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Abstract

Transition from a linear to circular economy requires fundamental restructuring of the
global production-consumption systems. Such restructuring is dependent on the
development and proliferation of niche technologies and innovations which promote
‘inner loop’ activities necessary to achieve such a transition such as reuse, repair and
remanufacturing. To achieve this, the approach to managing innovation must be
redesigned to cope with the increased complexity of moving from linear value chains
to circular ‘inner loop’ value webs of material reuse. This thesis therefore examines a
novel innovation policy tool which employs a triple helix-based niche manager to
strategically manage ‘inner loop’ niche innovation networks in-line with the broader

circular economy transition.

This thesis undertook in-depth studies of two triple helix-based niche managers in
Scotland (the Industrial Biotechnology Innovation Centre and the Scottish Institute for
Remanufacturing) between September 2015 and March 2018. A novel methodological
approach using social network analysis was developed. This allowed each triple helix-
based niche manager’s impact on their respective niche innovation networks’ structure
and composition to be empirically measured; and as such, the network members’
capacity to develop ‘inner loop’ innovations. By combining the social network analysis
of 86 network members with 173 network member surveys and triple helix-based
niche manager focus groups, the reasons behind the changes in network structure

and composition are explored in depth.

This thesis finds that the triple helix-based niche managers were able to perform key
nurturing and empowering roles necessary for steering the innovation networks in-line
with a circular trajectory. In terms of nurturing, they were able to build diverse
networks, increase shared learning and raise expectations of the niche. In terms of
empowering the innovation networks, they were able to connect niche actors with
regime actors, direct circular economy funding into the niche and lobby policy makers

in terms of niche requirements.
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Chapter 1: Introduction to thesis

“Infinite growth of material consumption in a finite world is an impossibility”
(Schumacher 1973, p.88)

Ecosystem destruction, biodiversity loss, climate change, ocean acidification,
increasing price volatility and resource depletion are all fatal symptoms of the current
linear production-consumption system which drives the global economy. There is a
now increasing global awareness on the urgent need to redesign the economic system
to be one which is more restorative and regenerative by design and therefore avoid
potential ecological and societal collapse. An economy which decouples societal
prosperity from material consumption. Such a system would slow and narrow the flow
of materials through the economic system and loop all end-of-life resources back into
the system to be reused. The transition to a more ‘circular economy’ is therefore reliant
on the transition from todays linear value ‘chains’ of production and consumption to
circular value ‘webs’ of continuous material and energy flow. A societal transition of
this scale is, in part, dependent on the development and proliferation of new
technologies which promote circularity combined with greatly enhanced collaboration
and coordination between all of society’s actors. Using Scotland as a case study, this
thesis evaluates a novel policy approach which employs a triple helix governance
model to strategically manage national innovation networks of circular technologies to

stimulate the formation of circular value webs.

This thesis explores the dynamics of a societal transition towards a circular economy.
As such, the research approach draws predominantly from transition theory. Transition
theory offers a framework to assess the transformation of societal systems at a large
scale and over long time periods (Kemp et al., 1998). It excludes the use of linear
models to describe complex systemic change. As such it is based around systems
thinking. Transitions theory has also been described as a meta-theory as it draws from

a wide range existing models, theories and even opposing approaches. The inclusivity
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of transitions theory provides a valuable theoretical sandbox for the integration of
scientific theories and insights.

Transition theory has evolved from within a research paradigm which has grown in
popularity over the past two decades. This paradigm recognises the inherent
uncertainty linked to sustainable development and that scientific knowledge alone
does not provide the full answer when it comes to understanding messy and wicked
societal problems. Ravetz (2006, p.80) called this new research paradigm ‘a revolution
in epistemology: science does not deliver certainty’. By recognising that science
cannot deliver all the answers in the study of sustainability, this new research
paradigm has attempted to the bridge the gap between fundamental and applied
research through using integrated approaches and complexity thinking (Rotmans
2005, 21).

Fundamental research, as described by Gibbons et al. (1994), is science driven, single
disciplined and undertaken through formal scientific procedures whereas applied
research is multi-disciplinary, oriented towards society and based on new roles and
approaches to research. In reality, there exists a continuous iterative loop between the
two types of research, each informing the other. Transitions studies attempt to rest
within the overlap between fundamental and applied research. As such, transitions
studies tend to be multi and inter-disciplinary whereby they combine and integrate
skills, techniques and knowledge from different disciplines. They are also
transdisciplinary in that they combine tacit knowledge derived from applied research
with scientific knowledge derived from fundamental research. Finally, transitions
studies are normative in terms of their ambition to contribute to achieving

sustainability.

The study of societal transitions, or the circular economy transition in the case of this
thesis, requires new types of research methodologies which allow the researcher to
embrace the ambiguity of the topic and bridge the gap between fundamental and
applied research. The transition to a circular economy is an example of a research
topic that cannot be considered from a traditional scientific sense. Researchers are
unable to study existing circular economy transitions because it is a relatively new

concept that is yet to be fully defined both theoretically and in practice. The



Managing CE-oriented niche innovation networks within triple helix-based niche governance — J. Barrie

methodologies used must therefore be integrative by design and be normative in their
desire to contribute to the transition under study.

This thesis is particularly predicated upon the normative concept that scaling ‘inner
loop’ activities is critical to achieving a circular economy. The notion of inner loops is
built on the rationale that the shorter the path of a product or material from its end-of-
life to a new user, the more the embedded energy, labour and resources which went
into producing it (and hence the economic value) are retained. As the embedded value
is eroded, through increasingly inefficient outer loop activities, such as downcycling or
combustion, more value and material leaks out of the economic system. In addition to
lost economic value, this leakage also leads to a wide range of negative societal and
environmental impacts such as biodiversity loss, climate change and polluted land and
oceans. Therefore, retaining products and mate