of conviviality complicates the opti-
mistic hypes of synthetic biology by considering who controls access to such technologies
and who benefits (local enterprises, global companies or the people using them). The
social system that constructs and is constructed by the technology is important (Vetter
2018): people are seen as inherently interwoven in social networks and driven by
complex motivations (Godbout and Caille 1998; Vetter 2018). In 1973 Illich argued

I consider conviviality to be individual freedom realised in personal interdependence and, as
such, an intrinsic ethical value. I believe that, in any society, as conviviality is reduced below
a certain level, no amount of industrial productivity can effectively satisfy the needs it creates
among society’s members. (Illich 2018)

The concept of convivial technology considers the interdependence between people and
between technology and humans, Vetter, 2016 - ‘reflecting the social construction of
technology as well as the technological construction of human behaviour. This makes
it possible to talk about “convivial technologies”, a term that Ivan Illich did not use ’
Vetter (2018). The concept of convivial technology focuses on the ideas that Illich
raised - the need for creativity and autonomy for convivial tools (Illich 2018; Vetter
2018).

What implications do these ideas have on the development and application of hyper-
complex technological regimes such as synthetic biology? Somebody could argue that
Illich might turn in his grave at the thought of the term ‘convivial synthetic biology’.
Some would consider this an oxymoron, since creativity in synthetic biology is kept in
the hands of a minority of experts with access to prohibitively expensive equipment
most often in start-ups and universities, leaving little room for a conviviality. Further-
more, synthetic biology technologies often use genetic modification to engineer DNA,
or the genome of living organisms (Baldwin et al. 2012), often microorganisms. The
impact of such genetic technologies goes further than the newly modified DNA or micro-
organism, given the propensity of DNA to be shared between microbes (Von Winters-
dorft et al. 2016) and for microbes themselves to travel (Qin et al. 2022). Thus, genetic
tools developed by synthetic biology can have lasting consequences outside of the lab
(Chemla et al. 2022; Paracchini et al. 2017). The concept of ‘one health’ can help to
understand the implications: van Bruggen et al. argue that ‘the health of all organisms
in an ecosystem are interconnected and mediated through the cycling of subsets of
microbial communities from the environment (in particular the soil) to plants,
animals and humans, and back into the environment’ (van Bruggen et al. 2019). From
the perspective of convivial technology, the flaws of synthetic biology tools lie in its
potential impact on people, other organisms and the environment in ways which
cannot be easily changed in the absence of experts and expensive equipment. That
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said, adaptation of the sequences by microorganisms would likely follow, in ways that
would not always be predictable. Synthetic biology tools which do not have such
impacts on living organisms may exist, but the dependence on experts and centralised
equipment will likely remain, ruling out conviviality. To find convivial biological tools,
we argue that one must take a step outside of the frame of synthetic biology, to biotech-
nology and more specifically, a broader conception of biotechnology.

In the past 30 years, the term ‘biotechnology’ has often been used to refer exclusively
to technologies that operate on a genetic level (Crowe 2021). This specific understanding
of biotechnology (that it must be implemented genetically) has emerged from the
groundbreaking work of scientists who revolutionised our comprehension of cellular
functioning (Morange 2020). These efforts have culminated in synthetic biology, a thriv-
ing field of research, endeavouring to leverage genetic engineering for the creation of
organisms and molecules possessing specific functionalities (Baldwin et al. 2012),
which scientists are applying to challenges in medicine, agriculture, and manufacturing
(Greco, Tarnowski, and Gorochowski 2019; Voigt 2020). However, this is just one under-
standing of what biotechnology, or biological technology, is and can be. More broadly,
biotechnology can be defined as all interactions within this living world. By redefining
biotechnology in this way, convivial biotechnologies such as fermentation and agroecol-
ogy might be included.

But what makes a biotechnology convivial, or not? In tandem with the advancements
in genetic biotechnology, the field of science and technology studies (STS) has emerged,
resulting in tools which can be used to evaluate new technologies and scientific research
(Martin, Nightingale, and Yegros-Yegros 2012). STS scholars have effectively demon-
strated that the development of technologies is not a neutral and apolitical process,
but rather reflects the values, ideologies, and worldviews of the society in which it orig-
inates (Pansera and Fressoli 2020; Toynbee 1953; Winner 1980). The pathways of tech-
nological change are shaped by socio-economic conditions, interests, and historical
contexts (Pansera and Fressoli 2020). It is crucial to recognise that multiple trajectories
of technological change are possible, and they often coexist (Leach et al. 2012). However,
over time, a dominant path may emerge and become ‘naturalized’, creating the illusion
that it is the sole approach despite being the product of converging interests, asymmetri-
cal power dynamics, domination, and violence (Pansera and Fressoli 2020).

The emergence and development of synthetic biology seems to have followed a very
similar path. The advent of synthetic biology as a scientific discipline has been
accompanied by lofty expectations of its potential achievements. The field has promised
remarkable advancements in agriculture, revolutionary applications in medicine and the
environment, among many others. These promises have often been framed to align with
corporate interests, thereby attracting significant attention from investors. Consequently,
Synthetic Biology has swiftly become entrenched as just another domain of scientific
inquiry that is moulded to generate economic value. What becomes evident through
studies in the field of responsible innovation (RI) within STS is that synthetic biology
does not solely emerge from the curiosity and inventiveness of disinterested scientists
(Ribeiro and Shapira 2020). Rather, it is the outcome of increasingly intricate socio-tech-
nical assemblages that serve the interests of global capitalism, aiming to extract and
accumulate value. These mechanisms seek to subordinate even the most intimate and
microscopic aspects of life to the service of capital valorisation. Consequently, it is not
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surprising that technology development in synthetic biology often aligns with an ideol-
ogy of productivism that exalts economic growth for its own sake and a determinism that
views technological progress as an inevitable force (Pansera and Fressoli 2020).

This framing of innovation is problematic as it imposes limitations on the potential
actions that researchers and innovators can pursue. It restricts the discourse on what
can be said and done, creating boundaries and defining what is permissible and what
is not. By perpetuating this restrictive perspective, opportunities for alternative
approaches and critical engagement are stifled, hindering the exploration of diverse
possibilities and transformative pathways. It is essential to challenge and transcend
these limitations to foster a more inclusive and ethically grounded innovation landscape.

Our responsible research journey

Considerations of responsible research can remain irrelevant to the vast majority of
scientists and engineers working in the field of synthetic biology, as they are immersed
in the demanding pursuit of securing grants and conducting their research (Glerup,
Davies, and Horst 2017). However, the field of Responsible Innovation (RI) has demon-
strated its capacity to create spaces for reflection on alternative modes of innovation that
challenge this prevailing notion within synthetic biology (Pansera et al. 2020). Achieving
this has been made possible through efforts to institutionalise RI (Pansera et al. 2020), as
well as through personal interactions between synthetic biologists and social scientists. A
pertinent example is the collaboration between the two authors: as we said above, the first
author encountered the concept of RI during their time as a PhD student in synthetic
biology at BrisSynBio, a multi-disciplinary research centre that focuses on the biomole-
cular design and engineering aspects of synthetic biology, while the second author was a
post-doctoral fellow in social science at the University of Bristol. We met in the context of
a EU funded project designed to promote responsible practices within research funding
and conducting institutions. Through a number of workshops, seminars and retreats, we
became mutually aware of the complicated relation between personal values and aspira-
tions, our individual agency and the broader institutional settings in which we both oper-
ated at the time.

For the first author, this research journey took place in the context of doctoral studies
in synthetic biology. Whilst we are often taught that scientific research is objective, his
PhD showed him that the experiences of researchers (Batty et al. 2020) and the cultures
they participate in influence their studies (Saini 2020), funding and research priorities,
methods and outputs (Baggini 2018). Human endeavours are born of and influenced
by the world around them; a PhD journey is influenced by the experiences of the
researcher. Science does not happen in a laboratory isolated from the world, but exists
as part of society and culture. He came to the perspective that the broader focuses of
scientific research is influenced and mediated by culture, just as science offers ideas
and concepts — as well as technologies — that get incorporated into and influence the
direction and workings of society. At the outset of the PhD he was both enthusiastic
and wary of the promise of designing genetically engineered microorganisms to
produce materials. Modifying the genetic code of life sounded like something to do cau-
tiously and with care. Whilst unsure of what to make of synthetic biology, the degree was
an exciting opportunity to understand it in greater detail. Initially he was guided by
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engineering principles commonly utilised in synthetic biology, such as abstraction,
whereby genetics is simplified to a set of separate parts (Baldwin et al. 2012). This led
him to focus his doctoral studies on developing methods to create novel genetic parts
(Tarnowski and Gorochowski 2022). Along the way, training in responsible research
and innovation (Pansera et al. 2020) led to consideration of the place of scientific research
and innovation in society. Undertaking research responsibly (Owen et al. 2013) became a
priority and he attempted to apply reflection and reflexivity, the capacity to adapt
research direction in response to new knowledge, to his own research.

Learning of reflections and practices from RI scholars, and in particular his personal
interaction with the second author, were pivotal. Realising that the tools developed in his
PhD research within synthetic biology could contribute to inequality by virtue of their
inaccessibility (both economically and technologically), the author experienced a pro-
found internal conflict, sensing a misalignment between his work and personal values.
Motivated by the exploration of alternative approaches, he contemplated shifting his
research focus towards a more accessible biotechnology that would leverage his skills
in microbiology. However, mentors cautioned against such a change, deeming it unti-
mely and deviating too far from the original research project. This raises significant ques-
tions regarding the role and responsibility of social scientists — in this case the second
author - engaging with young natural scientists in the early stages of their careers. It
is important to acknowledge that exposing scholars, who often possess limited agency,
to the intricate web of power dynamics and corporate interests that sustain their research
field can disrupt their motivation and, most importantly, their career prospects. In our
particular case, although the journey was challenging, persisting with the initial research
project presented an opportunity for profound reflection on how synthetic biology can be
approached and practiced in a responsible manner. This introspection enabled a deeper
understanding of the complexities at play and led to an exploration of possibilities for
responsible practices within the field.

Our reflection began when we examined the prevailing norms relating to the desired
outcomes of synthetic biology research and innovation. One norm that stands out pro-
minently is the singular focus on a specific innovation strategy presented to young scho-
lars in the field: to bring their research output to market by founding start-up companies
backed by venture capitalist funding, enabling rapid economic growth. While this
approach undoubtedly generates wealth, it also contributes to the concentration of
wealth (Brynjolfsson, McAfee, and Spence 2014). The consequences of increased
wealth inequality extend beyond purely economic concerns and encompass environ-
mental degradation both directly (Rip and Kemp 1998) and indirectly (Shahbaz 2013).
This ‘exponential’ growth model heavily relies on the creation of intellectual property,
which is another norm within the synthetic biology community. This norm often
hinges on the development of unique genetic sequences (Meyer et al. 2021) and geneti-
cally engineered organisms as the basis for proprietary rights and commercial advantage
(Van Doren, Koenigstein, and Reiss 2013).

Another norm that emerges from this growth-focussed and innovation-driven
approach is the emphasis on private ownership, leading to governance by investor share-
holders who often prioritise profit over social and environmental well-being. The pursuit
of rapid growth and substantial profits in synthetic biology typically revolves around cen-
tralised production at scale, which can result in the displacement of livelihoods (Peplow
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2016; Thomas 2013). To facilitate such large-scale production, bulk inputs are required,
necessitating the use of crop monocultures which carry significant environmental conse-
quences (Azadi et al. 2012; Higgins, Short, and South 2013; Luo, van der Voet, and
Huppes 2009). This perpetuates extractive economies, where low-value materials are
acquired and value is added within centralised production facilities before being sold,
further concentrating wealth (Haraway 2015; Murphy and Schroering 2020). All of
these norms appear to stem from a paradigm that separates humans from nature and
from one another. The consequence is the creation of technologies and systems that
are fragile and susceptible to being stuck in patterns of power concentration, inaccessi-
bility (Illich 2018), and technological lock-in Foxon (2014). This hinders the adaptability
of the resultant technologies, which could otherwise offer resilience. In the face of
ongoing climate change (Bendell and Read 2021), resilient technologies offer the capacity
to adapt. However, it is important to recognise that the norms governing synthetic
biology innovation are just one of many possible approaches to innovating in the field
of biotechnology.

Convivial biotechnology

Probably the most interesting outcome of our intellectual collaboration was the opening
up of a new imaginative space to reframe what synthetic biology could be and what it
should or might deliver. Having questioned some basic tenets and established assump-
tion about the political economy and normativity of synthetic biology, our research
journey led us to imagine potential alternatives. Our analysis, as illustrated in Figure 1,
is not intended to offer a definitive prescription for labelling synthetic biology practices
as ‘bad’ or ‘good’. Rather, our aim is to start reflection regarding political aspects often
overlooked by researchers in this domain. By questioning these dimensions and juxta-
posing them with potential alternatives, we hope to initiate the journey toward envision-
ing more convivial biotechnological practices. When it comes to the overall approach to
innovation, post-growth thinking presents alternative business philosophies that chal-
lenge the relentless pursuit of economic growth as the ultimate measure of progress.
Instead, it prioritises sustainability, well-being, and equitable resource distribution
(Pansera and Fressoli 2020). This perspective has significant implications for the inno-
vation process itself (Robra et al. 2023).

In terms of knowledge sharing, embracing open-source (Vavitsas 2018; Williamson
et al. 2016), copyleft (Mustonen 2003), and commoning (Hess and Ostrom 2008)
approaches can facilitate the development of more accessible and adaptable technologies.
Within the synthetic biology community, there are many open-source methodologies,
such as the use of biobricks (Shetty, Endy, and Knight 2008) in the iGEM competition
and repository, and the synthetic biology open language for representing genetic
designs (McLaughlin et al. 2020). Another recent advance in the field is the introduction
of open material transfer agreements (Kahl et al. 2018), which could enable wider sharing
of biological materials with less strings attached. However, wider use of such agreements
may only come about with wider changes in the organisational structures that bind
researchers, who are sometimes constrained by grant and institutional conditions.
Such changes may only be possible with broader social, political and economic
changes. Addgene, a library of DNA sequences stored and distributed as plasmids
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(Kahl et al. 2018), serves as an excellent example of a commons utilised in synthetic
biology. Microbial culture collections around the world provide access to microbial
strains. Genetic sequences of interest to the synthetic biology community and beyond,
are regularly annotated on a voluntary basis which is coordinated online (Terlouw
et al. 2023). The Nagoya protocol governs access to biological materials and sharing of
benefits from its use, however the relevance of this protocol to digital sequence infor-
mation has been questioned (Bond and Scott 2020). A change in the approach to devel-
oping genetic parts for synthetic biology, from ‘bioprospecting’ to ‘biorespecting’, has
been proposed too (Tarnowski et al. 2023). However, the precedent for corporate capit-
alism profiting from commons-based production, or ‘commonswashing’, is worth
bearing in mind (de Rosnay 2020). This may be especially the case for synthetic
biology since despite these open source efforts, the utility of such genetic technologies
remains inaccessible outside of academia and industrial biotechnology.

In terms of ownership and governance, various models that distribute decision-
making power exist, while still allowing for the creation of highly valued enterprises
(Dawson, Paeglis, and Basu 2017). One such model is steward ownership, wherein
the business is owned by a trust whose board comprises individuals with a vested
interest in the company’s values rather than solely its economic prospects (Purpose
Economy 2022). Other potential models are cooperatives or common-based-peer pro-
duction collectives (Robra et al. 2023). We are not aware of any synthetic biology
organisations set up on this basis. The scale of production embedded within technol-
ogies is a choice that determines how people and resources can be organised (Winner
1980). Synthetic biology innovation often focuses on large-scale production of a single
molecule or product, using bioreactors in the region of 10,000s of litres. An alternative
choice is to incorporate diverse inputs from the local bioregion, fostering collabor-
ation with landworkers in the area to cultivate biodiverse ‘agroecologies’ that
support biodiversity and the production of raw materials, or processed products.
The report ‘An agroecological Europe in 2050" found that sustainable food could be
provided for 530 million Europeans by generalising agroecology, abandoning
imports of plant proteins and adopting healthier diets (Poux and Aubert 2018). Re-
purposing existing breweries as community bioreactors, using fermentation for pro-
duction of food, materials, medicine and more, could be an important part of this
potential future agroecological economy. The synthetic biology approach to biotech-
nology generally necessitates genetic engineering, which relies upon experts and tech-
nical facilities, making it inaccessible. Alternative approaches to biotechnology, such as
fermentation and selective breeding, have been used to select microbiomes and plants
respectively, for over 13,000 years (Liu et al. 2018), in the absence of DNA sequencing
or synthesis, the main tools of synthetic biology. Fermentation offers is a biotechnol-
ogy that remains both accessible and adaptable. Convivial biotechnology may also cur-
rently be limited by broader constraints: opportunities to learn relevant skills, access
land and an economic framework which values conviviality.

The principles outlined above are a direct inspiration from Ivan Illich’s concept of
‘convivial’ (Illich 2018), responsibly limited, tools. This approach can be used to
design technologies that consider the interdependence between people, technology and
the environment (Vetter 2018). The ideas of Illich have been transformed in to a
matrix that can be used to assess the conviviality of a technology (Vetter 2018). The
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matrix of convivial technology (MCT) assesses four life-cycle levels of a technology
(materials, production, use, infrastructure) in terms of five dimensions: relatedness,
access, adaptability, bio-interaction and appropriateness. This results in a matrix com-
prising 20 fields. This is summarised in Figure 2 and the full table which can be used
for technology assessment is provided in the Supplementary Information. The dimen-
sions of conviviality were selected based upon qualitative research of innovators develop-
ing low impact technologies. Assessing each field requires the assessor to select the most
appropriate descriptors from a list of options, enabling them to answer the overarching
question related to each dimension of conviviality. Whilst it is qualitative and subjective,
the MCT provides a tool that researchers and innovators can use to reflect upon the tech-
nologies they are developing.

Broadly, the approaches that we focus upon in our analysis (Figure 1) map to some of
the dimensions of the matrix of convivial technology Figure 2. ‘Production’, ‘Ownership’
and ‘Knowledge’ in our analysis all relate to the ‘Access’ dimension of conviviality since it
considers who can produce / use the technology, where and how. ‘Growth’ and
‘Economy’ relate to the ‘Relatedness’ dimension: they consider what is brought about
between people. “Technology” and ‘View of Nature’ both relate to the ‘Bio-interaction’
dimension, they consider how the technology interacts with living organisms. Finally
‘Input’ maps to the ‘Appropriateness’ dimension, which focuses on the relation
between input and output. Thus, our analysis identifies some alternatives to norms
within synthetic biology that, if addressed, could modify the conviviality of the resulting
technologies.

In conclusion, we would like to draw attention to the potential risks associated with
the interaction between social scientists and early-stage researchers in synthetic

Matrix of convivial
technology (MCT)

Dimensions of conviviality

boeees Relatedness What does it bring about between people?

S Access Who can produce/use it, where and how?

Feeee Adaptability How independent and linkable is it?

. Biointeraction =~ How does it interact with living organisms?

oeees Appropriateness What is the relation between input and output?

Life-cycle levels of the technology

“ | Materials Harvesting, processing and disposal of raw matter
" ! Production Assembling raw materials and preproducts
“iUse Procuring the task it was built for

“iInfrastructure Needed environment for using

Figure 2. The matrix of convivial technology The matrix of convivial technology can be used to assess
four life-cycle levels of a technology in terms of five dimensions of conviviality. Figure adapted from
Vetter (2018).
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biology. While such engagements may seem innocuous, there are instances where they
can inadvertently undermine personal motivations and career objectives. However,
these dialogues also have the potential to foster radically different perspectives and prac-
tices for research and innovation process. This has been the case for the first author
whose academic work now focuses primarily on microbiology and agroecology and
now enjoys seed-swaps, community-supported agriculture, brewing and fermentation.
Meanwhile for the social scientist, there has been a realisation that in such interactions,
there is a degree of responsibility for young researchers, where the impact can disrupt
their career. As a result of our research journey, we propose ‘conviviality’ as a framework
to reframe the discourse surrounding synthetic biology and its promises. Whilst synthetic
biology may never be convivial, recalling that it is one of many approaches to biotechnol-
ogy and innovation opens possibilities that can lead to its transformation. By embracing
conviviality, we can foster a more collaborative and inclusive approach to biotechnology
innovation.
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