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Executive summary

Background

This project aims to contribute to our understanding of place-based innovation by exploring localised
and system-level innovation dynamics in the UK. Recent research, such as the Innovation Cluster
Map (DSIT 2024), focuses on local dynamics, mapping clusters of business activity. However, maps
such as these only show one part of a complex and not entirely localised innovation system. This
project builds an additional layer to the cluster map by exploring the relationship between
concentrations of business activities and other parts of the system that underpin them.

This project maps research, innovation projects, commercialisation activities, and related support
infrastructures relative to clusters of businesses to explore how knowledge might flow from research
assets to commercial applications within specific places. This helps build a localised picture of the
collocation of innovation activities at different points of the value chain. A study of a selection of
knowledge networks provides a vantage point on the relationship between places to better
understand system-level implications and impacts of place-based investments at different value
chain stages.

Situating localised specialisms within broader knowledge and innovation systems adds nuance to
the contention inherent in clustering and place-based innovation literature that concentrations of
activities (e.g., research) generate localised spillovers that confer specific advantages to
stakeholders in those places. This relational approach proves that spillovers and knowledge diffusion
are not exclusively and may not even be mainly localised. This raises questions and suggests future
research pathways on place-based innovation support policies.

Approach and Case Selection

2> We evaluate place-based innovation activities using an encompassing clustering approach.
This method allows us to examine how activities are co-located geographically, their
functional relationships within the innovation value chain, and the potential institutional
linkages between localised research and innovation actors.

2> Unlike traditional analyses, focusing on employment concentration and business units in
specific sectors, our approach considers broader spans across administrative locations and
aspects of the innovation value chain.

2> The study focuses on (non-health) engineering biology, identified as a critical technology in
the UK Science and Technology Framework. It analyses four data sources with geo-located
data covering information on academic publications, publicly funded projects, patents, and
business activities. This helps identify research, development, and commercialisation
hotspots, and the corresponding infrastructure supporting these activities.

2> The research maps the UK'’s engineering biology business clusters by considering their
internal characteristics and their connections to other business activities or technologies’. It
also explores the relationships between locations with high levels of engineering biology

" Business clusters were identified using Real Time Industrial Classifications (RTICs) in collaboration with The Data City
Ltd.
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activity through a network analysis of co-authorship networks and publicly funded project
participants (proxied by Innovate UK funded projects database), highlighting collaboration in
research and knowledge production, as well as in the development phases of innovation.

2> This holistic approach aims to provide insights into how place-based innovation can be
embedded, generate knowledge flows, and operate within broader collaboration networks. It
offers recommendations for achieving balanced economic benefits from innovation activities
across the national engineering biology ecosystem.

Findings

The findings highlight that business activities tend to be localised and are often collocated with other
activities (such as research and innovation projects). While this research does not explore the
relationship between those activities across the value chain, it does explore how they unfold over
different geographies. Rather than being geographically restricted, innovation activities take place
through multiple pathways and network relationships across geographical boundaries. We build this
argument by mapping and analysing hotspots, business cluster locations, characteristics, and
knowledge networks.

Research, innovation projects, and commercialisation hotspots

2> Every UK region has non-health engineering biology research, innovation, or
commercialisation expertise.

2> Non-health engineering and other main biology hotspots tend to collocate.

2> While hotspots generally cooccur with the commercialisation infrastructure support for
engineering biology, causation is unclear; for example, some hotspots, such as those in
Northern Ireland, the South West, and eastern Scotland, lack nearby infrastructure.

>> The commercialisation infrastructure types differ across the country; some areas, like
Cambridge, Norwich, and Manchester, have a range of infrastructures supporting various
stages or types of innovation activity, while others have infrastructure limited to specific types
of activities.

2> Distribution reflects a diversity of regional strengths or specialisations (e.g., research-focused
hotspot in Newcastle or commercial-focused hotspot in Oxford). Future research may further
explore these spatial distributions.

Business cluster location

2> Our analysis identifies eight engineering biology business clusters across the UK.

2> Non-health engineering biology business clusters vary in size and scale. While Oxford hosts
two small business clusters, the largest business cluster links the geographies of
Manchester, Birmingham, and Swindon.

2> Business clusters and areas of research and commercialisation excellence tend to be
geographically collocated, but spatial overlaps are not perfect.

2> There were some cases with significant non-health engineering biology research and
commercialisation activity in Norwich and Bristol without a corresponding business cluster.
This could be because those clusters are still emerging and host too few businesses that

Innovation & Research Caucus| 5
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meet our criteria for inclusion. Currently, non-health accounts for a minority of engineering
biology business activity in those places.

Business cluster characteristics

2> Localised business clusters are composed of businesses with multiple technological
activities (identified through RTICs), indicating distinctive specialisms. Examples include:

Oxford clusters: life sciences, omics, net zero, and clean tech.
Cambridge cluster: health-related technologies like biopharmaceuticals, pharma, and Al.

2> Larger clusters might indicate the presence of specialised subclusters due to their diverse
composition.

22> Word clouds show clusters' distinct orientations. For example, Oxford clusters focus on
environment and sustainability, with digital keywords like "platforms" and "machine
learning." London, Manchester, and Cambridge clusters highlight "manufacturing,”
suggesting a focus on engineering biology production activities.

Knowledge networks

2> Exploring knowledge networks can help us understand how and where knowledge that fuels
innovation is generated.

2> Different engineering biology research collaborations across the UK are seen in co-
authorship (university-based) relative to Innovate UK projects (wider variety, including private
sector).

2> We find evidence of internal collaboration in both non-health engineering biology publications
and Innovate UK projects, but external collaborative relationships dwarf this.

2> Significant regional variations exist in intraregional (internal) vs. interregional (external)
collaboration in non-health engineering biology applications. Places with large research
universities have lower (but still significant) external collaboration rates. In contrast, places
like Doncaster, Blackpool and Shetland have high external co-authorship and partnership
networks in Innovate UK projects.

2> Innovate UK projects have higher external collaboration rates (an average of 94% of external
to total dyadic collaborations vs. 68% for publications), partly supported by programmes that
enable places to collaborate with peers.

2> While we did not analyse supply chain relationships or interfirm innovation partnerships, we
expect that these are similarly distributed.

2> These findings do not challenge the idea that localised relationships are important for cluster
formation but emphasise that these occur within a context of extensive intra-regional
knowledge flows.

Discussion and insights

The project explores two approaches analysed in place-based innovation policy: optimising localised
innovation benefits and maximising system-wide innovation. Our key findings indicate that the

Innovation & Research Caucus| 6



UNDERSTANDING GEOGRAPHIES OF INNOVATION: RESEARCH AGGLOMERATIONS, KNOWLEDGE NETWORKS m " ‘
INNOVATION : h

identified patterns in non-health engineering biology innovation show that the spatial distribution of
innovation activities around these applications is linked to the location of business clustering and
support infrastructures across the country.

2> There is a high spatial concentration of academic research, innovation project grant funding
and commercialisation activities in regions with substantial support infrastructure.

2> We found significant interregional collaboration in research networks embedded in academic
co-authorship, patenting and innovation grant funding. This means that investments in
specific locations can create spatial spillover effects, benefiting other hubs (nodes) in the
knowledge network and suggesting potential broader impacts beyond local and neighbouring
areas.

2> Our study emphasises the role of place-based strategies given the singularity of the clusters
and relationships created between them. However, it is also essential to consider place-
based investment strategies around infrastructures and support for research collaboration
networks in emerging sectors to enhance regional innovation capacity and localised
economic growth.

Our results raise some questions that may be useful in designing the next generation of place-based
innovation strategies.

Should we update assumptions about expected impacts from place-based investments? The
research revealed a (not unexpected) relationship between research and commercialisation
activities and clusters of engineering biology firms. However, much remains to be learned about how
these activities influence and interact with each other to support policy goals and missions such as
place-based innovation and growth.

How can we encourage collaboration to promote intraregional and interregional spillovers?
Our results suggest that opportunities to better connect knowledge and innovation activities across
different clusters by understanding their positions within value chains. For example, places
specialising in research and development activities may benefit from being connected to those with
strong manufacturing bases and capabilities, and vice versa.

What else can we learn about the relationship between innovation infrastructure investment
and place-based outcomes? The relatively high correlation between hotspots and infrastructure
suggests that infrastructure was developed in places demonstrating research to commercialisation
capacity. However, questions remain regarding how much those investments have acted as
multipliers for these activities.

How do these insights help to support local commercialisation better? Given their importance,
there is an opportunity to invest in infrastructure that supports the commercialisation of place-based
research. This includes the creation of incubators, accelerators, and innovation hubs tailored to the
needs of local business clusters and localised research activities.

Innovation & Research Caucus| 7
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1. Introduction

This research was commissioned to build on recent work on place-based innovation, offering a more
rounded perspective on localised innovation dynamics. The Department for Science, Innovation,
and Technology (DSIT) recently released the Innovation Cluster Map (DSIT 2024). This interactive
tool enables users to explore the geography of business clustering? in various sectors, with
associated data about size, turnover, and investment. Around the same time, the Innovation and
Research Caucus (IRC) began working with Innovate UK to understand the landscape of
commercialisation infrastructure® for non-health applications of engineering biology in the UK, to
identify the gaps in provision, and to provide recommendations relating to investments in new
infrastructure or strategies to maximise the value generated from using and exploiting existing
infrastructures across the country (Jibril et al., 2024).

These DSIT and IRC projects explore different aspects of localised innovation systems, focusing on
the location of business activities and interrogating the infrastructural underpinnings of innovation
translation activities. When considered together, they provide empirical evidence that enhances our
understanding of how the co-location of businesses and business-support infrastructures boost the
knowledge base and contribute to the refinement of place-based strategies.

While these accounts clearly focus on business and business support activities, there is an
opportunity to connect these insights to the research and early-stage development landscape to
develop a fuller picture of the relationship between knowledge generation and commercial activities
in places. To this end, this project maps research, innovation projects, and commercialisation
activities relative to clusters of businesses and related support infrastructures to understand better
how knowledge might flow from research assets to commercial applications within specific places.
A study of a selection of knowledge networks also enables us to move towards understanding the
relationship between places to better understand the implications and impacts of place-based
investments at different stages of the value chain.

Doing so adds nuance to the contention inherent in clustering and place-based innovation literature
that concentrations of activities (e.g., research) generate localised spillovers that confer specific
advantages to stakeholders in those places. This relational approach offers evidence that spillovers
and knowledge diffusion are not exclusively and may not even be mostly localised. Places are not
silos or closed systems. Rather, they sit within extensive collaboration networks that offer insights
into knowledge flows and innovation dynamics when mapped.

This exploratory research illustrates the value of simultaneously considering localised and systemic
spillovers in developing place-based innovation strategies.

2 Concentration of related firms that cooperate as well as compete in a geographical area (Porter, 1998).

3 QOur definition of infrastructure includes both open-access physical assets and ‘soft’ infrastructure. The latter incorporates
institutions and organisations that provide resources, services and networks which support innovation and
commercialisation (Jibril et al., 2023).
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1.1 Research questions

This project investigates the following questions:

> Is there evidence of a spatial concentration of research activities in the UK?

> To what extent are research activities co-located in areas with a critical mass of commercial
activity (e.g., clusters)? Are there places with high levels of research activity that do not have
business clusters (or vice versa)?

2> How does adopting a systems perspective enhance our understanding of the role of research
hotspots within knowledge networks?

2> What implications do these factors have for innovation strategy and investment?

Questions related to the project that were not addressed in this present report include, among others,
the specific causal relationships between research hotspots on local clustering and economic
growth, quantifying the multiplier effects of UKRI investments in specific places beyond their
immediate boundaries (see Ma et al. 2024), and positional analysis of the nodes in knowledge
networks.

1.2 Approach

To evaluate place-based innovation activity, we take the cluster approach defined by Michael Porter
(1998). We consider that place-based innovation should be analysed by looking into (1) how
activities co-locate geographically, (2) their potential functional relationships across the innovation
value chain, and (3) the presence of (institutional) linkages between businesses, governmental
organisations and higher education institutions.

Much of earlier work in this arena has mainly focused on identifying the concentration of employment
and business units in particular administrative areas and officially defined sectors (SIC codes)
without considering innovation activities’ potential to span administrative locations and industrial
value chain segments. The pure industrial location analytical work also downplays some of the
localised innovation component, which spans beyond the private sector activity and can be the
catalyst for the co-location of research and innovation (i.e., localised scientific production). Our
approach uses business activity-level analyses. Therefore, we do not need to pre-establish a
particular geographical segmentation; we can identify patterns of firm activity co-location without
being confined or delimited within the borders of discrete administrative units (Simpson 2007)*.

In addition to identifying clusters, we analyse research and innovation excellence hotspots and their
intraregional and interregional relationships to evaluate how spatially connected the innovation
system is. Finally, we explore the potential co-location of business, research and innovation activities
and their related support (i.e., innovation projects or infrastructure).

To address our research, we focus on a specific sector: engineering biology. This sector was chosen
because it was identified as one of the UK'’s five critical technologies featured in the UK Science and
Technology Framework (DSIT 2023). Additionally, it was the subject of a recent IRC report on the

4 Our approach is in line with the green paper of the UK Industrial Strategy of considering industrial analyses beyond the
traditional SIC codes (UK Government, 2024).

Innovation & Research Caucus| 9
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role of commercialisation infrastructure (Jibril et al. 2024). Following the example of the IRC report,
we focus on non-health engineering biology activities. This focus allows us to incorporate
infrastructure data into our study, build on previous work, and explore a sector that team members
have researched previously. While our data focuses on engineering biology as an example, this
report aims to draw out lessons likely to hold across sectors and to develop a methodological
framework that can be used in other sectors or technological contexts.

First, we identify research, development, and commercialisation hotspots by analysing three data
sources: academic publications, publicly funded innovation projects proxied by Innovate UK-funded
(IUK) projects, and patents. This rigorous process enables us to identify areas with high
concentrations of research, development, and commercialisation activities in the UK, pinpointing
top-performing locations and situating the relevant commercialisation infrastructures around them.
These are outlined in section 3.

Secondly, we take the identified engineering biology business clusters discussed above (section 4)
and map them in relation to the hotspots and support infrastructure outlined in section 3. In section
5, we add nuance to this map by examining the internal characteristics of each cluster, focusing on
their overlap or connections to other sectors and highlighting keywords relevant to the businesses
operating within these clusters. This approach enables us to differentiate between the clusters and
may facilitate the exploration of thematic alignments between research and economic activities.
Sections 3 to 5 provide insights into the geographies of innovation in engineering biology. In section
6, we explore the relationships among these geographies. This section includes a network analysis
of co-authorship collaborations, participants involved’ locations in IUK funded projects to explore
how people connect and work together in research and knowledge production.

1.3 Contribution, findings and implications

In this project, we contribute to the literature on the geography of innovation by simultaneously
exploring two fundamentally different approaches: (1) encouraging the optimal distribution of
benefits from localised innovation activity and (2) maximising system-wide innovation (Shearmur et
al., 2016).

Our findings reveal some interesting patterns in the geographies of engineering biology innovation,
allowing us to formulate hypotheses about how knowledge networks influence place-based
innovation and local development in other industries and contexts.

The findings suggest that the spatial distribution of innovation and research activities is linked to the
geographic clustering of business activities and related support infrastructures. The study identifies
eight clusters of non-health engineering biology across the country using industry clustering
techniques and data from web scraping. These clusters vary in location, size, business innovation
potential, and value chain specialisation. Larger clusters, such as those in Oxford and London, may
consist of sub-clusters due to their size.

The analysis reveals a high spatial concentration of research, innovation projects, and
commercialisation activities in non-health engineering biology. Places excelling in these areas tend
to have more significant commercialisation-supporting infrastructure, indicating that areas with
strong research and innovation activities are also active in related commercial activities. Every

Innovation & Research Caucus| 10
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region in the UK appears to have the expertise and potential to compete in these emerging activities.
Still, the most productive areas in research and innovation are those with substantial
commercialisation infrastructure.

This raises important questions about place-based innovation policies in the UK, particularly
concerning the expected or predicted local impact of innovation investment. By adopting a systems
approach — understanding how innovative locations fit into and contribute to knowledge networks —
it seems likely that investments in particular places can create spillover and multiplier effects, fuelling
innovation at other nodes within these networks. As a result, existing analyses of the local impacts
of innovation investments may overlook the benefits that emerge from network relationships in
different places.

Additionally, our findings offer some insights regarding the “stickiness” of investments at various
points along knowledge and value chains. For instance, our analysis shows a higher degree of
interlocal collaboration within research networks, as evidenced by co-authorship, but a much higher
degree of external collaboration in innovation projects.

Overall, the study emphasises the importance of both localised and systemic approaches to place-
based innovation strategies and the critical role of infrastructure in supporting emerging sectors. It
provides valuable insights into how different places can enhance innovation capacity and economic
growth through strategic investments in research collaboration with partners outside their immediate
areas, developing and enhancing access to innovation infrastructure, and business support.

2. Methods

This report provides a series of nested descriptions that outline the geography of non-health
engineering biology innovation. By examining how different activities relate, we define the
boundaries of innovation hotspots based on the concentration of activities. We also infer how their
co-location may influence localised economic growth and development. Crucially, we do not make
any claims of the causality of these processes. Although the proximity of activities might suggest
causal relationships, our analysis does not confirm such links. Instead, this study pulls together the
building blocks for future analyses and draws out some suggestions for policy implications and
research directions.

Sections 3 to 6 present our analytical findings. Each section addresses one of the research questions
(see Figure 1) and briefly outlines the objective of the analysis, specifies the data used, summarises
the findings, and suggests associated policy implications. The discussion and recommendation
section synthesises the findings across these sections and focuses on actionable insights. Since
each section includes a detailed discussion of methodological approaches and data used, the
remainder of this section will elaborate on case and data selection.

Innovation & Research Caucus| 11
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hotspots?

Cluster characteristics

What are the
characteristics
and specialisms
of the clusters?

What do network
geographies tell
us about the

ACE-BASED

relationship
between places?

Figure 1: Analytical framework

2.1 Case selection: Non-health engineering biology

Engineering Biology is ‘the application of rigorous engineering principles to the design of biological
systems, with the objective of contributing to economic activity and sustainable and resource-
efficient solutions to the societal challenges faced in food, chemicals, materials, water, energy,
health and environmental protection.” (Royal Academy of Engineering, 2019, p.3). Engineering
biology was one of five priority technologies identified by the UK Government in its 2023 Science
and Technology framework, with the Department for Science, Innovation and Technology pledging
£2bn in 2023 to support the sector over the coming decade (DSIT 2023).

The UK has made significant early investments in foundational engineering biology research and is
now recognised as a global leader in this field. It ranks second only to the US in terms of recorded
research output and research grant investment worldwide (CST 2023). The UK has also been
relatively successful in translating and commercialising applications of engineering biology research,
particularly in relation to human health. For example, advancements in these areas were
instrumental in enabling the speedy development and deployment of Oxford-AstraZeneca’s Covid-
19 vaccine in 2020.

Despite possessing similar research strengths in the non-health applications of engineering biology,
the UK has generally been less successful in translating these strengths into successful commercial
outcomes. This has been attributed to various factors, including regulatory uncertainty, insufficient
access to scale-up infrastructure, and challenges in attracting investment due to inadequate or
impatient venture capital funding (Jibril et al., 2024). Understanding the routes to successful
knowledge integration and eventual commercialisation is important because, over the next decade,
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non-health applications of engineering biology have the potential to deliver greater commercial value
globally relative to human health applications (McKinsey Global Institute, 2020).

Therefore, engineering biology, particularly its non-health component, serves as an ideal case study
for exploring the geographies of innovation. It allows us to identify and trace geographical hotspots
across the entire spectrum of innovation activities, from foundational research to commercialisation.
By building on previous research that mapped out the geographical landscape of research,
development and commercialisation infrastructure for non-health engineering biology applications
(Jibril et al., 2024), we can gain deeper insights into the dynamics of the UK’s knowledge and
innovation landscape.

2.2 Data sets and methodological notes

We conducted a detailed investigation of our research questions using various data sets that
comprehensively represent research, innovation, and commercialisation activities. These datasets
also include information on infrastructure and patterns of business clustering (see Figure 2). We
focused on selected data that effectively acted as reasonable proxies or indicators for these specific
activities, acknowledging that each has drawbacks. We also incorporated spatial information to
determine geolocation. Several datasets also include relational information that was used in our
network analysis to uncover connections and relationships within the landscape of research and
innovation activities.

Research,

Busi innovation,
c":j:t‘:f: commercialisation Infrastructure
hOtSPOts (IRC report)
(TDC Eng bio RTIC)

Publications IUK-funded projects Patents
(OECD RegPat & Espacenet
(Wos 2019-2023) (UK database 2019-2023) 2019-2023)

Figure 2: Key datasets used in mapping exercises

2.2.1 Research, innovation projects, and commercialisation in non-health engineering biology

We use the terms “research, innovation, and commercialisation” to describe a bundle of activities
that typically occur upstream in knowledge and value chains. In this context, we differentiate
between academic research, collaborative innovation projects involving universities, public research
organisations (PROs), and/or businesses of a more applied nature, as well as commercialisation
activities in which innovations are prepared for the market. We used the following datasets as
indicators for these activities:
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Publications: We retrieved publications from UK affiliations from the Web of Science (WoS)
covering five years from 2019 to 2023. We searched in the Title, Abstract, and Keywords
fields using the same engineering biology keywords as in the report of Jibril et al. (2024) (see
Appendix A). Our dataset includes 78,823 publications, of which 5,872 are classified as non-
health and health engineering biology. In total, 189,019 unique authors contributed to the
overall publications. Researchers at academic institutions largely authored these
publications, although 29% of authors have affiliations outside academia.

IUK-funded projects: We downloaded all the Innovate UK-funded projects (UKRI, 2024a)
from the UKRI website. Then, using the keyword list from Appendix A, we searched in the
Project Title, Public Description, and Public Summary of projects whose Project Start Date
was between 2019 and 2023. While data on the whole population of UKRI-funded projects
is available online at the Gateway to Research (GtR) portal (UKRI, 2024b), we opted to use
the IUK dataset because it had complete and more reliable spatial and relational data. The
GtR data lacks analytical spatial information (such as postcodes). The IUK dataset contains
information about 3,343 projects, of which 455 were categorised as non-health and health
Engineering Biology. In total, 4,575 unique organisations participated in this set of projects.

Patents: Although patents may not perfectly measure the commercialisation of innovations,
they are probably the most frequently used indicator of technology output. Patents cover a
broad range of technologies and provide valuable detailed information, including important
spatial and temporal coverage. Additionally, as an input to innovation, they are closely linked
to innovative products and services, even though not all innovations derive from patents. In
contrast, not all patents are used for industrial or commercial purposes (OECD, 2009).

Initially, we identified non-health engineering biology patents published between 2019 and
2023, with at least one applicant from the UK. This was done by searching the Title, Abstract,
and Claims fields within the Espacenet portal, using the same keyword list as the previous
data sources (European Patent Office, 2024). However, since Espacenet did not provide the
applicants’ spatial information (e.g., postcode), we had to match the patents exported from
Espacenet with those included in the OECD's REGPAT database (OECD, 2024). This
database contains applicants' data with spatial information, including postcode, even though
we could match only a subset of the patents found in Espacenet (around 40%).

Of 1,227 matching patents, we classified 617 as non-health engineering biology patents.
Overall, we found 588 unique organisations listed as applicants for the patents.

2.2.2 Infrastructure

We base our identification of innovation and commercialisation infrastructure on Jibril et al.’s (2024)
previous work built on an infrastructure framework developed by Jibril et al. (2023). Our definition of
this support infrastructure includes both open-access physical assets and ‘soft’ infrastructure. The
latter incorporates institutions and organisations that provide resources, services and networks that
support innovation and commercialisation.
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For emerging technologies such as engineering biology, the research and commercialisation value
chain can be divided into several stages: early-stage research, industrial translation, demonstration,
commercialisation of new products and scaling up. Both physical and soft infrastructure can support
different stages of the innovation and commercialisation processes (see Jibril et al., 2023).

To reflect the various types of organisations supporting engineering biology in the UK, we
categorised soft infrastructure into three broad categories and physical infrastructure into four
categories, each aligned with different Technology Readiness levels (see Table 1).

Table 1: Categories and Definitions of Innovation and Commercialisation Infrastructure

Soft Infrastructure Physical infrastructure

Research and Innovation Ecosystem Research and Translation (R&T)
Enabling Organisations (EEOS), e.g., DSIT, | infrastructure, supporting basic research and
UKRI, Innovate UK proof of concepts (TRL1-TRL 3)
Strategic Coordinating Organisations (SCOs), Translation and Demonstration (T&D)
e.g., Knowledge Transfer Networks infrastructure, supporting prototype
(Business Connect) development (up to TRL 5),
Industry and Research Networks, e.g. Demonstration and Commercialisation (D&C)
industry associations infrastructure are larger scale facilities,
supporting pilot scale activity (up to TRL 9)
Commercialisation and Scale-up (C&S-up)
facilities, supporting commercial scale
production.

Source: Adapted from Jibril et al. (2024)

Engineering biology infrastructure organisations were identified by searching the UK and
international repositories of engineering biology facilities. We reviewed previous government and
other stakeholder reports on engineering biology and consulted with numerous stakeholders (Jibril
et al., 2024). For data on physical infrastructure, we additionally gathered information from the
following sources: i) Capacitor, a directory of global fermentation facilities; ii) Pilots4U, a European
database of biotechnology semi-pilot, pilot and demonstration scale facilities; and iii) Infraportal, a
UK database for research and innovation infrastructure.

2.2.3 Clusters

This report uses non-health engineering biology businesses listed in The Data City’s database to
construct business clusters using a methodology similar to that used in the DSIT cluster mapping
project. We define a business cluster as a geographically localised group of firms performing
activities with similar technological, skills, and innovation bases.
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2.2.3.1 Identification of engineering biology businesses

Identifying engineering biology businesses in the UK using standard industry classifications is
challenging, as engineering biology serves as a platform technology with applications spanning
multiple sectors and continuously evolving application areas. Below, we outline our methodology for
identifying these firms and analysing the UK non-health engineering biology business landscape.

As previously discussed, our focus is on non-medical engineering biology applications, i.e., in the
areas of agri-food, chemicals, materials, and the environment. These are areas in which the UK has
existing strengths or key potential for commercialisation and which align broadly with three of the
Four Missions outlined in the National Engineering Biology Programme (NEBP): Food Systems,
Clean Growth, and Environmental Solutions® (see Annex 1 in Jibril et al., 2024 for a detailed
background to the choice of these applications). To identify engineering biology companies, we
collaborated with the UK Department for Science, Innovation, and Technology (DSIT) and The Data
City, a commercial data provider. The Data City employs web scraping and machine learning
algorithms to create Real-Time Industrial Classifications (RTICs) that serve to group companies
based on their activities and technologies as described on their websites. The taxonomies and
keywords for identifying engineering biology companies were developed by DSIT's Engineering
Biology team and included input from scientific experts and various government stakeholders. In
July and August 2023, IRC and The Data City created a bespoke Engineering Biology RTIC. They
searched through 1.7 million UK businesses from Companies House, resulting in an initial list of
about 21,000 companies. Following thorough manual checks, the final RTIC identified 1,744
companies. Among these, 86 were categorised within the defined engineering biology application
areas, and an additional 14 were sourced from the Bio-Industry Association's 2022 directory. This
combined effort resulted in a total of 100 companies for our analysis.

2.2.3.2. ldentification of spatial clusters

Our geographical cluster exercise aims to identify concentrations of non-health engineering biology
applications in certain areas of the UK. The analysis uses the HDBSCAN technique, a clustering
algorithm well-suited for varying densities of geographical distributions. This method effectively
identifies both dense clusters, like those in London, and more dispersed clusters, overcoming the
limitations of other techniques that usually highlight dense urban areas due to their socio-economic
networks.

HDBSCAN is a clustering algorithm developed by Campello, Moulavi, and Sander (2013). It stands
for "Hierarchical Density-Based Spatial Clustering of Applications with Noise." It is designed
to identify clusters of varying shapes and densities, making it particularly effective for analysing
complex systems.

One of the key advantages of HDBSCAN is that it does not require users to specify the number of
clusters in advance. Instead, it builds a hierarchical structure and applies cluster similarity (stability-
based) techniques to extract the most meaningful clusters. In simple terms, like density-based

5 Recent reports have identified key UK strengths or potential in Agriculture and Food (EBLC, 2021, CIIP, 2023), Chemicals
and Materials (EBLC, 2021, CST, 2023), and Biofuels and Renewables (environment) (CST, 2023)
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algorithms, this technique identifies concentrations of points (in this case, engineering biology
businesses) within the data. Then it uses a hierarchical approach to determine whether to subdivide
a cluster into its subclusters or keep them whole.® This makes HDBSCAN highly adaptable and
capable of handling datasets with clusters of a variety of sizes and business densities. Its ability to
identify patterns in real-world data without strict assumptions about cluster structure makes it a
robust and reliable clustering tool for various domains.

Using these five different data sources, we were able to conduct our cascading analysis. First, we
identified research, innovation project, and commercialisation hotspots and their alignment with
support infrastructure (section 3). Then, we mapped business clusters and considered these
geographies relative to hotspots (section 4). We further analysed the characteristics of those clusters
(section 5) before exploring a selection of knowledge network geographies (section 6).

6 For a more detailed explanation of this process see Berba (2020).

Innovation & Research Caucus| 17



UNDERSTANDING GEOGRAPHIES OF INNOVATION: RESEARCH AGGLOMERATIONS, KNOWLEDGE NETWOR;K : m " ‘
INNOVATION ,

3. Research, innovation project, and commercialisation
hotspots

Every region has a non-health engineering biology hotspot and supportive
commercialisation infrastructure.

3.1 Objective

A first step in understanding ‘geographies of innovation’ involves identifying where key research and
development activities are taking place. In this section, we aim to analyse the locations of research,
innovation projects, and commercialisation in non-health engineering biology in the UK. The places
mapped in Figure 3 exhibit a high concentration of all three metrics. Using three different indicators
of knowledge generation at varying stages of the value chain enables us to capture places of interest
where significant spillovers might occur more confidently. This approach also helps account for time
lags. Additionally, the map illustrates the location of commercialisation infrastructure, allowing us to
explore the relationship between innovation support and research, innovation projects, and
commercialisation activities.

3.2. Data used

We used a keyword list (see Appendix A) for all of the following metrics to identify relevant data. For
instance, we used the identified non-health publications listed in Web of Science 2019-2023 as our
proxy for research activity (see section 2.2.1 for details about this dataset). This dataset
predominantly captures academic articles produced by university researchers and public research
organisations, although it occasionally includes authors from industry. This should, therefore, be
considered an indicator of early-stage Technology Readiness Levels (TRL) and blue-sky research.

For innovation projects, we used publicly available data on projects funded by Innovate UK from
2004 to 2023 (see the discussion of data used and its caveats in section 2.2.1). These projects, with
an innovative nature, may involve academic institutions, public research bodies, and industry
partners, serving as an indicator of efforts to translate research into practical applications. Regarding
patents, we used a combination of data from both Espacenet and OECD REGPAT databases (see
section 2.2.1 for a discussion of sources and their limitations). Patents serve as one measure of
commercialisation activity. Figure 3 illustrates the top performers based on their positions in the top
half on each of our metrics. Additionally, the map contains an inset showing all (health and non-
health) engineering biology hotspots. This helps readers contextualise non-health activities within
the broader landscape of engineering biology in the UK, following the methodological framework
developed by Jibril et al. (2024).

3.3. Findings

2> The hotspots in Figure 3 show that every region in the UK has some expertise in non-
health engineering biology research, innovation, or commercialisation activities.

2> Considering the map and inset together, there are also spatial correlations between the
location of non-health and all other engineering biology hotspots. This demonstrates
the close relationship and often overlap between non-health and other (predominantly health)
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engineering biology activities. While the geographies are quite similar, the inset shows that
some places appear to specialise in health-related engineering biology (notably in northern
Wales and South West England).

>> There appears to be a spatial association between hotspots and engineering biology
commercialisation infrastructure locations. It cannot be determined by this data alone
whether the infrastructure was placed in known hotspots, whether the presence of
infrastructure has increased or stimulated activity over time, or if the relationship is more
complex.

2> There are a few outlier locations to consider. For instance, certain hotspots, such as
Northern Ireland, the South West, and eastern Scotland, lack nearby supporting
infrastructure. In contrast, Western Wales has two facilities but does not qualify as a hotspot
based on our methodological approach.

2> As the commercialisation infrastructure report (Jibril et al. 2024) notes, the types of
commercialisation infrastructure are not evenly spread across the country or within
hotspots. Some places — like Cambridge, Norwich, and Manchester — have a mix of
infrastructure types, but other hotspots only have one variety. This distribution could reflect
different functions or strengths of places. For instance, research-focused infrastructure in
Newcastle could indicate that it is a particular strength or aspiration. In contrast, the presence
of scale-up infrastructure in Oxford could be a signal of more commercial activities. Future
research may explore those connections and spatial correlations in more detail.

3.4 Insights

2> The diversity of places where hotspots appear signals that non-health engineering biology is
a vibrant and emerging industry in the UK.

2> The relatively high association between hotspots and infrastructure suggests that
infrastructure was in places that demonstrate research and commercialisation capacity. Still,
the degree to which those investments have acted as multipliers to these activities is unclear
(e.g., does infrastructure investment help to make places more attractive and “stickier” to
research and early innovation activities?).

>> There is an opportunity to understand the relationship between the spatial distribution of
types of infrastructure and localised research and infrastructure strengths.

2> The relationship between non-health and health engineering biology activities may present
opportunities to design interventions that support both branches (as well as potentially other
emerging technologies related to activities within agritech, materials, or net zero).
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4. Locating engineering biology business clusters

Research, commercialisation, and business clustering happen at different scales
and geographies.

4.1 Objective

One of our research objectives was to understand the spatial relationship between concentrations
of firm locations — known as business clusters — and the hotspots of research and
commercialisation activities described in the previous section. We define a business cluster as a
geographically localised group of firms that engage in activities with similar technologies, skill
sets, and innovation bases. It is important to note that the correlation between these different
measures of specialisation does not necessarily indicate that the co-location of these activities
causes the formation of engineering biology firms. However, the overlaps suggest that there may
be synergistic dynamics worth further investigation.

4.2 Data used

To identify these clusters, we used data on firm locations and specialisations from The Data City
Engineering Biology Applications RTIC (RTIC0085), which includes nine industry categories (see
section 2.2.3 for more information on this dataset and its limitations). For this project, we focused
on all categories except "Agriculture / Eco-Friendly Agrochemicals" and "Health & Life Sciences."’

This focus allowed us to create a targeted perspective on the non-health engineering biology
sector for this research. To define the boundaries and compositions of each cluster, we employed
the Hierarchical Density-Based Spatial Clustering of Applications with Noise (HDBSCAN)
algorithm, which is specifically designed to handle data with varying densities (see an explanation
of the HDBSCAN method in section 2.2.3.2). Consequently, some clusters consist of tightly
packed data points, while others are more spread out. This presents a challenge for standard
clustering algorithms that assume uniform density across clusters. We set the minimum firm count
of 11 for our analysis.

It is important to note that while this approach is effective for identifying patterns of spatial
relationships, it does not reveal or imply specific relational characteristics. From this map, we may
intuitively suggest potential synergistic relationships and spillovers between firms within the
community, but we cannot definitively conclude that these relationships exist. As such, these
geographies and their implications should be treated as indicative rather than conclusive.

Figure 4 displays the geographical locations of the eight non-health engineering biology clusters
relative to the hotspots mapped in the previous section. It is important to highlight that we used

7 For this project, we focused on the following RTICs: Agriculture & Food - Foods (such as alternative meat/protein/fat),
Biofuels & Hydrogen, Biological Materials & Reagents - Nucleotide synthesis & sequencing, Chemicals & Materials -
Biosensing, Chemicals & Materials - High Value Compounds, Chemicals & Materials - Products (such as
biobased/degradable products & sustainable fashion), and Environment & CO2 capture - Bio Energy & Carbon Capture.
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different techniques to identify clusters and hotspots. While clusters use the HDBSCAN method,
as previously explained, the hotspots were determined based on postcode area boundaries.

4.3 Findings

2> Using the approach described above, we identify 8 non-health engineering biology
clusters across the UK.

2> These clusters vary in size and scale, with several locations containing more than one
distinctive grouping®. For instance, Oxford hosts two of the smallest clusters, while the
largest cluster consists of a corridor linking Manchester, Birmingham, and Swindon.

2> There are correlations between these clusters and areas recognised for research
and commercialisation excellence; however, these correlations or spatial
associations are not perfect. The hotspots map highlights areas of concentrated
research and commercialisation, primarily in parts of London, Cambridge, and Oxford,
closely aligned to the identified clusters. Additionally, the map reveals a significant corridor
of research and commercialisation excellence that extends from Sheffield to Oxford.

2> The clustering algorithm revealed outlier geographies with significant economic
activity, particularly extending slightly westward from Manchester to Swindon.
Furthermore, there are significant pockets of research and commercialisation activity
around places like Norwich and Bristol, which the algorithm did not identify as business
clusters. This oversight occurred because the concentration of non-health engineering
biology firms fell below the threshold level used in our approach, although these places
appear to have higher concentrations of health-focused businesses.

4.4 Insights

2> These findings illustrate a relationship between research and commercialisation activities
and clusters of engineering biology firms. However, there remains much to learn about
how these activities influence and interact with one another to support policy goals such
as place-based innovation and growth.

2> Revealed differences in the scale and geography of these activities suggest that policy
initiatives should be cautious about assuming that investments in these activities will
directly result in economic activities such as firm formation, job generation and growth in
the same location.

2> While there may be similarities in the types of environments that foster excellence in both
research and firm formation, the specific conditions and geographical contexts are unlikely
to be identical.

2> To effectively support innovation and growth objectives in specific locations, it is essential
to understand the resources required by stakeholders, such as businesses either already

8 HDBSCAN identifies clusters based on density, allowing multiple groupings within the same area. In locations like
Oxford and Greater London, distinct high-density regions of firms can form separate clusters if local density exceeds
the algorithm's threshold, even when geographically close.
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located there or considering a move. Establishing effective connections between these
stakeholders and relevant local or external resources is crucial.

2> Consequently, clustering strategies that focus broadly on stimulating activities across
different parts of the local knowledge and value chains often fail to connect these
elements. They may not recognise that spillovers and synergies can influence different
geographic scales. As a result, these strategies risk emphasising individual ingredients
rather than the overall recipe. This highlights the value of adopting a systems perspective
to understand the geography of innovation.
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5. Characteristics of engineering biology business clusters

Business clusters in non-health engineering biology have distinctive
specialisations that can inform spatial innovation strategies.

5.1 Objective

The previous section identified all non-health engineering biology clusters; however, it is important
to consider that these clusters are not identical. While there are similarities and overlaps among
them, businesses in different places may specialise in different subsectors or occupy different
parts of the value chain. This section aims to highlight these differences to build a clearer picture
of geographies of innovation and to provide a stronger evidence base for exploring relational
activities.

5.2 Data used

The cluster map in the previous section was constructed using firms assigned a set of RTICs
specifically related to non-health engineering biology. However, The Data City allows businesses
to be coded with multiple RTICs. Exploring these additional classifications helps us to develop a
richer picture of the specialisations and sub-specialisms that differentiate non-health engineering
biology business clusters. For this analysis, we used the additional RTIC data associated with the
businesses identified in the previous section, which is illustrated in Figure 5.

Table 1 describes the different non-health engineering biology clusters based on the number of
establishments and firms, the average firm size (employment and turnover), their average growth
and innovation performance, and financial investments. Additionally, The Data City database
includes short descriptions of business activities sourced from their websites. By analysing word
frequencies, we can also generate word clouds for each cluster (see Figure 6). The word clouds
were created using the online tool Wordclouds.co.uk, which allows for the visualisation of the
most frequently occurring terms.

5.3 Findings

>> Every cluster is made up of businesses with multiple RTICs assigned. A cursory
glance at Figure 5 shows how different the RTIC profiles for each cluster are and begins
to make the case that they have distinctive specialisms.

2> Some clusters are more diverse than others. The Oxford clusters, for instance, have
fewer RTICs than others. Businesses in the first cluster specialise in life sciences and
omics, and the second one combines life sciences, net zero, and clean tech. By contrast,
businesses in the Cambridge cluster have a much higher diversity of assigned RTICs with
a comparatively greater focus on health-related RTICs such as biopharmaceuticals,
pharma, and Al. The fact that the (spatially and numerically) larger clusters are more
diverse could be a function of their size but could also indicate the presence of specialised
subclusters.
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2> The composition of the business clusters (see Table 2) shows that the UK is home to
several engineering biology clusters, each with unique characteristics and varying sizes.
These clusters show diverse economic activities, employee numbers, and turnover rates.

>> Size and Scale: Clusters vary significantly in size. For example, the Oxford and
Cambridge clusters show a mix of small and large establishments, while the Manchester-
Birmingham-Swindon cluster forms one of the largest clusters.

>> Employment and Turnover: Employee numbers and turnover rates vary widely across
clusters. Larger clusters tend to have higher average turnovers, reflecting significant
economic activity, such as Manchester-Birmingham-Swindon, which reported substantial
turnover figures.

>> Growth and Innovation: Growth rates and innovation scores indicate the vitality of these
clusters. Most clusters report positive growth rates, with substantial variation reflecting
different stages of development and economic health. Innovation is generally strong
across clusters, supported by Innovate UK funding.

22> Funding and Collaboration: Innovate UK funding is pivotal for innovation across these
clusters. Funding levels vary, with some clusters receiving substantial support, driving
higher innovation scores and growth.

2> Business Transactions: Deal Room activity, representing business transactions and
investments, varies across clusters. Higher Deal Room averages in certain clusters like
Oxford indicate significant business transactions, while others show moderate activity.

Overall, these clusters highlight the dynamic and varied landscape of engineering biology
in the UK, with each region uniquely contributing to the sector's growth and innovation.
The presence of both large and small firms, significant funding, and robust innovation
activities underscores the importance of these clusters in driving the engineering biology
sector forward.

2> The word clouds further reinforce the contention that clusters are differentiated and
add some context to the RTIC breakdowns. For example, the word clouds reveal that the
two Oxford clusters are both oriented around problems related to the environment and
sustainability and keywords such as “platforms”, “machine learning”, “data centre”, and
“software” suggest that businesses are also digital. By contrast, London, Manchester, and
Cambridge feature the keyword “manufacturing” more prominently, suggesting that
businesses in this cluster are more oriented towards engineering biology production

activities.

5.4 Insights

2> The findings support our argument that clusters are not internally homogenous and can
vary significantly between locations. A single location can be the host of more than one
cluster, indicating that a “one size fits all” approach to stimulating growth in the industry is
likely to be less successful than cluster-based or cluster-sensitive strategies that focus on
the unique specialisations of each cluster.
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2> This also suggests that there are opportunities to better connect activities across different
clusters by understanding their positions within value chains. For example, places that
specialise more in research and development side activities may benefit from being linked
to those with strong manufacturing bases and capabilities, and vice versa.

2> There is an opportunity to explore the degree to which research, innovation projects, and
commercialisation activities align thematically with cluster specialisation.

>> There is an opportunity to gain a deeper understanding of cluster phenomenon by
individually analysing how these localisation, formation, specialisation and development
processes occur in each location, along with the narratives that drive these evolutionary
processes.
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Table 2. Business Clusters Description

Mean
Cluster 1: Edinburgh-Glasgow
No. Establishments

Employees 182.579

Std. dev.

508.563

Min |

1945.000

Determinant

No. Firms
Innovation Score

Turnover (in million) 80.735

238.315

802.977

Std. dev.

1.400 0.894

3.000

IUK funding

Growth 0.190

0.269

Cluster 2: Manchester, Birmingham, Swindon

No. Establishments

Employees 161.375

455.232

0.712

1945.000

1463236

2371427

8519354

Deal room

No. Firms
Innovation Score

22621

Turnover (in million)

10746.140

52703.77

7.850 17.118 7

1.000 0.000 1.000

2.680

1.000

IUK funding

Growth

Cluster 3: Oxford
No. Establishments
Employees

0.372

151.454

0.712

417.891

2.509

1403

895242.6 918046.8 136995

3054577

Deal room

No. Firms
Innovation Score

Turnover (in million) 31.148

75.53456

242.1162

2.54625 8.231507

1.333333 0.5

31.4

2

IUK funding

Growth

Cluster 4: Oxford
No. Establishments
Employees

-0.011

160

0.3066865

438.3834

0.3325

1403

1093183 1476867

3973820

Deal room

No. Firms
Innovation Score

Turnover (in million) 25.775

76.07845

242.1162

145.0118 441.3295 0 14

73.51

IUK funding

Growth

Cluster 5: Cambridge
No. Establishments
Employees

0.4929

202.94

0.2538019

470.3044

0.774

Deal room

No. Firms
Innovation Score

Turnover (in million) 150.55

493.9758

1111111 0.333333 1 2 9
243025 42091.04 199230 283175 3
155.318 463.4765 0 1473.51

1.153846 0.375533

2

IUK funding

Growth 0.2472
Cluster 6: Greater London

No. Establishments

Employees

0.3852696

112.8117

292

485758.5 453490.4

o

1518370

Deal room

No. Firms
Innovation Score

Turnover (in million)

8.297372

22.35296

54.215 260.3316 14

73.51

Innovate UK
funding

Growth
Cluster 7: Greater London
No. Establishments
Employees

21.182

0.9060642

44.5978

2.5085

153

305988.3 409872 595

811.6

Deal room

No. Firms
Innovation Score

Turnover (in million) 1.5048

2.343024

7.768852

8.210909 27.2325

1 1

90.32

1

IUK funding

Growth 0.2365
Cluster 8: Greater London
No. Establishments

Employees 17.382

0.4012374

23.03359

0.826

98

973536.9 1206432 286010

2775725

Deal room

No. Firms
Innovation Score

Turnover (in million) 1552.0

9038.294

52703.77

1.760909 4.289379 0

0.403113

13.59

2

IUK funding

Growth 0.5364

0.5914992

1.739

753944.7

2377556

Deal room

7.037059 15.86866 0

61.43

Innovation & Research Caucus| 29



UNDERSTANDING GEOGRAPHIES OF INNOVATION: RESEARCH AGGLOMERATIONS, KNOWLEDGE NETWORKS AND IMPLICATIONS FOR PLACE-BASED

INNOVATION

..... e Materials Damasames WS BT Manufacturing

Platforms Engineering . Machine Learning
Biotech Testlng Biotech .. - s ww Generation

~Manufacturin ‘
~|Industr y | eqmaghura Des|gn<.3l_,w Sustalnablllty

E nvironmental $&ioms

Care “g e Environmenta I n d u St ry
“ M e d P e Enwronme‘n‘E/éeLCllcme " e nyBrie

Design
1: Edinburgh, Glasgow 2: Manchester, Birmingham, Swindon 3: Oxford
........ _ Platforms .10 Diagnostics Cme Dndeusgyi g nBIOtECh
Sustalnablllty Manufacturlng Materials
nnnnnnnnnnn Manufacturing Software

.| Mantfacturing

Lighting Automation dustr i s P aper
gybgjneratlon | Engmeermg et Generatlon
Diagnostics — ' Media SOﬁwa re B M e d I C I n e
4: Oxford 5: Cambridge 6: Greater London

_Generation

Marketing Testing 'Tés‘fing'

Waste ™
® Generation

En ineerin
| aglndustr 9

Enwronmental

AAAAAAAA

7: Greater London 8: Greater London

Figure 6: Clusters keyword analysis

Innovation & Research Caucus| 30



UNDERSTANDING GEOGRAPHIES OF INNOVATION: RESEARCH AGGLOMERATIONS, KNOWLEDGE NETWORKS AND IMPLICATIONS FOR PLAE BA!

INNOVATION

6. Knowledge networks
6.1 Objective

Up to this point, we have focused on understanding the extent to which activities are co-located and
their significance. The previous section shows that clusters appear to be differentiated, suggesting
they may perform different functions within knowledge networks and value chains. This section will
explore this possibility by mapping the relationships between various locations as part of our effort to
move beyond a localised innovation focus and towards a system approach. By exploring the
geographies of knowledge networks, we provide evidence that spillovers and knowledge diffusion can
occur over long distances. Although this finding is not unexpected, it raises important questions within
the context of place-based innovation support and cluster policy.

6.2 Data used

In order to depict potential science-technology-innovation collaborations across space, we analyse
spatial connections among co-authors in research and co-applicants in IUK projects (innovation
projects), as these data sets are sufficiently large and provide the most reliable relational data®.
Although this approach may present some analytical gaps, these networks offer valuable insights into
the relational dynamics within the non-health engineering biology sector.

The circles (nodes) in Figures 7 and 8 are positioned at the centre of each postcode area. The
thickness of the lines connecting these areas indicates the number of collaborations (either co-
authorships or IUK collaborations) between them. In addition, the size of the circles represents the
number of unique authors participating in publications for each postcode area or the number of unique
organisations participating in IUK projects, respectively. Finally, to aid ease of interpretation and
legibility, the maps show only the top 10% of pairs of postcode areas with the highest number of
research collaborations.

We also present data on internal versus external collaborations for a selection of nodes to examine
the localisation of these partnerships (see Table 3). Specifically, Table 4 displays the number of
collaboration pairs for publications and IUK-funded projects in the top 10 most collaborative postcode
areas, categorised as internal and external. Internal collaborations within a postcode area consist of
collaborator pairs (e.g., authors) that originate from the same area, while external collaborations
involve one collaborator from a different UK area. Places are ranked in the tables by the overall
number of collaborations.

6.3 Findings

2> Both maps show that places are highly interconnected within knowledge networks.

>> Distinct geographies of collaboration emerge in co-authorship and IUK project networks. This
differentiation makes intuitive sense: co-authorship networks primarily link researchers in
universities, while IUK projects involve participants from a broader range of organisations,
including the private sector. The strength of relationships between nodes in the Golden

9 We avoided including a patent network map due to the very low number of collaborations among UK organisations found
in patent data compared to other sources. While the average number of UK collaborators per publication is 4.61 and per
IUK project is 1.86, this ratio is only 1.1 for patents. This element, combined with the relatively limited number of patents
included in our dataset (1,227 patents vs 78,823 publications and 3,343 IUK-funded projects), doesn’t allow for the creation
of an informative patents’ networks map.
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Triangle is obvious and more pronounced in the co-authorship network, whereas the UK
projects reveal more distant connections between places, such as those between Scotland
and the South.

>> It is important to recognise that while the maps highlight external relationships, collaboration
also occurs within places in both publications and IUK projects, although these internal
relationships are less significant than external ones. Tables 3-6 illustrate the ratio of internal
to external relationships for the places with the highest total collaborations. For instance,
internal collaborations average 42% of the total collaborations, while the average percentage
for all locations is 32%. This suggests that co-authors tend to partner more with external
partners, although significant activity remains within localised research networks and groups.
For IUK projects, this pattern is intensified, where only 8% of total collaborations are internal
and an average of 94% are external.

2> However, the significance of internal versus external collaborations varies considerably.
Unsurprisingly, locations with large research-intensive universities and/or multiple universities
and research organisations tend to exhibit lower external collaboration rates. In contrast,
places like Doncaster, Warrington, and Inverness show much higher proportions of external
co-authorship collaborations. This trend largely holds for IUK projects as well.

2> IUK projects result in a significantly higher level of external collaboration compared to other
research and innovation initiatives. For example, 58% of Oxford’s partnerships in publication
networks were external, whereas nearly 90% of its partners in IUK projects were external. On
average, external collaborations accounted for a relatively high 92% of total collaborations in
IUK projects across locations. Notably, while Greater London is involved in the most
collaborations, individual postcodes reveal that none from London appear in the top 10 most
collaborative areas. This demonstrates a more geographically diverse landscape for IUK
project awards.

2> When all postcodes in London are consolidated into one location, it ranks first position in total
collaborations and, to a certain degree, normalises its percentage of external to internal
partnerships. We conducted this analysis because we noticed that postcodes in Greater
London tended to have high numbers of external collaborations, with 68% of West Central
London’s collaborations in publications being external. We suspected that was reflecting high
levels of collaborations between partners in different parts of London. By aggregating all
London postcodes (see Tables 4 and 6), we effectively counted these intra-London
relationships as internal, bringing the percentage of external collaborations closer to the
average. At 52% for publications and nearly 91% for IUK projects, these shares are still
relatively high, underscoring London’s role as a research and innovation hub in the UK
engineering biology landscape.

6.4 Insights

2> Innovation activities are often more spatially dynamic than is generally acknowledged in place-
based innovation literature. While concentrations of research and innovation projects can
benefit the local economy, through networks, they are also highly likely to affect other places.
This presents an opportunity to move beyond simply measuring where (and how much)
funding for innovation support is allocated and instead focus on understanding how the
dynamics of these networks can enable and catalyse spillovers in other locations.

2> Investments at different stages of the value chain have different spatial impacts, and these
impacts can vary depending on the characteristics of a given location. For instance, all else
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being equal, funding for innovation projects is more likely to generate external partnerships
and stimulate knowledge spillovers between different places. In contrast, investment in
academic research may more commonly support local knowledge co-production. However,
for places with smaller and less research-intensive universities, research investments may
actually stimulate greater connections with external partners. This indicates that place-based
investments, depending on their position in the value chain, can yield different degrees of local
spillover effects compared to broader spillovers. Therefore, it is essential to select investments
that align with the spatial objectives of place-based policy.

2> Integrating these insights about networks with an analysis of cluster characteristics suggests
that external networks may become increasingly more important further down the value chain
as businesses seek partners with diverse capabilities. Here, the opportunity is to learn more
about specialisation, where specific activities are happening, and the accessibility to
supportive infrastructure. Rather than trying to replicate the assets of successful clusters
everywhere, interventions might be more effectively focused on aligning support structures
with local specialisations and technological readiness levels (TRL) and facilitating access to
networks and assets in other places.
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Table 3: Total and internal vs external connections based on co-authorship networks by postcode
area

Area Internal @ External External Collaborations to Total

Cambridge 48.68%
Oxford'® 21,811 30,915 52,726 58.63%
West Central London 13,755 29,669 43,424 68.32%
South West London 14,441 23,109 37,550 61.54%
South East London 9,620 16,760 26,380 63.53%
Manchester 14,989 11,152 26,141 42.66%
Edinburgh 10,240 12,957 23,197 55.86%
Birmingham 11,061 11,433 22,494 50.83%
Bristol 6,561 12,169 18,730 64.97%
Nottingham 9,788 8,311 18,099 45.92%

Table 4: Total and internal vs external connections based on co-authorship networks by postcode
area with London postcodes aggregated

External Collaborations
to Total
London 150,845 52.26%

Cambridge 43,845 41,582 85,427 48.68%
(0)¢{e] el 21,811 30,915 52,726 58.63%

Manchester 14,989 11,152 26,141 42.66%
Edinburgh 10,240 12,957 23,197 55.86%
Birmingham 11,061 11,433 22,494 50.83%
Bristol 6,561 12,169 18,730 64.97%
Nottingham 9,788 8,311 18,099 45.92%
Glasgow 8,519 8,516 17,035 49.99%
Newcastle upon Tyne 7,125 7,397 14,522 50.94%

Area Internal External Total

10 We excluded one publication with 477 UK co-authors, out of which 467 were from Oxford, that would have added 108,811
pairs of internal collaborations to Oxford.
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Table 5: Total and internal vs external connections based on IUK project applicant networks by
postcode area

Area ‘Internal

Coventry 39

Cambridge 44

Milton Keynes

Bristol [

0
York 28

Portsmouth

External Total External Collaborations to Total
451 490 92.04%
432 476 90.76%
43 351 394 89.09%
337 356 94.66%
284 324 87.65%
287 315 91.11%
143 282 50.71%
255 282 90.43%
256 275 93.09%
253 272 93.01%

Southampton

Table 6: Total and internal vs external connections based on IUK project applicant networks by

postcode area with London postcodes aggregated

Cambridge

Oxford

Milton Keynes

Bristol

York

Cardiff 139

Portsmouth

Internal External |Total External Collaborations to Total

104 1,022 1,126 90.76%
451 490 92.04%
432 476 90.76%
351 394 89.09%
337 356 94.66%
284 324 87.65%
287 315 91.11%
143 282 50.71%
255 282 90.43%
256 275 93.09%

Glasgow
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7. Discussion and Insights

This report aims to understand how various geographical contexts can either promote or hinder the
co-location and development of innovation activities. To achieve this, we first identified various
locations in the UK that can foster business activity in emerging sectors, such as non-health
engineering biology, alongside related supporting infrastructure. Additionally, we analysed the
locations across the UK where research (i.e., publications) and innovation (i.e., patent activity) related
to these emerging technological fields were produced. Considering the significance of public support
for research and development (R&D) and innovation, our analysis also examined the distribution of
Innovate UK public-funded projects for these innovation-related initiatives across the country, as well
as the location of publicly accessible infrastructure that supports these efforts.

Our exploratory analysis suggests that the spatial distribution of innovation and research in related
emerging economic activities appears to be associated with the degree of geographic clustering or
‘agglomeration’ of business activities and related support infrastructures.

We use industry clustering techniques to analyse place-based innovation in the UK, focusing on
emerging areas of activity. Our exploratory work uses business activity data generated through web
scraping techniques to identify the locations of business activities in the UK. Industrial geographical
clustering is consistently supported by a constellation of infrastructure that fosters the creation and
development of industrial activity in different ways. Our application of non-health engineering biology
has revealed eight distinct clusters across the country. These clusters differ greatly in terms of location
(geographical features), size and scale, business innovation potential, and value chain specialisation.
Due to their size in specific locations, the clusters can be divided into two groups, as exemplified by
the cases of Oxford and London.

Our exploratory analysis, which examines the locations of research, innovation projects, and
commercialisation hotspots in non-health engineering biology, reveals a significant spatial
concentration of these metrics. Of interest is that places excelling in research and innovation-related
activities in non-health engineering biology also tend to specialise and demonstrate- high productivity
in engineering biology economic activity. Although our study points to the fact that every region in the
UK appears to have the expertise and potential to compete in these emerging activities, the areas
that seem more productive in research and innovation are those with extensive commercialisation
infrastructure.

Additionally, we conducted analyses to determine whether the economic activity of a postcode area
is correlated with its knowledge base metrics. Through regression analysis, we found that economic
activity, measured as the count of firms within specific clusters in a locality, is positively and
significantly correlated with all the knowledge metrics (including publications, patents, and IUK-funded
projects) for both engineering biology and the non-health subsector. This finding corroborates the
dominant view that the location of innovative firms is strongly related to the knowledge-generating
capacity of places.

Our analysis has some limitations. It is exploratory and does account for the time dimension of the
analysed co-located activities we examine. Therefore, we are cautious about suggesting any causal
relationships between spatially located business activities and research and innovation outcomes.
Additionally, our conclusions regarding the potential association between specialisation in certain
areas of the non-health engineering biology value chain and the support provided through Innovate
UK or related infrastructure should be interpreted with care. Furthermore, our analysis only partially
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explores the interconnections within the UK non-health engineering biology innovation system, as it
has not considered social network analysis methods that could provide deeper insights into the
relationships between and within specialised UK locations. Finally, our study does not address the
role of skills, which play an important role in shaping the location of businesses or infrastructure. Our
results raise some questions that may be useful in designing the next generation of place-based
innovation strategies.

7.1 Should we update assumptions about expected impacts from place-based
investments?

2> The research revealed a (not unexpected) relationship between research and
commercialisation activities and clusters of engineering biology firms. However, much remains
to be learned about how these activities influence and interact with each other to support policy
goals and missions such as place-based innovation and economic performance.

> Clear differences in the scale and geography of these activities suggest that policy initiatives
should be cautious about assuming that investment in innovation activities, such as research
and commercialisation, will automatically lead to significant economic outcomes, such as firm
formation and economic growth in the same location.

2> Supporting innovation and growth objectives in specific locations may be most effective when
we understand the resources required by stakeholders (such as businesses) that are either
located there or are considering relocating. It is crucial to connect these stakeholders
effectively to relevant local resources but also to forge links with external resources.

2> This research cautions against clustering strategies that focus broadly on stimulating activities
in different parts of the local knowledge and value chains without properly connecting these
elements. It also emphasises the importance of recognising that spillovers and synergies can
influence different geographic scales. Successful clustering is less about the individual
components and more about how well they work together in a cohesive system.

2> Given that innovation activities are often more spatially dynamic than is generally
acknowledged in place-based innovation literature, network dynamics show us that there may
be advantages to looking beyond simply measuring where (and how much) funding for
innovation support is allocated. Instead, there is an opportunity to consider how understanding
how the dynamics of these networks can enable and catalyse spillovers in other locations.

7.2 How can we encourage collaboration to promote intraregional and
interregional spillovers?

> Our results suggest there are opportunities to better connect activities across different clusters
by understanding their positions within value chains. For example, places that specialise more
in research and development activities may benefit from being connected to those with strong
manufacturing bases and capabilities, and vice versa.

2> As a result, there is value in fostering interregional partnerships by promoting collaboration
between businesses, universities and research institutions to drive innovation on a national
scale.

2> Providing incentives for co-authoring research publications and collaborating on projects
across different regions can deepen knowledge exchange between places and increase the
likelihood of interregional collaboration (and spillovers) on innovation projects.
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2> Furthermore, there are opportunities to gain a better understanding of the relationship
between research and innovation specialisation within places. This understanding can help
generate strategies to enhance localised synergies but also identify opportunities for beneficial
external partnerships.

2> Our analysis highlights the fascinating network of relationships and collaborations within the
UK’s national engineering biology ecosystem. However, additional research is necessary to
identify the primary obstacles and opportunities to achieving effective collaboration among
various stakeholders in the engineering biology value chain. Ultimately, understanding these
barriers and opportunities will pave the way for more effective and innovative collaborations,
driving progress in the field.

7.3 What else can we learn about the relationship between innovation
infrastructure investment and place-based outcomes?

>> The relatively high correlation between hotspots and infrastructure suggests that infrastructure
was deployed and developed in places demonstrating research to commercialisation capacity.
However, questions remain regarding the extent to which those investments have acted as
multipliers for these activities.

>> For instance, key questions concern whether these investments have helped to further
concentrate innovation activities in specific places, causing localised spillovers, or if whether
innovation infrastructure is being accessed by businesses from across the country, leading to
more spatially distributed spillover effects, or a combination of both.

2> There is also an opportunity to understand the relationship between different distributions of
types of infrastructure and localised research strengths and TRLs. This deeper understanding
may help forge stronger connections between locations that could benefit from one another’s
infrastructure and enhance access to important innovation support for firms located
elsewhere.

> Moreover, there are opportunities to better understand and leverage synergies across
industries. This research shows that aside from the clear synergies between non-health and
health branches of engineering biology, there are also overlaps with net zero, materials,
agritech, digital/data, and more. Targeting infrastructure investments at the intersections of
these industries may magnify the effects of a single intervention and encourage interactions
between industries that can lead to innovation based on recombination and relatedness.

7.4 How do these insights help to better support local commercialisation?

2> Given their importance, there is an opportunity to invest in infrastructure that supports the
commercialisation of place-based research. This includes the creation of incubators,
accelerators, and innovation hubs tailored to the needs of local business clusters and localised
research activities.

> Greater availability and access to funded grants for research and development projects,
particularly in emerging sectors such as non-health engineering biology, can help seed and
sustain areas of research expertise that may lead to local spillovers and broader industry
impacts.

2> However, it is important to recognise that investments at different stages of the value chain
have different spatial impacts, which can vary depending on the characteristics of a specific
location. To the extent that the goal of investment is place-based growth, focusing on practical
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commercialisation infrastructure that is appropriately aligned with local innovation strengths
and Technological Readiness Levels (TRLs) may yield the most direct improvements.

2> There is an opportunity to develop more customised market access programmes to assist
non-health engineering biology businesses (or other emerging industries) in entering global
markets and providing the necessary support for scaling up.

2> This might involve encouraging public-private partnerships or public procurement to pool
resources and share risks in high-potential innovation areas or areas with less specialisation
in the value chain.

These questions raised by our research challenge us to rethink our assumptions and learn more
about how combining local and systemic perspectives can significantly enhance place-based
innovation outcomes across the country. By doing so, we can drive substantial economic growth and
unlock the full potential of our innovation ecosystem.

Now you have read our report we would love to know if our research has
provided you with new insights, improved your processes, or inspired
innovative solutions.

Please let us know how our research is making a difference by completing
our short feedback form via this QR code.

Thank you

The Innovation & Research Caucus
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Appendix A. Keywords for identifying Engineering Biology
Activities

Core key
words for
Engineering
Biology

"engineer"

"synthetic
biolog"*

"synthetic gene

network"

"biobrick"

"protein design"

"genetic circuit"

"gene regulatory
network"

"cell-free protein
synthesis"

"metabolic"

Non-health applications

Chemicals

Materials

Environment

Agriculture & Food

Health & Life
Sciences
applications

"fine "dye"* + "biofuel" + "biotech" AND
chemical™ | core core keywords | "seed" + core "comput™ AND "drug"
+ core keywords keywords AND ("development"* OR
keywords "discover" or "design"*)
"vitamin"* + | "paint"* + "biodiesel" + "transgenic" AND
core core core keywords | "seed" + core "Integrated drug
keywords keywords keywords discovery"
"polymer"™ | "cosmetic"* | "bioenergy" + | NEAR("modif"* "bacteria" AND ("drug
+ core + core core keywords | "seed" "geno"*, 5) + | dev"* OR "drug
keywords keywords core keywords product™)
"natural "aroma"* + | "bio refining" = | ("agricultural" AND ("small" AND molecule")
product™ + | core core keywords | "synthetic biology" + keywords
core keywords
keywords
"high value | "biobased" | "biofuel" AND | ("gene" OR "diagnostic" + keywords
chem" + + core "synthesis" + "genome"*) AND
core keywords core keywords | "edit"™* + core
keywords keywords
monooxyg | "biodegrad | NEAR("gas"* NEAR("synthetic" "ferment™*
enases eable" + "biomass", 5) "DNA", 5) AND
core + core ("plant"* OR "crop"*)
keywords keywords
"cytochrom | "fashion" + | "biogas"* + NEAR("synthetic"
e P450" core core keywords | "promoter"*, 5) AND
keywords ("plant™ OR "crop") | "T-cell" + core keywords

NEAR("natura
|ll llgasll’ 3) +
core keywords

NEAR("transcrip"*
"factor"*, 5) AND
(llplantll* OR llcropll*)

("immune cell" AND
"therap"*) + core
keywords

NEAR("gas" "CRISPR" AND "monoclonal” OR "Mab" +
"liquid” ("plant™ OR "crop™) | core keywords

"platform”, 3)

+ core

keywords

("butaneidol” ("synthetic" AND "vaccine" + core

OR "BDO") + "metabol"*) AND keywords

core keywords

NEAR("plant"
"carbon" "efficien"*,
5)
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Core key Non-health Health & Life Sciences
words for applications applications

Engineering
Biology

Chemicals | Materials Environment Agriculture and
Food

"protein” ("syngas" "synthetic fertili"* +

AND core keywords
"biomass") +
core keywords "gen"* AND "therap"*
"peptide"” "ABE" + core ("nutitrion"* AND
keywords ("plant™ OR
"crop"*)) + core NEAR ("drug" "target", 5)
keywords + core keywords

"personalised" +
keywords

"personalized" +
keywords

"k

"probiotic"* + keywords

("live biotherapeutics" OR
"LBP") + keywords

"targeted" + core
keywords
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