Evaluation of the Industrial Strategy

Challenge Fund

Baseline report

RAND Europe and Frontier Economics

March 2022
Prepared for UKRI



Executive Summary

The Industrial Strategy Challenge Fund (ISCF) is a mission-oriented research and innovation {R&I)
programme which supports the development of solutions to major industrial and socieral challenges facing
the UK. The Fund is primarily delivered through a set of 20 ‘Challenges’, each focusing on a pressing
industrial and societal issue, with business and academic partners invited to bid collaborarively for projects
that have the potential to contribute to addressing each Challenge. RAND Europe and Frontier Economics
have been commissioned by UKRI to undertake a fund-level evaluation of the ISCF. The aim of this
evaluation is to build an evidence base with which to judge the success and overall impact of the ISCF in

order to:
e Inform ongoing and future improvements to the ISCF to maximise the value of public funding
e Demonstrate the return on investment to taxpayers

e Build the evidence base on the impact of mission-oriented and challenge-focused R&I support as

part of UKRI's wider efforts to understand ‘what works’ in R&I policy and delivery

Alongside this evaluation, UKRI is also commissioning evaluations of each of the ISCF Challenges. We will
be building on these Challenge-level evaluations, as well as collecting our own data, to support the Fund-

level evaluarion.

In the previous phase of the work, we developed an evaluation framework for the Fund-level evaluation,
underpinned by a Theory of Change. This report sets out a baseline measurement for the evaluation. The
aim of the baseline measurement phase of the evaluation is to review quantitative and qualitative data on
the state of the UK R&T landscape in sectors relevant to the ISCF Challenges at the time of establishment
of the ISCF. The baselining phase also aims to consider contextual factors that might impact upon the
success of the ISCF, including potential barriers to, and enablers of, its implementacion and delivery. The
baselining phase will help to inform the impact evaluation of the ISCF — to be undertaken in later phases
of the evaluation — by allowing us to compare the achievements of the ISCF to what was already in existence

previously.

Baselining was conducted through four main methodologies: (i) a review of Challenge-level baseline reports,
where available; {ii) analysis of secondary data sources, consisting of publicly available dara (e.g. from the
Office for National Staistics) and data shared wich us by UKRT on the Fund and the wider portfolio of
UKRI funded research; (iii) a network analysis looking at the connections made within the funded portfolio;
and {iv) a series of five baselining workshops with stakeholders including Challenge Directors, award holders

and sector-level representatives. We have structured the baseline findings around five themaric areas



identified in the evaluation framework (see RAND Europe and Frontier Economics 2021 for more details).

A summary of the key baseline findings is also provided as a table in Annex E.

Creating knowledge and innovation pathways: A key aim of the ISCF is to create knowledge and advance

progress of innovation towards adoption and use. This spans the generation of new knowledge outputs, the

advancement and adoption of new technologies and innovations, engagement with different stakeholder

groups — including industry, policymakers and the wider public — regarding knowledge and innovation

outputs, and the promotion of evidence-based policymaking within the Challenge areas. In this area, we

identify the following baseline findings:

New technologies and innovations were already being developed in many Challenge areas at
baseline but in most cases, ISCF-funded projects were at a relatively early stage of readiness at
baseline, with most projects reporting Technology Readiness Levels (TRL) of 1 to 4, though even

within individual Challenges TRLs often varied across different funding streams.

In terms of the patent activity of ISCF participant organisations, findings from Challenge-
level baseline reports suggest that there was some activity in this area at baseline, with between
a quarter and a third of Challenges participants having applied for IP at baseline. More broadly,
the UK demonstrated strong patenting activity in the following Challenge areas at baseline: Data
to Early Diagnosis and Precision Medicine, Medicines Manufacturing, Robotics for a Safer World,

Quantum Technologies and Faraday Battery.

For Challenges for which we were able conduct bibliometric analysis, the performance at
baseline was strong, with normalised citation impacts and proportion of highly cited
publications well above world average. In-depth bibliometric analysis within specific Challenge
areas highlights that the UK was among world leaders in fields relating to the Robotics for a Safer
World, Industrial Decarbonisation, Faraday Battery and Quantum Technologies at baseline. At
the same time, there were some Challenge areas in which publications outpur was low, or where

publications were not a focus.

Evidence from Challenge-level baselining and Fund-level baselining workshops suggests that
there were consistent obstacles preventing the adoption of new technologies and innovations

at scale at baseline, including:

0 Issues around policy regulation and standards — such as lack of pressure from policy on
renewable packaging or lack of standards and certification for robotics technologies.
Common barriers posed by the existing policy landscape at baseline are summarised in

Figure 1.

0 Challenges in existing business models — such as incompatibility between Smart Local
Energy Systems (SLES) and existing supply-focused business models. However, we also
noted that for some Challenges (e.g. Audience of the Future and Next Generation Services)

there had already been experimentation with new business models at baseline.

0 Limited awareness of key stakeholders — there was general awareness of R&I
opportunities within the Chal]enge areas among policymakers at baseline. However, in

many cases, awareness of the specific needs of the Challenges was low, with significant gaps
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in policymakers’ understanding and engagement. For example, while there was good
awareness of the economic conrtribution of the creative sector to the UK, the role of R&I
within the creative industries was not well understood by policymakers, resulting in limited

funding to support R&I.

High costs and lack of investment — for example lack of funding for capital infrastructure
investments in the NHS, or lack of investment in R&I in some sectors such as the crearive

secror.

Barriers around data access and security — for example, lack of effective data-sharing
mechanisms to support distributed energy assets, or challenges obtaining data access

needed to support Al technologies in health.

Fragmentation of the sector — awareness of businesses regarding R&I opportunities
within the Challenge areas was varied at baseline, with some baseline surveys {e.g. in
services and farming sector) demonstrating good levels of interest among businesses in
Challenge-relevant technologies and innovations, whilst others found low levels of
engagement and understanding (e.g. low understanding in businesses of carbon capture,
utilisation and storage, or a long-standing disconnect berween academic research and

industrial innovation in the battery sector).

Lack of training or skills — for example, lack of digital skills as a barrier to adoption of

precision agriculture techniques, or lack of technical AT skills within companies.

Lack of infrastructure — for example barriers faced by businesses to accessing research

facilities and constraints on infrastructure within the healthcare system.
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Figure 1: Common barriers posed by existing policy landscapes at baseline
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Capacity and investment: The ISCF aims to increase capacity and investment in R&I in the UK. In
addition to public investment, this means ensuring generation of wider private and overseas Funding towards
addressing the Challenges and ensuring the skills and physical infrastructure are in place to enable,
encourage and capitalise upon that investment. In turn, the Fund aims to contribute to employment and
new business creation within the Challenge areas, paving the way for longer-term economic impact. In this

area, we identify the following baseline findings:

e At baseline, ISCF participant businesses had some experience funding and delivering R&D
projects but there was considerable variation across Challenges, reflecting broader variation in
levels of R&D across sectors. In the Faraday Battery and Medicines Manufacturing Challenges,
for example, participant organisations typically had numerous R&D investment projects at
baseline. In the Next Generation Services Challenge, meanwhile, more than half of participant
businesses invested less than £50,000 overall in Al and data applications R&D at baseline. In some
Challenge areas, such as Industrial Decarbonisation and Future Flight, business R&D expenditure

was concentrated within a small number of high-performing and/or well-established firms.

e There was evidence of overseas investment in UK R&D across many sectors, and foreign direct
investment in R&D (rotalling £5.06bn in the UK in 2018, of which £3.25bn was spent in
businesses) was particularly important within certain Challenge-relevant sectors, including the life

sciences sector and the chemicals, ceramics and metals sectors.

e  Wider investment in UK R&D and UK businesses varied considerably between sectors. There

was also public sector funding, which was important in some areas, notably aerospace and quantum
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technologies, but less well-established in sectors relevant to other Challenges (e.g. Next (Generation

Services and Audience of the Future). The third sector played an important role in funding medical

R&D.

Private sector investment in UK businesses also varied. For example, within the services secror,
the insurance industry alone raised £65.bn in private investment in 2017/18; while for the entire

creative services sector, £291m was raised berween 2017 and 2020,

Investment in R&I across several sectors was considered high-risk, with inadequate mechanisms
to support investment, adoption and scale-up {e.g. Low Cost Nuclear and Digital Security by

Design).

Several sectors faced difficulties sourcing the right type of skills at baseline, specifically
individuals with experience around innovation adoption and uptake. In general, sectors lacked a
programme of investment in skills. While some sectors relied on international, in particular
European, talent, this has declined since the UK’s exit from the European Union (EU). At baseline,
most [UK projects reported contributions to the development of new skills or the improvement of

existing ones,

There were gaps in R&I infrastructure and need for further investment. For some sectors,
infrastructure to support R&I was mostly missing. Tn others, there was some existing R&I

infrascructure, bur this lacked coordination, and did not support scale-up and adoption.

Across most sectors, equality, diversity and inclusion in the workforce was emerging as a topic,
with pockets of activity often concentrated in larger firms. However, overall activity was limited
and often focused on some aspects of diversity (e.g. gender) rather than a holistic picture of diversicy

and inclusion across a range of dimensions.

There was a general trend of increasing employment in R&D, with most UK R&D workers
employed in higher education and engineering professions, and within the public sector and the
manufacturing sector. With respect to employment more generally, there was considerable business
and job creation in some sectors and sub-sectors, with several others at a turning point. Across a

number of Challenge areas, a strong unmet demand for employment was noted.

Connected innovation ecosystem: The fostering of multi-sectoral, multidisciplinary and mulci-stakeholder

collaborations and networks is a core aim of the ISCF., A connected innovation ecosystem is necessary for

the development of innovative solutions but also to ensure that the wider environment for adoption and

improvement is in place. Through collaborative funding, as well as wider activities, ISCF funding aims to

bringing together coalitions of stakeholders to drive the Challenges forward. Linked to this, the Fund seeks

to contribute to international recognition of the UK as a leader within the Challenge areas. In this area, we

identify the following baseline findings:

Based on the evidence available, at baseline, most participants in the ISCF across Challenges
had some prior experience of business-business collaboration. For example, at baseline, 58 per
cent of participants in the Quantum Technologies Challenge had collaborated with other

businesses. Similarly, for the Transforming Construction Challenge, 81 per cent of survey



respondents from industry had collaborated with other construction businesses in the year prior to

TCC engagement.

There was variability in presence of business-academic collaborations at baseline, with low
levels of collaboration in some areas. For example, for the Data to Early Diagnosis Challenge, 83
per cent of respondents to a baseline survey of precision medicine firms reported collaborartions
with universities or other higher education insticutions. Similarly, 81 per cent of respondents for
the Transforming Construction Challenge reported that they had collaborated with
academic/research organisations in the year prior to engagement in the Challenge. By contras, for
the Next Generation Services Challenge, only around a third of organisations reported the

involvement of an academic partner in prior R&D projects.

The level of multidisciplinarity at baseline is comparable to TUK and UKRI averages, based on

scientometric analysis of baseline publications of ISCF award holders.

Academic institutions in the UK are broadly considered to have world-class expertise in a range
of areas relevant to Challenges. However, this recognition is not always reflected in industry
reputation, where the picture is more mixed and its strength reliant on a small number of key

players.

Network analysis of event attendance data suggests a rich pattern of connectivity and
engagement across the ISCF Challenges, with no obvious silos within the network. Event data
also suggests that ISCF Challenges can be grouped into five ‘communities’. Generally these
groupings are quite intuitive given the subject areas of the Challenges. For example, three
Challenges with an explicit focus on decarbonisation {Transforming Construction, Prospering
from the Energy Revolution and Industrial Decarbonisation) are grouped, as are a number of
Challenges with a clear focus on the manufacturing sectors. However, some connections are

perhaps more surprising, such as the link between Healthy Ageing and Audience of the Future.

By comparison, network analysis of project collaboration data suggests a more sparsely
connected network comprised of fewer organisations and with some siloes. Large organisations
are not significantly better connected than smaller organisations but may play an important
bridging role within the network. Project collaboration data also suggest different communities to

those based on event attendance darta, reflecting the different nature of project-based collaboracion.

Economic impact: Through the creation of knowledge and innovation pathways, enhanced capacity and

investment, and the establishment of a connected innovation ecosystem, the ISCF aims to deliver long-

term economic impacts for the UK. This includes the growth of UK businesses and expansion into new

markets and sectors, increased gross value added {(GVA) and productivity, and increased spread of economic

benefits across UK regions. In this area, we identify the following baseline findings:

The ISCF supports a wide variety of UK businesses working in sectors with very different
characteristics. Some businesses were working in large, well-developed sectors already on the rise
at baseline, while others were smaller and less well-established. For example, in 2016, the legal
services sector alone generated a total revenue of £35.4bn, while companies in the aviation and

aerospace sectors had a collective turnover of nearly £85bn at baseline. Smaller, emerging sectors,
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such as the creative immersive sector associated with Audience of the Future, had much lower
turnover; indeed, at baseline, two fifths of ISCF-funded businesses derived no turnover from

immersive content or technologies.

e  Wich some exceptions (notably Industrial Decarbonisation and Transforming Construction), the
GVA and productivity of Challenge-relevant sectors were largely increasing at baseline, in line
with wider trends for UK GVA growth.

¢ From the limited evidence available, most Challenge-relevant businesses were concentrated in
London and the South East. For example, the biggest proportion of precision medicine companies
are based in London (22.7 per cent) followed by the South East (20.7 per cent). Similarly, London
and the South East dominate the quantum technology sector with 23 per cent and 21 per cent of
relevant businesses based chere respectively. The regional skew is even more pronounced in the
creative immersive sector, where the London workforce accounts for almost 46 per cent of the rotal
workforce. This is in line with the broader distribution of all UK businesses at baseline, with
London and the South East accounting for 35 per cent of the UK business population in 2018,

and with trends in the geographical discribution of R&D investment in the UK.

Societal Impact: Tn addition to long-term economic impact, the ISCF also aims to contribute to a wider
range of societal impacts, including impacts on health and wellbeing, and the environment and

sustainability. In this area, we identify the following findings:

® At baseline, data on health indicated static or declining performance across several key metrics

including life expectancy, inequality and healthcare costs.

¢ Environmental and sustainability issues were already on the agenda — and resonating with the
public — but progress had been mixed, with greenhouse gas (GHG) emissions still relacively
flat. By design, ISCF Challenges target some of the key sectors identified as having high emissions

at baseline — notably manufacturing, transport and energy.

As well as helping to establish the Fund-level picture at baseline, we also used baselining workshops to
discuss wider factors, trends and interventions occurring in parallel to the ISCF that could contribute
towards (or indeed inhibic) the aims of the Challenges and the Fund overall. This will require ongoing
monitoring and review over the course of the evaluation, but an initial assessment at the outser allows us to
be alive to known trends and interventions from the start of our work, We identified both internal barriers,
due to UKRT and Innovate UK {TUK) processes, and wider contextual barriers or facilitators to the Fund’s
progress. Internally, participants in the workshops identified that some aspects of the ISCF’s design and
implementation have limited the Fund’s abilicy to deliver the intended impact in the Challenge areas. These
include the agility and flexibility of the Challenges, the scale and timeline of funding relative to the scale of
the Challenges, and management structures within UKRI. Taking a broader perspective, we identify a range
of wider factors that can support or inhibit the progress of the ISCF towards its intended goals which can

be broadly clustered into four themes:

¢ Regulatory and policy environment: Technological innovation is unlikely to be adopted where
there are significant regulatory barriers. Equally, a supportive policy environment can drive

signiﬁcant industry and wider engagement towards implementation.
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e Public acceptability and ethical issues: These were chiefly raised in relation to health-focused
Challenges. but could also prove to be an issue in other areas where novel technologies require

public acceprance to be implemented.

e Network of engagement across sectors: Across all sectors, the engagement of key stakeholders was
identified as an important factor that can influence the extent to which Challenges will be able to
deliver on their objectives. Key groups identified include policymakers, users and the investor

community. The value of existing networks and focal points for different areas was highlighred.

e Exogenous shocks: Key examples raised include the UK’s departure from the EU and the Covid-
19 pandemic. The effects of these are mixed and vary across Challenges — often providing both

opportunities and difficulties in different ways.

Broadly, the baseline situation in relation to the Fund reflects the purposes for which the Challenges were
established. In most cases, Challenges were intended to address market failures such as fragmentation of a
sector and a lack of a focal point to drive efforts in a specific area; the need for collective action to radically
rethink underlying technology in a sector; or the need for a significant shift in regulation or prevalent
business models to enable progress. The specific aims of the Challenges are reflected in the conditions at
baseline and therefore the Fund-level picture is correspondingly mixed. However, we can identify some
themes that broadly apply across contexts, in particular a lack of connections and interactions between key
stakeholders {whether between businesses, or with policymakers or other stakeholders); a need for
additional, or more often, specifically targeted investment to address a key challenge or issue; the lack of a
focal point around which a sector or field can coalesce; and a strong academic base which had not always

been translated to achieve its full innovative and economic potential.

This baseline assessment has several implications for the next steps in the evaluation. Firstly, this variability
means it is difficult to provide a quantitative assessment for indicators art this baseline point, and chis is
likely to be equally challenging at the Fund level for the overall impact evaluation. Tn addition, we will need
to continue to monitor wider trends and factors that may influence the progress of the Fund from baseline
over the course of the evaluation, building on this initial assessment, as these will continue to emerge and
evolve. These observations point to the planned contribution of an analysis-based approach being well-

placed to assess the available evidence and provide a meaningful evaluation of the Fund’s achievements.
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1. Introduction

This report sets out the baseline for the Fund-level evaluation of the Industrial Strategy Challenge Fund
{ISCF). The report has been prepared as the deliverable of ‘phase 2 of the evaluation plan, as specified in
the Tnvitation to Tender (ITT).

The report is structured as follows:

® The remainder of this introduction provides an overview of the ISCF, the aims of the Fund-level

evaluation, and the overarching evaluation framework

e  Chapter 2 presents the aims of the baseline measurement phase and describes the research methods

used to develop the Fund-level baseline
o  Chapters 3-7 are structured around cthe key evaluation themes to present the baseline findings

e Chapter 8 considers barriers, enablers and trends that may impact on the implementation of the

ISCF, as highlighted by the baseline findings

o Chapter 9 presents key conclusions of the baseline analysis and implications for the remaining

phases of the evaluation

The annexes of the report present additional supplementary information. Alongside materials related to the
preparation of this baseline report, the annexes also include the outcome of scoping work undertaken to
inform later phases of the evaluation. This includes implications of the preliminary network analysis
{conducted to inform this baselining report) for the final network analysis to be conducted as part of the
impact evaluation (Annex C}, and further scoping of the econometric analysis also to be conducted as part

of the impact evaluation (Annex D).

1.1.  The Industrial Strategy Challenge Fund (ISCF)

Delivered by UK Research and Innovation (UKRI), the ISCF supports the development of solutions to
major industrial and societal challenges facing the UK through the delivery of a mission-oriented research
and innovation {R&lI) funding programme with a total commitment of £2.6bn from the UK government’s
National Productivity Investment Fund (NPIF), combined with an additional £2.83bn in co-investment.
Under the ISCF’s mission-oriented approach, funding has been distributed through the creation of
individual ‘Challenges’, each focusing on a pressing industrial and societal issue, with business and academic
partners invited to bid collaborarively for projects that have the portential to contribute to addressing each
Challenge. Thus far, 20 such Challenges have been established. The ISCF portfolio also includes four



programmes (as well as wider investments) not established through the Challenge approach.! An overview

of the ISCF Challenges and programmes is presented in Table 1 below.

Table 1: Overview of ISCF Challenges and programmes

ISCF Challenge or programme

Challenges

Wave 1b

Faraday Battery The Faraday Battery Challenge aims to drive the growth of a strong battery
business in the UK through the development of battery technologies that are
costeffective, high-performing, longer-range, faster-charging, long-lasting,
safe and recyclable.

Medicines Manufacturing The Medicines Manufacturing Challenge aims to promote the UK as a world
leader in medicines manufacturing and the delivery of novel treatments. As
part of the Challenge, the Digital Health Technology Catalyst (DHTC)
programme supports R&D projects aiming fo accelerate the development
and commercialisation of digital health technclogies.

Robotics for a Safer World The Robotics for a Safer World Challenge supports the development of novel
robotics and Al technologies and systems to reduce the number of people
working directly in extreme environments.

Wave 2

Audience of the Future The Audience of the Future Challenge supports the development of
immersive experiences and technologies in the UK-based creative sector,
including research to better understand audiences for immersive
productions.

Data to Early Diagnosis and The Data to Early Diagnosis and Precision Medicine Challenge supports the

Precision Medicine development of precision medicine for improved early diagnosis and
treatment and accelerate the use of research and health data.

Healthy Ageing The Healthy Ageing Challenge aims te enable businesses, including social

enterprises, to develop and deliver scaled-up products, services and
business models to support people as they age.

Next Generation Services The Next Generaticn Services Challenge supports the UK's service industries
to use technologies such as artificial intelligence [Al] and data analytics to
develop the next generation of services.

Prospering from the Energy The Prospering from the Energy Revolution Challenge aims to accelerate

Revelution innovation in smart local energy systems.

Quantum Technclogies? Building on the UK's National Quantum Technology Programme, the
Quantum Technologies Challenge supports new products and technologies
based on advances in quantum science.

Transforming Construction The Transforming Construction Challenge aims tc accelerate a shift in the
constructicn sector towards manufacturing and digital processes and a
value outcome approach.

Transforming Food Production The Transforming Food Production Challenge supports the development and
adoption of new ways to preduce food with a view to improving the
productivity and resilience of primary food production while also reducing
emissions and pollution.

Wave 3

' The non-Challenge elements of include investments made under Wave 1a of the ISCF, including the Creative
Industries Clusters Programme and the following Wave 1b programmes: Self Driving Vehicles, National Satellite Test
Facility and Next Generation Aero Materials.

? Following on from the Quantum Technologies Challenge, the Commercialising Quantum Technologies Challenge
was established in Wave 3.
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The Accelerafing Detection of Disease Challenge supports research into the
early diagnosis, prevention and treatment of chronic disorders using
biological and digital data from up to 5 m volunteers.

The Digital Security by Design Challenge supports projects that help the UK
digital computing infrastructure to become more secure.

The Driving the Electric Revolution Challenge supports the UK's push
towards a net-zero carbon economy and clean technology supply chains
through investment in electrification technologies including power
electronics, electric machines and drives.

The Future Flight Challenge aims to bring together technologies in
electrification, aviation systems and autonomy fo create new modes of air
travel and capability, including all-electric aircraft and deliveries by drane.
The Industrial Decarbonisation Challenge aims to contribute to the UK's
drive for clean growth across heavy and energy intensive industries through
development and deployment of technologies such as carbon capture,
utilisation and sterage and hydregen fuel switching.

The Low Cost Nuclear Challenge aims to develop a compact, standardised
nuclear power station product based around a UK-designed Small Modular
Reactor {SMR).

The Smart Sustainable Plastic Packaging Challenge aims to tackle the
challenge of plastic pollution in the environment by facilitating the
development of a more sustainable plastic packaging value chain.

The Manufacturing Made Smarter Challenge aims to help the UK's
manufacturing industry become more productive and competitive through
innovation and the adoption of digital technologies.

The Transforming Foundation Industries Challenge supports the development
of innovative technologies, collaborations and investment in the foundation
industries in order to increase competitiveness and reduce environmental
impact. The six relevant sectors are as follows: cement, glass, ceramics,
paper, metals and chemicals.

The Creative Industries Clusters programme supports growth and
technological innovation within the creative economy through investment in
clusters of creative R&D across the UK.

The Self Driving Vehicles programme aims to develop nextgeneration Al
and contrel systems for driverless cars.

The National Satellite Test Facility programme aims to support the assembly,
integration and testing of space payloads and satellites.

The Next Generation Aerc Materials programme aims is to develop the next
generation of affordable lightweight composite materials for aercspace,
autemotive and other advanced manufacturing sectors.

Across all 24 Challenges and programmes, the ISCF has five cross-cutting objectives. These are to:

e Increase UK businesses’ investment in R&D and improve R&D capability and capacity

e Increase multidisciplinary and inter-disciplinary research around the Challenge areas

o Increase business-academic engagement on activities relating to the Challenge areas

¢ Increase collaboration between younger, smaller companies and larger, more established companies

within the value chain

e Increase overseas investment in R&D within the UK



By pursuing these objectives, all Challenges and programmes aim to contribute not just to the advancement
of new knowledge and technological solutions, but also to the advancement of cross-sector investment,

capacities, networks and collaborations within the relevant areas.

Since its establishment in 2018, the ISCF has adapted to a changing UK policy landscape. The UK
government, for example, has sought to adapt the ISCF to contribute to its ‘levelling up’ agenda, addressing
regional disparities in economic and social outcomes, and to also contribute to its aim to achieve net-zero
carbon emissions by 2050. While initially linked directly to the 2016 UK Industrial Strategy and the
associated Grand Challenges, the overarching strategic framework surrounding the ISCF has been altered
significantly by the termination of the Industrial Strategy, announced in February 2021, and its replacement
by a new post-Covid-19 ‘Plan for Growth’. Together with the new UK Innovation Strategy published in
July 2021, these changes could bring changes to the overarching objectives of the ISCF and, potentially,
what it is expected o deliver. It is also possible thar further adaptations will be made to the ISCF as a result
of a National Audit Office (NAQ) report on UKRI’s management of the Industrial Scrategy Challenge
Fund published in February 2021,% and a report of the House of Commons Public Accounts Commitree
{PAC) published in April 2021.4

1.2. Evaluation aims and structure

RAND Europe and Frontier Economics have been commissioned by UKRI to undertake a Fund-level
evaluation of the ISCF. The aim of this evaluation is to build an evidence base with which to judge the

success and overall impact of the ISCF in order to:
e Inform ongoing and future improvements to the ISCF to maximise the value Ofpul)lic Furlding
e Demonstrate the return on investment to taxpayers

e Build the evidence base on the impact of mission-oriented and challenge-focused R&I support as

part of UKRI’s wider efforts to understand ‘what works” in R&T policy and delivery

Alongside this evaluation, UKRI is also commissioning evaluations of each of the ISCF Challenges. The
Challenges are each being evaluated by independent evaluarors, with interim and final evaluation reports
for each Challenge to be delivered over the course of the Fund-level evaluation.” This Fund-level evaluation
seeks to complement these Challenge-level evaluations by focusing on what the Fund as a whole has
delivered. While drawing upon the findings and data collected in the Challenge-level evaluations, the Fund-
level evaluation will also seek to collect new data in order to understand the overall impact of the ISCF, as
well as to consider the overall contribution of the Challenge-led approach. The Fund-level evaluation will
be implemented through four overarching phases: evaluation framework development {phase 1, completed);

baseline measurement (phase 2, culminating in cthis report); review of Challenge-level evaluation findings

% National Audit Ottice, ‘UK Research and Innovation’s Management of the Industrial Strategy Challenge Fund.
February 3, 2021.

4 House of Commons Committee of Public Accounts, ‘Industrial Strategy Challenge Fund: Fifty-Sixth Report of
Session 2019-21, April 22, 2021.

> The non-Challenge ISCF programmes are not being evaluated in the same way.

4
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{phase 3, in progress); and primary data collection, analysis and reporting (phase 4, to be completed). The

evaluation phases and timeframes are visualised in Figure 2 below.

Figure 2: Evaluation implementation stages and timeframes

1.3.  ISCF Theory of Change and evaluation framework

The foundation for this Fund-level evaluation is an ISCF Theory of Change (T'oC). The ToC, developed
collaborarively with UKRI during the evaluation framework development phase, provides a description of
how the ISCF is expected to achieve its aims through a logic model approach identifying key ‘inputs’,
‘activities’, ‘outputs’, ‘outcomes’ and longer-term ‘impacts’ expected to result from the Fund. Over the
course of the evaluarion, dara and evidence will be collected to examine rhe extent to which the ISCF has
achieved the anricipated oucputs, outcomes and impacts. A visual representation of the ISCF ToC is
provided in Figure 3 below. A more detailed guide to the ToC has been presented in the evaluation

framework report.

In outining intended outputs, outcomes and impacts of the ISCF, the ToC is structured these around five
evaluation themes. Intended outputs and outcomes of the ISCF are structured around three evaluacion

themes related to the intended change mechanisms of the Fund. The three themes are as follows:

e Creating knowledge and innovation pathways: This theme will consider the contribution of the
ISCF to the development of new knowledge addressing the Challenges, and the promotion,
advancement, and adoption of new innovations. It will also consider the contribution of the ISCF

to stakeholder awareness and evidence-based policy surrounding the Challenges.

e Capacity and investment: This theme will consider the extent to which the ISCF has helped to

increase capacity and investment in R&lI in the UK. This will include the role of the ISCF in



leveraging private and public investment towards addressing the Challenges, and its contribution

to skills, infrastructure, employment and new business creation within the Challenge areas.

Connected innovation ecosystem: This theme will consider the extent to which the ISCF has
helped to foster multidisciplinary, interdisciplinary, multi-sectoral and multdi-stakeholder
collaboration and networks around the Challenges, as well as the contribution of the ISCF to

international recognition of the UK as a leader within the Challenge areas.

Intended impacts of the ISCF are structured around two key evaluation themes as follows:

Economic impact: This theme considers the extent to which the ISCF has delivered substantive,
long-term impacts for the economy, including the growth of UK businesses (including in

international markers), national and regional economic growth, and increased productivicy.

Societal impact: This theme considers the extent to which the ISCF has delivered substantial long-
term impacts for society, focusing on benefits to health and wellbeing, the environment and
sustainability, and infrascructure and services. It also considers the contribution of the ISCF to

wider societal impacts, including unanticipated impacts.

For each of these five themes, the evaluation framework identifies evaluation questions, indicators and data

collection mechanisms thar will be used to assess the contribution of the ISCF.



Figure 3: ISCF Theory of Change
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2. Baseline measurement — aims and approach

2.1, Aims of the baseline measurement phase

The aim of the baseline measurement phase of the evaluation is to review quantitative and qualitative data
on the state of the UK R&lI landscape in sectors relevant to the ISCF Challenges at the time of establishment
of the ISCF. The baselining phase also aims to consider contextual factors that might impact upon the
success of the ISCF, including potential barriers to, and enablers of, its implementacion and delivery. The
baselining phase will help to inform the impact evaluation of the ISCF — to be undertaken in phases three
and four of the evaluation — by allowing us to compare the achievements of the Fund to what was already

in existence previously.®

The baseline measurement phase builds upon the ToC and evaluation framework developed during che first
phase of this evaluation. As noted above (see Section 1.3), in outlining intended outputs, outcomes and

impacts of the ISCF, the ToC is structured around five evaluation themes:
e  Creating knowledge and innovation pathways
e Capacity and investment
e Connected innovation ecosystem
e Economic impact
e Societal impact

For each theme, the evaluation will collect data to assess the contribution of the ISCF in relation to specific
evaluation questions and indicators. To meaningfully assess the contribution of the ISCF across these
themes, however, it is first necessary to understand the baseline position of the UK R&I landscape within

each themaric area, against which the future concribution of the Fund can be compared.

Anather aim of the baselining phase is conduct scoping work to inform future phases of the evaluation.

Specifically, we have conducted further scoping to inform the nerwork analysis and econometric analysis

¢ Alongside the baselining conducted for this report, the evaluation will also employ other approaches intended to
understand the ‘counterfactual’ for the ISCF. When analysing the economic impact of the Fund, this will include the
use of a counterfactual set of businesses that did not participate in the ISCF to assess comparative performance over
time. We also propose to compare aspects of the ISCF's performance against a comparator set of non-ISCF IUK
awards. More informadion on the proposed approach to measuring economic measuring impact of the Fund is
presented in Annex D of this report.
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components of the impact evaluation. The outcomes of this scoping are presented in Annex C and Annex

D respectively.

2.2. Baselining methodologies

Our baselining approach consists of four main methodologies, as set out below.

2.2.1. Review of Challenge-level baseline reports

To inform our baseline measurement, we reviewed baseline reports submitted as pare of the evaluations of
individual ISCF Challenges. At the time of completing this baseline report, we had received 17 Challenge-

level baseline reports from UKRI. The baseline reports reviewed are listed in Annex A.

The review of Challenge-level baseline reports used the qualitative data analysis software MaxQDA to code
Challenge-level baseline findings against the Fund-level evaluation framework. For each aspect of the
evaluation framework, coded data was then analysed to draw our Fund-level baseline insights, including
through triangulation with data collecred through other methods. The data collected through the review of
Challenge-level reports also helped to inform and refine our approach to other dara collection methods, in

particular the baselining workshops described further below.

There were four Challenges (Health Ageing, Accelerating Detection of Disease, Driving the Electric
Revolution, Manufacturing Made Smarter) for which a baseline report had not been received at the time of
completing this report. In addition, baseline reports are not being submitred for three of the non-Challenge
ISCF programmes (Self Driving Vehicles, National Sarellite Test Facility, Next Generation Aero Materials).
As noted below (Section 2.3), where Challenge-level baseline reports are to be published in the future,
findings from those reports will be incorporated into this report via che addicion of an addendum, to be
produced once all remaining reports are available. For those non-Challenge programmes that will not
produce baseline reports, baseline data has been reviewed and incorporated into this report using market
analysis reports prepared for UKRI during the design phase of each programme.” While not providing a
comprehensive source of baseline data, these market analysis documents have helped to build an
understanding of some features of the landscape within relevant sectors prior to the establishment of ISCF

programimes.

2.2.2.  Secondary data source review

Alongside the review of Challenge-level baseline reports, we also reviewed secondary data sources. The aim
of this was to identify data that could help to provide broad quantitative measures relevant to indicators
used in the evaluation. The task broadly consisted of two main tasks: (i) analysis of centrally held TUK data

and (ii) analysis of wider secondary data.

7 At the time of submitting this baseline repore, market analysis reports had been shared for the Self Driving Vehicles
and Next Generation Aero Materials programumes.



UK centrally held data

Centrally held TUK data was used to consider the baseline performance of the wider IUK portfolio in areas
of relevance o the evaluation framework. The data shared by ITUK comprised treated and cleaned project
close-out form (PCF) dara from all TUK projects (including ISCF projects) initiated berween 2018 and
2021. For the purposes of baselining the wider TUK portfolio, ISCF projects were removed from the analysis
such thart the analysis did not reflect the impact of ISCF. Types of data used to inform our baseline analysis
include: the number of publications per project, the stage of projects with respect to protecting intellectual
property (IP}, the number of projects reporting contributions to skills development, the number of projects

with plans to produce academic and wider commercial spin-outs.

Wider secondary data

Wider secondary data was used to inform a picture of the national landscape regarding UK R&T prior to
the launch of the ISCF. The data reviewed included: Scopus and Dimensions data on publication outputs;
UK Innovation Survey data on measures of ‘innovation activity’; Office for Nacional Statistics (ONS) data
on R&D investment of UK businesses, overseas investment in the UK and R&D roles in UK businesses by
country and region; and Labour Force Survey dara on the R&D workforce. ONS dara was also used to
provide baseline measures for areas of long-term anticipated societal impacts of the ISCF, including life
expectancy, healthcare costs, proportion of energy from renewables, proportion of waste recycled, and

greenhouse gas emissions.

2.2.3. Baselining workshops

To further develop our baseline measurement, we conducted five baselining workshops. The aim of these
workshops was to explore qualitatively the baseline UK R&l landscape within broadly defined sectors
relating to the ISCF Challenges, while also considering contextual factors that may impact on the
implementation of the ISCF within each sector. The sectoral focus of the workshops was designed to enable
commen discussion of the context and landscape prior to the ISCF within different areas of the R&I

GCOSYStEIH .

Each baselining workshop was actended by:
e Challenge Directors of ISCF Challenges relevant to the sectoral theme
o A sample of [SCF award holders from ISCF Challenges relevant to the sectoral theme

o Representatives from wider sectoral bodies {including government departments) with expert

knowledge of the sector and/or the relevant Challenge areas

For each workshop, the inclusion of wider sectoral representartives not affiliated with ISCF Challenges was
considered important to ensure ‘external’ perspectives on the baseline position of the UK R&I landscape,
alongside the ‘internal’ perspective offered by Challenge Directors and award holders. The average number
of participants per workshop was 12. All workshops were conducted virtually using Microsoft Teams and
each lasted 3.5 hours. The structure of the baselining workshops is illustrated by Figure 4 below, Furcher
information on the topics covered by the workshops can be found in Annex B. Throughout the report we

have included evidence from the different workshops. Information has only been included in this reporc if
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we consider it to be a key observation or finding from that workshop, i.e. it was a point agreed upon by

several participants.

Figure 4: Structure of the baselining workshops

0.. ...

.‘.

11




2.2.4. Network analysis

As part of the baselining phase, we also undertook a preliminary network analysis. The network analysis
explores the connections between different ISCF Challenges and between the organisations engaging with
the Challenges in different ways {events and funded projects). The analysis provides initial insights into the
relationships between ISCF Challenges and the nature of collaboration across ISCF projects. We anticipate
that it will be beneficial to conduct a similar analysis as part of the final impact evaluacion, once the
Challenges are more developed (or, in some cases, complete) and more data is available on collaboration.
In this sense, the initial network analysis can be viewed as helping to establish a baseline for the final nerwork
analysis to be conducred at a later stage, as well as a “proof of concept’ in the (relatively novel) use of network
analysis to support programme evaluation in this way. However, it should be noted that this analysis is not
strictly a ‘baseline’ in the sense used elsewhere in this report. This is because the analysis is based on the

early outputs of the ISCF, rather than dara on the state of collaboration at the poinc that ISCF was

12
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established (which is evidenced through other forms of dara in this baseline report). Tt does, however,

provide a point of comparison for the later evaluation.

The initial network analysis examined two sources of data on the connections between ISCF organisations
and Challenges: (i) Knowledge Transfer Network (KTN) data on events organised by Challenges and
attended by organisations and (ii) Delphi, an internal UKRI dataset recording details of funded projects.
As explained in Chapter 5, both the KTN and Delphi data were analysed in two ways: as a network of

organisations and as a network of Challenges.

KTN event data

KTN data provided an anonymised list of artendees for ISCF events. This covers a broad range of types of
event, including briefings, webinars, workshops and networking events. For each attendee, the data
contained the name of the organisation they belonged to and the organisation ‘type’ (for example,
University or R&D Active Business).® The data accessed conrained informarion on 260 events held between

August 2017 and July 2021, attended by 4,424 distinct organisations.

We assigned each event to an ISCF Challenge based on its name. In most cases this was straighcforward (for
example, the event name included the Challenge name). However, some events could not be easily assigned.

Where we could not confidently assign an event to a Challenge, we did not include the event in the analysis.”

KTN data helped to identify connections between organisations and Challenges in terms of their
overlapping subject areas, commercial interests and ISCF engagement, and provided insights into the
structure of ISCF participation across Challenges. At the same time, mutual event attendance does not

necessarily imply a collaborative link between organisations.

Delphi project data

Delphi dara provided a list of organisations, the projects they are involved with, the grant funding they have
received for each project and the Challenge that the project is associated with. The Delphi data also provided
some information on the type and size of organisations (for example, academic or business and small,

medium or large).

Delphi data helped to capture formal collaborative links between organisations on ISCF projects. However,
it does not necessarily reflect other, possibly informal, collaborative links between organisations.
Additionally, the results will depend to some extent on the number of project grants awarded for each
Challenge to darte. The benefits and drawbacks of using KTN data and Delphi data as the basis for nerwork

analysis are discussed further in Chapter 5.

8 Evenrt attendees from UKRI and IUK were excluded from the data.

? Of the 260 events, we were unable to assign a Challenge in 45 cases {17%}. For two ISCF programmes, Next
Generation Aero Materials and Self Driving Vehicles, we did not identify any evenrts. As part of the final evaluation,
we suggest conducting a more intense manual exercise and validation with the Challenges and ISCF to increase this
match rate. If a significant group of events cannot be allocated we can, as a sensitivity, include an ‘unallocated’ group
in the network analysis.
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2.3. Other baseline data to be collected

The analysis presented in this report represents an important step in understanding the baseline picture of
the ISCF to compare later assessment of ISCF’s impact against. However, it is important to recognise that

later stages of the evaluation will also produce additional data with which to assess the baseline landscape.

Firstly, as noted above, for Challenges where baseline reports have not yet been published, buc will be
published in the future, key findings from these reports will reviewed be incorporated into this repore via
an addendum, to be produced once all remaining reports are available. The review of these additional
Challenge-level baseline reports will follow the same methodology as used for earlier published reports, with
findings coded against the evaluation framework using MaxQIDA qualitative data analysis software.
Incorporating data from these reports will help to ensure a more holistic coverage of ISCF Challenges in

the fund-level baseline.

Secondly, during the econometric analysis conducted in phase 4 of the evaluation, we will collect and
analyse data on the economic performance of both ISCF-supported firms and a suitable comparator set of
firms over time. This data, to be collected through matching of firms to external databases, will provide
further data with which to assess the economic landscape prior to the establishment of the ISCF. Data
collected through this process will be used, in addition to the present baseline report, when considering the
ultimate impact of the Fund. Attemprting to collect baseline data from these external databases art this stage
would have represented considerable duplication of effort. It is likely that any data collected at chis early
stage would be incomplete and have gaps {for example, as Challenges may not yer be able to provide full
lists of ‘treated’ firms). This would necessitate collecting and processing this data twice, which is not a trivial
task, given the secure access protocols required. Tt is worth noting that the key value of this dara is to trace
outcomes over time in the econometric analysis, which though relevant to understanding the baseline
landscape, is being used largely to aid the econometric analysis; in addition, it is likely that gaps or
incompleteness in the data at this stage (e.g. in Challenges being able to provide full lists of ‘treated’ firms)
would have required us to re-run the analysis again in phase 4 in any case. As a pragmatic, cost-effective
approach, we will therefore conduct this exercise once, in phase 4, with the most complete informarion

available.

2.4. Timeframe for the baseline

While the ISCF was announced in 2016, in practice, ISCF Challenges and investments have been
established gradually through a series of waves implemented over the subsequent years. The establishment
of different ISCF Challenges at different points in time has implications for the timeframe of baselining.
This is reflected in the approach to baselining taken by different Challenge-level evaluation teams, with
different evaluations adopting different baseline years, depending on the point at which the Challenge was
established. Because data collected from Challenge-level baseline reports represents a key source for this
baseline report, this has precluded the use of one specific baseline year. As such, this baseline report presents
darta from across the years in which existing ISCF Challenges have been baselined {in most cases 2017, 2018
or 2019) rather than for one specific year. While adopting this flexible approach to account for the data

presented wichin Challenge-level reports, other baseline methodologies have focused on collecting data for
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2018 as the baseline year. Where possible, data retrieved from secondary dara sources was collected for

2018." To facilirate focused discussion, the baselining workshops also adopred 2018 as the baseline year.

2.5. Llimitations of the baseline approach

Our baselining approach is also subject to a number of important limitations, as described below.

Most significantly, in many cases it has not been possible to quantitatively baseline evaluation indicators
in a meaningful way. A key factor in this respect has been the variability and inconsistency of baseline data
collected by individual Challenge-level evaluations. Each Challenge-level evaluation has its own evaluartion
framework comprised of indicators specific to the Challenge and its intended outcomes and impacts. As
such, the types of baseline data collected are rarely uniform across Challenges. Indeed, even where
Challenge-level evaluation indicators are aligned, Challenge-level evaluations have adopted different
baselining methodologies or, reflecting the differenc starc dates of Challenges discussed above, conducted
baselining with respect to different points in time. Moreover, at the time of writing this report, some
Challenge-level evaluations had not completed baseline reports (see Annex A). In view of all the above, the
arrival at quantitative baseline figures based on the aggregation of data from Challenge-level baseline reports
has in many cases not been possible. The baselining report therefore adopts a more mixed approach. While
drawing on quantitative data as presented within Challenge-level baseline reports, this data is combined
with quantitative and qualitative insights from other baselining methodologies — for example secondary data
and workshop findings — to provide an integrated analysis of the baseline landscape that is descriptive in
nature, focusing on key messages that characterise the R&I landscape in the UK prior to the establishment
of the ISCF. The implications of this lack of quantitative baseline indicarors for later stages of the evaluation

are discussed further in Chapter 9 of this report.

While this integrated, descriptive approach has enabled us to draw out key baseline messages, it must also
be recognised that the ISCF is a very diverse fund with Challenges spanning the R&I ecosystem, with
the result that the baseline picture is often varied. In analysing the evidence drawn from across baseline
methodologies, we have attempted to draw out cross-cucting insights that capture the Fund-level picture at
baseline. However, the diversity of the ISCF Challenges means that what holds for some Challenges may
not be true for all. Tn conducting our analysis, we sought to balance the need for Fund-level messages wich

capturing the important nuances that exist between individual Challenges.

In some cases, aspects of our Fund-level evaluation framework did not have direct parallels within
Challenge-level evaluation frameworks, meaning that no Challenge-level baseline data has been collected.
In most cases, this has been overcome by collecting data through other baselining methodologies, for
example secondary data sources or baselining workshops. However, there are some areas of the evaluation
framework for which it has not been possible to collect baseline data. Examples include the collection
of baseline data with respect the evaluation question: “T'o what extent has the ISCF enhanced understanding

of the effectiveness of mission-oriented R&I programmes and informed more effective policymaking for

19 In cases where this was not possible, e.g. where a source did not contain data for the year 2018, another vear (2017
or 2019) was used. For IUK data, to ensure broader coverage across the [UK portfolio, most analysis has considered
data on projects commencing in the years 2018, 2019, 2020 and 2021.
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mission-oriented goals?” Specific areas of the evaluation framework for which we have not been able o
collect baseline data are highlighted in the baseline findings table presented in Annex E. The implications

of this for the impact evaluation are also discussed in Chapter 9 of this report.

Finally, though the baseline analysis presented in this report represents an important step in understanding
the impact of the ISCF (enabling comparison of the ‘before’ and ‘after’ picture of the Fund)}, and, as noted
above, will be supplemented by additional baseline data later in the evaluation, baselining alone does not
provide a sufficient counterfactual with which to assess the impact of the ISCF. Firstly, any comparison
between the achievements of the ISCF and the situation at baseline also requires a consideration of the
wider factors that might have contributed to those achievements. Chapter 8 of this report therefore sets out
an initial assessment of some key barriers, enablers and dependencies that could support or inhibit the
ISCF’s progress towards its intended outcomes and impacts. Consideration of these wider barriers and
enablers and their interaction with the ISCF will represent an ongoing task throughour the evaluation.
Secondly, a meaningful evaluation of the impact of the ISCF will also require the use of counterfactual
approaches. This will include the use of a counterfactual set of businesses that did not participate in the
ISCF to assess comparative economic performance over time, and a comparartor set of non-ISCF TUK
awards to which other aspects of the ISCF's performance will be compared. More information on the

proposed approach to developing the counterfactual set of businesses is provided in Annex D.
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3. Creating knowledge and innovation pathways

A key aim of the ISCF is to create knowledge and advance progress of innovation towards adoption and
use. This spans the generation of new knowledge outputs, the advancement and adoption of new
technologies and innovations, engagement with different stakeholder groups — including industry,
policymakers and the wider public — regarding knowledge and innovation outputs, and the promotion of
evidence-based policymaking wichin the Challenge areas. In this chapter, we set out the baseline picture in

each of these areas, through sections focus on:

e Advancement and adoption of new technologies, products and processes: Providing baseline
evidence for two evaluation questions: “To whar extent has the ISCF advanced the readiness of new
technologies, products and processes?” and “To what extent have ISCF outputs (technologies,

products, processes, services, approaches, etc.) been implemented/adopted within sociery?’

e Knowledge creation: Providing baseline evidence for the evaluation question “What has the ISCF

contributed to new knowledge addressing the Challenges, both within the UK and internationally?’

o Stakeholder awareness: Providing baseline evidence for the evaluation question “T'o what extent
has the ISCF leveraged knowledge and insights to create increased awareness and understanding

among key stakeholders of new technologies and outputs addressing the Challenges?’

e Policy landscape: Providing baseline evidence for the evaluation question “T'o what extent has the

ISCF contributed to evidence-based policymaking surrounding the Challenges?’
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3.1.  Advancement and adoption of new technologies, products and
processes

Evaluation questions:

1. To what extent has ISCF advanced the readiness of new technologies, products and
processes?

2. To what extent have ISCF outputs (technologies, products, processes, services, approaches,
efc.) been implemented/adopted within society?

Overarching key message: New technologies and innovations were already being developed
in many Challenge areas at baseline but faced consistent challenges to implementation and
adoption at scale.

New technologies and innovations were already being developed in many Challenge areas at baseline.
During baselining workshop discussions, stakeholders highlighted a number of areas in which cthere was
considerable activity surrounding the piloting of new technologies and innovations prior to the
establishment of the Challenges."" Areas highlighted by stakeholders as being already active in this respect
included digital health; battery research; carbon capture, utilisation and storage (CCUS}; smart local energy
systems (SLES}; and renewable packaging and agricultural technologies.'” Data from the UK Innovation
Survey provide a broad overview of levels of ‘innovation activity’” among UK businesses. For the period
2016-2018, these data suggest varying levels of innovation activity by sector'®, with higher levels of activity
among businesses within research and experimental development on social sciences and humanities,
computing and ICT, and manufacture of cransport equipment. Other Challenge-relevant sectors with high
levels of innovation activity included architectural and engineering activities and various types of
manufacturing, including of fuels, chemicals, food and paper. Figure 5 below presents Innovation Survey

data on ‘innovation activity’ in sectors relevant to ISCF Challenges.

"' “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare,” September 8, 2021; ‘ISCF Fund-
Level Evaluation: Baselining Workshop on Transport and Space,” September 24, 2021; ‘ISCF Fund-Level Evaluation:
Baselining Workshop on Energy,” September 23, 2021.

12 ‘ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare’; ‘ISCF Fund-Level Evaluation:
Baselining Workshop on Transport and Space’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

B According to the UK Innovation Survey methodology, a business is ‘innovation active’ when it engages in any of
the following activities: a. The introduction of a new or significantly improved produet {good or service) or process;
b. Engagement in innovation projects not yet complete, scaled back, or abandoned; ¢. New and significantly improved
forms of organisation, business structures or practices, and 111arketi11g Concepts or strategies.

" With respect to sectors, Innovation Survey dara refers to Standard Industrial Classification (SIC) codes.
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Figure 5: Percentage of ‘innovation active’ businesses by sector {2016-2018) {ISCF Challenge-
relevant sectors only}
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3.1.1.  Patents and IP

Reflecting the prior existence of innovation activities, the UK had a solid track record of patenting
within several Challenge areas at baseline. Evidence available from Challenge-level baseline reports shows
that the UK had scrong patenting acrivity in fields related ro five Challenges': Dara to Early Diagnosis and
Precision Medicine, Medicines Manufacturing, Robotics for a Safer World, Quantum Technologies and
Faraday Battery. While output in many of these areas was low compared to global leaders — a position
occupied in most cases by the United States and China — in many cases, UK patent outputs were either
higher or similar to other international comparators such as Germany, France, Canada and Japan. In three
areas — Medicines Manufacturing, Faraday Battery and Roborics for a Safer World — UK patents also
performed strongly in terms of patent strength.'® Table 2 presents more information on the baseline

performance of UK patents within Challenge-related fields, as presented in Challenge-level baseline reports.

15 These were the only Challenge-level baseline reports for which baseline parent data was provided.

16 Patent strengeh provides a score of the innovative strength of a patent based on factors such as patent age, citations,
protected jurisdictions, patent family members and technical breadih. All Challenge-level baseline patent strength
analyses were conducted using the same proprietary strength algorithm developed by Clarivate Analytics.
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Table 2: Key findings on UK patenting in Challenge-related fields at baseline

Challenge

source

Medicines

ManuFacfuringW

Patent outputs

Between 2007 and 2G18, UK patent activity in

fields related to medicines manufacturing and
digital health remained at a steady level, with
an average of approximately 570 inventions
(DWPI patent families) per year. The total
number of UK inventions between 2007 and
2G18 was 6,267, accounting for around 2% of
glebal activity. By comparison, the countries
with the highest number of inventions across this
period were China {239,364 patents,
accounting for 66% of global activity] and the
USA (74,587 patents, accounting for
approximately 21% of glebal activity]. Within
the European regicn, the UK had the second
highest number of patent filings behind
Germany (9,042 patents, approximately 2.5%
of global activity].

Patent strength

The average patent strength score of
UK patents was 44.8, higher than
China (17.8), the USA [40.5) and
South Korea {32.5). 47% of UK patents
in medicines manufacturing and digital
health fields were classified as ‘very
strang’. Fer comparator countries, the
average share of patents given this
classification was anly 15%.

Faraday
chery] 8

Between 2007 and 2018, the UK ranked fifth
in this field in patent activity associated with
battery technologies. However, of a total of
110,000 inventions {DWPI patent families) filed
during this period, the UK accounted for only
2,251, {approximately 2%). The countries with
the highest inventive activity in the period were
Japan {64,837 inventions) and the USA
{27,870 inventions). Germany accounted for
11,892 inventions, while France performed at a
similar level to the UK, with 2,683 inventions.
Notably, UK patent perfarmance decreased
steadily from 2012 onwards (following
increases between 2007 and 2012).

The average strength of UK patents
between 2007 and 2018 was 34,
placing the UK fifth globally behind
Sweden, the USA, France and Spain.
22% of UK patents are classed as ‘very
strong’ with 24% classed as 'somewhat
strong’.

Robotics for
Safer World'®

a

Of a total of 3,727 inventions (DWPI patent
families) mentioning concepts of robotics and Al
in extreme environments between 2010 and
2017, the UK accounted for o total of 231, or
6%. The USA and Japan were the most active
countries in this space, accounting for
approximately 58% and 15% of global activity
respectively. The UK was ahead of competitors
such as Germany, France, India, Canada and
[srael.

The average strength of UK patents
between 2010 and 2017 was 41.7,
higher than Japan (28.5), Germany
{37.3) and India {32.1} but lower than
Israel (53.9), the USA (42.7) and
France (44.3). 51% of UK patents were
classified as ‘strong”, compared to 47%
patents from nen-UK countries.

7 Ipsos MORI, Technopolis Group, and George Barrett, ‘Industrial Strategy Challenge Fund: Medicines

Manufacturing - Baseline and Process Evaluation Report,” April 2019.

'8 Ipsos MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Report,” August 2019.

! Technopolis Group and Ipsos MORI, ‘ISCF Robotics and Artificial Intelligence in Extreme Environments - Baseline

and Process Evaluation Report,” April 2019,
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e The UK ranked fifth in the world in quantum
technology patenting at baseline, with 147
quantum technology patents ebtained between
1990 and 2017. The position of the UK within
the top five countries has been consistent

CuEmRim throughout this period. The USA and China are

the leading players in the quantum technology

space, having obtained 1,345 and 643 patents

respactively between 1990 and 2017.

However, UK cutput compares favourably to

Germany and Canada, two comparator

countries used for the baseline analysis.

Techneclogies?®

Liie o ety e Atbaseline, in 2017, the number of UK

Diagnosis  and ‘medtech’ patent applications was 374.

Precision

Medicine?'

Source: RAND Europe analysis of Challenge-level baseline reports

In terms of the patent activity of ISCF participant organisations, findings from Challenge-level
baseline reports suggest that there was some activity in this area at baseline. Indeed, where data on the
baseline patent activity of Challenge applicants or participants was captured, on average, somewhere
berween a quarter and a cthird of respondents had applied for TP relating to their ISCF projects ar baseline.”
A baseline survey of applicants (successful and unsuccessful) to the Medicines Manufacturing Challenge,
for example, showed that 27 per cent had registered IP (in the form of patents, designs, trademarks or
copyrights) related to their proposed project at the time of application, of which 14 per cent had already
licensed their IP.** Meanwhile, a baseline survey of successful applicants to the Robotics for a Safer World

Challenge found thar around one third had prior TP activity related to Roborics for a Safer World.*

Figure 6 and Figure 8 present data on the IP acrivities of TUK projects at baseline. Figure 6 presents the
number of TUK projects reporting that they had been granted or applied for IP rights for patents developed
jointly, while Figure 7 presents the number of projects reporting that they had been granted or applied for
IP rights solely. In both cases, the data covers the IUK portfolio excluding projects funded under the ISCF

and is based on reporting in PCFs, with data presented by project start date.” This analysis of baseline IP

? Technopolis Group, ‘ISCF Quantum Technology Programune Evaluation - [D3] Phase 2.2: Baseline Report,” June
2021.

2 SQW, ‘Dara to Early Diagnosis and Precision Medicine: ISCF Challenge Evaluation - Baseline Evaluation Report)
July 2021.

2 Tpsos MORI, Technopalis Group, and Barrett, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report’; Ipsos MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery
Challenge - Baseline Report.

* Ipsos MORI, Technopolis Group, and Barrett, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report.’

24 Technopolis Group and Ipsos MORI, ‘ISCF Robotics and Artificial Intelligence in Extreme Environments - Baseline
and Process Evaluation Report.’

3 While the data presented here provide a general sense of IP activities of [UK projects, it should be noted that data
collected through PCFs may be subject to under-reporting.
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activity of non-ISCF TUK projects provides an overall benchmark against which to compare the T activity

of TSCF-funded projects during the later impact evaluation,

Figure 6 and Figure 7 show that in both cases, a majority of TUK projects had eicther no formally protected
IP or had considered but not applied IP rights. By comparison, a smaller proportion of projects reported
having been granted, or applying, for IP rights, particularly the case of jointly developed patents. The picture

was similar for projects commencing in 2018, 2019, 2020 and 2021.

Figure 6: Number of IUK projects reporting IP activities relating to jointly developed patents

Granted IP rights:

Applied for IP rights-
Project start date

Considered IP rights-

Not formally pretecting IP

Number of projects

Source: RAND Europe analysis of IUK data

Figure 7: Number of IUK projects reporting IP activities relating to solely developed patents {2018-
2021)
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Source: RAND Europe analysis of IUK data

3.1.2.  New products and services

In some Challenge areas, there is evidence that new or improved products and services were being
developed at baseline. For example, a baseline survey of participants in the Audience of the Future

Challenge showed that, on average (mean), 2.40 new creative immersive products and 2.55 new creative
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immersive services had been developed by participant organisations during the previous two years.” A
baseline survey of businesses participating in the Creative Industries Clusters Programme found that 60 per
cent of businesses had developed at least one product, tool or service over the period 2017-2020, with 35
per cent of businesses reporting the development of more than one product, tool or service. Moreover, 26
per cent of Cluster businesses reported that they had brought one product, tool or service to market during
this time, with 12 per cent of businesses having brought ar least two.” A survey conducted to baseline the
Data to Early Diagnosis and Precision Medicine Challenge found that 70 per cent of precision medicine
firms surveyed had introduced new or significantly improved products, processes or services during the
previous three vears.® Meanwhile, 55 per cent of foundation industry company respondents to a
Transforming Foundation Industries baseline survey reported introducing new or significantly improved
products in the previous financial year (2019/20), with 49 per cent reporting that they had introduced new
or significantly improved processes during that time.”” Challenge-level baselining suggests that business
participants had more experience in the development of new or improved products and services than
academic counterparts.”” At the same time, Challenge-level baselining also highlighted some areas where
the development of new or improved products and services was more limited. A baseline survey of applicants
to the Quantum Technologies Challenge, for example, found that only 4 per cent of business applicants
had launched a new quantum technology-related or -enabled product or service to market during the

previous five years.”

3.1.3. New business models

There is also evidence that new business models were being established in some Challenge areas at
baseline. Among successful applicants to the Audience of the Future Challenge, for example, a baseline
survey showed that the average (mean) number of new business models trialled or tested during the previous
two years was 1.34, with the majority of activity surrounding innovative business models taking place in
the immersive sector.™ Meanwhile, a baseline survey of applicants to the Next Generation Services
Challenge found that 47.3 per cent of successful end-user applicants had trialled or tested new business

models within the past two years.”” One example of a new business model trialled includes the use of AT

% Technopolis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim
Process Evaluation Report,” April 2020.

¥ Frontier Economics and BOP Consulting, ‘Evaluation of the Creative Industries Clusters Programme - Phase 2
Baseline and Inidal Impact Reporting - the CRPDs’ 2021.

# SQW, ‘Data to Early Diagnosis and Precision Medicine: [SCF Challenge Evaluation - Baseline Evaluation Report’

* SQW, ‘Transforming Foundation Industries: Industrial Strategy Challenge Fund Evaluation - Baseline Report’ May
2021.

¥ Technopolis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim
Process Evaluation Report’

3! Technopolis Group, ISCF Quantum Technology Programme Evaluation - [[33] Phase 2.2: Baseline Report’

** Technopolis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim
Process Evaluation Report’

3 Technopolis Group, ‘ISCF Next Generation Services Evaluation - |D2] Baseline Report - Draft’
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and machine learning technologies to enable at-scale practices of previously unscalable business practices

. 4
(e.g. accountancy services).”!

3.1.4. Technology readiness

In most cases, ISCF-funded projects were at a relatively early stage of readiness at baseline, with most
projects reporting Technology Readiness Levels (TRL) of 1 to 4. This is illuscrated by Figure 8 below,
which presents findings on the TRL of ISCF-funded projects as derived from Challenge-level baselining
reports. Challenges whose projects focused around TRLs 1 to 4 include Audience of the Future, Future
Flight, Quantum Technologies, Medicines Manufacturing, Faraday Barttery, Low Cost Nuclear and
Prospering from the Energy Revolution, suggesting that an early stage of readiness was common across
different sectors. A small number of projects within the Audience of the Future and Quantum Technologies

Challenges were already at an advanced state of readiness, i.e. TRLs 8 or 9.7

Notably, within individual Challenges, TRLs often varied across different funding streams. Wichin the
Audience of the Future Challenge, for example, projects funded by the Challenge’s Tnvestment Accelerator
strand typically had a higher TRL than those under the Production Tnnovation and Immersive Content

36

and Design Foundations strands.”™ Similarly, Prospering from the Energy Revolution Key Technology

Component projects had a higher TRL on average than projects funded under the Fast Start strand.”

i Technapolis Group.

# Technopolis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim
Process Evaluation Report’

36

Technopolis Group and BOP Consulting.

¥ Ipsos MORI and Technopolis Group, ‘Industrial Strategy Challenge Fund: Prospering from the Energy Revolution
- Evaluation Baseline Report” October 2020,
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Figure 8: Key findings on TRLs of Challenge projects at baseline

Faraday
Battery

Low Cost
Nuclear

Most CR&D
projects at

TRL 3

Source: RAND Europe analysis of Challenge-level baseline reports
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3.1.5. Barriers to the advancement and adoption of technologies and innovations

While there is evidence of innovation activities across the Challenge areas at baseline (as presented
above), across all Challenge areas, there were also consistent obstacles preventing the adoption of new
technologies and innovations at scale. Indeed, evidence derived from Challenge-level baselining reports
and Fund-level baselining workshops identified wide-ranging barriers to the scale-up of new technologies
and innovations, including many common barriers across different Challenge areas. Key themes highlighted
included barriers relating to: the maturity of key enabling technologies; policy, regulatory and standards
frameworks; existing business models; stakeholder awareness; costs and investment; data access and security;

fragmentation; training and skills; and infrastructure.

Figure 9 below provides specific examples of issues pertaining to each of these themes drawn from across
the Challenge areas, drawing on evidence from Challenge-level baselining and Fund-level baselining
workshops. The list of examples is not intended to be exhaustive. Rather, the intention is to provide an
illustrative overview of different types of barriers to scale-up and adoprion encountered across different

Challenge areas at baseline.

Notably, several of the themes highlighted as key barriers to adoption are aligned with the objectives of the
ISCF as set out in the Fund-level Theory of Change. For example, where evidence suggests thac a lack
stakeholder awareness is a common barrier to adoption of technologies and innovations within the
Challenge areas, the generation of increased stakeholder awareness of technologies and innovations
addressing the Challenges is also an explicit element of the ISCF ToC. As such, a more derailed analysis of
the baseline situation with respect to several of the barriers set out in Figure 9 is presented throughout this
report. In addition to further analysis of stakeholder awareness and policy landscapes at baseline (the
remaining sections of this chapter), this includes further consideration of the baseline context surrounding

investment and skills (Chapter 4) and networks and collaboration (Chapter 5).
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Figure @: Common barriers to scale-up of new technologies and innovations across Challenge

areqas

o lack of pressure from policy on renewable packaging [Smart

Sustainable Plastic Packaging)

e Uncertainty around  postBrexit policy and  regulatory
environment for agrifood sector [Transforming Food

Production)

o Lack of standards and certification for robetics technologies

{Robotics for a Safer World)

o Lack of knowledge among farming community regarding
of return on investment from agritech (Transtorming Food

Production)

o Low understanding of CCUS and hydrogen technologies
among businesses (Industrial Decarbonisation)
o low public awareness of SLES (Frospering from the Energy

Revolution)

o Challenges obiaining data access needed to support Al
technologies in health {Data to Early Diagnesis and Precision

Medicine)

e Potential for dato security regulations to limit technology
developers’ access 1o large quantities of end-user data [Next

Generation Services)

o lack of effective dotasharing mechanisms 1o support
distributed energy assets (Prospering from the Energy

Revolution)

o lack of tachnical RAI skills within businesses {Robotics for a

Safer World)

o lack of digital skills as a barrier to adoption of precision
agriculture techniques (Transtorming Feod Production)

e Data and technical skills
(Creative Industries Clusters)

barriers within  businesses

Ki
enabling
technologies

Policy,
regulation
and
standards

Business
models

Cost and
investment

Data access
and security

Fragmentation

Trainin
and skiﬁs

o Low maturity of data and energy system integration technologies
{Prospering from the Energy Revolution)

o Impact of existing service sector business models and ownership
structures — e.g. billing by hour and partnership medel - on
capital investment in innovation {Next Generation Services)

e Incompatibilities between SLES and existing supplier-focused
business models (Prospering from the Energy Revolution)

o Construction industry’s reliance on sub-contracting and manucl
labour and implications for cdoption of new innovations
(Transtorming Construction)

o High cost of agritech and limited availability of capital to invest
{Transforming Food Production)

o lack of funding for the capital infrastructure investments in the
NHS [Medicines Manufacturing)

o Tendency of service sector firms to avoid capital investment in
technologies and dafasets [Next Generation Services)

o Barriers faced by businesses in gaining access to finance and
funding (Creative Industries Clusters)

o Fragmeniation in research areas preventing development and
adoption of new therapies {Medicinas Manutacturing)

o Disconnect batween academic research on battery technologies
and industrial applications (Faraday Battery)

o Technology development concentrated in larger firms [Robotics
for o Safer World)

o lack of access to research facilities [Creative Industries
Clusters)

o Constraints on NHS infrastructural capacities [Medicines
Manutacturing)

Source: RAND Europe analysis of Challenge-level baseline reports/Fund-level baselining workshops
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3.2. Knowledge creation

Evaluation question: What has the ISCF confributed to new knowledge addressing the Challenges,
both within the UK and internationally?

Key message: The UK has a strong track record in terms of publications ouilput and quality,
which was reflected in several Challenge areas at baseline. At the same time, there were some
Challenge areas in which publications oulput was low, or where publications were nof a focus.

At baseline, the UK had a strong publications® track record relative to the country’s size and scale of
R&D investment. According to Scopus data, the UK published 212,876 publications in 2018, equating
to 7 per cent of the total world publications output and the third highest share of publicarions behind the
United States and China (Figure 10). UK publications were also highly cited, with the UK recording the
highest field-weighted citacion impact (FWCI)* among G7 and other comparator countries, a position it
has held since 2007 (Figure 11).

* The analysis here focuses on UK performance with respect to peer-reviewed academic publications. While academic
publications are used here as a proxy for knowledge creation, there are certain limitations that are important to
recognise. For example, the generation of ‘new’ knowledge may not be a requirement for all publications, and some
publications, e.g. replication studies, reviews, may have other purposes than the creation of new knowledge per se.
Equally, it is not the case that all new knowledge is published in academic publications. Some new knowledge may be
published in other forms {e.g. grey literature and reports), while other knowledge may not be published at all.

# FWCI compares the actual number of citations received with the average number of citations received by
publications published in the same year, discipline, and formar {(book, article, review, conference paper). A value of
1.0 represents the world average. The overall FWCI presented in Figure 11 is the average of the FWCI for each specific
publication.
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Figure 10: Share of the world’s publications by country (2018)*°
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Source: RAND Europe analysis of Scopus data compiled by BEIS

“ Data compares UK with all G7 countries (Canada, France, Germany, Italy, Japan and the United States), as well as
Brazil, China, India, Russia, and South Korea.

29



Figure 11: Field-weighted citation impact by country (2007-2018) 4
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Source: RAND Europe analysis of Scopus data compiled by BEIS

The UK’s strong track record in terms of publications output and quality was reflected in several
Challenge areas at baseline. Looking at the publication outpurt of individuals funded through ISCF
Challenges over the period 2014-18 (i.e. prior to award), for those Challenges where we were able to match
individuals in the bibliometric database, the performance was strong, with the normalised citation numbers
and the proportion of publications which were highly cited well above world average (Figure 12), as well as
above UK average performance as indicated in Figure 11. The average Field Citation Ratio at baseline across
the Fund was 4.32, and 18 per cent of the prior articles were in the top 5 per cent of most highly cited
articles. However, for some Challenges the numbers of articles identified is small, and as such the analysis
should be treated with caution, as shown in Figure 12. Further, for four Challenges” we were unable to
match any funded individuals with publications in the bibliometric database, and for another Challenge™
individuals matched were not associated with any articles published in the timeframe {2014-2018) and as

such are not included in this analysis.

! Data compares UK with all G7 countries (Canada, France, Germany, [taly, Japan and the United States), as well as
Brazil, China, India, Russia and South Korea. Some countries have been removed from the graph for presentational
purposes.

42 Accelerating Detection of Disease, Low Cost Nuclear, National Satellite Test Facility, Self Driving Vehicles

3 Next Generarion Aerospace
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Figure 12: Analysis of baseline publication output of individuals associated with the ISCF {2014-2018)4

Average Field . . .
0,
Challenge N”’T‘be_‘ of Number of Articles Citation Ratio Number of_hlghly /"h'gh'y cited
publications cited articles articles

(FCR)
g2g I 01 L ee 154 L 26%
29/ 25 [GI0E | 5 [ 209
140 61 Sy | 15 259
21911 206 NS 30 B 53 260
323l 182 IS 30 | 31 I 179
Robotics for a Safer World ey 187s [ 11 272 N 14%
Transforming Construction N 1861 1334 T 434 00 236 Y 18%
Future Flight 3 I 403 0%
Data To Early Diagnosis and Precision Medicine __2 _ 4.22 __ 19%
Audience of the Future 120| 87 _ 4.21 | 15 _ 17%
Smart Sustainable Plastic Packaging 1035 I o925 Y 3030 134 I 14%

Prospering From the Energy Rewolution
Manufacturing Made Smarter

Quantum Technologies Wawe 2
Transforming Foundation Industries
Next Generation Senices

Industrial Decarbonisation 1690 - 1500 _ 3.84 - 265 _ 18%
Digital Security by Design 1013 so3 I 369! 29 N 10%
Healthy Ageing 1873 N 1513 I 350 183 I 12%

69| 4s Y 350 g I 17%
103/ 4s N 303 o I 13%
Medicines Manufacturing 185 144 N 281/ 16 11%
Faraday Battery Challenge 73 | 53 - 1.95 | 5 - 9%
Driving the Electric Rewolution 2 2 0.00 0 0%

Transforming Food Production
Commercialising Quantum Wawe 3

Source: RAND Europe analysis of Dimensions data provided by Digital Science.

“ Average Field Citation Ratio gives the average number of citations per publication normalised for field and year of publication. Number and percentage of highly cited articles refers
to those in the top 5% for the number of citations for the year and field of publication.
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The UK’s strong publications track record is supported by the evidence from the available Challenge-level
baseline reports, which suggest that the UK performed strongly in fields relating to the Robotics for a Safer
World, Industrial Decarbonisation, Faraday Barttery and Quantum Technologies.” Between 2009 and
2017, for example, the UK had the third highest publications outpuc of all countries in fields relating to
the Roborics for a Safer World, with papers in these fields also performing strongly compared to
international comparators in terms of average citation impact and inclusion within the top 10 per cent most
highly cited papers.® Table 3 below presents information on the baseline performance of UK publications

within Challenge-related fields as presented in Challenge-level baseline reports.

* Baselining of the Data ro Early Diagnostics and Precision Medicine Challenge shawed that publications in relevant
fields had been growing in the years 2011-2017. However, no information was provided on how these numbers
compared to international comparators.

* Technopalis Group and Ipsos MORI, ‘ISCF Robatics and Artificial Intelligence in Extreme Environments - Baseline

and Process Evaluation Report’.
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Table 3: Key findings on UK publications in Challenge-related fields at baseline

Challenge Publications outputs Citation metrics

Robotics  for
Safer World*”

Industrial

a

Decarbonisation*®

Faraday Battery

Quantum
Technologies™

49

Between 2009 and 2017, the annual number of
UK papers on robotics and Al in extreme
environments rose from 30 to 79. Overall, 466
UK papers were puklished during the period, the
third highest output behind the USA (1,671
publications) and China {989 publications).

Between 2010 and 2018, UK publication
outputs in  fields related 1o industrial
decarbonisation accounted for 28% of overall
global research in these fields. However, UK
academic productfien in these fields has been
growing less quickly than non-UK research.

Between 2008 and 2017, the annual number of
UK papers on battery technologies rose from 41
to 322. Cverall, however, the UK ranked 10th
worldwide in publications output (with a total of
1,731 papers] and significantly behind the two
largest publishing countries of China {29,950
publications) and  the USA (12,550

publications).

In 2017, UK papers accounted for 9% of the
world’s total quantum technology publications
(though this number reduces to 5% when
“fractional counting’, which allocates authorship
proportionally to each author of a paper, is
applied). In terms of total number of papers, the
UK ranks 4™ behind China, the USA and
Germany. Between 2008 and 2017, the number
of UK quantum technology papers saw a
compound annual growth rate of 5.76%).

47 Technopolis Group and Ipsas MORI.
*# Ipsos MORI, ‘Industrial Decarbonisation Challenge - Baseline Report’ March 2021.
9 Ipsos MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Report’.

In terms of the number of highly cited
papers produced (those in the top 10% in
terms of citation counts), the UK also

ranked third globally (71}).

Between 2009 and 2017, UK publications
shared a similar category normalised
citation impact as six other countries
{China, the USA, France, Germany, ltaly
and Spain), with an average category
normalised citation impact of 1.2 in 2017.
This puts UK publications above the werld
average [set at the value of one) in terms of
their citation impact.

Between 2010 and 2018, the average
citation impact factor of UK publications
was significantly higher than that of non-UK
academic  publications. However, the
average impact factor of both UK and non-
UK publications in industrial
decarbonisation  fields been
decreasing over time.

has

The average category normalised citation
impact {CNCI) of the UK’s battery research
papers remained at or above 1.5 times the
world average between 2008 and 2017.
The average citation impact of UK battery
research papers over the period was
higher than eight other comparator
countries used in baselining analysis
(China, Germany, Spain, France, South
Korea, Japan, Taiwan and Indid).
However, the UK’s CNCI ranking was at its
highest in 2010-2012 and has since fallen
with other countries producing higher
average CNCl scores.

The UK also performs above werld
averages across all  citation  impact
indicators for quantum technology papers,
including metrics for the number of papers
within the top 10% (HCP10 = 1.52) and
1% (HCP 1 = 1.6) most highly cited papers
{HCPs). In citation performance, UK papers
performs better than Germany and Canada
but are outperformed by the USA, Austria,
Switzerland and the Netherlands.

% Technopolis Group, ‘ISCF Quantum Technology Programme Evaluation - [[D3] Phase 2.2: Baseline Report’.
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Data  to Early
Diagnesis  and
Precision
Medicine®!

e According to an analysis of PubMed, in 2G17,
the number of UK publications relating to
Genomics and Genetics was 1,273, 442 UK
publications related to precision or personalised
medicine, 232 to precision diagnasis or early
diagnosis and 193 to pharmacogenomics or
pharmacogenetics. 52 UK publications were
published relating to Al and machine learning,
with 20 UK publications relating to digital health.
The number of UK publications relating to
genamics, Al/machine learning or
precision/personalised  medicine  increased
consistently between 2011 and 2017.

Source: RAND Europe analysis of Challenge-level baseline reports

As Table 3 illustrates, while UK publications performance was strong in these Challenge areas, there
was also room for growth. In fields relating to the Faraday Battery Challenge, for instance, despite a
growing number of UK papers between 2008 and 2017, the UK ranked 10" worldwide in publicarions
output, behind China, the United States, South Korea, Japan, Germany, India, Australia, France and
Canada.>* Moreover, the UK’s average category normalised citation impact (CNCI)* ranking has fallen
since 2010-2012, with other countries producing higher average CNCI scores.>® In fields relating to the
Quantum Technologies Challenge, the citation performance of UK publications was higher than several

comparators, but lower than the United States, Austria, Switzerland, and the Netherlands.”

Figure 13 below presents data on the publications ourput of IUK projects at baseline. Specifically, the figure
presents the number of TUK projects reporting that they have produced publications, wich data presented
by project start date. The data cover the TUK portfolio excluding projects funded under the ISCF and is

based on reporting in PCFs.*

The analysis excludes projects reporting no publications, or with publications
that were not an applicable output. This shows that among projects reporting publication outputs across all

start dates, the highest proportion of projects reported that they produced one publicacion.

ST SQW, ‘Data to Early Diagnosis and Precision Medicine: ISCF Challenge Evaluation - Baseline Evaluation Report.”
52 Tpsos MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Report.”

3 CNCI is calculated by dividing the acrual citation count of a publication by the expected citation rare far
publications with the same document type, year of publication and subject area.

> Tpsos MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Bartery Challenge - Baseline Report.”
% Technopelis Group, ‘ISCF Quantum Technology Pragramme Evaluation - |D3] Phase 2.2: Baseline Report.”

56 While che data presented here pravide a general sense of publications outputs of IUK projects, it should be noted
that data collected through PCFs may be subject to under-reporting,.
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Figure 13: Number of IUK projects reporting the publications produced {2018-2021)
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Source: RAND Europe analysis of IUK data

In some cases, there was a recognised need for other forms of knowledge creation at baseline.
Specifically, as highlighted by baselining of the Data to Early Diagnostics and Precision Medicine
Challenge, stakeholders within the precision medicine field felt that the creation of larger, more complex
and representative datasets — building on the opportunity of the UK Biobank — was necessary, as was the

need to connect these datasets to existing patient data in order to generate meaningful clinical insighes.””

3.3. Stakeholder awareness

Key message: There were gaps in awareness and engagement of policy, indusiry and wider
public stakeholders at baseline, though the extent of these gaps varied across Challenge areas,
and there is some evidence of efforts to engage a wider audience with R&!.

Evaluation question: To what extent has the ISCF leveraged knowledge and insights fo creafe
increased awareness and understanding among key stakeholders of new technologies and outputs
addressing the Challenges@

There was general awareness of R&I opportunities within the Challenge areas among policymakers at
baseline. However, in many cases, awareness of the specific needs of the Challenges was low, with gaps
in policymakers’ understanding and engagement. For example, while there was good awareness of the

economic contribution of the creative sector to the UK, the role of R& within the creative industries was

7 SQW, ‘Data ro Early Diagnosis and Precision Medicine: ISCF Challenge Evaluation - Baseline Evaluation Report.’
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not well understood by policymakers.®® In the energy space, notwithstanding growing recognition of
developments in SLES {both in UK regions and internationally), the predisposition of UK policymakers
was towards a centralised national energy system rather than the development of local energy networks.”
In the case of nuclear energy, there was good engagement from local authorities at baseline (for example,
competition between local authorities to be the host site for the first small modular reactor (SMR)) but
more limited support from policy teams within national government bodies, such as the Deparement for
Business Energy and Industrial Strategy (BEIS).® Reflecting this, the regulatory approvals processes for
SMR were burdensome ar baseline.’ Notwithstanding some important interventions addressing digiral
technologies and construction, such as the Building Information Modelling (BIM) Level 2 mandate, the
digital construction space also marked significant gaps in the engagement of policymakers and regulators at

baseline.®

Evidence was already being used to inform policy in some of these areas at baseline, as shown in Figure
14. Looking at publications by ISCF award holders prior to award (2014-2018), across the Fund 4.7 per
cent of these were cited in policy documents. The level varies becween Challenges, with some areas — notably
Prospering from the Energy Revolution, Data to Early Diagnosis and Precision Medicine, and Industrial
Decarbonisation — having higher proportions of their publications cited in policy documents. We note that
in some areas we were unable to identify prior baseline publications by ISCF award holders. In addition,

this is a partial, indicartive picture of influence on policy.

%8 ‘ISCF Fund-Level Evaluation: Baselining Workshop en IT and Data,” September 13, 2021,

% ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

60 ‘ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

61 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

62 “ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability,” October 7, 2021.
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Figure 14: Baseline levels of citation in policy documents, including publications (2014-2018) for
ISCF award holders matched in Dimensions

Percentage of

Challenge area N”mbe.r of Policy citations publi.catior?s cited
publications in policy
documents
All ISCF 16946 789 4.7%
Accelerating Detection of Disease 0 0 N/A
Audience of the Future 120 3 2.5%
Commercialising Quantum Wave 3 103 1 1.0%
Data To Early Diagnosis and Precision Medicine 4714 370 7.8%
Digital Security by Design 1013 12 1.2%
Driving the Electric Revolution 2 0 0.0%
Faraday Battery Challenge 73 0 0.0%
Future Flight 8 0 0.0%
Healthy Ageing 1873 85 4.5%
Industrial Decarbonisation 1690 115 6.8%
Low Cost Nuclear (Phase 1) 0 0 N/A
Manufacturing Made Smarter 29 0 0.0%
Medicines Manufacturing 185 9 4.9%
National Satellite Test Facility 0 0 N/A
Next Gen Aerospace 1 0 0.0%
Next Generation Services 323 15 4.6%
Prospering From the Energy Rewolution 828 92 11.1%
Quantum Technologies Wawe 2 140 1 0.7%
Robotics for a Safer World 3655 24 0.7%
Self Driving Vehicles 0 0 N/A
Smart Sustainable Plastic Packaging 1035 31 3.0%
Transforming Construction 1861 79 4.2%
Transforming Food Production 69 4 5.8%
Transforming Foundation Industries 219 9 4.1%

Source: RAND Europe analysis of Dimensions data provided by Digiral Science.

Awareness of businesses regarding R&I opportunities within the Challenge areas was varied at baseline,
with gaps in some areas. In the SMR space, awareness of businesses was considered to be good, as
demonstrated by the large number of company responses to a UK government Request for Information
{RFI) on small reactor financing in 2015.% Similarly, within the services and farming sector, baseline surveys
demonstrated good levels of interest among businesses in opportunities to gain access to information about

Challenge-relevant technologies and innovations.®* By comparison, awareness of business in other

6 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’
¢ Technopolis Group, ‘ISCF Next Generation Services Evaluation - [D2] Baseline Report - Draft’; SQW,

‘Transforming Food Production Evaluation - Baseline: Overview Report,” July 2021, Next Generation Services:
Specifically, 66% of non-INGS applicant members of the NGS Challenge’s Al for Services network were attracted by
opportunities to get access to information about the latest trends in Al and data applications in the service sectors
Technopolis Group, ‘ISCF Next Generation Services Evaluation - [D2] Baseline Report - Draft.”. Transforming Food
Production: Awareness of the innovative agriculture technologies/practices covered in the survey was high, notably for
‘Dara recording/collection systems or technologies’, ‘Automation/control systems or technologies’, and ‘Biochemicals’
SQW, ‘Transforming Food Production Evaluation - Daseline: Overview Report.
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Challenge areas was low. A baseline survey found low understanding of CCUS and hydrogen technologies
outside the IDC programme at baseline, with two thirds of respondents (67 per cent) having never heard
of their nearest decarbonisation Cluster Plan.”* Moreover, within the CCUS sector, awareness of business
varied by business size, with small and medium-sized enterprises (SMEs)} reported to be more aware of

% Tn the battery sector, there was a long-standing disconnect

public funding opportunities than larger firms.
berween academic research and industrial innovation ar baseline. However, there was also awareness within
both academic and industrial camps of opportunities for collaboration in this space.”” A baseline survey of
Transforming Construction Challenge beneficiaries — one chird of which were induscry respondents —
showed that awareness of different tools and technologies supported by the Challenge varied depending on

the type of tool and technology.®®

While there was limited evidence regarding the extent of wider public awareness at baseline, evidence
from baselining workshops suggests a general lack of public awareness across Challenge areas. A survey
conducted by the Energy Revolution Integration Service (ERIS) showed broad positivity in public atticudes
towards SLES concepts such as peer-to-peer trading, demand-side response, hear as a service and vehicle to
grid”,”%. By contrast, however, within the SMR space, only 18 per cent of respondents to a BEIS public
atticudes tracker reported any awareness of SMRs.”' In baselining workshops, stakeholders from across

Challenge areas reported a general lack of public awareness and engagement at baseline.”™

There is evidence, however of efforts to communicate R&I to a wider audience ac baseline. Evidence
from scientometric analysis suggests that there was wider communication of outcomes of research prior to
the programme based on Altmetric dara (Figure 15). Over half of award holders” prior publications (in the
period 2014-2018) had some Altmerrics associated with them, The average Altmetric score for the baseline
set as a whole is 31,20, There is also significant variation by Challenge area, though we note that for some
Challenges a low number of publications were matched, so in those cases the data should be interpreted

with caurtion,

% Ipsos MORI, ‘Industrial Decarbonisation Challenge - Baseline Report.”

6 ‘ISCF Fund-Level Evaluarion: Baselining Workshop on Energy.’

7 “ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.”

% Frontier Economics, “Transfarming Construction Challenge - Baseline Report,” May 2020.

® Ipsos MORI and Technopolis Group, ‘Industrial Strategy Challenge Fund: Prospering from the Energy Revolution
- Evaluation Baseline Report,

7® However, it was also suggested that end-user testing was considered necessary to understand more about consumers’
first-hand experience of these concepts.

" RSM, ‘Low Cost Nuclear Challenge Evaluation: Work Package 2: Baseline Report,” May 2021.

72 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy’; ‘ISCF Fund-Level Evaluation: Baselining
Workshop on Transport and Space’; ‘ISCF Fund-Level Evaluadion: Baselining Workshop on IT and Data’; ‘ISCF
Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability’; ‘ISCF Fund-Level Evaluation:
Baselining Workshop on Health and Healtheare.”

38



Evaluation of the Industrial Strategy Challenge Fund

Figure 15: Alimetrics data on baseline publication set comprising publications by ISCF award
holders (2014-2018)

Number of Numper of . Pefcer?tage o_f Average Altmetric
Challenge area publications publlcauon.s with publlcanon.s with score
Altmetrics Altmetrics
All ISCF 16946 8656 L 51.105 L 31.20
Accelerating Detection of Disease 0 0 0.0% 0.00
Audience of the Future | 120 74 [N 6170 N 2534
Commercialising Quantum Wawe 3 I 103 | 31 - 30.1% - 20.35
Data To Early Diagnosis and Precision Medicine _—_68.1% _
Digital Security by Design || 1013 M 321 I 31.7% I 19.44
Driving the Electric Rewolution 2 0 0.0% 0.00
Faraday Battery Challenge | 73| 47 _ 64.4% . 5.70
Future Flight 3 2 [ 66.7% | 1.00
Healthy Ageing ] 1873 N 1002 N 53,50, N7EE
Industrial Decarbonisation [ 1690 [ eas I 33.30 N 20.01
Low Cost Nuclear (Phase 1) 0 0 0.0% 0.00
Manufacturing Made Smarter | 29 6 - 20.7% . 4.50
Medicines Manufacturing | 185 | oo N 650 I 2427
National Satellite Test Facility 0 0 0.0% 0.00
Next Generation Aerospace 1 1 _ I 3.00
Next Generation Senvices | 323l 128 N 39.60 16.29
Prospering From the Energy Rewolution - 828 . 352 - 42.5% _
Quantum Technologies Wawe 2 I 140 I 98 _70.0% - 8.19
Robotics for a Safer World Gess I sel I 2.7 10.63
Self Driving Vehicles 0 0 0.0% 0.00
Smart Sustainable Plastic Packaging || 1035 ce7 NN 66.49, I 15.47
Transforming Construction I 1861 o4 35.3% I 2442
Transforming Food Production | 69 | 37 _ 53.6% _ 14
Transforming Foundation Industries I 219 I 99 _ 45.2% l 3.86

Source: RAND Europe analysis of Dimensions data provided by Digital Science.

3.4. Policy landscape

Key message: Across Challenge areas, existing policy landscapes presented barriers fo the
advancement and scale-up of technologies and innovations at baseline.

Evaluation question: To what extent has the ISCF contributed fo evidence-based policymaking
surrounding the Challengesé

Across Challenge areas, existing policy landscapes presented obstacles to the advancement and scale-
up of technologies and innovations at baseline. This has already been noted in Section 3.1.5 above, where
in a wide range of reported barriers to the scale-up of innovation was outlined. In Section 3.3, gaps in
policymakers” understanding and engagement in the Challenge areas were also considered. In Figure 16,
examples of obstacles posed by existing policy landscapes are provided drawing on evidence from baselining
workshops and Challenge-level baseline reports. Barriers posed include: difficulties experienced by
companies operating across multiple jurisdictions; the slow pace of regulation compared to technological
change; lack of coordination between policy actors; lack of policy pressure for change; tensions berween
privacy regulations and data collection and exchange activities; the inertia of existing policy frameworks;
regulatory uncertainty; and a lack of standardisation. As with Figure 9, the examples presented in Figure 16

are intended to be illuscrative racher than exhaustive.
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Figure 16: Common barriers posed by existing policy landscapes at baseline
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4. Capacity and investment

The ISCF aims to increase capacity and investment in R&lI in the UK. In addition to public investment,
this means ensuring the generation of wider private and overseas funding towards addressing the Challenges
and ensuring the skills and physical infrastructure are in place to enable, encourage and capitalise upon that
investment. In turn, the Fund aims to contribute to employment and new business creation within the
Challenge areas, paving the way for longer-term economic impact. In this chapter, we set out the baseline

picture regarding capacity and investment in UK R&I through sections focusing on the following areas:

e UK businesses investment in R&D: Providing baseline evidence for the evaluation question: “T'o

what extent has the ISCF increased UK businesses’ investment in R&D?

e  Opverseas investment in UK R&D: Providing baseline evidence for the evaluation question: “To

whar extent has the ISCF increased overseas investment in R&D in the UK

e Wider investment in UK R&D: Providing baseline evidence for the evaluation question: ‘How
much additional public and private R&D investment has the ISCF contributed towards the R&D
investment target of 2.4 per cent of GDP by 20272

e Riskiness of investment in R&D: Providing baseline evidence for the evaluation question: “T'o
what extent has research supported by the ISCF opened up new avenues of investment (de-

risking)?’

®  Geographical distribution of investment in R&D: Providing baseline evidence for the evaluation
question: ‘While the ISCF is place-agnostic, to what extent have the Fund’s investment and

activities been widely distributed across the UK?

e  Skills and capabilities: Providing baseline evidence for two evaluation questions: ‘How and to
that extent, has the ISCF increased individual capabilities and capacities both in research and
innovation?” and “T'o what extent has the ISCF ateracted additional talent and Challenge-

associated skills into the UK

e Equality, diversity and inclusion: Providing baseline evidence for the question: ‘How has the

ISCF contributed to equality, diversity and inclusion?’

® Jobs and business creation: Providing baseline evidence for the question: “T'o what extent has

the ISCF contributed to the creation and retention of new business and high-skilled jobs?’
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4.1, UK business investment in R&D

Evaluation question: To what extent has the ISCF increased UK businesses’ investment in R&D?

Key message: Firms in the UK had some experience funding and delivering R&D projecis.
However, there was considerable variation between sectors, with some featuring high-
performing and/or well-established firms with high levels of R&D expenditure, while others had
more limited prior R&D investment.

At baseline, UK businesses invested almost £26bn in R&D (Figure 17), but levels of investment varied
across sectors. Data from 2019 shows that current and capirtal expenditure on R&D performed in UK
businesses varied across sectors of relevance to the ISCF Challenges (see Table 4). Sectors with higher levels
of expenditure included: pharmaceuticals, motor vehicles and parts, computer programming and
information service activities, aerospace and software development. Those with lower amounts of

expenditure included: pulp, paper and paper products and casting of iron and steel.

Figure 17: Gross domestic expenditure on R&D by UK businesses (2007-2019)

30000

25000

20000

15000

£fm

10000

5000

2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Year

Source: RAND Europe analysis of ONS data
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Table 4: Current and capital expenditure on R&D performed by UK businesses (detailed product
groups, 2019} in £ million {ISCF Challenge-relevant sectors only}

Total | Capital | Current | Salaries | Other
Total Total and current
wages

TOTAL 25,948 2,321 23,627 12,740 10,887
Pharmaceuticals 4772 345 4,427 | 2,021 2,407
Motor vehicles and parts 3,415 322 3,093 1,325 1,768
Computer programming and information service activities 1,945 389 1,556 714 842
Aerospace 1,679 108 1,571 Q07 664
Software development 1,647 54 1,593 1,217 375
Research and development services 1,387 74 1,314 776 538
Chemicals and chemical products Q09 154 755 411 344
Computers and peripheral equipment 491 56 435 261 174
Food preducts and beverages; Tobacce products 445 23 422 232 190
Construction 417 43 374 247 127
Other manufactured gocds 258 10 247 149 98
Fabricated metal products except machinery and equipment 214 27 186 111 75
Rubber and plastic products 188 4 184 54 130
Extractive Industries 155 1 153 71 82
Agriculiure, hunting and forestry; Fishing 144 14 131 42 88
Refined petroleum products and coke oven products 136 6 130 51 79
Electricity, gas and water supply; Waste management 136 45 92 48 43
Cther non-metallic mineral products 103 3 100 52 48
Pulp, paper and paper products; Printing; Wood and straw products 92 30 62 34 27
Non-ferrous metals 67 14 53 39 14
Transport and storage, incl. postal and courier activities 66 - 66 58 8
Casting of iren and steel 42 - 472 12 30

Source: RAND Europe analysis of ONS data

Firms supported by the ISCF had some prior experience funding and delivering R&D projects, though
again the evidence suggests that investment varied across sectors. In the Faraday Battery Challenge, for
example, supported firms had, on average, five ongoing R&D projects of which two related to the
Challenge.”” For Medicines Manufacturing, successful collaborative research and development (CR&D)
applicants were involved in an average of four R&D projects at the time of application and medicines

manufacturing R&D accounted for around half of their R&D spending and employment.”*

Across the Challenges, ISCF award-holding firms appear to have spent vastly different amounts on R&D
prior to the ISCF. In the Next Generation Services Challenge, for example, more than half of award-holding
firms invested less than £50,000 overall in AT and dara applications R&D ac baseline, ™ while in Fucure

Flight, two-thirds (65 per cent) of business respondents spent up to £1m on all R&D activities prior to the

73 Ipsos MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Repart.”

74 Ipsos MORI, Technopolis Group, and Barrett, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report.”

7> Technopolis Group, ISCF Next Generation Services Evaluation - |D2] Baseline Report - Draft’.
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76

Challenge.” Differences in R&D spending at baseline may reflect not just the different company sizes, but
also differing prevalence of R&D across sectors, or perceived opportunity for exploitation of a new market.
Lower levels of R&D investment among Next Generation Services firms, for example, reflect historically
lower trends of R&D investment within the legal, accounting and financial services sectors compared to

other more R&D-intensive business sectors.

In some sectors, business R&D expenditure was concentrated within a small number of high-
performing and/or well-established firms. For example, in the Industrial Decarbonisation Challenge, (69
per cent) of businesses had zero decarbonisation R&D expenditure, so median expenditure on R&D related
to decarbonisation was £0.”” However, the mean was £150,000, pointing towards high levels of R&D
expenditure among a select few firms.”® Similarly, in the Future Flight Challenge, two thirds (65 per cent)
of business respondents spent up to £1m on all R&D activities in the financial year 2019/2020 and 8 per
cent spent upwards of £50m on R&D activities.” Similar evidence was available from the Medicines
Manufacturing, Audience of the Future and Transforming Foundation Industries Challenges. However, it
should be noted that the costs of conducting R&D vary significantly berween these different areas, which
may be partly reflected in the level of R&D spend. Table 5 presents more informartion on levels of R&D

investment by Challenge-relevant firms ac baseline.

Table 5: Key findings on R&D investment of Challenge-relevant businesses at baseline

Challenge Key findings on R&D investment of Challenge-relevant businesses

Medicines

Manufacturing® e Successful CR&D applicants were involved in an average of four R&D projects at

the time of application to Medicines Manufacturing, with  medicines
manufacturing R&D accounting for arcund half of their R&D spending and
employment. Successful CR&D applicants had a median of nine R&D workers
against a median total employment of 41.

e DHTC applicants were highly R&D-intensive, with an average of four workers out

of five in R&D cccupations.
Data to  Early
Diagnosis and
Precision Medicing®

At baseline, nine out of 10 precision medicine firms (91%) reported having
invested in R&D in the last three years. The proportion of firms investing in R&D
was similar across technology areas, ranging from 96% in genomics to 21% in
Al technologies.

e Around two thirds of precision medicine firms {64%) stated that the amount of
R&D they undertook in the past three years {2018-21) was higher than in the
previcus three-year period (2015-18).

’® Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flight Challenge - Baseline Report.’
77 Ipsos MORI, ‘Industrial Decarbonisation Challenge - Baseline Report.”

™ Ipsos MORL

7% Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flight Challenge - Baseline Report.’

80 Tpsos MORI, Technopalis Group, and Barrett, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report.”

81 SQW, ‘Data ro Early Diagnosis and Precision Medicine: ISCF Challenge Evaluation - Baseline Evaluation Report.”
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Evaluation of the Industrial Strategy Challenge Fund

Within the Creative Immersive sector, successful ISCF applicant firms spent on
average (median} £70,000 on R&D (£30,000, median for unsuccesstul firms),
and invested £30,000 in immersive confent or technologies (around £15,000
median for unsuccessful firms).

For ISCF specific firms, successful and unsuccessful firms were comparable in
levels of R&D activity at the point of application with no statistically significant
difference in means or medians.

Just over half of applicant cempanies [successful and unsuccessful) had delivered
R&D projects prier to the programme, though unsuccessful applicants were more
likely to have delivered R&D projects in relevant sectors.

Among successful applicants, more than half invested less than £50k overall in

Al and data applications R&D, while another 40% invested £50-500k.

Prior to the Quantum Technologies Challenge, award-halding businesses had
spent on average {median) ¢.£283k on R&D, ¢.£37k of which was dedicated to
the development of quantum technolegies. Average (median) spend on R&D for
unsuccessful applicants was £75k.

For Prospering from the Energy Revolution Demonstrator projects, few firms
reported prior investments in the novel technologies being developed, with total
investment across all projects equalling £1.8m.

Fast Start project applicants had spent on average £151,000 en their projects
at the point of application.

Successful Concept and Future Designs applicants had spent on average
£59,000 on their projects at the point of application (£107,000 for unsuccessful
applicants).

For Detailed Designs, successful applicants had spent £37,000 on average
(£49,000 for unsuccessful applicants).

For Key Technology Components, successful applicants had spent £108,000 on
average {£81,000 for unsuccessful applicants).

Companies that did provide information on baseline data on investments in R&D
for decarbenisation technologies and projects were relatively R&D-intensive. Of
the three Industrial Decarbonisation Challenge industry partners who returned
relevant information, from an annual turnover of £64.5bn, they invested an
astimated £302.2m in R&D, of which £59.8m was in decarbonisation.

Outside the Industrial Decarbonisation Challenge, only 17% of wider businesses
surveyed had current R&D programmes related to decarbenising manufacturing
processes — of these, 9% had just one such programme. Most businesses [69%)
had zero R&D expenditure in this area.

# Technopolis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim

Process Evaluation Report.”

# Technopolis Group and Ipsos MORI, ‘ISCF Robotics and Artificial Intelligence in Extreme Environments - Baseline

and Process Evaluation Report.”

8 Technopalis Group, ‘ISCF Next Generation Services Evaluation - |[D2| Baseline Repart - Draft.

8 Technopolis Group, ‘ISCF Quantum Technelogy Programme Evaluation - [D3] Phase 2.2: Baseline Report.’

86

- Evaluation Baseline Report.’

Ipsos MORI and Technopolis Group, ‘Industrial Strategy Challenge Fund: Prospering from the Energy Revolation

¥ Ipsos MORI, ‘Industrial Decarbonisation Challenge - Baseline Report.”
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At baseline, successful applicants had spent a mean of £2.5m and a median of
£0.3m on battery R&D. They also had around five ongoing R&D projects, of
which two related to batteries. Across these fields, successful applicants
demonstrated a higher rate of R&D activity than unsuccessful applicants {mean
R&D spent: £0.7m; median R&D spend £0.025m; median number of ongoing
battery R&D projects: 1)

At baseline, 38% of applicant firms spent at least £500,000 on R&D activities,
and two thirds {65%) spent up to £1m on R&D activities in the financial year
2019/2020. An additional quarter (27%) spent more than £1m, with 8%
spending upwards of £5Gm and an additional 9% spending £10m or mare.

A small proportion of firms {8%] spent nothing at all on R&D in 2019/2020.

Sector-level R&D investment associated with the SSPP Challenge amounted to

£15m in 2018, or 0.2% of total sector-level GDP.

Most {59%) award-holding ISCF firms invested less than £500,00C in R&D in the
year prior to engagement in the Transforming Construction Challenge. Of the
firms that did invest, over half (54%) invested between £100,000 and
£250,000.

The other two largest clusters were those spending more than £5m (14%) and
those that did not know their level of investment in R&D prior to TCC engagement
(18%).

Across the Transforming Foundation Industries sectors, just over half of businesses
had invested in R&D and/or innovation in the financial year 2019/2020. While
a majority of SMEs invested in R&D, most micro-businesses (businesses that have
a total of nine or fewer employees], which made up a majerity of the sample,

had not invested in R&D.

Of those businesses that did invest in R&D, almost three quarters [74%) invested
less than £250k and around two fifths (38%) invested less than £50k.

Of all sectors, the chemicals sector had the highest percentage of businesses
investing in R&D [nearly three quarters) and spending in R&D hoth in absolute
terms and as a praportion of gross value added [GVA). However, unlike other
foundation industry sectors, which all increased their R&D spend from 2014-19,
the chemicals sector has shown no clear trend in this regard.

According to a baseline survey, 1% of successful applicants to the Transforming
Food Production Challenge had made investments in R&D for the purposes of
current or future innovation in the three years prior to applying to the Challenge
(73% for unsuccessful applicants), with 57% reporting extensive prior experience
of R&D in relation to the agrifood sector (43% for unsuccessful applicants).

In 2018, UK government funding for connected autonomous vehicle [CAV)
projects was supported by £68m from indusiry, supporting over 70 projects.

88 Tpsos MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Report.”
¥ Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flight Challenge - Baseline Report.’
% Eunomia, ‘Smart Sustainable Plastic Packaging Challenge Evaluation - Final Baseline Study.’

! Frontier Economics, “Transforming Construction Challenge - Baseline Report.”

2 SQW, ‘Transtorming Foundation Industries: Industrial Strategy Challenge Fund Evaluation - Baseline Report.”
M 8QW, “Transtorming Food Production Evaluation - Baseline: Overview Report.’

* Adroit Economics Led., ‘Autonomous Vehicles,” Market Analysis, 2018.
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Creative  Industries

Clusters A baseline survey found that a majerity of cluster businesses (7/10) were

intending to increase their investment in data- or technelogy-driven applied
resedrch within the next 12 months.

Source: RAND Europe analysis of Challenge-level baseline reports and market analysis reports

4.2. Overseas investment in UK R&D

Evaluation question: To what extent has the ISCF increased overseas investment in R&D in the UK2

Key message: At baseline, there was evidence of overseas R&D investment in UK businesses
across many sectors. Foreign direct invesiment was particularly important within certain
Challenge areas, including the life sciences sector and for the chemicals, ceramics and metals
sectlors.

There was evidence of overseas investment in R&D within UK businesses at baseline, with variations
across sectors. Table 6 presents expenditure on R&D in the UK by performing and funding sectors in
2019. As this shows, in 2018, overseas investment in UK R&D totalled £5.06bn, with the largest
proportion of this (£3.25bn) spent on R&D in business enterprises. This reflects a trend towards growth in
R&D conducted, particularly in the business enterprise sector as shown in Figure 18. Table 7 presents the
number of foreign direct investment (FDI) projects in the UK across different sectors relevant to ISCF

Challenges in 2018/19.” Sectors with a high number of FDT projects at baseline included sofrware and

5 FDI projects as presented in Figure 18: GERD by sector of perfarmance (2000-2019)
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Table 7 do not necessarily equate to investments in R&I specifically but can help to illustrate broader levels of overseas
investment activity within specific sectors.

47



computer services, business and consumer services, financial services and environment, infrastructure and

transportation.

Table 6: Expenditure on R&D in the UK by performing and funding sectors (2018) (£ million)

Sector performing the R&D

Government Higher Business Private Non- Total
UKRI Education Enterprise Profit
1,446 380 1,190 113 3,129
Government
UKRI 677 2,600 530 189 3,996
Higher i 2 492 i i 2 492
Education
Sector Fundlng
funding Councils
the R&D ngher. 22 - 179 10 211
Education
Business 70 38¢ 19,832 25 20,315
Enterprise
Private Non- 72 1,318 67 402 1,860
Profit
Overseas 172 1,562 3,250 84 5,069

Source: RAND Europe analysis of ONS data

Figure 18: GERD by sector of performance (2000-2019)

40000
35000
30000
< 25000
O
= 20000
IS
“ 15000
10000
5000
0 HE B = = = =N H B B B B E ||
O o &N N < 1N O N 0 OO O 4 N NN < 1 W I~ 0 O
O O O O O 0o 0o 0o o O d ™« ™ ™ ™ ™ ™ « «—
O O O O O O O O OO OO O o oo o o o o
AN AN AN AN AN AN AN AN AN AN AN AN NN NN NN NN

Year

B Government M Business M Higher education M Private non profit

Source: RAND Europe analysis of ONS data

48



Evaluation of the Industrial Strategy Challenge Fund

Table 7: Sector breakdown for all FDI? projects (2018/19) {ISCF Challenge-relevant sectors only}

Sector No. of FDI
Projects

Software and computer services 366
Business and consumer services 155
Financial services 148
Environment, infrastructure and transportation 142
Advanced engineering and supply chain 130
Food and drink 115
Life sciences 115
Creative and media 111
Wholesale 102
Automotive 93
Electronics and communications 85
Biotechnology and pharmaceuticals 53
Chemicals and agriculture 43
Aerospace 42
Extraction industries 41
Renewable energy 41
Total 1,782

Source: Department for International Trade

There was some evidence of overseas investment in UK businesses within Challenge areas, including
FDI. For example, at baseline, several firms in the advanced therapy medicinal products {ATMP) sector
had recently been acquired by overseas investors.”” Overseas corporates had some interest in UK energy
storage businesses.” Five UK businesses operating in barteries and electric vehicles (EVs) were acquired
berween 2012 and 2018.” Of foundation industry companies that invested in R&D and/or innovation at
baseline, less than 10 per cent involved foreign direct investment.'”” However, for a small proportion of
companies in chemicals, ceramics and metals (7 per cent each), FDI played an important role in R&D
investment, with between 75 per cent and 100 per cent of their investment coming from FDL'"" FDI

contributed sizeably to petroleum, chemicals, pharmaceuticals, rubber and plastic products, where it

% Foreign Direct Investment is a type of cross-border investment in which an investor resident in one economy

establishes a lasting interest in, and a significant degree of influence over, an enterprise resident in another economy
OECD  iLibrary, ‘Foreign Direct Investment (FDIY n.d., hupsi//www.oeed-ilibrary.org/finance-and-
investment/foreign-direct-investment-fdi/indicator-group/english_9a523b18-en.

77 Ipsos MORI, Technopolis Group, and Barrett, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report.’

" Ipsos MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Report.’
* Ipsos MORI et al.
100 SQW, “Transforming Foundation Industries: Industrial Strategy Challenge Fund Evaluation - Baseline Report.”

101 SQW.
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accounted for between 10 per cent to 16 per cent of GVA produced in those sectors over 2016-19.'% In

2018, total FDI in petroleum, pharmaceuricals, rubber and plastic products was £63m.'®

102 SOHW.

19 Eunomia, ‘Smart Sustainable Plastic Packaging Challenge Evaluation - Final Baseline Study.’
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4.3.  Wider investment in UK R&D and businesses

Evaluation question: How much additional public and private R&D invesiment has the ISCF
contributed fowards the R&D investment target of 2.4 per cent of GDP by 20272

Key message: In 2018, overall expenditure on R&D in the UK was at £37.1bn, which
represented 1.71 per cent of GDP. Wider investiment in UK R&D and businesses varied
considerably between seciors. There was some public secior funding, but this lacked
coordination and long-term focus. The third secior played an important role in funding medical
R&D. Private sector investment in UK businesses varied due to differences in size of different
sectlors.

4.3.1. UK government investment in R&D
In 2018, overall expenditure on R&D in the UK was at £37.1bn."" This included R&D performed and

funded by business enterprise, higher education, government, UK Research and Innovation, and private

non-profit organisations. Total R&D expenditure in the UK in 2018 represented 1.71 per cent of GDP.'®

UK government investment in R&D varied between Challenges but overall, it was not co-ordinated
and lacked a long-term focus. The ISCF has not been established in an empty landscape and there were

1% Some industries had systemic

pockets of public funding and innovation happening across Challenge areas.
support for R&J, e.g. aerospace (ATT).'”” Government funding for technology in those areas also brought
big players in as partners and helped to create a route to market for innovation. Prior to the launch of the
Prospering from the Energy Revolution Challenge, the UK was one of the few countries thar had provided
government funding ro pilot SLES designs.'™ Public funding appeared to be fairly scrong in the quantum
technologies sector — for both successful and unsuccessful applicants to the Quantum Technologies
Challenge, the majority of R& D funding was sourced by UK public funding sources (74 per cent).'” Prior
to the Quantum Technologies Challenge, successful applicant research groups and institutes had obtained
on average (median) £300,000 from grant funding and other sources {substantially lower than unsuccessful
applicants, for whom the average was c.£3.5m).""" In 2018, prior to the establishment of the Self Driving
Vehicles programme, UK government funding in connected and autonomous vehicles {CAV) projects was

reported to be £120m, supporting over 70 projects.'"!

14 ONS, ‘Gross Domestic Expenditure on  Research and  Development, UK: 2018, 2018,
heeps:/ fwww.ons.gov.uk/economy/governmentpublicsectorandtaxes/researchanddevelopmentexpenditure/bulletins/u
kgrossdomesticexpenditureonresearchanddevelopment/2018.

105 3NS.
106 “ISCF Fund-Level Evaluarion: Baselining Worlsshop on Health and Healthcare.”
197 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

198 Tpsas MORI and Technopolis Group, ‘Industrial Strategy Challenge Fund: Prospering from the Energy Revolution
- Evaluation Baseline Report.

19 Technopolis Group, ‘ISCF Quantum Technelogy Programme Evaluation - [ D3] Phase 2.2: Baseline Report.”
"0 Technopolis Group.

" Adroit Economics Led., ‘Autonomous Vehicles.”
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By contrast, other Challenge areas had less well-established government spending. In the Next Generation
Services Challenge, some award-holding firms explicitly noted that they had previously struggled to find
suitable public funding, while for others, the ISCF will represent a step-change in public investment."” For
the Audience of the Future Challenge, private investment in the sector was six times higher in comparison
with public support to R&D over the previous three years, pointing to limited public investment.'”
Meanwhile, evidence on investment activity within Creative Clusters suggested that a significant proportion
of Cluster businesses were uninformed or scruggled to access public funding,'' In the health and healthcare
sector, there were few public funding opportunities, for example for Al and data-driven developments.'”
However, funders such as IUK had also been funding commercial organisations in the area of health and

healthcare data for a while."'® For example, the 100,000 Genomes project was a major funding push in the
2010s.1Y

In some Challenge areas, there was evidence that public investment in R&D was increasing at baseline.
For example, prior to the Faraday Battery Challenge, public support for battery R&D from the UK
government had steadily increased over time, primarily via the Engineering and Physical Sciences Research
Council (EPSRC} and TUK, wich spending of almost £30m in 2016."® Similarly, wichin the Transforming
Food Production Challenge, baseline data showed an upward trend in the number of grants awarded within
the agricultural sector since 2011, with £104m of funding awarded to high-growth firms in aggregate to

the sector (through 681 grancs).'”

4.3.2.  Third sector investment in R&D

The third sector played an important role in funding medical R&D. At baseline, medical research
charities played an important role in funding research in the UK.'*® According to the Association of Medical
Research Charities, in 2018 their members funded 41 per cent of publicly funded research nationally, to
the value of £1.3bn."*" Three of the biggest charity research funders are Cancer Research UK (CRUK),
Wellcome and the British Hearc Foundacion (BHF).'"** Third sector investment was not identified as a key

source in other SeCtors.

"2 Technopolis Group, ‘ISCF Next Generation Services Evaluation - |[D2] Baseline Report - Draft.”
'3 Technopolis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim
Process Evaluation Report.”

14 Ergntier Feonomics and BOP Consulting, ‘Evaluation of the Creative Industries Cluasters Programme - Phase 2
Baseline and Initial Impact Reporting - the CRPDs.

115 ¢

[SCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.

116

‘ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.
"7 “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.

18 Ipsas MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Report.”

19 SQW, ‘Transforming Food Production Evaluation - Baseline: Overview Report.”

120 SQW, ‘Data to Early Diagnosis and Precision Medicine: ISCF Challenge Evaluation - Baseline Evaluation Report.’
121 SQW.

12 SQW.
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4.3.3. Private investment in UK businesses

Unsurprisingly, given the different sizes of the sectors and their vastly different contributions to UK
GDP as a whole, baseline private investment in UK businesses varied across sectors. For example, within
the services sector, the insurance industry alone raised £65bn in private investment in 2017/18'%, while for
the entire creative services sector, £291m was raised between 2017 and 2020.'*' Table 8 presents key
findings on private investment in UK businesses within Challenge areas at baseline, as derived from

Challenge-level baseline reports and market analysis reports.

Table 8: Key findings on private investment in Challenge-relevant businesses at baseline

Challenge Key findings on private investment in Challenge-relevant businesses
Medicines

Manufacturing'?®

o At baseline, 41% of successful applicants had secured external equity investment.

e Firms involved in ATMP raised £C.7m in capital in 2018, but this was mainly driven
by a small number of companies.

Audience  of the Lo . o .
Futura!26 o The overall amount of private investment in the UK creative immersive content sector

between 2017 and 2020 was £291m |likely an underestimate given certain non-
disclosures).

SNeertzcesu?enerchon o Over the 2017-18 period, the insurance industry raised £65bn in additional

investment, compared to the legal sector which raised £50bn in capital with a further
£10.5bn in additional funding, and the accounting sector, which afiracted around
£5.5bn in additional investment.

Quantum

Technologies'?® e Around 25% of ISCF participating organisations in the Quantum Technologies

Challenge had secured an equity deal in the baseline year, rising to 35% in 2020.
For parficipating organisations, the total value of equity deals peaked at £160m in

2020, rising from £59m in 2017.

E:;Srz?rggvcflﬁ?;n:};f o Only 27 of 172 of successtul applicant firms [16%] supported by the Prospering from

the Energy Revolufien Challenge had raised external equity funding at the time of
their award. The firms concerned had raised a total of £87m in venture funding,
predominantly from VC funds, and tended to display more extensive fundraising
histories than the comparison group of unsuccessful applicants.

130

Faraday Battery

o Despite a 201017 decrease in net capital expenditure, venture capital and private
equity investment flows into UK-headquartered firms operating in the energy storage
sector increased from £24.7m to £87.3m between 2012 and 2018. Howaever,
investment in 2018 was largely driven by one firm.

% Technopolis Group, ‘[SCF Next Generation Services Evaluation - |D2] Baseline Report - Draft.”

% Technopalis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim
Process Evaluation Report.

1% Tpsos MORI, Technopolis Group, and Barrert, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report.’

1% Technopolis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim
Process Evaluation Report.”

' Technopolis Group, ‘ISCF Next Generation Services Evaluation - |D2] Baseline Report - Draft.”
% Technopolis Group, ‘ISCF Quantum Technology Programme Evaluation - D3] Phase 2.2: Baseline Report.”

¥ Ipsas MORI and Technopolis Group, ‘Industrial Strategy Challenge Fund: Prospering from the Energy Revolution
- Evaluation Baseline Report.’

0 Ipsos MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Report.”
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Transforming  Food

Production’?! o Relatively few successful applicants {14%) to the Transforming Food Production
Challenge had experience of securing shared equity or loan finance prior to their
application {11% for unsuccessful applicants).

Self Driving . . - .

Vehicles!®? Data from the British Venture Capital Association report a total £4.4hn of private

equity and venture capital investment in secters relevant to autoncmous vehicles
between 2011 and 20186, spanning investment in 1260 companies.

Creative  Industries . . . T . .
Closters!® o A low proportion (one in 10] of businesses participating in the Creative Industries

Clusters Programme considered themselves wellinformed or able to access private
[or public) finance at baseline.
Source: RAND Europe analysis of Challenge-level baseline reports and market analysis reports

4.4, Riskiness of investment in R&D

Evaluation question: To what extent has research supported by the ISCF opened up new avenues of
investment (de-risking)@

Key message: At baseline, investment in R&l across several sectors was considered high-risk,
with inadequate mechanisms to support investment, adoption and scale-up.

Several sub-sectors within different Challenge areas were regarded as high-risk at baseline, particularly
due to lack of support mechanisms for accelerating innovation, adoption and scale-up. In the area of

4 This was driven by a lack

AT for healthcare specifically, investment was regarded as high-risk at baseline.
of public support for R&D and a fragmented funding environment, bur also a lack of infrastructure to
support access to data.'” For example, in terms of data and digital innovation there was generally poor

136

infrastructure amongst NHS organisations."”® Novel therapies and antibiotics were also regarded as high-

risk, lacking an obvious market.'”” Across many of the Challenge areas and sub-sectors, the model for de-

risking was available buc small-scale, and the infrascruceure to drive adoprion and scale-up was lacking. '™

For some sub-sectors, there was little incentive for industry to invest in relevant Challenge areas. In 2018,
for example, investment in SMR development was risky."”” Rolls-Royce, one of the leaders of the Low Cost
Nuclear Challenge’s UKSMR Consortium, would not have continued to develop the SMR project wicthout

the funding it received through the Challenge."™ In 2018, battery technology was considered high-risk,

131 §SQW, ‘Transtorming Food Production Evaluation - Baseline: Overview Report.’

12 Adroit Economics Lid., ‘Autonomous Vehicles.”

' Frontier Economics and BOP Consulting, ‘Evaluation of the Creative Industries Clusters Programme - Phase 2
Baseline and Initial Impact Reporting - the CRPDs.

1% “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.”
73 “ISCF Fund-Level Evaluarion: Baselining Worlsshop on Health and Healthcare.”
¢ ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.
7 ISCFE Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.
' “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.
1 ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

140 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’
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particularly as it was not a clearly defined area, with lack of recognition within the academic community,
as well as a lack of support and strategy within the policy community.'*' 'This created uncertainty around
who industry could approach for questions regarding battery technology transitions, and in particular next
generation battery chemistries.'" There was also no incentive for industry to invest in the Digital Security
by Design Challenge area.'"

Some sectors (e.g. ATl and CCUS) had systemic support for R&I, which helped to bring in industry

" However, most sub-sectors did not benefit from

support and ultimately create a route to market.
systematic support, and subsequently encountered challenges in accelerating technology.'® Therefore,
participants across several workshops highlighted that an explicic aim of the ISCF Challenges was to address
market failures, where the incentive for an individual company to act was low, but where collective action
at a sector level (and with evidence of government support or potential for regulatory change) could be

beneficial for all companies.'®

4.5. Geographical distribution of investment in R&D

Evaluation question: While the ISCF is place-agnostic, to what extent have the Fund’s investment
and activities been widely distributed across the UK2

Key message: At baseline, there were differences across the UK in terms of R&D expenditure,
with an apparent conceniration of invesiment in London and the South East compared to the
rest of the UK.

In 2018, there were differences across the UK in terms of R&D expenditure. Across the UK, England
had higher R&D spending (£33,039m} than Wales (£798m), Scotland (£2,712m) and Northern Ireland
(£715m)."" Within England, there were also differences berween regions, with a higher R& D spending in
the South East (£7,089m), East of England {£6,608m) and London (£5,970m), compared to other
regions.'® While normalisation against country and regional population sizes would provide further insighe

on the equity of the discribution of R&D investment, the general picture would appear to be a concentration

141 ¢

[SCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.

142 ¢

ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.

14# ISCF Fund-Level Evaluation: Baselining Workshop on IT and Data.’

144 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy’; ISCF Fund-Level Evaluation: Baselining
Workshop on Transport and Space.’

143 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

14 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy’; ‘ISCF Fund-Level Evaluation: Baselining
Workshop on Transport and Space’; ‘ISCF Fund-Level Evaluadion: Baselining Workshop on IT and Data’; ‘ISCF
Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability’; ‘ISCF Fund-Level Evaluation:
Baselining Workshop on Health and Healtheare’

147 ONS, ‘Business Enterprise Research and Development,’ 2020,
https:/fwww.ons.gov.uk/economy/governmentpublicsectorandtaxes/researchanddevelopmentexpenditure/datasets/uk
businessenterpriseresearchanddevelopment.

4 ONS.
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of R&D investment in England, and in particular in London and its surrounding areas, compared to the
rest of the UK.

Looking at TUK investment specifically, data indicates a similar picture, with differences in R&D
expenditure and high levels of investment in London and the South East. At the same time, the West
Midlands and South West have also received high levels of TUK investment compared to other UK regions.

Data on TUK investment by region is presented in Table 9 below.

Table 9: Innovate UK investment by region,’#? 2018 to 2019

NUTS 1 region IUK spend financial year
2018/2019 £ million

West Midlands 133
South East 129
London 125
South West 116
East Midlands 99
East of England 82
Yorkshire and The Humber 79
Scotland 57
North West 41
North East 39
Wales 30
Nerthern Ireland 11

Source: RAND Europe analysis of IUK data

¥ Regional breakdown uses nomenclature of terrirorial units for scatistics levels (NUTS} 1 areas.
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4.6. Skills and capabilities

Evaluation questions:

o To what extent and how has the ISCF increased individual capabilities and capacities both
in research and innovation?

o To what extent has the ISCF attracted additional talent and Challenge-associated skills into
the UKe

Key message: At baseline, the level of skills and capabilities across seciors varied. Some
sectors reported a good level of skills, whereas others faced shortages. In particular, several
sectors faced difficulties sourcing the right type of skills, specifically individuals with experience
around innovation adoption and upiake. In general, sectors lacked a programme of investment
for skills. While some sectors relied on international, in particular EU, talent, this has declined
since the UK’s exit from the EU. At baseline, most IUK projects reporfed contributions to the
development of new skills or the improvement of existing ones.

At baseline, there was a mixed picture in terms of skills and capabilities across sectors, as well as sub-
sectors, with some reporting good levels of skills and others facing challenges. The extent of skills in
place to deliver on the Challenges were mixed. Some, such as Faraday Barttery and Robotics for a Safer
World, report that skills to enable delivery of the Challenges were largely in place — noting, for example,
thar skills requirements were not affecting the location of business activities, or that actions were already

being taken by relevant actors to increase skill levels where there were gaps in the secror.'™

More broadly, some sectors, such as the healcth and energy sectors, generally had a good level of talent and

skills ac baseline. For example, the UK had good talent in AI, with London and Edinburgh seen as vanguards

151

for these areas.”' There was also already a broad range of talent and skills engaged in nuclear technologies

"2 Tt was suggested that the strength of the

at the time of inception of the Low Cost Nuclear Challenge.
existing talent and skills base within the nuclear sector, combined with the existence of networks such as
the Catapules, puts the UK in a better position to pursue SMR development than some international

comparators.'>

At the same time, some sectors and Challenge areas faced obstacles in sourcing the right level of skills. In
the transport sector for example, the UK was on the decline internationally, particularly in skills around
electrical engineering in 2018."% In healthcare, technology and digital skills being traditionally absent from

from standard job descriptions and funding allocations, meant the sector severely lacked skills and talent in

130 Ipsos MORI et al.. ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Report’; Technopolis
Group and Ipsos MORI, ‘ISCF Rabaotics and Artificial Intelligence in Extreme Environments - Baseline and Process
Evaluation Report.’

51ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.”

152 ‘ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

153 ¢

ISCF Fund-Level Evaluation: Baselining Worlshop on Energy.’

1% ISCF Fund-Level Evaluarion: Baselining Workshop on Transport and Space.”
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these areas.'” Several sectors, such as energy and manufacturing, reported challenges in attracting a pipeline

of talented young people to the sector.'

In the CAV sector, there were particular skills gaps in relation
engineering at baseline, including electrical engineering, software engineering, system engineering,
communication engineering and TT engineering.'” In the advanced marerials sector, there was evidence of
a shortage of relevant post-graduate-level skills, with reliance on overseas students.'™ Baselining of the
Future Flight Challenge noted significant skills gaps at baseline — including a lack of prior experience in
delivering aspects of their planned work among participating business or academics.'®” Around one in four
businesses participating in the Creative Industries Clusters Programme faced skills barriers at baseline, with
most of these reporting barriers in relation to technical and marketing skills."” Baselining of the Industrial
Decarbonisation Challenge found that assessing skill levels in the sector — particularly quantitacively — was

in itself challenging,''

A challenge across several sectors was a lack of skills around deployment and adoption of innovation.

In the health sector, there was a lack of skills in delivering and deploying innovation rather than around the

162

development or creation of innovation.'** Despite lots of activity happening in universities, it was hard to

163

find the right talent around the delivery and uptake of innovation'®, as well as the right academic partners

164

to help SMEs resolve specific technical issues.'® Figure 20 illustrates the availability of skills across different

sectors and Challenge areas.

153 ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.”

1% “ISCF Fund-Level Evaluation: Baselining Workshop on Manufacruring and Sustainability’; ‘ISCF Fund-Level
Evaluation: Baselining Workshop on Energy.’

%" Adroit Economics Ltd., ‘Autonomous Vehicles.
1% Adroit Economies Ltd., ‘Materials for Mobility,” Market Analysis, 2018.

"% Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flight Challenge - Baseline Report.”

1 Frontier Economics and BOP Consulting, ‘Evaluation of the Creative Industries Clusters Programme - Phase 2

Baseline and Initial Impact Reporting - the CRPDs.

161

Ipsos MORI, ‘Industrial Decarbenisation Challenge - Baseline Report.’

162

‘ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.
163

‘ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.

164

‘ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.
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Figure 19: Key findings on availability of skills across different Challenge areas at baseline

® Faraday Battery Challenge: Skills requirements for battery development were
not affecting the location of CR&D applicants' business activities.

Good level of *Robotics for a Safer World: Skills were largely in place to enable delivery of

Jille the Challenge and were not affecting the location of business activities. Actions
were already being taken by relevant actors in the sector to increase skill levels
where gaps are known.

elow Cost Nuclear: There was already a broad range of talent and skills in the
nuclear sector that could be drawn upon for the Challenge.

e|ndustrial Decarbonisation: There were challenges in atiracting a pipeline of
talented young people to the sector.

eTransforming Foundation Industries: There was a lack of skills, with high-
profile innovators mostly based outside the UK, and challenges in aftracting a
pipeline of talented young people to the sector.

eFuture Flight: A large proportions of businesses felt that the UK lacked the
skills necessary for the progression of future flight technologies at baseline.

Skills shorfcges oSelf Driving Vehicles: In the CAY sector, there were particular skills gaps in
engineering professions at baseline.

oNext Generation Aero Materials: There was a shorfage of relevant post-
graduate-level skills in the advanced materials sector, with reliance on
overseds students.

oCreative Clusters: Businesses participating in the Creative Industries Clusters
Programme faced skills barriers at baseline, with particular barriers in relation
to technical and marketing skills.

Source: RAND Europe analysis of Challenge-level baseline reports

Across several sectors, there was no visible programme for investment in skills. Many sectors reported a
lack of programmes to support skills development. For example, in the I'T sector there was no R&D

193 This was also

programme and no programme to support skills development in the demand side sector.
the case in the energy sector, with no visible programme for investment in skills.'® In the transport sector,

there was no national battery science programme for PhDs in 2018, which was a major gap.'™ Tn the

193 ‘ISCF Fund-Level Evaluation: Baselining Workshop on IT and Data’
166 ¢

ISCF Fund-Level Evaluation: Baselining Workshop on Energy’
%7 ISCF Fund-Level Evaluarion: Baselining Workshop on Transport and Space’
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medicines manufacturing sector, there was a lack of apprenticeships, with academics unaware of careers

outside induscry.'*®

Some sectors relied on international talent, particularly from the EU, and supply of such talent has
declined since the UK’s departure from the EU. In 2018, several sectors (e.g. health, TT/dara, and
transport and space) had a good level of ralent available and but relied on talent/skills from Europe and the
EU in particular. In some areas, the UK’s exit from the EU is perceived by stakeholders to have had a
negative impact on the availability of EU and European talent. For example, in the area of Al and data
science applied to health, a lot of European talent was previously available to the UK, bue this has changed

' Tn the IT sector, Brexit is seen to have reduced the

since Brexit, with the sector losing people.
attractiveness of the UK and that has affected a number of programmes in hiring, with large investments
happening in the EU thar the UK is now not a part of.'” The space sector indicated that it was a fast-
growing sector that used to fill a lot of its demand for skills and calent from the EU."! Tn 2018, 20 to 25

per cent of the space sector workforce in most places was European, and this has fallen steadily since.!’*

Figure 20 below presents data on the number of TUK projects reporting that their project has resulted in
the development of new skills, or the improvement of skills, within the project workforce. The data covers
the IUK portfolio excluding projects funded under the ISCF and is based on reporting in PCFs.'”* The
figure presents data for projects commencing in 2018 only. As this illustrates, a large number of TUK
projects have reported improvements and developments in skills across a wide range of areas. Areas in which
skills development has been most commonly reported include technical skills or knowledge, problem -
solving, and collaborating and partnering, By comparison, fundraising and leadership were areas where a

higher number of projects reported that no change had been experienced.

168 ¢

ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare’

1% “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare’
170 ISCF Fund-Level Evaluation: Baselining Workshop on IT and Dara’®

71 ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space’
172

ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space’ 2021

17 While the data presented here provide a general sense of skills development across IUK projects, it should be noted
that data collected through PCFs may be subject to under-reporting,

60



Evaluation of the Industrial Strategy Challenge Fund

Figure 20: Number of IUK projects reporting the development of new skills or improvement of
existing skills by skill area {2018)

Technical skills or knowledge

Problem solving

Collaborating and partnering

Strategic thinking Status
Developed
Improved

Project management No change

Business planning

Leadership

Fund raising

0 1000 2000
Number of projects

Source: RAND Europe analysis of IUK data

4.7. Infrastructure

Evaluation question: How and to what extent has the ISCF contributed to improved infrastructure fo
support future R&l investment?

Key message: In 2018, there was a mixed picture in ferms of R&l infrastructure across sectors.
For some sectors, there were gaps in infrastructure to support R& and need for further
investment. In others, there was some existing R&l infrasiructure, but this lacked coordination,
and did not support scale-up and adoption.

For several sectors, there was some existing R&I infrastructure, but this was generally not coordinated,
did not support scale-up and adoption (e.g. more purposeful utilisation) and there were gaps within
different sub-sectors (e.g. accessing data in the health sector). In the health and healchcare sector, there
was reasonably advanced research infrastructure around clinical rial performance but in terms of healch
service data and digital innovation there was generally poor infrastructure amongst NHS erganisations.'”
In che healch sector, although Carapults and accelerators existed, the infrastructure to drive adoprion was
not present.'”” This was a similar challenge for che energy sector, in which there were well-developed existing
infrastructures in the academic sector {albeit generally at a low TRL) and in national laboratories, but a
176

more purposeful utilisation of the infrastructure was lacking.'™ Similarly, in the food and packaging sub-

174 “ISCF Fund-Level Evaluation: Baselining Workshop on Healeh and Healtheare.”
173 “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.”
176 ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’
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sector, whilst there was a good academic infrascructure for R&I, the infrastructure for scale-up was not

there.'?”

Some sectors reported suffering from legacy infrastructure. For example, baselining interviews with
stakeholders from the Dara to Early Diagnosis and Precision Medicine Challenge identified the challenge
of aged infrastructure linked to previous underinvestment, including fragmentation between systems within
the NHS, and highlighted the urgent need to connect and facilitate access to high-quality, representative
datasets to build capabilities and health data infrastructure.'® There was also an issue with existing
infrastructure in the nuclear sector being relatively siloed with limited linked innovation.'” In the IT and
data workshop, participants indicated that infrastructure to support the work of the Challenges was

generally lacking.'®® Similarly, infrastructure around CCUS does not exist at scale and is not expected until
2026.'8

4.8. Equality, diversity and inclusion

Evaluation question: How has the ISCF contributed to Equality, Diversity and Inclusion?

Key message: At baseline, across most sectors, the lack of diversity in the workforce was
emerging as a lopic with pockets of activity but, overall, there was a lack of activity and effort

behind it.

At baseline, across most sectors, the lack of diversity in the workforce was emerging as a topic with
pockets of activity aimed at increasing diversity. For example, according to a baseline survey of the wider
sector surrounding the Industrial Decarbonisation Challenge, a majority of business respondents reported
that they were taking active steps to promorte Equality, Diversity and Inclusion (EDT) with respect to all

protected characteristics explored in the survey.'"

Over 70 per cent of respondents agreed their business
was taking such action with respect to gender (73 per cent), nationality (71 per cent) and parenthood (71
per cent).'™ By contrast, the fewest businesses agreed thar such action was being taken with respect to
disability (59 per cent).' The main actions businesses were taking to promote EDI was focused on the best

person for the role/talent, followed by broad approaches to promoting diversity, and strategy and policy.'®

77 “ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainabilicy.”

7% SQW, ‘Data to Early Diagnosis and Precision Medicine: [SCF Challenge Evaluation - Baseline Evaluation Report.’
17 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

180 ISCF Fund-Level Evaluation: Baselining Workshop on IT and Data.’

181 ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

"2 Ipsos MORI, ‘Industrial Decarbonisation Challenge - Baseline Report.’
¥ Tpsos MORI,

¥ Ipsas MORI.

¥ Ipsas MORIL
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The use of specific rargets or quotas was less common, with only 2 per cent of respondents reporting thac

such measures were being introduced.*

Overall, however, there was a lack of activity and effort in this area. In 2018, EDI was not being
discussed in the AT sector, although concerns around lack of transparency of algorichms were presenct.'® In
the area of robotics, the skills and human capirtal challenge was considered significant and it was hard to

L."* Analysis of the workforce in sectors relevant to the Creative

source any talent, let alone consider ED
Industries Clusters Programme showed that clusters characterised by high levels of computer science skills

were heavily male-dominated and highly educared, suggesting barriers to workforce diversification.'"

In some sectors, EDI was being discussed in bigger companies (e.g. CCUS) and in academia (e.g. medicines)
but there was less focus in SMEs."” Moreaover, in some cases, where EDT was being discussed, it was focused
on certain topics, for example around women, but wider diversity issues were not being talked about.””' For
example, the Athena Swan set of criteria had been developed, and did appear to have a significanc effect

192

around raising awareness of the role of women in science within academic institutions.!”* However, across

most sectors there was no active promotion of EDI through public investment.'”

Our picture of EDI within the Fund is limited at present but there is significant ongoing work that will
provide useful context for further comparison. This includes an externally commissioned piece of research
using secondary darta sources looking at EDT across 50 organisations representative of the ISCF portfolio; a
pilot survey-based analysis of the diversity within ISCF-funded projects; and a sector-based analysis of the
diversity of industries interacting with TUK. We will use these data as part of our wider analysis of EDI to

be conducred later in che study.

¥ Ipsas MORIL
" ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare”
¥ ‘[SCF Fund-Level Evaluation: Baselining Workshop on [T and Data.’

¥ Frontier Economics and BOP Consulting, ‘Evaluation of the Creative Industries Clusters Programme - Phase 2
Baseline and Initial Impact Reporting - the CRPDs.

190 “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare’s ‘ISCF Fund-Level Evaluation:
Baselining Workshop on Energy.’

1 ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’
" ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.

1% [SCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainabilicy.”
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4.9. Job and business creation

Evaluation question: To what extent has the ISCF contributed fo the creation and retention of new
business and high-skilled jobs?

Key message: At baseline, there was a general trend of increasing employment in R&D, with
most UK R&D workers employed in higher education and engineering professions and within
the public sector and the manufacturing sector. With respect to employment more generally,
there was considerable business and job creation in some sectors and sub-sectors, with several
others at a turning point. Across several Challenge areas, a strong unmei demand for
employment was noted. In some seciors, there was considerable activity happening in terms of
the creation of spin-ouls.

At baseline, there was a general trend of increasing employment in R&D over time, with R&D
occupations representing an increasing share of overall employment. In 2019, there were an estimated
1,026,000 R&D workers in the UK, an increase of 49.5 per cent from 2001." The proportion of overall
workers in R&D occupations in 2019 was approximately 3.4 per cent.'”” Figure 21 shows employment of
R&D workers by occupation using combined data from the years 2017-2019. This shows that higher
education teaching and engineering professionals accounted for the highest share of R&D employment at
baseline. Figure 22 shows employment of R&D workers by industrial sector in 2019, focusing on ISCF
Challenge-relevant sectors. This shows thar the largest share of R&D workers are employed in the public

sector and the manufacturing sector.

¥ Warwick Institure of Employment Research, “The R&D> Pipeline: Report to the Department for Business, Energy

and Industrial Strategy by the Warwick Institute for Employment Research,” BEIS Research Paper Number: 2021/22,
2020.

195 Warwick Institute of Employment Research.
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Figure 21: Employment by 4-digit SIC 2010 R&D occupations {2017-2019)

Higher education teaching professionals
Engineering professionals (not elsewhere classified)
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Source: RAND Europe analysis of Labour Force Survey data

Figure 22: Employment of R&D workers by industrial sector {2017-2019) {ISCF Challenge-relevant
sectors only)
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Source: RAND Europe analysis of Labour Force Survey data

Looking at employment more generally, there were differences in employment and employment
growth between sectors, with greater employment and employment growth in some better-established
sectors compared to less well-established sectors. Several Challenges were associated with large sectors

that employed hundreds of thousands of staff at baseline. For example, the medical technologies sector alone

N

5



6 Secrors associated with the Next Generartion

employed around 122,000 people in 3,600 businesses.
Services Challenge were even larger employers, as the legal sector alone supported around 552,000 full cime
employees."”” Other sectors were decidedly smaller, such as the quantum technologies sector, made up of a
workforce of 10,151 people.'™ The size of the Creative Industries Clusters workforce was estimated to be

11,910 at baseline, with 26,881 employed in the wider sector workforce.!”

Just as employment differed by sectors at baseline, so too did trends in employment growth. Certain

Challenges, such as Future Flight, Transforming Foundation Industries and Medicines Manufacturing, had

200

experienced significant growth in employment prior to the ISCF,*” while others, such as Next Generation

Services, Faraday Battery and Industrial Decarbonisation were either stable or declining in employment.””!

The CAV sector and the advanced materials sector employed 108,505 and 19,732 people respectively in
2018.%

There was considerable investment and job creation in some sectors and sub-sectors with several others
at a turning point. There was significant investment, job creation and recruitment in emerging areas of
digital health, cell and gene therapy and Al with new businesses being created.”” There was also
considerable job creation in the traditional acrospace sector.” However, in the manufacturing sector there

was a sense that jobs were being created bur lacked adequate government support.”” Conversely, there were

206

limited opportunities in certain energy subsectors, such as SLES.*® The nuclear sector was at a turning

point at the time of inception of the Challenge, with increasing opportunities.®’
Across several Challenges, a strong unmet demand for skilled employment was noted. Within the
208

Medicines Manufacturing Challenge, employing adequately qualified workers in the UK was a difficulty,

1% Tpsos MORI, Technopolis Group, and Barrert, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report.’

" Technopolis Group, ‘[SCF Next Generation Services Evaluation - |D2] Baseline Report - Draft.”
¥ Technopolis Group, ‘ISCF Quantum Technology Programme Evaluation - [[23] Phase 2.2: Baseline Report.”

"% Frontier Economics and BOP Consulting, ‘Evaluation of the Creative Industries Clusters Programme - Phase 2
Baseline and Initial Impact Reporting - the CRPDs.

20 Tpsas MORI, Technopalis Group, and Barrett, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report’; Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flight
Challenge - Baseline Report’; SQW, “Transforming Foundadon Industries: Industrial Strategy Challenge Fund
Evaluation - Baseline Report.’

21 Tpsos MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Report’; Technopolis
Group, ‘ISCF Next Generation Services Evaluation - [D2] Baseline Report - Draft’; Ipsos MORI, ‘Industrial
Decarbonisation Challenge - Baseline Report.

22 Adroit Economies Lid., ‘Autonomous Vehicles’; Adroit Economics Led., ‘Materials for Mobility.”

2 “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.”

24 “ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.’

%5 ISCF Fund-Level Evaluation: Baselining Workshop on Manufacruring and Sustainability.”
2% ‘ISCF Fund-Level Evaluation: Baselining Workshop on Energy.

20

‘ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

% Ipsos MORI, Technopolis Group, and Barrett, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report.”
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while within Audience of the Future recruitment of technical staff was a challenge due to difficulcies in

offering competitive salaries.*”

Wichin the aviation and aerospace sub-sector, there was a strong demand for ralent and skills, which were
partly sourced from the EU.*' In the area of roborics, there was a strong unmer need for qualified workers

with the right skills.?!!

4.9.1. Business creation

There was a mixed picture across sectors in terms of business creation at baseline. In some sectors, there
was considerable business creation activity. Table 10 shows the count of births of new enterprises by
industry sectors relevant to ISCF Challenges in 2018. As chis illustrates, sectors in which a high number of
new enterprises were being established included construction, transport, legal and accounting activities and
human health. Trends in the ‘top 10 of these sectors are shown in Figure 23, showing flat or declining rates
of business births in most of these sectors. Note that 2020 data will likely be significantly affected by the

Covid-19 pandemic.

Table 10: Count of births of new enterprises by SIC group (2018) {ISCF Challenge-relevant sectors
only}

Standard industrial classification {SIC 2007} code and group 2018
43: Specialised construction activifies 28,245
62: Computer programming, consultancy and related activities 23,640
41: Construction of buildings 18,635
49 Land transport and transport via pipelines 12,365
71: Architectural and engineering activities; technical testing and analysis 11,350
69: Llegal and accounting activities 7,515
86: Human health activities 6,110
93: Sports activities and amusement and recreation activities 4,660
59: Motion picture, video and television programme production, sound recording and 4,005
music publishing activities

Q0: Creative, arts and entertainment activities 3,025
66: Activities auxiliary to financial services and insurance activities 3,020
25: Manutacture of fabricated metal products, except machinery and equipment 2,825
88: Social work activities without accommodation 2,795
64: Financial service activities, except insurance and pension funding 2,420
63: Information service acfivities 1,835
80: Security and invesligation activities 1,6G0
32: Other manufacturing 1,270
10: Manufacture of food products 1,085
18: Printing and repreducticn of recorded media 970
35: Electricity, gas, steam and air conditioning supply 900
87: Residential care activifies 865
72: Scientific research and development 800
38: Waste collection, treatment and disposal activities; materials recovery 700

*# Technopolis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim
Process Evaluation Report.”

210 “ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.”
21 ISCF Fund-Level Evaluation: Baselining Workshop on IT and Data.’
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28:
29:
30C:
22:
65:
20:

51

Manutacture of machinery and equipment (not elsewhere classified)
Manufacture of motor vehicles, trailers and semi-trailers

Manufacture of other transpert equipment

Manufacture of rubber and plastic products

Insurance, reinsurance and pension funding, except compulsory social security
Manufacture of chemicals and chemical products

. Air transport
23:
24:
60:
3¢:
17:
Q1
21:
08:
09:
Q6:
19:
07

Manufacture of other non-metallic mineral products
Manufacture of basic metals

Pregramming and broadcasting activities

Remediation activities and other waste management services
Manufacture of paper and paper products

Libraries, archives, museums and other cultural activities
Manufacture of basic pharmaceutical products and pharmaceutical preparations
Other mining and quarrying

Mining support service activities

Extraction of crude petroleum and natural gas

Manufacture of coke and refined petroleum products

Mining of metal ores

Source: RAND Europe analysis of ONS data
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Figure 23: Trends over time in births of new enterprises by SIC group {top 10 by highest number of
new businesses in 2018 amongst ISCF Challenge-relevant sectors)
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30,000
25,000
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=—@==43 : Specialised construction activities

—=@==062 : Computer programming, consultancy and related activities
41 : Construction of buildings

—=@==149 : Land transport and transport via pipelines

==@==71 : Architectural and engineering activities; technical testing and
analysis
69 : Legal and accounting activities

=@=236 : Human health activities
==@==93 : Sports activities and amusement and recreation activities

=@=="59 : Motion picture, video and television programme production, sound
recording and music publishing activities
=@=90 : Creative, arts and entertainment activities

Source: RAND Europe analysis of ONS data

Baselining workshops highlighted that there were several emerging areas of R&T with increasing early-stage

activity with businesses and spin-outs being created. This included the health and healthcare secror,

212

particularly within che areas of AI, HMP and cell and gene therapy.”'” In the transport and manufacturing

sectors, there was also reported to be considerable businesses creation as part of the development of new

technology, though this typically lacked government support.*'?

212 ¢

ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.

214 “ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space’; ‘ISCF Fund-Level Evaluation:
Baselining Workshop on Manufacturing and Sustainability.”
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Figure 24 and Figure 25 present data on the number of TUK projects reporting plans to create spin-outs at
baseline. Figure 24 presents the number of TUK projects reporting that involvement in a project had
increased the possibility of an academic spin-out being formed. Figure 25 presents the number of projects
reporting plans to exploit a product, service or process through the creation of a spin-out (compared against
other means of exploitation). The dara covers the TUK portfolio excluding projects funded under the ISCF

214

and is based on reporting in PCFs.*" Figure 24 illustrates that, for most IUK projects commencing in 2018,
2019, 2020 and 2021, project involvement had either not increased the possibility of an academic spin-out
being formed, or had only increased the possibility of one being formed in the future. In each year, a small
number of projects reported that involvement had led to concrete plans for a spin-out or to an actual spin-
out being created. Figure 25 illustrates that a considerable number of projects had plans to establish spin-
outs in 2018, whether in the UK or overseas. The number of projects with plans to create spin-outs was

comparatively low compared to the number of projects planning to exploit new products, services of

processes through ocher means, such as entering into license agreements.

Figure 24: Number of IUK projects reporting increased the possibility of an academic spin-out
being formed as a result of involvement in project (2018-2021)

Yes, created

Yes, planned

Project start date

Possibly in the future 2020
2019
2018
No
Don't know
o] 25 50 75 100

Number of projects

Source: RAND Europe analysis of IUK data

21 While the data presented here provide a general sense of spin-out activities outputs of [IUK projects, it should be
noted that data collected through PCFs may be subject to under-reporting.
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Figure 25: Number of IUK projects reporting plans to establish spin-outs {and other forms of

exploitation) (2018)

Create spinout

Enter into licensing agreements

Improve business offering

Produce and sell the product or service using contracted manufacturers

Provide services directly to customers

Provide services to other businesses

Reduce costs

SellIP

Not expecting new release |

Source: RAND Europe analysis of IUK data
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5. Connected innovation ecosystem

The fostering of multi-sectoral, multidisciplinary and multi-stakeholder collaborations and networks is a
core aim of the ISCF. Such a connected innovation ecosystem is necessary for the development of innovative
solutions, but also to ensure that the wider environment for adoption and improvement is in place. Through
collaborative funding, as well as wider activities, ISCF funding aims to bring together coalitions of
stakeholders to drive the Challenges forward. Linked to this, the Fund seeks to contribute to the

international recognition of the UK as a leader within the Challenge areas.

This chaprer set outs the baseline landscape regarding networks, collaberation and a connecred innovation
ecosystem and is divided into two parts. The first part follows the approach of previous chapters by
considering the baseline landscape with respect to key aspects of a connected innovation ecosystem,

including sections addressing the following areas:

® Business-business collaboration: Providing baseline evidence for the evaluation question: “T'o
what extent has the ISCF increased collaboration between businesses including between younger,

smaller companies and larger, more established companies up the value chain?’

e Business-academic collaboration: Providing baseline evidence for the evaluation question: To
what extent has the ISCF increased business-academic engagement on innovation acrivities relating

to the Challenge areas?’

e Multidisciplinary and inter-disciplinary research: Providing baseline evidence for the evaluation
question: ‘To what extent has the ISCF increased multidisciplinary and interdisciplinary research

and innovation (MIDRI) around the Challenge areas?

e International recognition: Providing baseline evidence for the evaluation question: “To what
extent have institutions and clusters participating in the ISCF Challenges been recognised for their

expertise within the UK and internationally?’

In the second part of the chapter, we present the findings of a preliminary network analysis exploring
connections between different ISCF Challenges and between organisations engaging with the Challenges
in differenc ways. The network analysis provides initial insights into the relationships between ISCF
Challenges and the nature of collaboration across ISCF projects during the early stages of the Fund’s

implementation.
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5.1. Business-business collaboration

Key message: At baseline, most participants in the ISCF across Challenges had some prior
experience of business-business collaboration.

Evaluation question: To what extent has the ISCF increased collaboration between businesses
including between younger, smaller companies and larger, more established companies up the
value chaing

There is evidence of business-business collaboration within Challenge areas at baseline. For example,
at baseline, 58 per cent of participants in the Quantum Technologies Challenge had collaborated with other
businesses.”'” Similarly, for the Transforming Construction Challenge, 81 per cent of survey respondents
from industry had collaborated with other construction businesses in the year prior to TCC engagement.*'*
Among businesses participating in the Creative Industries Clusters Programme, 66 per cent collaborated
for at least some of their research at baseline, while 47 per cent conducted the majority of their research
collaborarively, Of those that collaborated, 74 per cent had collaborated with other Cluster businesses at
baseline, with 51 per cent of businesses in collaboration with a technology- or data-focused business.*'” For
the Transforming Foundation Industries Challenge, 62 per cent of companies had collaborated with other
businesses, though only 30 per cent collaborated to develop new products, services or processes.”'* Table 11

below presents more information on business-business collaboration within Challenge areas at baseline, as

derived from Challenge-level baseline reports.

Table 11: Key findings on business-business collaboration at baseline

Challenge Key findings on business-business collaboration

Data to Early Diagnosis

" = 76% of respondents to a baseline survey of precision medicine firms reported
and Precision Medicine?!? ° P Yo P P

collaboration with other businesses in the sector, with 48% reporting
collaborations with businesses outside the sector.

Quantum Technologies?2? . . L . .
9 According to a baseline survey, 40% of participating businesses in the

Quantum Technclogies Challenge had collaborated with end-users and 58%

with other businesses in quantum technologies prior to the programme.
Audience of the Future??’ . . ,
According to a baseline survey, three out of four Audience of the Future
Demecnstrater projects had existing relationships within their consortia before

213 Technopalis Group, ‘ISCF Quantum Technology Programme Evaluation - |D3] Phase 2.2: Baseline Report.’
216 Frontier Economics, “Transforming Construction Challenge - Baseline Report.’

"7 Frontier Economics and BOP Consulting, ‘Evaluation of the Creative Industries Clusters Programme - Phase 2
Baseline and Initial Impact Reporting - the CRPDs.

218 SQW, Transforming Foundation Industries: Industrial Strategy Challenge Fund Evaluation - Baseline Report.’
21" SQW, ‘Data to Early Diagnosis and Precision Medicine: ISCF Challenge Evaluation - Baseline Evaluation Report.”
2 Technopolis Group, ‘ISCF Quantum Technology Programme Evaluation - [D3] Phase 2.2: Baseline Report.”

! Technopolis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim
Process Evaluadion Report.
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Robotics for a Safer

World?222

Transforming

Construction?2?

Transforming Foundation

Industries?24

Transforming Food
Production?2®

Creative Industries
Clusters?26

applying, while 64% of successful applicants organisations formed new
partnerships through the application process (48% for unsuccessful applicants).

According to a baseline survey, 90% of successful business applicants to the
Robotics for a Safer World Challenge already had at least one project with o
commercial partner prior to opp|icc:t'|on.

According to a baseline survey, 81% of successful business applicants to the
Transforming Construction Challenge had collaborated with other construction
businesses in the year prior to engagement.

62% of foundation industry businesses responding to a baseline survey had
colluborated with other businesses, but anly 30% had collaborated with other
organisations to develop new products, services or processes.

According to a baseline survey, 79% of successful Transforming Food
Production applicants engaged in collaberative R&D in the three years before
applying to the Challenge, including collaboration with universities, public
research institutes, customers or clients.

A baseline survey of Creative Industries Clusters businesses found that 66%
collaborated on at least some of their research, and 47% conducted the
majority of their research collaboratively. Of those businesses that
collaborated, 74% did so with other Cluster businesses and 51% with other
data- or technology-focused businesses.

Source: RAND Europe analysis of Challenge-level baseline reports

However, business-business collaboration varied between sectors, with particular issues highlighted in

some Challenge areas. For the healthcare sector, for example, collaboration with induscry partners is seen

as being extremely difficult. One reason for this is that NHS organisations are either at risk of being seen to
give away value, or are seen as difficult to work with.**" Similarly, there was limited business-business

collaboration in the SMR space at baseline

228

manufacturing, much collaboration was focused on getting technology to the point of implementation

rather than going any further.*”” Within the Digital Security by Design Challenge, meanwhile, there was a

need to broaden collaboration by bringing in other companies.

230

222 Technopolis Group and Ipsos MORI, ‘ISCF Robatics and Artificial Intelligence in Extreme Environments -

Baseline and Process Evaluation Report.”

% Frontier Economics, “Transforming Construction Challenge - Baseline Report.’

2 §QW, “Transforming Foundarion Industries: Industrial Strategy Challenge Fund Evaluarion - Baseline Report.”

25 §QW, “Transforming Food Production Evaluation - Baseline: Overview Report.’

> Frontier Economics and BOP Consulting, ‘Evaluation of the Creative Industries Clusters Programme - Phase 2

Baseline and Initial Impact Reporting - the CRPDs.

227 ¢

[SCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.

% ‘ISCF Fund-Level Evaluation: Baselining Workshop on Energy.

229 ¢

ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainabilicy.”

#0 “ISCF Fund-Level Evaluation: Baselining Workshop on [T and Data.’
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5.2. Business-academic collaboration

Evaluation question: To what extent has the ISCF increased business-academic engagement on
innovation activities relating fo the Challenge areas?

Key message: There was variability in the extent to which business-academic collaborations
existed at baseline, with low levels of collaboration in some areas.

As with business-business collaboration, there is some evidence of academic-business collaboration
within Challenge areas at baseline. For the Data to Early Diagnosis Challenge, 83 per cent of respondents
to a baseline survey of precision medicine firms reported collaborations with universities or other higher

231

education institutions.”' Similarly, 81 per cent of respondents for the Transforming Construction

Challenge reported that they had collaborated with academic/research organisations in the year prior to

232

engagement in the Challenge.””* Of businesses participating in the Creative Industries Clusters Programme,
68 per cent reported that they had collaborated with university research departments or researchers at
baseline.”” Around a third of organisations participating in the Next Generation Services Challenge

234

reported the involvement of an academic partner in prior R&D projects.

More broadly, there was variability in the extent to which business-academic collaboration was
prevalent within sectors at baseline. In the healthcare sector, business and academia had a good
relationship before the ISCF. This relationship was fairly mature particularly in relation to drugs and
therapeutics.™” Similarly, for Digital Security by Design, there was already industry-academic collaboration,

2% By comparison, in the data and Al sector, business-academic collaboration

albeit much narrower in scope.
was not as mature as it had not been around for as long.*”” In the nuclear sector, there was also limited
collaboration between businesses and academics, and there was a historic and long-standing disconnect
berween academic research into energy storage related topics and industrial innovation.™® This picture is
broadly reflected in our analysis of the pre-award publication of ISCF award holders {(Figure 26). Tn many
areas the total number of publications is relatively low so the proportion of publications with industry co-
authorship should be interpreted with caution. In addition, it should be noted that in some Challenges,
many award holders will be from industry so the analysis may be influenced significantly by the extent to

which those individuals can be matched in the bibliometric database. However, we do see a considerable

M SQW, ‘Data to Early Diagnosis and Precision Medicine: [ISCF Challenge Evaluation - Baseline Evaluation Report.’

2 Frontier Eeonomics, “Transforming Construction Challenge - Baseline Report.”

*7 Frontier Economics and BOP Consulting, ‘Evaluation of the Creative Industries Cluasters Programme - Phase 2
Baseline and Initial Impact Reporting - the CRPDs.

234

Technopolis Group, ‘ISCF Next Generation Services Evaluation - |D2] Baseline Report - Draft.’

23

T

‘ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.”
6 “ISCF Fund-Level Evaluation: Baselining Workshop on [T and Data.’
#7 “ISCF Fund-Level Evaluation: Baselining Workshop on I'T and Data.’

23

&

‘ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’
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number of industry co-authored publications across Challenge areas and, across the Fund as whole, a total

of 5.1 per cent of identified baseline publications including an industry author,

Figure 26: Industry co-authorship of baseline publications, including publications (2014-2018) for
ISCF award holders matched in Dimensions

Number of papers
with at least one
author from

Percentage of
papers with at
least on author

Number of

Challenge area L
publications

industry from industry
All ISCF 16946 865 l 5.1%
Accelerating Detection of Disease 0 0 N/A
Audience of the Future 120 1 | 0.8%

103 1 41 39.8%
4714 62 1 5.6%

Commercialising Quantum Wawe 3
Data To Early Diagnosis and Precision Medicine

Digital Security by Design 1013 - 47' 4.6%
Driving the Electric Rewvolution 2 | 2 _
Faraday Battery Challenge 73 | 3 l 4.1%
Future Flight 3 0 0.0%
Healthy Ageing 1873 - 55 I 2.9%
Industrial Decarbonisation 1690 - 57 I 3.4%

Low Cost Nuclear (Phase 1) 0 0 N/A
Manufacturing Made Smarter 29 I 8 - 27.6%
Medicines Manufacturing 185 - 48 - 25.9%
National Satellite Test Facility 0 0 N/A
Next Gen Aerospace 1 1 _
Next Generation Senices 323 | 3 | 0.9%
Prospering From the Energy Rewolution 828 - 48. 5.8%
Quantum Technologies Wawe 2 140 - 62 - 44.3%
Robotics for a Safer World 3655 _ 141 l 3.9%
Self Driving Vehicles 0 0 N/A
Smart Sustainable Plastic Packaging 1035 - 48 l 4.6%
Transforming Construction 1861 - 81 l 4.4%
Transforming Food Production 69 I 8 . 11.6%
Transforming Foundation Industries 219 l 10 l 4.6%

Source: RAND Europe analysis of Dimensions data provided by Digiral Science.

5.3.  Multidisciplinary and interdisciplinary research

Evaluation question: To what extent has the ISCF increased multidisciplinary and inferdisciplinary
(MIDRI) research around the Challenge areas?

Key message: The level of multidisciplinarity at baseline is comparable to IUK and UKRI average
levels

The level of multidisciplinarity at baseline is comparable to IUK and UKRI average levels. On average,
13 per cent of identified baseline publications for ISCF award holders are linked to more than one field of

research, and the average number of fields of research linked to papers in the baseline publication set is 1.16,
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which is comparable to the [TUK and UKRI average of 1.19. There is some variation berween Challenges —
for example the Manufacturing Made Smarter challenge is particularly multidisciplinary, with 28.1 per cent
of its publications linked to more than one field of research, and an average number of fields of research

linked to the publications of 1.38.

This picture is broadly in line with the evidence from the Challenge-level baseline reports. For example, in
2020, only 19 per cent of studies for the Future Flighe Challenge reported on UKRI Gateway to Research

239

(GTR) were interdisciplinary™’, with similar levels in the years prior, indicating that few studies in the this
field were interdisciplinary at baseline.”™ The Science and Technology Facilities Council (STFC) had
funded early-stage multidisciplinary research through The Global Challenge Network in Battery Science
and Technology since 2013.*"" At baseline, 22 Future Flight studies that involved interdisciplinary R&D

242

were listed on the GTR portal, with a combined total value of £14m.*

Figure 27: Multidisciplinarity of baseline publications {2014-2018) from award holders for whom

publications could be matched in Dimensions

Average number of

N“”?ber o.f Pe.rce.ntage- of fields of research
Challenge area Nun_wbe_r of publications linked publications linked associated with
publications tq more than one tg more than one publications in the
field of research field of research set

All ISCF 16946 201 1Bowl 116
Accelerating Detection of Disease 0
Audience of the Future | 120l 19 N 1580 I 122
Commercialising Quantum Wave 3 | 103 15 N 1460 N 124
Data To Early Diagnosis and Precision Medicine _— 325 - 6.9% _ 1.08
Digital Security by Design || 1013 I so I 7.00 I 110
Driving the Electric Rewolution 2
Faraday Battery Challenge | 73 | 9 - 12.3% _ 1.16
Future Flight 3 ; 0.00 I 100
Healthy Ageing I 1573 N 313 I 16.70. N 122
Industrial Decarbonisation - 1690 _ 327 _19.3% _ 1.23
Low Cost Nuclear (Phase 1) 0
Manufacturing Made Smarter | 29 | 2 - 6.9% _ 1.07
Medicines Manufacturing l 185 . 52 _ _ 1.38
National Satellite Test Facility 0
Next Gen Aerospace 1 0 0.0% _ 1.00
Next Generation Senices I 323 . 48 _ 14.9% _ 1.23
Prospering From the Energy Rewlution - 828 - 163 _19.7% _ 1.24
Quantum Technologies Wave 2 | 140 l 22 _ 15.7% _ 1.25
Robotics for a Safer World _3655 _ _ 12.9% _ 1.16
Self Driving Vehicles 0
Smart Sustainable Plastic Packaging - 1035 - 176 _ 17.0% _ 1.21
Transforming Construction - 1861 _ 303 _ 16.3% _ 1.21
Transforming Food Production | 69| 12 _ 17.4% _ 1.19
Transforming Foundation Industries I 219 I 33 _ 15.1% _ 1.20

#% For this analysis, interdisciplinary stadies were defined as studies that invelve at least two different Future Flight
technologies. Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flighe Challenge - Baseline Report’.

* Frontier Economics, BMG, and Frazer-Nash Consultancy.
4! Ipsos MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Bartrery Challenge - Baseline Report.”

2 Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flight Challenge - Baseline Report.’

77



Source: RAND Europe analysis of Dimensions data provided by Digital Science.

5.4. International recognition

Key message: Academic institutions in the UK are broadly considered to have world-class
experfise in a range of areas relevant fo the Challenges. However, this recognition is not always
reflected in industry reputation, where the picture is more mixed and the strength is reliant on a
small number of key players.

Evaluation question: To what extent have institutions and clusters parficipating in the ISCF
Challenges been recognised for their expertise within the UK and infernationally€

While international recognition of the UK is varied across the Challenge areas, academic institutions
have broadly had the most success in being recognised for their expertise in the UK and internationally.
Academic institutions in the UK were seen to have world-class expertise in a range of areas of research —

such as electrochemical energy storage and quantum and cyber research.*?

However, this strong academic research is often not translated into industry and entrepreneurialism.
While there is much international research being conducted at universities, this is only loosely geared
towards innovation or industry need. The UK was and is recognised as a hub for life sciences — that is, being
strong academically, as well as for its pharmaceutical industry and its SMEs.*"" Despite this high degree of
scientific excellence and competence, the UK’s reputation was also that it was not highly entrepreneurial in
this domain.”” Similarly, while the UK is seen as having world-leading financial and professional service

246

sectors, this reputation does not extend to collaboration or innovation.”** Another example may be seen in
the area of agritech, where the UK had a good research base and capability but did not capicalise on ir,
leaving key competitors in Singapore, Israel, Treland and the United States to lead the way.*” This provided
a key rationale for the ISCF in the area of agritech — to emphasise international opportunities and to focus

on export.

There are some areas in which the UK has a reputation as a world leader. The Digital Security by Design
Challenge baseline report notes that the UK ranked 1st globally out of 175 countries in the 2018 Global
Cybersecurity Index. Stakeholder interviews conducted at baseline suggested that the UK currently had
strong or world-leading capabilities in some security, hardware and software sub-sectors.”™® The UK legal
sector — relevant to the Next Generation Services challenge — is renowned for its internacional legal services
firms, wich five of the largest 15 global law firms having UK headquarters, The sector had an estimared total

premium volume of just under £178bn, making it the largest in Europe and 4™ largest in the world behind

43 “ISCF Fund-Level Evaluarion: Baselining Workshop on Energy’; ‘ISCF Fund-Level Evaluation: Baselining
Workshop on IT and Dara.’

24 “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.”

45 ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.”

24 ‘ISCF Fund-Level Evaluation: Baselining Workshop on IT and Data.’

47 ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Susrainability.”

## RSM, ‘Digital Security by Design Evaluation - Phase 2: Developing the Baseline,” April 2021.
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the United States, China and Japan.*® Tn the healthcare domain (relevant to the Accelerating Detection of
Disease, Health Ageing, Data to Early Diagnosis and Precision Medicine and Medicines Manufacturing
Challenges), the creation of Genomics England helped establish the UK as a world leader in genomics. Rare

Diseases UK played a leadership role in Europe, fed into advanced therapies, and has helped to build the
reputation of UK excellence in life sciences.”

However, there were some areas in which UK reputation had declined. There are instances in which

progress has been reversed; a decade ago, the UK was seen as a world leader in technology for ‘ageing in

251

place’, however this leadership has been eroded.”' In addition, Britain’s vote to leave the EU in 2016 was

252

felt by some to have had a negative reputational impact on the UK science base.”* In 2018, international

collaboration on nuclear research was at a low ebb, which workshop participants suggested was in part due
to a tendency for the UK to be viewed as a marker in which to sell nuclear technologies rather than a

producer of them.*

There are some areas in which the UK is neither leading nor lagging behind — but its reputation and
recognition as able to bring research collaborators together mean it could lead with the right

investment. There is international recognition that the UK is good at research collaboration and bringing

254

together the right stakeholders to solve problems.®" In areas such as lawtech, there is limited global

collaboration — meaning the UK is not necessarily ahead or behind**. Similarly, there is no clear global
leadership in the area of manufacturing and sustainability — despirte interest from the SME engineering base

and some limited academic interest — meaning the UK is not really on the radar in this area.”*

2 Technopalis Group, ‘ISCF Next Generation Services Evaluarion - [D2] Baseline Report - Draft.”
230 “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.”

1 ISCF Fund-Level Evaluation: Baselining Workshap an Health and Healthcare.”

232 ‘ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.”

53 ISCF Fund-Level Evaluation: Baselining Workshop an Energy.’

2% ‘ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.”

53 ISCF Fund-Level Evaluation: Baselining Workshop on I'T and Dara.’

36 ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability.”
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Preliminary ISCF network analysis

Evaluation questions:

o To what extent has the ISCF increased collaboration between businesses including between
younger, smaller companies and larger, more established companies up the valve chain?

o To what extent has the ISCF increased business-academic engagement on innovation
activities relating fo the Challenge areas?

Network analysis is a type of quantitative analysis that studies the connections between things {‘nodes’) and
draws insights from the structure of these links. For example, network analysis can be used to study the
structure of friendships in social networks, co-authorship in academic research or R&D collaboration
between firms. Through visualisation of the network and statistics on the structure of connections, network

analysis can help investigate how entities interact with each other.

Network analysis can provide useful metrics on issues such as:
e  Which nodes are most ‘influential’ or ‘central’ in the nerworl?
e How ‘clustered’ vs. ‘diverse’ are the connections in the network?
e Does the network divide into smaller ‘communities” or ‘silos’?
e  Are certain nodes particularly important in bridging communities together?

Network analysis goes beyond the analysis of business impacts to look at wider networks (including

academics and third sector organisations) enabled and supported by the ISCF,

As part of the baselining phase, we have undertaken a preliminary network analysis that explores the
connections between different ISCF Challenges and between the organisations engaging with the
Challenges in two ways: events and funded projects. This preliminary network analysis provides initial
insights into the relationships between ISCF Challenges and the nature of collaboration across ISCF

projects.

We anticipate that it will be beneficial to conduct a similar analysis as part of the final Tmpact Evaluarion,
once the Challenges are more developed (or, in some cases, complete) and more data is available on

collaboration. In this sense, while the primary focus of this preliminary network analysis is to demonstrate

a ‘proof of concept’ for using network analysis within later stages of the evaluation™, the preliminary

7 The implications of this preliminary network analysis for later network analyses, including possible extensions of
the analysis are discussed in Annex C.
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network analysis can also provide a form of baseline, illustrating the nature of collaboration berween
organisations and Challenges at the early stages of the ISCF's implementation. This said, given the current
early stage of the ISCF and the limitations of the data discussed below, these findings should be viewed only
as preliminary. Larter analysis may seek to expand on, and develop, the work done at this phase and so may
not be fully comparable with results presented here. Conclusions on the implications of this preliminary
network analysis for later possible network analysis, including possible extensions, are presented in Annex

C of this report.

It should also be noted that this analysis is not strictly a ‘baseline’ in the sense used elsewhere in this report.
This is because the analysis is based on the early outputs of the ISCF, rather than data on the state of
collaboration at the point that the ISCF was established. Baseline (pre-ISCF) perspectives on collaboration
have been captured through the review of Challenge-level baseline reports and the workshops, and are

referenced elsewhere in this report.

Approach to the network analysis

As described earlier (see Section 2.2.4), for this preliminary network analysis, we have analysed two sources
of data on the connections between ISCF organisations and Challenges: (i) KT'N data on ISCF event
attendance and (ii) Delphi data on project collaborations through ISCF grants. In both cases, the data have

been analysed in two ways: as a network of organisations and as a network of Challenges. The approach is
described furcher in Table 12 below.

Table 12: Approach to network analysis of KTN and Delphi data

| | KIN data Delphi data

Network

of

organisations

Network
Challenges

of

Nodes in the network are all the organisations
that have attended ISCF events. Two
organisations are connected if their members
attended the some event. The weight of the
connection is the number of event attendances
the two organisations have in common.
Nodes in the network are the ISCF Challenges
themselves. Two Challenges are connected if a
single organisation attended events for both
Challenges. The weight of the connection
between these Challenges is the number of
attendees sent by crganisations that attended
events for both Challenges.

Two crganisations are connected if they are
ccllaberators on at least one mutual project. The
weight assigned to this connection reflects the
total grant that these organisations were
awarded across all mutual projects.

Two challenges are connected if at least one
organisation is involved with  projects
associated with both Challenges. The weight
assigned to this connection reflects the total
grant received for these projects by the
organisafions that were involved in projects
associated with both Challenges.®’

23 Specifically, for any two organisations that are both involved in a mutual project and receive grants of £A and £B
respectively for this project, we take the minimum of A and B as the weight of the connection between these
organisations. If these organisations are involved in multiple mutual projects, we take the sum of the minimum grants
received by the two organisations across all mutual projects. We note below that weighting by the value of funding
does not necessarily reflect the ‘value” of the collaboration; possible explorations of unweighted versions of the analysis
could be explored as a sensitivity as part of the final evaluadon report.

3% Specifically, if an organisation receives grants worth £A for projects associated with one Challenge and grants worth
£D for projects associated with another Challenge, we take the minimum of A and B as the weight of the connection
berween these Challenges. If multiple organisations are invelved in projects associated with both Challenges, we take
the sum of the minimum grant amounts between the two Challenges for all erganisations.
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In the sections that follow, we present findings from the analysis of KTN data and Delphi dara in turn.
Both types of data have drawbacks as well as advantages. Mutual event attendance does not necessarily imply
a collaborarive link berween organisations (though it signals the potential for such a link}. Additionally, the
results may depend somewhat on the number of events held that we can associate with each Challenge in
the data: Challenges holding more events are, by definition, more likely to be ‘connected’” with other
Challenges, and organisations attending those events are more likely, through sheer numbers, to be

connected with other organisations.

On the other hand, data on formal collaboration through project grants does not necessarily reflect more
informal patterns of collaboration berween organisations and Challenges. Addicionally, the results may
depend to some extent on the number of project grants that have so far been awarded for each Challenge
to date. It is also important to note that our approach to weighring connections in the Delphi daca assumes
that a participant’s collaboration on a project reflects the level of the grant received. The actual determinants
of the level of collaboration between the members of a project will, in reality, be more complex, but therefore
not possible to observe or quantify in the same way.

Due to the different perspectives, strengths and shortcomings of the data sources, it is informative to
260

compare and contrast analysis of both.
Treatment of universities and academic institutions

A key indicator is ‘network centrality’. This captures how well-connected and integrated in a network a
particular node is. For both the KTN and Delphi dara, it was found that universities and academic
institutions have the highest network centrality, based on several measures. The finding that universities
have a much higher network centrality likely reflects the fact that these institutions generally have multdiple
departments covering a wide range of subject areas and, therefore, have a wide range of engagement across
ISCF Challenges.

While this is an interesting (if not unexpected) resulc to observe in the data, it also highlights a potential
issue with respect to including these academic institutions in the analysis. Given that university departments
are relarively distinct organisational units in many cases, inclusion of universities as single organisations may
generate links between Challenges that are not representacive of actual collaboration or engagement activiry.

For this reason, the results presented below exclude universities and academic institutions.™ This is a

0 Comparing these gives an initial assessment of whether the networks look different when we consider ISCF-enabled
events and funded projects. In practice, as we discuss below, it may be possible to combine these into a single dataset
for future evaluadon. However, we also note both that this introduces conceprual difficulties about how to ‘weight’
funding and event attendance in terms of the size of a connection berween organisations and Challenges; and that
preliminary assessment of the two darasets suggests thar there is (perhaps surprisingly} relatively little overlap between
them {see Annex D relating to econometric analysis).

! For the KTN data, any organisations with the type ‘University, Research Institute or RTQO’ are excluded. For the
Delphi data, any organisations flagged as ‘Academic’ are excluded.
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limitation of the datasets, where details of the individual academic(s} or departments attending events were

262

not collected or available,

KTN data

Network of organisations

Key message: Data on event aftendance suggests a rich pattern of connectivity and engagement
across the ISCF Challenges, with no obvious silos within the network.

Figure 28: Network of organisations (KTN data)?%?

M Audience of the Future

M Prospering From the Energy Revolution

B Future Flight

M Healthy Ageing

M Transforming Food Production

M Faraday Battery Challenge

B Transforming Construction

B Manufacturing Made Smarter
Transforming Foundation Industries

B Smart Sustainable Plastic Packaging
Commercialising Quantum Wave 3

M Data To Early Diagnosis

M Robotics for a Safer World

B Next Generation Services
Industrial Decarbonisation

I Digital Security by Design

Il Medicines Manufacturing

M Driving the Electric Revolution

¥ Low Cost Nuclear (Phase 1)

B Quantum Technologies Wave 2

Source: Frontier Economics analysis of KTN ISCF event data

Figure 28 above shows a visualisation of the network of organisations for the KTN event data. Each dot
{node) represents an organisation and is coloured corresponding to the Challenge that it engaged with most
(in terms of event attendance). The nodes are arranged in the visualisation such that more strongly
connected nodes are closer together. Nodes near the centre of the image typically have the most
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connecrions,

%2 In principle, there may be similar concerns for businesses, particularly large conglomerate firms. We have not tested

the sensitivity of our results to this at this stage, though in general the numbers of such businesses are relatively low.

63 Next Generatian Aerospace and Self Driving Vehicles are not shown as no events could be reliably identified for

these Challenges.

4 Formally, we use the Yifan Hu Multilevel layout. See Yifan Hu, ‘Efficient and High Quality Force-Directed Graph
Drawing,” The Mathematical Jowrnal 10, no. 1 {2005): 37-71.
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This visualisation shows a rich pattern of connectivity and engagement across the ISCF Challenges.
Visually, clusters of organisations associated with a single main Challenge (i.e. clusters of a single colour)
can be identified. The arrangement of these clusters gives some indication of overlapping participation by

organisations between Challenges.

For example, near the centre of the network we see several organisations associated with Transforming
Construction, Prospering from the Energy Revolution, Industrial Decarbonisation and Faraday Battery. In
the bottom right of the image, we see clusters related to Transforming Food Production, Smart Sustainable

Plastic Packaging, Robortics for a Safer World and Manufacturing Made Smarter.

There are no obvious silos in the network. That is to say, there do not appear to be any large clusters of

organisations that are closely connected with each other but poorly integrated into the wider nerwork.

On average, organisations that engaged the most with Future Flight, Faraday Battery and Manufacturing
Made Smarter have the highest ‘centrality’ in the network (as measured by ‘Page Rank’).* This is shown
in Figure 29 below. This suggests that these organisations are generally the most well-connected and

integrated into the network.

Figure 29: Average page rank of organisations by Challenge (KTN data)
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also the number and strength of the nodes it is connect to in trn

3 Page Rank is a measure of network centraliry that accounts for the number and strength of a node’s connections
but also the number and strength of the nodes it is connect to in turn Sergey Brin and Lawrence Page, “The Anatomy
of a Large-Scale Hypertextual Web Search Engine,” Proceedings of the Seventh International World Wide Web Conference
30, no. 1 (April 1, 1998): 107-17, https://doi.org/10.1016/50169-7552(98)001 10-X.

%6 Brin and Page.
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However, it is possible that a high Page Rank is driven by strong connections with other organisations that
mostly attended events of the same Challenge, rather than reflecting a high level of connectivity across
Challenges. Tt is therefore important to look at a range of metrics in the round.

As shown in Figure 30 below, organisations associated with the Manufacturing Made Smarter Challenge
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also have a substantially higher ‘berweenness™, on average. This suggests that, in addition to having a high

Page Rank, these organisations act as a kind of ‘bridge’ connecting otherwise more distantly related
organisations. This may reflect the relevance of manufacturing to a number of other Challenges.
Organisations associated with the Faraday Battery Challenge also have a high average betweeness, in

addition to their high Page Rank.

Figure 30: Average ‘betweenness’ of organisations by Challenge (KTN data)
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Source: Frontier Economics analysis of KTN ISCF event data

Note: Berweenness is & measure of centrality thar reflects the numéber of shortest paths between pairs of nodes that a given

node lies an 2%

Conversely, while organisations that engaged most with the Future Flighe Challenge have a high Page Rank,
they do not have as high a Betweeness. This may suggest that the high Page Rank of these organisations
may be driven by strong mutual event attendance within this Challenge, rather than connectivity across

Challenges.

We can further validate these findings by looking at the data as a necwork of Challenges.

7 Berweenness is a measure of centrality thar reflects the number of shorrest paths between pairs of nodes that a given

node lies on Ulrik Brandes, ‘A Faster Algorithm for Betweenness Centrality,” The Journal of Mathematical Sociology
25, no. 2 (June 1, 2001): 163-77, hteps://doi.org/10.1080/0022250X.2001.9990249..

268 Brandes.
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Network of Challenges

Key message: Based on event attendance data, ISCF Challenges can be grouped into five
‘communities’. While these communities are broadly intuitive and reflect alignment between
cerfain Challenges areas, others are more surprising and link together seemingly unrelated
Challenges.

As described above, it is also possible to analyse the data as a network of Challenges. Figure 31 below
visualises the data from this perspective, Each node represents a Challenge and its size reflects its network

centrality (Page Rank}. The thickness of the links between Challenges reflects their ‘weight’.

Figure 31: Network of Challenges (KTN data)?¢®

Source: Frontier Economics analysis of KTN ISCF event data
Note: The weight’ of the connection between Challenges is the number of attendees thar attended events for both Challenges.

As with the network of organisations, we see that the Faraday Battery and Manufacturing Made Smarter
Challenges have the highest network centrality. Tt is worth noting chat this is not simply driven by the

number of events held by each Challenge to date; a number of Challenges have held more events than the

% Nodes are arranged according to a Fruchterman-Reingold layout Thomas M. J. Fruchterman and Edward M.

Reingald, ‘Graph Drawing by Force-Directed Placement,” Soffware: Practice and Experience 21, no. 11 (November 1,
1991): 1129-064, https://doi.org/10.1002/spe.4380211102.
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Faraday Batrery and Manufacturing Made Smarter Challenges, but are less well-connected with che wider

270

ISCF nerwork on chis measure.

To better understand the relationships berween cthe Challenges and overall structure of the network, we
deployed a ‘communiry detection algorithm’ to group together those Challenges more closely connected to
one another. This grouping is based only on connections in the network data, and uses no prior knowledge
about the nature of the Challenges. The grouping is shown in the visualisation above, with each Challenge
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coloured according to its identified communiry.

The Challenges are grouped into five communities. Generally, these groupings are quite intuitive given
the subject areas of the Challenges. For example, three Challenges with an explicit focus on
decarbonisation (Transforming Construction, Prospering from the Energy Revolution and Industrial
Decarbonisation) are grouped, as are a number of Challenges with a clear focus on the manufacturing
sectors. Some connections are perhaps more surprising, such as the link between Healthy Ageing and

Audience of the Future, though we note the involvement of Nesta in both Challenges.

Delphi data

Network of organisations

Key message: Compared to event affendance data, data on project collaboration suggests a
more sparsely connected network comprised of fewer organisations, and with some silos. large
organisalions are not significantly better connected than smaller organisations, but may play
an important bridging role within the nefwork.

We can compare network analysis of the KTN data with the Delphi data. Figure 32 below visualises the
network of organisations based on the Delphi project data. This is equivalent to Figure 28 above and has

been produced in the same way.

#0 Table 14 in Annex D shows the number of KTN events identified for each Challenge.

' The community detection algorithm used is based upon Vincent D Blondel et al., ‘Fast Unfolding of Communities
in Large Networks,” Journal of Statistical Mechanics: Theory and Experiment 2008, no. 10 (October 9, 2008): P10008,
https://doi.org/10.1088/1742-5468/2008/10/p10008..
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Figure 32: Network of organisations {Delphi data)?”2
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Self Driving Vehicles

Il Next Gen Aerospace

Source: Frontier Economics analysis of Delphi data

Compared with the network of organisations based on event attendance, this network is more sparsely
connected with fewer organisations. This is to be expected given that connections in the Delphi data
represent formal collaboration on a funded project, a more significant and less common form of connection
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between organisations than mutual event attendance.

As before, clusters of organisations that primarily engage with a particular Challenge can be visually
identified and the proximity of these clusters provides some indication as to the connectivity between these
clusters. One group of organisations thart visually appears to represent somewhat of a silo are those working
on the Dara to Early Diagnosis and Medicines Manufacturing Challenges (pictured bottom-right). These
organisations have only a small number of connections with the wider network, mostly via Manufacturing

Made Smarter and Faraday Battery.

We explored key measures of network centrality by organisation size (Figure 33Figure 33 below}, finding
that large organisations are not significantly better connected when measured by Page Rank, but have a
higher average berweenness score. This higher betweenness score of larger organisations could reflect larger

organisations being more likely to be involved in multiple ISCF Challenges and therefore playing more of

“7 Only the largest connected component is shown. That is to say, there are a number of small groups of arganisations
(mostly pairs} that are only connected to each other and are not connected to the wider network. These organisations
are not pictured here.

7 The KTN dataset contained more than 4,400 unique organisations whereas the Delphi dataset contained around
2,170.
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a role in bridging the nerwork together,”! However, it is less clear why large firms should have only a slightly
higher Page Rank than small firms. It may be because large firms form most of their links with small firms
and small firms form most of their links with large firms.*” Tt will be interesting to see if this resulc holds

in later analysis.

Figure 33: Average network centrality by organisation size {Delphi data)
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Source: Frontier Economics analysis of Delphi data

Network of Challenges

Key message: The network of Challenges based on project collaboration data suggests different
communities fo those based on evenf atiendance data, reflecting the different nature of project-
based collaboration.

Figure 34 below visualises the Delphi data as a network of Challenges. This is equivalent to Figure 31 above
and is produced in the same way. As in the KT'N data, we find that the Faraday Battery Challenge is
relatively well-connected. We find that Commercialising Quantum Wave 3 has the highest Page Rank and

Robotics for a Safer World has the highest betweenness.

Visually, we see a strong link between Transforming Construction and Next Generation Aerospace. This is
driven by organisations such as the Manufacturing Technology Centre (M'TC), Autodesk and the National
Composites Centre. To a lesser extent, there also appears to be a strong link between Medicines
Manufacturing and Faraday Battery. This appears to be driven mostly by the Centre for Process Innovation

(CPT) engaging in a number of projects for both Challenges.

Looking at the network based on commonly funded organisations through projects presents a different

picture from that based on common event attendees, with different communities identified through

1 Large organisations are involved in 1.2 Challenges on average, compared to 1.07 Challenges for small organisations.
Large organisations also have a higher number of collaborators on average than small organisations (9.0 and 5.8,
respectively).

7 Around 50% of the links of large firms are with small firms and 30% are with other large firms. Conversely, around
51% of small firms links are with large firms and only 32% are with other small firms. Note that the sample contains
822 small firms, 203 medium firms, and 501 large firms.
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the detection algorithm. This likely reflects the very different nature of the common interactions between

lighter touch events and more intensive collaborative projects.

Figure 34: Network of Challenges (Delphi data)?7¢

Source: Frontier Economics analysis of Delphi data
Note: The ‘weight’ of the connection between Challenges reflects the total grant veceived for projects by oreanisations that
were involved in projects associated with both Challenges.

276 Nodes are arranged according to a Fruchterman-Reingold layout Fruchterman and Reingold, ‘Graph Drawing by
Force-Directed Placement’
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6. Economic impact

Through the creation of knowledge and innovation pathways, enhanced capacity and investment, and the
establishment of a connected innovation ecosystem, the ISCF aims to deliver long-term economic impacts
for the UK. This includes the growth of UK businesses and expansion into new markets and sectors,
increased GV A and productivity, and increased spread of economic benefits across UK regions. This chapter
provides evidence regarding the economic landscape within the Challenge areas and associated business at

baseline. The chapter’s sections consider:

o State of UK businesses: Providing baseline evidence for the evaluation question “T'o what extent
have the ISCF Challenges supported the growth of UK businesses and created new markers or

enabled increase of the UK’s share in global market in cheir respecrtive sector?’

¢ GVA and productivity’””: Providing baseline evidence for two evaluation questions: “Whar has
been the increase in gross value add {including the creation of new products and services in
relevant sectors and/or the creation of new markets)?” and “What has been the productivity change

{capital, labour or combined)?’

e Regional spread: Providing baseline evidence for the evaluation questions: “While the ISCF is
place-agnostic, to what extent have the economic impacts of the ISCF been widely distributed

across the UK?’

7 Note that our analysis of GVA and productivity at baseline is based on methodologies used in the Challenge-level
baseline reports and hence definitions may vary depending on the methodologies used in those analysis. However, in
the econometric analysis to be conducted in phase 4 of the evaluation we will assess GVA and productivity across
businesses using the data provided in the business structure database, including assessment of the baseline state for
both businesses involved in the ISCF and a comparator set of businesses. Therefore, the analysis will be directly
baselined using comparable measures; the analysis provided here just sets out some initial context and will not be used
in later direct numerical comparisons of productivity and GVA.
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6.1.  State of UK businesses

Evaluation: To what extent have the ISCF Challenges supported the growth of UK businesses and
created new markets or enabled increase of the UK's share in global market in their respective
sector?

Key message: The ISCF supports a wide variely of UK businesses working in secfors with very
different characteristics. Some businesses were working in large, well-developed sectors
already on the rise af baseline, while others were smaller and less well-esiablished.

Turnover figures varied considerably by sector, with some businesses deriving no turnover from
Challenge relevant activities pre-baseline. For example, in 2016, the legal services sector alone generated
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a total revenue of £35.4bn,”® while companies in the aviation and aerospace sectors had a collective turnover
of nearly £85bn ar baseline.””” Smaller, emerging sectors, such as the creative immersive sector associated
with Audience of the Future had much lower turnover; indeed, at baseline, two ourt of five ISCF-funded

- - . . - hi
business derived no turnover from immersive content or technologies.”®

Trends in turnover were also mixed at baseline. Turnover in Challenge sectors was largely flatlining or
declining in some sectors, such as UK battery manufacturing, which fell in real terms from £405m to £349m
berween 2010 and 2017, Other sectors, such as the foundartion industries, saw increases in turnover, burt at
nearly half the rate of the wider non-financial economy over 2014-19 (1.1 per cent compared to 1.9 per
cent average annual growth).”' Some sectors, such as the UK medicine technology {(medtech) sector did
grow (by 37 per cent over 2015-2018, representing double the growth rate in Germany, albeit from a lower
base).”* Other examples of industries with growing turnover include the accounting sector within NGS
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{which, as a whole, grew by -3.7 per cent each year between 2014 and 2019)**, and digital health within
the broader medicines manufacturing sector.”® Figure 35 provides more detail on turnover ﬁgures and

trends within specific Challenge areas, as reported by Challenge-level baseline reports.

78 Technopalis Group, ‘ISCF Next Generation Services Evaluation - |D2] Baseline Report - Draft.”
** Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flight Challenge - Baseline Report.”

* Technopolis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim
Process Evaluation Report.”

A SQW, Transforming Foundation Industries: Industrial Strategy Challenge Fund Evaluation - Baseline Report.’
2 SQW, ‘Data to Early Diagnosis and Precision Medicine: [ISCF Challenge Evaluation - Baseline Evaluation Report.”
' Technopolis Group, ‘ISCF Next Generation Services Evaluation - [D2] Baseline Report - Draft.’

#4 Tpsas MORI, Technopolis Group, and Barrett, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report.’
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Figure 35: Sectorlevel turnover figures and trends at baseline

sMedicines Manufacturing: The combined total turnover of precision
medicine companies based in the UK was around £62.5bn in 2018.
Excluding the top nine multinationals, whose activities may primarily be
overseas, turnover in the sector was still over £4.0bn. In 2015-2018, the

UK medtech sector grew by 37%.

High turnover

*Quantum Technologies: The industry had a turnover of almost £7bn at
baseline, although most participating businesses did not attribute any of
their 2G17/18 turnover to quantum technology related or enabled products
or services

sectors

eFuture Flight: Companies cperafing in the aviation and aercspace sectors
generated a total turnover of nearly £85bn at baseline, a large increase
from previous years

*Robotics for a Safer World: At baseline, the industry was comprised of
only 300 businesses with a total estimated economic output of £40-50m

Low turnover eFaraday Battery: The turnover of battery manufacturers in the UK fell in real
sectors terms from £405m to £349m between 2010 and 2017

eTransforming Foundation Industries: Several foundatfional industries, such
as glass, ceramics and cement had turnovers in the region of hundreds of
millions

Source: RAND Europe analysis of Challenge-level baseline reports

Similar to turnover figures, exports by UK businesses varied widely at baseline. Perhaps unsurprisingly,
reflecting cheir high turnovers noted above, the accounting industry and future flight sectors had high
exports of £2,.5bn and £14.5bn respectively.™® By contrast, the robortics and AT in extreme environments

sector had exports of only £5m at baseline, reflecting its status as an emerging area.”

Finally, some Challenge-relevant sectors were niche, with only a select few active organisations, while
others were already large and covered thousands of organisations. Among all Challenge-relevant sectors,
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the core UK battery manufacturing sector was particularly small, comprised of only 53 firms in 2017.

Similarly, at baseline the robotics and Al in extreme environments sector was made up of around only 300

% Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flight Challenge - DBaseline Report’;
Technopolis Group, ‘ISCF Next Generation Services Evaluation - [D2] Baseline Report - Draft.

#6 Technopolis Group and Ipsos MORI, ‘ISCF Robotics and Artificial Intelligence in Extreme Environments -
Baseline and Process Evaluation Report.”

¥ Ipsas MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Report.
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businesses.” Orther sectors were considerably larger, such as the creative immersive and the aviation sectors,

involving 1,406 and 5,503 companies respectively at baseline.™’

6.2. GVA and productivity

Evaluation questions:

o What has been the increase in gross value added {including the creation of new products
and services in relevant sectors and/or the creation of new markets)2

o What has been the productivity change [capital, labour or combined)?

Key message: With some exceptions, the GVA and productivity of Challenge-relevant sectors
were largely increasing prior fo baseline broadly in line with wider trends for UK GVA growth.

Absolute levels of GVA and productivity were significantly different across Challenge-relevant sectors
at baseline. Certain Challenges-relevant sectors, such as pharmaceutical manufacturing and services (e.g.
legal, accounting and insurance) were large and well-developed, recording GVA of several to tens of billions
of pounds.”™® Others, such as the batrery manufacturing secror, were considerably smaller, recording GVA
values of £149m art baseline.””' Businesses working in industrial decarbonisation were even smaller, having
a GVA of around £1.25m at baseline.””

In several sectors, such as pharmaceutical manufacturing, agriculture, services, battery technology and
advanced materials, productivity and GVA were high or increasing prior to baseline. Legal services, for
example, experienced a constant increase berween 2013 and 2018, growing around 20 per cent in GVA
terms over the period.”” The bartery manufacturing sector output (GVA) also increased from £133m to
£149m in real terms berween 2010 and 2017.%" However, the battery secror’s absolute level of GVA was
significantly lower than other sectors experiencing GVA growth. Productivity, defined as GVA per worker,
increased in the agriculture sector pre-baseline, but this was not sufficient to close the productivity gap with

the UK average, and a substantial productivity deficit was evident at baseline.””” For comparison, the UK

¥ Technopolis Group and Ipsos MORI, ‘ISCF Robotics and Artificial Intelligence in Extreme Environments -
Baseline and Process Evaluation Report.’

2 Technopalis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim
Process Evaluation Report’; Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flight Challenge -
Baseline Report.’

20 Ipsas MORI, Technopolis Group, and Barrett, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report’; Technopolis Group, ‘ISCF Next Generation Services Evaluadon - [D2]
Baseline Report - Draft.”

! Ipsas MORI et al., ‘Industrial Strategy Challenge Fund: Faraday Battery Challenge - Baseline Report.
#7 Ipsos MORI, ‘Industrial Decarbonisation Challenge - Baseline Report.’

** Technopolis Group, ‘ISCF Next Generation Services Evaluation - [D2] Baseline Report - Draft.

# Ipsos MORI er al., ‘Industrial Strategy Challenge Fund: Faraday Bartrery Challenge - Baseline Report.”

23 §QW, ‘Transforming Food Production Evaluation - Baseline: Overview Report.’

94



Evaluation of the Industrial Strategy Challenge Fund

296

GVA as a whole grew by 12 per cent on average between 2010 and 2016.”° Within advanced materials

sector, GVA per employee was £116,896 in 2016, compared to £49,532 for all UK and £65,657 for UK

297

manufacturing,

Within the aviation, manufacturing and construction sectors, the overall picture was of flat or
declining GVA and lower levels of productivity. The GVA of the aviation sector decreased from £32bn
to £30bn between 2017 and 2018, and productivity in the construction sector in 2018 was no higher than
it had been a decade earlier.”” Productivity in the foundation industries was actually in decline pre-baseline,
dropping at an average annual rate of 0.4 per cent, broadly in line with manufacturing (-0.6 per cent per

annum).”” Figure 36 below shows trends in GVA and productivity across different Challenges.”

6 House of Commons Library, ‘Regional and Local Economic Growth — Staristics,” 2018,
https://commonslibrary. parliament.uk/research-briefings/sn05795/.

#7 Adroit Economics Lid., ‘Materials for Mobility.”

% Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flight Challenge - Baseline Report’; Frontier
Economices, “Transforming Construction Challenge - Baseline Report.”

2% 8QW, “Transforming Foundation Industries: Industrial Strategy Challenge Fund Evaluation - Baseline Report.’

30 Tpsos MORI, Technopolis Group, and Barretr, ‘Industrial Strategy Challenge Fund: Medicines Manufacturing -
Baseline and Process Evaluation Report.’
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Figure 36: GVA and productivity trends at baseline by Challenge

Increasing
GVA and/or
productivity

Stagnating or
declining
GVA and/or
productivity

*Medicines Manufacturing: GVA of pharmaceutical manufacturing in the UK saw a
slump after 2010, but has since recovered. In 2017, the sector recorded GVA of
£8.6bn and total turnover of £18.2bn, in real terms. GVA per worker in UK
pharmaceutical manufacturing in 2014 was £154,000, 40% higher than in

Germany and ltaly, and almost twice as high as in France.

*Next Generation Services: The UK legal sector’s GVA was valued at £59.9bn in
2018. The sector experienced a constant increase between 2013 and 2018,
growing around 20% in GVA terms over the peried. In 2016, the UK insurance
industry was respensible for £29.5bn worth of UK GVA, and it has been increasing
by an average of ~E£1b a year since 2002, including auxiliary services.

eFaraday Battery: Battery manufacturing sector output (GVA) increased from £133m
to £149m in real terms between 2010 and 2017. UK battery sector productivity,
measured using GVA per worker, increased in real terms from £66,300 to
£74,5G0 between 201G and 2017 but mostly remained stable across the period.
The sector was mostly more productive than the manufacturing sector and the UK
economy overall.

eTransforming Food Production: From 2010, the UK's agricultural sector saw an
improvement in productivity performance. Productivity growth cutpaced the UK
average, in part due to falling levels of employment in the sector. However, this
was not sufficient to close the productivity gap with the UK average, and a
substantial productivity deficit was evident when the Challenge was launched in
2017.

eNext Generation Aero Materials: Within the advanced materials sector, GVA per
employee was £116,896 in 2016, compared to £49,532 for all UK and £65,657
for UK manufacturing.

e|ndusrial Decarbenisation: Frem 2010 te 2018, the average GVA of IDC firms was
broadly flat, fluctuating between £0.93m in 2010 and £1.25m in 2014, with no
discernible trend.

Future Flight: GYA by companies operating in the aviaticn and aerospace sectors
was more than £30bn in 2018. This was slightly down from a peak of £32bn in
2017. Average productivity was approximately £100,000 across the aviation and
derospace sector in 2018, but there is large variation between sub-sectors.

eTransforming Foundation Industries: Labour productivity grewth was flat over 2014-
19 for the wider nondinancial economy, while in the foundation industries it
declined at an average annual rate of 0.4%, broadly in line with manufacturing (-
0.6% per annum). Within the foundation industries, labour productivity {as
measured by GVA per worker) increased in chemicals (+1.7% average annual
growth), glass {+4.1%], ceramics (+4%) and cement (+24.4%, driven by a sharp
increase over 2014-15), while it declined in paper and pulp (4.6%) and metals (-
10%). Four of the UK's six foundation industries sectors (paper and pulp, glass,
metals and cement) were the least productive among comparator countries
considered.

eTransforming Construction: Productivity in the construction sector in 2018 was no
higher than a decade earlier.

Source: RAND Europe analysis of Challenge-level baseline reports
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6.3. Regional spread

Evaluation question: While the ISCF is place-agnostic, to what extent have the economic impacts of
the ISCF been widely distributed across the UK2

Key message: From the limited evidence available on Challenge-relevant UK businesses, mosf
businesses were concentrated in Llondon and the South East, in line with broader national trends.

While there is limited evidence on regional spread of Challenge-supported UK businesses, with few
Challenge-level baseline reports addressing this directly, the evidence available points to concentrations
in London and the South East. For example, the biggest proportion of precision medicine companies are
based in London {22.7 per cent) followed by the South East (20.7 per cent) and East of England (14.3 per
cent) . Similarly, London and the South East dominate the quantum technology sector with 23 per cent

2 The regional skew is even more

and 21 per cent of relevant businesses based there respectively
pronounced in the creative immersive sector, where the London workforce accounts for almost 46 per cent
of the total workforce **. This regional skew in Challenge-level businesses was in line with the broader
distribution of all UK businesses at baseline, with London and the South East accounting for 35 per cent
of the UK business population in 2018 **, and with trends in the geographical distribution of R&D
investment in the UK (as discussed in Section 4.5). Reflecting this national picture, the South East, Easc of
England, and London were also leaders in R&D employment, with 50,000, 42,000, and 31,000 full time
equivalents (FTEs) respectively. This is highlighted below in Figure 37. It should be noted char this also

reflects, in part, larger trends in distribution of the UK population across regions, with 27 per cent of the

UK population based in London and the South East of England in mid 2018.°%

P SQW, ‘Data to Farly Diagnosis and Precision Medicine: [SCF Challenge Evaluation - Baseline Evaluation Report.”
*2 Technopolis Group, ‘ISCF Quantum Technology Programme Evaluation - D3] Phase 2.2: Baseline Report.”

#! Technopolis Group and BOP Consulting, ‘Evaluation of the ISCF Audience of the Future - Baseline and Interim

Process Evaluation Report.”

% (NS, ‘Business Population Estimates 2018, 2018, hteps:/fwww.gov.ulk/government/statisrics/business-
opulation-estimartes-2018.

pop

5 ONS ‘Estimates of the population for the UK, England and Wales, Scotland and Northern Ireland’, 2021

heeps:/ fwww.ons.gov.uk/peoplepopulationandcommunity/ populationand migration/ populationestimates/datasets/po

pulationestimatestorukenglandandwalesscotlandandnorthernireland
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Figure 37: R&D roles in UK businesses by UK countries and English regions {2019)

North East England
Wales

Northern Ireland
Yorks & Humber
Scotland

North West England
East Midlands
South West England
West Midlands
London

East of England

South East England

~B=
ul

IH
'S
el ]
1 =1 [=]
N
N
(=a]
w
=
s
(=]

o]
i

Thousand Full Time Equivalents (FTEs)

Source: RAND Europe analysis of ONS data

However, this concentration may be, at least in part, due to a ‘headquartering effect’. As employment

data is typically based on the registered locations of companies, those with offices and employees spread

across the UK may be under-represented.
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7. Societal Impact

In addition to long—term economic impact, the ISCF also aims to contribute to a wider range of societal
impacts, including impacts on health and wellbeing and the environment and sustainability. In this chapter,

two sections consider the baseline situation wich respecr to:

e Health and wellbeing: Providing baseline evidence for the evaluation question: “T'o what extent
has the ISCF contributed to health and wellbeing benefits, including quality of life, life expectancy,

reduced health inequalities and reduced healthcare costs?

e Environment and sustainability: Providing baseline evidence for the evaluation question: “To
what extent has the ISCF contributed environmental and sustainabilicy benefits, including reduced

emissions, progress towards net zero and growth of the circular economy?’

We note thac the analysis presented here provides a high-level picture of the UK landscape in terms of health
and environmental sustainability, which will be revisited in phase 4 of the evaluation, However, the societal
and environmental impact of the Fund will also be further explored through methods such as stakeholder
impact workshops and case studies. The data presented here are intended to provide an overview of the
context in which the ISCF was implemented. We do not expect to see the Fund delivering measurable
progress across all these metrics — and indeed change in any of these would depend on a wide range of ocher
contextual factors. However, we will explore the most relevant aspects in more detail based on the impacts

of the Fund we identify at a later stage of the evaluation.

7.1.  Health and wellbeing

Evaluation question: To what extent has the ISCF contributed to health and wellbeing benefits,
including quality of life, life expectancy, reduced health inequalities and reduced healthcare costs?

Key message: At baseline, data on health indicated stafic or declining performance across
several key mefrics including life expectancy, inequality and healthcare costs.

At baseline, healthy life expectancy was stalling and starting to decline in the UK. Following a century

of increases in life expectancy in the UK corresponding to advances in healthcare and other predictors of

29



health, increases in life expectancy began to stall in 2011 (Figure 38) and since 2020, in light of the Covid-

19 pandemic, we have seen significant falls in life expectancy.*

Figure 38: Life expectancy at birth in the UK vp to 2018, and projections for 2018 to 2025 based
on 2018 data
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Source: RAND Europe analysis of ONS data.

Even prior to 2020, while life expectancy had been static, we saw decreases in healthy life expectancy across
the UK as a whole and in most countries within the UK (with the exception of Northern Ireland), as shown
in Figure 39. This increased morbidity, alongside broadly flat life expecrancy, suggests an increasing burden

of ill health, and indeed this is reflected in increased healthcare costs as explored further below.

*® Jase Manuel Aburto et al., ‘Estimating the Burden of the COVID-19 Pandemic on Mortality, Life Expectancy and
Lifespan Inequality in England and Wales: A Population-Level Analysis,” Jominal of Epidemiolosy and Community
Health 75, no. 8 {August 1, 2021): 735, heeps://dot.org/10.1136/jech-2020-215505.
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Figure 39: Change in healthy life expectancy in the UK (2009-11 to 2017-19)

UK England Wales Scotland

Years

Northern
Ireland

H Males -1.32626 -1.52602 -2.03968 0.13508 2.58
B Females -2.83022 -2.90145 -3.19335 -3.46676 0.28573

Source: RAND Europe analysis of ONS data.

Health inequality was largely unchanged over the preceding decade. In 2018, health inequalities had
also been broadly static over the preceding decade, with a difference in life expectancy of around nine years
between the most deprived and least deprived decile of society (based on an index of multiple deprivation)

(Figure 40), and an even larger disparity of around 18 years in healthy life expectancy (Figure 41).

Figure 40: Difference in life expectancy between most and least deprived groups in the UK {2011-
2019)
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Source: RAND Europe analysis of ONS data
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Figure 41: Difference in healthy life expectancy between most and least deprived groups in the UK
(2011-2019)
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Source: RAND Europe analysis of ONS data

Healthcare costs were growing. Reflecting increased morbidicy, healthcare costs had grown by 47 per cent

between 2009 and 2019 (Figure 42), with government {NHS} costs in particular increasing by 40 per cent.

Figure 42: Healthcare costs in the UK (2009-2019)
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Source: RAND Europe analysis of ONS dara. Note costs are in nominal terms.

7.2.  Environment and sustainability

Evaluation question: To what extent has the ISCF contributed environmental and sustainability
benefits, reduced emissions, progress fowards nef zero and growth of the circular economy?
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Key message: At baseline, environmental and sustainability issues were already on the
agenda, but progress had been mixed, with GHG emissions still relatively flat. ISCF Challenges
are targeting some of the key seciors identified as having high emissions af baseline.

At baseline, environmental issues were already on the agenda and progress had been made. By 2018/19,
the UK had already seen trends towards addressing environmental issues. In particular, there had been
significant growth in renewable energy which had risen from 6 per cent to 39 per cent of the UK’s electricity
supply berween 2009 and 2019 (Figure 43). Overall consumption of electricity fell by 17 per cent between
2008 and 2018, and the proportion of electricity coming from direct use of fossil fuels had declined from
79 per cent in 2008 to 41 per cent in 2018 (Figure 44).

Figure 43: Proportion of electricity from renewable sources in the UK, data from 2008-2018 and
projections 2019-2025 based on 2018 data
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Source: RAND Europe analysis of ONS data
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Figure 44: Proportion of electricity from fossil fuels in the UK, data 2008-2018, projections 2018-
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There had also been modest increases in the proportion of household waste recycled, from 40 per cent in

Year

Source: RAND Europe analysis of ONS data

2010 to 45 per cent in 2019 (Figure 45), and reductions in material consumption, which fell by 19 per cent
relative to GDP between 2009 and 2018 (Figure 40).

Figure 45: Proportion of household waste recycled in the UK {2010-2019)
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Source: RAND Europe analysis of ONS data
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Figure 46: Domestic material consumption in the UK (2019-201 8}
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Source: RAND Europe analysis of ONS data

GHG emissions were still relatively flat despite these efforts. Despite these efforts, and the increase in
renewables, overall GHG emissions were relatively flat, though decreasing by 17 per cent berween 2009
and 2019 (Figure 47). In 2018, net zero was not vet on the agenda, buc it was clear that the UK was not on

track to make substantial reductions in emissions given trends.

Figure 47: UK GHG emissions, data 2008-2018 and projections 2019-2025 based on 2018
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At baseline, it is clear that some Challenges are associated with disproportionately polluting industries

(by design). Tn 2018, several industries can be identified as having particularly high emissions and several

105



of these — notably manufacturing, transport and energy — are specifically targeted by ISCF Challenges
(Figure 48). For example, as of 2014, the built environment accounted for 42 per cent of the UK’s total
carbon footprint, with roughly 5.8 per cent of this total footprint embedded through new construction.””
Similarly, all foundation industries have higher emission intensities than manufacturing and the wider non-
financial economy."’08 Wichin certain industries too, one can see that certain organisations and regions have
a disproportionately high carbon footprint: in the Tndustrial Decarbonisation Challenge ar baseline, six

industrial clusters accounted for 31 per cent of UK industrial emissions.®’

Figure 48: Total greenhouse gas emissions by source in the UK {2019)
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However, given the different metrics and indices of the differenc challenges, establishing cross-Fund lessons
regarding environmental impact at baseline is challenging. A summary of different measures of baseline
environmental impact across Challenges is provided in Table 13. However, a cross-cutting message is that

many of the Challenges were directly targeted to address environmental issues — though several others (e.g.

*" Frontier Economics, ‘Transforming Construction Challenge - Baseline Report.’

8 SQW, “Transforming Foundation Industries: Industrial Strategy Challenge Fund Evaluation - Baseline Report.

7 Ipsos MORI, ‘Industrial Decarbonisation Challenge - Baseline Report.’
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in the health and healthcare sector, creative industries or data) are not directly intended to address
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environmental issues but may nonetheless have an impact in these areas.

Table 13: Key findings on environmental impact at baseline

Challenge Key findings on environmental impact

Low Cost Nuclear3©

Industrial
Decarbenisation®!!

',312

Future Fligh

Transforming
Foundation
Industries®!3

Transforming
Construction®'4

Smart Sustainable
Plastic Packaging®'®

Transforming Food
Production3'é

At baseline, the CO2 emission intensity, defined as the ratic of CO2 emissions
from public electricity producticn, of the UKSMRs funded by the ISCF was 0.012
kg CO2/kWh [including embedied emissions).

At baseline, six industrial clusters accounted for 31% of UK industrial emissions.
The average emissions intensity across clusters can be estimated at 0.89

ktCOo/E.

Air transport services as a whole emitted 45 m tonnes of CO2 in 2018, a figure
that has remained relatively stable in recent years. Across the transport and
storage industry as a whole, emissions amounted to 83 m tonnes of CO2, in
2018.

The chemicals sector had the highest energy intensity among the foundaticn
industry sectors at baseline at 141.1 terajoules [TJ) in 2018. Metals also had a
relatively high energy intensity at 73.7 T) in 2018.

As of 2014, the built environment accounted for 42% of the UK's total carbon
footprint, with roughly 5.8% of this total footprint embedded through new
construction. Estimates from the ONS in 2018 indicate that construction
contributed 13.1 m tennes of direct CO2 emissions equivalent, ¢.2% of the UK
total.

At baseline, organisations operating in this sector had a 69%, 0.04% and 1.1%
market share of plastic packaging that is recyclable, compostable and re-usable
at baseline respectively. It was responsible for placing 2,371 kt of plastic
packaging on the market. 37 kt of this plastic packaging was deemed
'problematic and unnecessary' at baseline. The UK recycled just under half of
plastic in 2019 [48%).

Agriculture still accounted for a significant share of UK emissions in 2019 (~12%
emissions compared to 0.7% of GVA) with an emissions infensity ~17 times
higher than the UK economy average.

Source: RAND Europe analysis of Challenge-level baseline reports

1 RSM, ‘Low Cost Nuclear Challenge Evaluation: Work Package 2: Baseline Report.

A Ipsos MORI, ‘Tndustrial Decarbonisation Challenge - Baseline Report.”

2

Frontier Economics, BMG, and Frazer-Nash Consultancy, ‘Future Flight Challenge - Baseline Report.

3 SQW, “Transforming Foundation Industries: Industrial Strategy Challenge Fund Evaluation - Baseline Report.

14 Frontier Economics, ‘Transforming Construction Challenge - Baseline Report.’

1 Eunamia, ‘Smart Sustainable Plastic Packaging Challenge Evaluation - Final Baseline Study.’

#8 SQW, “Transtorming Food Production Evaluation - Baseline: Overview Report.’
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8. Barriers, enablers and trends

In previous chaprers we have set out the baseline sicuation prior to the ISCF being established. This serves
as a valuable comparison point for our evaluation. However, the Fund is not being implemented in
isolation, There are a wide range of other factors, trends and interventions occurring in parallel that can
conrribute (or indeed inhibit progress) towards che aims of the Challenges and the Fund overall. Therefore,
any comparison between the achievements of the ISCF and the situation at baseline also requires
consideration of the wider factors that might have contributed to those outcomes. Monitoring and
considering the wider factors around the Fund will be an ongoing task throughourt the evaluation. This
chapter sets out an initial baseline assessment of some key barriers and enablers that could suppore or inhibit
the Fund’s progress towards its aims. This is largely based on input from sector experts at baseline workshops
and is structured into two main sections: internal barriers and enablers related to the structure and operation
of the Fund and UKRI more widely; and broader external barriers and enablers in the wider political, social,
economic and environmental context. Please note, as described previously, the evidence provided here is
based on areas of broad consensus within each workshop. We have only included points where there was a
general level of agreement between participants in the workshop, and where illustrative quotes are provided,
these are intended to indicate the narure of the wider discussion. We do not include in chis analysis

viewpoints that were highly contested or expressed by only one workshop participant.

8.1. Internal barriers and enablers to ISCF progress

Key message: Some aspects of Fund design and implementation have limited the Fund’s ability to
deliver the intended impact in Challenge areas. These include the agility and flexibility of
Challenges, the scale and fimeline of funding relative to the scale of the Challenges, and
management structures within UKRI.

Processes can be slow, and there is limited agility and flexibility for Challenges to adapt to changing
context. In our workshop discussions, several participants highlighted issues around speed and agility of
ISCF investments that could affect the ability of the Challenges to deliver and respond to a changing

environment.”’’” Parricipants raised concerns thart the timeline for launching, selecting and implementing

17 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy’; ‘ISCF Fund-Level Evaluation: Baselining
Workshop on Health and Healtheare’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and
Sustainability’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.
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the Challenges were problematic — for example the lengch of time for approvals in funding investments.*®
This, it was suggested, could lead to delays in progress in an already limited timeline for the Challenges,
and also risked industry looking to other opportunities for investment overseas. However, more significant
discussion was around the limitations and rigidity of the business plans associated wich specific

° where one

Challenges.”"” This was particularly highlighted in the transport and space workshop™
participant noted chat: ‘in the commercial world, every business case is underpinned by assumptions. If the

assumptions change, we change the business case’.

The fact that Challenges are largely tied to the case specified at the outset and lack the flexibility to pivot
when things change (e.g. in the context of Covid}, was also highlighted as a significant issue in the health
and healthcare baselining workshop.”! It is worth noting that there is a difference between the business case
and the associated delivery plan for each Challenge. Where changes in context mean the route to achieving
the Challenge aims change, this would call for adaptations in the delivery plan, and adaprability here would
be feasible. If the changes in context mean the business case, and intended aims of the Challenge are no
longer relevant, this is more difficulc to accommodate in the context of the agreement with UUKRI and the

use of public funds.

UKRI internal structures can be difficult to navigate and are felt by some to focus on research over
innovation-related activities. Another potential barrier to progress highlighted in two of the workshop
sessions relates to the structure and focus of UKRI’>** Some participants in those workshops suggested that
changing priorities and focus within the organisation risk knowledge being lost, and in particular that TUK
being embedded within the wider UKRI structure presented challenges since UKRI as a whole is primarily
research- rather than innovation-focused. One participant mentioned that changing staffing and
organisation structures meant there was the risk of ‘constantly reinventing the wheel*®, while ochers
highlighted a lack of appreciation of ‘how different Challenges are compared to other UKRI and TUK
interventions’.>*" Discussion in the baselining workshops on manufacturing and sustainability in particular
suggested several participants had experienced difficulties in navigating the UKRI landscape and
encountered barriers due to structures, specific interests and culcure within parts of the organisation. Again,

differences in approach between TUK and the Research Councils were highlighted as a contributing factor.

18 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy’s ISCF Fund-Level Evaluation: Baselining
Workshop on Health and Healtheare’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and
Sustainability.”

1% “ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability’s ‘ISCF Fund-Level
Evaluation: Baselining Workshop on Transport and Space.’

#0ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.”

2 ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare”

#22 ‘ISCF Fund-Level Evaluation: Baselining Workshop on IT and Data’; ‘ISCF Fund-Level Evaluation: Baselining
Workshop en Manufacturing and Sustainabilicy.”

' ISCF Fund-Level Evaluation: Baselining Workshop on IT and Dara.’

#4 ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability.’
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The amount of funding and timeline may not fully reflect the scale of the Challenges. A key issue
highlighted across all sectors was the timeline for delivery of the Fund.””® The scale of the Challenges was
felt to be such that an investment over the timeframe of the Fund was not sufficient to achieve their
objectives, This was highlighted as a risk in several ways. A key concern was that knowledge and learning
will be lost, and networks not be maintained, once the Challenges finish. Participants raised the ‘potential

% and that the Fund offered the ‘ability to

for lack of cohesion and things disappear as the Challenges end
integrate things from applied research to development, an opportunity to knit things together... but by the
time it works the Challenge will be over’.>”” Tt was also considered a risk to industry confidence to invest,
since the funding is only for a limited time period®*, with one participant noting that ‘we got this far in the
past then government pulled the plug’.*” The Challenges have specified timelines, however it was apparent
in workshop discussions that many participants hoped that the Challenges would be extended beyond them.

Underlying many of these concerns was a perception that government priorities had shifted, with the

Industrial Strategy shelved and a focus on new avenues for investment in R&I (e.g. ARTA).**

Beyond the timelines, views on the scale of funding were more mixed. Some felt the ISCF was a substantial

investment™!, but many also suggested chat there was a ‘mismatch berween cthe scale of investment and che

rhetoric’. ™ Again, a lack of clarity on future funding and continuation of the Challenges beyond their

current incarnation was a concern, not just in terms of the length of time for progress but also the scale of

investment needed to deliver on the intended goals.”

5 “ISCF Fund-Level Evaluation: Baselining Worlshop on Energy’; ‘ISCF Fund-Level Evaluation: Baselining
Workshop on Health and Healtheare’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on IT and Data’; ‘ISCF
Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability’; ‘ISCF Fund-Level Evaluation:
Baselining Workshop on Transport and Space.’

36 ‘[SCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.”

317 <

ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainabiliry.”

% ‘ISCF Fund-Level Evaluation: DBaselining Workshop on Energy’s ‘ISCF Fund-Level Evaluation: Baselining
Workshop on Health and Healtheare’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and
Sustainability.’

329 ¢

ISCF Fund-Level Evaluation: Baselining Worlshop on Energy.’

P0 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy’; ‘ISCF Fund-Level Evaluation: Baselining
Workshop on Health and Healtheare’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on IT and Dara’; ‘ISCF
Fund-Level Evaluation: Baselining Workshop on Transport and Space.’

' ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.”
P2 ISCF Fund-Level Evaluation: Baselining Workshop on IT and Dara’’

#44 ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare’; ‘ISCF Fund-Level Evaluation:
Baselining Workshop on IT and Data’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and
Sustainability’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.
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8.2. External barriers and enablers to ISCF progress

Key messages: We ideniify a range of wider faciors that can support and inhibit the progress
of the ISCF towards its intended goals that can be broadly clustered into five themes:
Regulatory and policy environment; Public acceptability and ethical issues; Network of

engagement across sectors; and Exogenous shocks {e.g. Covid-19 and the UK’s depariure from
the EU).

Regulatory and policy environment: New and novel technological innovations are not likely to be
adopted where there are significant regulatory barriers. Potential regulatory barriers were highlighted in
several of the workshops.™' For example, government focus on national energy systems — limiting ability to
act ar a local level — was highlighted as a barrier to the adoption for SLES.** However, it was also noted
that the political environment has potential to act as a facilitator where policy is correctly aligned. The
government’s commitment to achieve net zero emissions by 2030 is highlighted as an example that drives

336

activity across several relevant sectors.”™ These high-level policy directions were noted as potential

7 however some participants also suggested

facilitators of progress and as providing confidence in industry
that when there are more ‘certainties in policy...you’ll really get the whole thing moving™*, implying the
need for more concrete policies — for example, a clear climate change target for the nuclear industry —beyond
wider direction and rhetoric.” Other policy areas highlighted include the publication of the National Space

19, the Tnnovation Strategy®™' and structural changes in the NHS.*" Broadly, the regulatory and

Strategy
policy context is highlighted across Challenges as a changing and critical factor in the outcomes of the
Challenges, and our evaluation of the Fund will need to take into account this potential influence — botch
positive and negative, Many important policy priorities and changes are likely still to emerge, so chis
changing landscape will need to be monitored over the course of the evaluation.

Public acceptability and ethical issues: An important factor highlighted particularly for the health and

healthcare Challenges®® (but also noted for energy Challenges*™) is the public acceptance of new

technologies and solutions and, linked to this, any ethical issues around those new approaches. For example,

34 “ISCF Fund-Level Evaluation: Baselining Workshop an Energy’; ‘ISCF Fund-Level Evaluation: Baselining
Workshop on IT and Dara’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and
Sustainability’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.

535

‘ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

# “ISCF Fund-Level Evaluation: Baselining Workshop on Energy’; ISCF Fund-Level Evaluation: Baselining
Workshop on Manufacturing and Sustainability’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Transport
and Space.

#7 ‘ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability.”
4 ‘[SCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.”

% ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

#0 “ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.’

1 ISCF Fund-Level Evaluation: Baselining Workshop an Transport and Space.’

#2 ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.”

" “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.”

#4 “ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’
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ethics are an issue around the use of AT in healthcare contexts. More widely, public perceptions of the use
of health data, including for commercial purposes, can be a barrier to the development of new approaches
based on health data, and potentially also a risk to inclusivity. This can also expand beyond health data
considerations to wider healthcare interventions that rypically have considerations around public
acceptance, spanning topics from the role of government compared to individual responsibility and

310 _ there

concerns around end of life care.’™ Across these issues in health — and potentially in aother areas
may be differences between what is acceptable to society and what industry or the public sector {e.g. the
NHS) consider progress. Therefore, public perceptions and values can be a barrier to adoption and can also

change in response to wider economic, social, political and other changes.

Network of engagement across sectors: Across all sectors, the engagement of key stakeholders was
identified as an important factor that can influence the extent to which Challenges will be able to
deliver on their objectives.”” Where Challenges were able to access a cohort of experts across key groups
— government, industry and academia — from the outset, this was seen as a significant enabler for the design,
set-up and early operation of the Challenge.”® Facal points, or hubs, around which the field can coalesce,
were also noted as a key enabler of progress. One example highlighted was WRAP (the Wasce & Resources
Action Programme), a charity focused on resource efficiency, which manages relationships between the
supply chain and academics, and helps businesses and others to navigate the often complex landscape of
funding and actors.*" Individuals who can act as advocates and who have access to key decisionmakers were

also highlighted as playing an important role in progress.”

Several key stakeholders are also highlighted as important for effective progress of the Challenges. In healch,

B Across several

engagement with clinicians was noted as critical for deployment into clinical practice.
sectors, engagement with policymakers is considered critical®™®, and particularly in che baselining workshop
on energy, this was highlighted as a barrier to progress for several Challenges. The particular issue raised
was that there is no clear contact point within government with the knowledge, capability and resources to
take forward and implement learning, and no clear mechanism to transfer that learning. This is due to the
structures within key government agencies {e.g. BEIS, Ofgem) and a lack of alignment between policy

teams. Similar challenges in the transfer of knowledge into government were also highlighted in the

baselining workshop on manufacturing and sustainabilicy. Here, a particular challenge was the cross-cutting

#3 “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.”
¥ ‘ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

# “ISCF Fund-Level Evaluarion: Baselining Workshop on Energy’s ISCF Fund-Level Evaluation: Baselining
Workshop on Health and Healthcare’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on IT and Data’; ‘ISCF
Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability’; ‘ISCF Fund-Level Evaluation:
Baselining Workshop on Transport and Space.”

348

‘ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.

" “[SCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability.’

350

‘ISCF Fund-Level Evaluation: Baselining Workshop on Energy.’

351

‘ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.”

352

‘ISCF Fund-Level Evaluation: Baselining Workshop on Energy’; ‘ISCF Fund-Level Evaluation: Baselining
Workshop on Health and Healtheare’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and
Sustainability.’
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nature of issues related to food and food production, which do not sit wholly within any one government

department.

The need for ‘an educared and aware investment communicy™* was also highlighted as a potential enabler.
Across several sectors the need to raise investor awareness around new technologies was raised, alongside the

opportunity presented by harnessing private investment and potentially de-risking a significant amount of
; ical 354
private capiral.

Exogenous shocks: Over the course of the Fund so far there have already been several exogenous shocks
that have impacted on sectors relevant to the ISCF. Most notable of these have been Brexit and the Covid-
19 pandemic, buc there have been others, such as a significant rise in energy prices, affecting not just the
energy sector bur also those working in energy-intensive industries such as in manufacruring.”® Experiences

of these and their impacts have been mixed, both across and within sectors.

The Covid-19 pandemic has presented both barriers and opportunities for progress of the ISCF. The

350

experience has influenced public actitudes, increasing the value placed on scientific expertise™ and also

increasing willingness to engage with digital technologies and openness towards data sharing in some

357

contexts.””” The pandemic is seen to have been a driver of innovation in some sectors — including services

and roborics™®, and even in aviation, which Covid-19 has severely impacted as a sector, while also changing
the market, opening up opportunities for smaller businesses to engage and driving innovation to address
the difficulc marker context.” The pandemic could also portentially drive an increase in investment in

research infrastructure in some areas (e.g. health). Barriers due to the pandemic were also identified, most

notably in terms of furlough, which has resulted in delays in progress in some cases.”

The UK’s departure from the EU similarly has had mixed impacts on the implementation of the Fund so

36 362

far. Barriers are largely around access to skills”' and supply chain logistics™**, however advanrages are also

identified in terms of the drive to develop a more resilient, re-shored supply chain and promote inward

investment. >

%% ‘ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healthcare.”

4 “ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healcheare’; ‘ISCF Fund-Level Evaluation:
Baselining Workshop on IT and Data’; ‘ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.”

% ‘ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability.’
#36 ‘ISCF Fund-Level Evaluation: Baselining Workshop on Health and Healtheare.

%7 ISCF Fund-Level Evaluation: Baselining Workshop on IT and Data.’

38 ‘[SCF Fund-Level Evaluation: Baselining Workshop on IT and Dara.’

#9 ‘ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.’

&

%9 “ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.”
#1 “ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.”

62 ‘ISCF Fund-Level Evaluation: Baselining Workshop on Manufacturing and Sustainability.”

36

‘ISCF Fund-Level Evaluation: Baselining Workshop on Transport and Space.’
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9. Concluding remarks and next steps

We have set out the picture regarding to performance at baseline across several key areas which we intend
to assess in the Fund-level evaluation of the ISCF. We see some common themes but also significant
variation in some of the aspects assessed by sector and by Challenge. However, taking a wider perspective,

we can see some key messages emerging,

We observe that the baseline conditions we have identified differ by Challenge, in large part reflecting
the issues those Challenges were aiming to address. In most cases, these aren’t solely a lack of technological
innovation (though this typically plays a role in the solution, act least in part) but rather relate to marker
failures which require collective action and government investment to correct. Most of the Challenges have
been established to address issues where there is no motivation for individual companies to act, but where

innovation would be a driver for progress for businesses and for sociery.

We can identify several broad types of baseline condition. Several of the Challenges have been established
in areas needing increased coherence and support for the development of a new sector or a focal area that
can capitalise on existing strengths and capabilities in the UK thart previously lacked targeted investment or
a focal point for key actors in the field to coalesce around and build networks and connections (e.g.
Medicines Manufacturing, Transforming Foundation Industries). Other Challenges reflect the need for
collective action to radically rethink the underlying technology in a sector, but where it would not be feasible
or beneficial for any one company to do that unilaterally (e.g. Digital Security by Design}. Others are
targeted where there are regulatory or business model barriers to progress in adoption or realisation of the
full potential of a new innovation, and hence collective action is needed to rethink and remove those barriers

{e.g. Prospering from the Energy Revolution).

There are other examples, and these categories are not mutually exclusive, but they point to potential
differences in the baseline conditions by Challenge depending on the type of market failure and the reason
for intervention. Common to all these issues, however, is the need to bring key actors together and act
collectively to overcome barriers and foster collaboration. These are reflected in some of the cross-cutting
themes that we can identify that resonate broadly across most contexts, such as a lack of connections and
interactions between key stakeholders (whether between businesses, or with policymakers or other
stakeholders); a need for additional or, more often, specifically targeted investment to address a key
challenge or issue; the lack of a focal point around which a sector or field can coalesce; and a strong

academic base that had not always been able to reach its full innovative and economic potential.

This baseline assessment has several implications for the next steps in the evaluation.
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Given that the baseline picture varies across contexts — depending on the nature of, and reasons for, the
Challenge, as set out above — it is difficult to identify a unified and universally applicable baseline picture
for the Fund as a whole. Rather, we can observe some broad trends and some characteristics that apply
across several Challenges where there are similarities in aim and context. This may have implications for
our overall assessment of the performance of the Fund since we do not have one universal baseline against
which the Fund as a whole can be compared. Similarly, given the variability of the baseline dara from the
Challenge-level reports, we have largely taken a qualitative racher than quantitative approach to baselining
indicators at the Fund level. We also note that although we have been able to establish some of the wider
factors that may influence progress of the Fund from baseline, this will require further ongoing monitoring
and assessment over the course of the evaluation since new factors and drivers may emerge. For example, at
the time of the Fund being established it would have been difficult to predict the emergence of the Covid-
19 pandemic and its implications. This complex, partially qualitative and evolving picture is what we would
expect to see for a complex, multifaceted fund such as the ISCF, and further supports our decision to take
a contribution analysis-based approach to the evaluation, and also reinforces the need to consider other
comparison points as well as this baseline assessment as part of our review of the performance of the Fund,

as planned.

9.1.  How baseline data will be used within the impact evaluation

The baseline data presented in this report will be used — alongside other baseline data to be collected (see
Section 2.3) — as a comparison point for the final impact evaluation. We will look to see how the picture
has evolved across these different themes and where there is evidence of progress across the ToC towards
Fund aims. In some cases, our assessment of progress against the baseline will be quantitative in nature. For
example, data on the baseline situation of ISCF businesses collected as part of the econometric analysis (e.g.
data on employment and turnover} will be compared against longitudinal data on firms during the period
of receiving ISCF support. Combined with analysis of a counterfactual group of businesses, this analysis of
business performance over time will provide a set of quantitative measures of progress against the baseline
position. There are also ways in which the present baseline report has provided quantitative measures against
which future impacts can be assessed. Scientomerric analysis of publications outpurt of individuals funded
through ISCF Challenges at baseline, for example, has provided citation metrics that can be compared o
later data to assess impacts of ISCF support. (In any such quantitative assessment of impact, of course, it

will be important to consider the extent to which the observed impacts are indeed a result of ISCF support).

While providing quantitative measures in some cases, as noted above, in many cases, our overall baseline
assessment is qualitative; the complexity and variability of the Challenges preventing amalgamation of this
data into an overall quantitative baseline measure, Importantly, our qualitative assessments do include
quantitative metrics and dara relevant to individual ISCF Challenges. In this report, we have used these
individual quantitative darta to develop an overarching qualitative assessment of the baseline landscape. As
we proceed to the impact evaluation, these qualitative assessments of the overall baseline landscape will be
used as context with which to assess progress of the Fund, while also considering the progress of individual

Challenges in relation to their more specific, in some cases quantitative, baseline measures.
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