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The West of England has innovative businesses in a wide varietyustries. These firms help drive
economic growth in the region by developing new products or ways of working. And collaboration
across sectors can identify new uses for technol¥gg have researched some examples of
industries with an innovative preseadn the region to understanthe drivers of innovationThis

report discusses théactors that support or constrain collaborative innovatiorthe West of
Englandpefore presenting thaletailed case studies of innovative sectors.

Contents

T 0o (1o 1 o] o FO T PEPT P 2
APProach Of FESEAICH.......oeiii e 2
Enablers of growth in collaborative inNovatiQn.................oooooe i 3
Barriersto GrOWEN........eveeeeeee e 4
Role of collaborative innovation in Clean and Inclusive gromth..........ccccceveevvieviiiiiinennn, 6
MethOdOIOGICAI NMOTE.......o et e e e st r e e e e s s s reeeeeeennne) 6.
ArLIFICIA] INTEIIGEICE. ... et e e e e e e e e e e e anne 8
ClEAN ENEIGY... .. ettt e e e et e e e e e ettt et e e e e s s bbb et e e e e e e nbbnreeeeeeeaannen 15
(0701 a0] oo F] 1 (I 1Y L = 1 PO 20
Connected and AUtONOMOUS VENICIES...........uiiiiiiiiiiiiiee e 26
CreatiVE DIGITAL ... ..eeeiiie ettt e et e e e e e e e e e e e e e e e e e e e e e e e aane 31
(03 01T g ST Tol U | 1 1Y PP PP PPP S PPPPPPRFPP 36
1 (=X o USSP PPSRRY 40
5G and Internet of ThiNGS......ceviiiiiiiii e A
Food and drink ManUFaCTUNING ........c.eeiiiiiiiii e e a7
High Performance Computing and CIOUG............ooiiiiiiiiiiii e 54
IMMErSIVE TECNNOIOGIES. ... . ettt e e e e e e e eeas 58
I =Y o = o o R 63
Medtech and Digital Health.......... ..o 68
PIOPUISION......eeeeeeee et e ettt e e e s e e bbb e e e e e e e bbb e e e e e e e e nnnbnnes 72
QUANTUM TECNNOIOGY .. ettt e st e e e e e s e e e e e e s bt e e eeeeeesannes 76

Robotics and AUtONOMOUS SYSTEIMS......oiiiiiiiieiiee e ee e e e e e e e eeeas 81



Introduction

Innovation is a crucial element e€onomicgrowth. Bydevelopingand applyinghew products and
services, or new production processes, businesses can raise the productivity of their staff and the
value of their outputsSuccessful collaboration contributes both to the creation of new ideas, and to
the applicaton of technology to new sector$he West of England has@bustecosystem that
promotes such collaborative innovation, and the Local Industrial Strategy seeks to understand how
to build on this success in the future.

The West of England has strong fdations of research and development, and support for
commercialisation and business growth. In addition, the regional economy is driven by a wide range
of industries from aerospace to advanced manufacturing, creative to robotics, finance to food. This
diverse range of activity coupled with the geographical size of the region facilitates interaction
between sectors. Collaboration between traditional industries and our creative, digital and tech
sectors can spark worddass innovation. Applying these newadeand technologies across

industries presents an opportunity to raise business productivity across the r&agid shifts in

digital and connected technology affect industrial processes and production, and the West of

9y 3t YyRQ& & NB yahdgekf discplh®s Ppravides aRoppdduNiiiedsure its future
products and manufacturing processes are globally competifigea consequencéje Local

Industrial Strategy is seeking tmderstand, facilitat, and maximis the value of tlis collabor#on.

This research will help us to understand how best to support the creation of innovation in the

region, to foster higkgrowth businesses and strength in growing industries. We know, however, that

the results of innovation must also be spread effeslijvamong existing businesses to make the

most of productivity improvements. Subsequent researchladlk in more detail at how effectively
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Approachof research
Research for the Local Indusi Strategy sought to understand how businesses in the West of
England create innovative new products and services, how existing strong industries collaborate, and
what features of the economy support successful areas of growth. In particular, we want to
understand:

1 how these fusions can create new sectoral strengths and also drive productivity across a
range of industries;
what factors promote the development of collaborative innovation in the region;
the barriers that constrain successful collaboration;
the potential for such innovative activity to contribute to clean and inclusive groavid;
ultimately how to shape a strategy that encourages new ceagdor innovation to develop
and flourish.
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To assess these questions are investigating some significant existing examples of collaborative
innovation in the region through@ldeep dive investigations (listed below). The topics covered by
the initial deep dives are prominent areas of activity in the region with innozdtirssinesses,
partnerships or research facilities already established. They representamress between

industries in which the West of England already has a strong foundation. Some are applications of
innovation, and some are enablers of change in sewéahge of sectors.

There will be other topics in which the crefestilisation of ideas, materials, production technology
and products offers potential for future growth. The current deep dive areas are not intended to be
exhaustive, but understanding ¢éhdevelopment of existing clusters will help us to identify the future
opportunities, and to suppt the emergence of new collaborative innovation



The areas of deep dive research are:

9 Artificial intelligencdAl) 1 Foodand drink manufacturing
1 Clean energy 1 High performance computingiPC)
1 Composite materials 1 Immersive technology
i Connected and autonomous vehicles 9 Life sciences
(CAV) 1 Medtech and digital health
1 Creative digital 1 Propulsion systems
1 Cyber security 1 Quantumtechnologies
9 Fintech regtech, and lawtech i Robotics
1 5G technology and Internet of Things

Individuals, typically informed local experts in the appropriate field, were invited to act as deep dive
leads andasked to populate a standard template document, consulting with industry and

universities as appropriate. This was supported with data gathering around employment Tehels.
results were discussed at a workshop with all the leads. This helped to identify a number of common
themes across the enablers and barriers to successful innovation.

To develop an understanding of the labour market supporting these deep dive aresasalysed

data scraped from online job postings. This gives an impression of the scale, skills, and types of jobs
advertised within sectorsThere may be overlaps in these data across sectors, so the figures should
be treated as indicative of the generalade within the region, rather than definitive.

Enablers of growth ioollaborative innovation

This section discusses a number of factors that have been identified from the research so far as
contributing to the creation of innovation in thegion to date

Creating and usingew techniques and technologies at the intersections between industries is an
important source of economic development, producing new sources of productivity growsome
cases, thapplication of suclinnovations may drive highrgwth business clustersn other

instances, the innovation canvolve new inputs, production methods, business models or products
that can enable productivity gains across a wide range of sectors. In practical terms, many of the
technologies discussed the exemplardelow enable change in other sectors, as well as forming
part of a business cluster in their own right. Nevertheless, the distinction can help us to identify
where our regional strengths are most likely to have impact.

A number of &ctors have been identified by the deep dive investigations as contributing to the
success of collaborative innovation to dakey factors include strong regional talent pools and
formal and informal networks that successfully bring together businesses acrassssétese
factorsinclude:

1 Research and development facilitie§.hese include primary research facilities in the
universities, as well as R&D centres that work closely with industry to test and develop products.
Examples include thigniversity of BristbSmart Internet Lajthe Centre for Modelling and
Simulation Bristol Robotics Lalthe National Composites CentffldCC)the Watershedand
Pervasive Media Studgtc. There are several impacts of these centres: in creating innovations
that are spun out in new businesses; in collaborating with existing businesses to improve
products or services; and in attracting significant businesses from elsewhere to the region.
(reported for Al, clean energycomposite materialscreative digital cyber securitysG& 1oT life
sciencesmedtech propulsionguantum, robotics)
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firms creates spillovers of skills and promotes innovation in other firms in the supply chain,
attracted by proximity. It is emphasised that these may be located within the region, but that
benefits are also drawn from the proximity to sites such as GCHQ in @teiteand the Met
Office in Exeter (reported farlean energycomposites CAV cyber security, higiperformance
computing immersive)

9 Large talent poolsn some sectors support existing innovative businesses, attract firms from
elsewhere, and enable stadps to find the skills they need. (reported for composites, creative
digital, cyber security, fintegtigh-performance computingmmersive, life sciences)

1 Support environmentincluding incubators and eaorking spacessg Engine Shed, SETsquared
WebSart Bristol,Bristol Games Huli;ood Works", etc. These an provide affordable work
space, coaching, and help with preparing for and securing investment. They can also help to
coordinateprogrammes within sectors to obtain external funding or reseassistance.
(reported for A fintech, 5G& I0T, food high-performance computingmmersive life sciences
medtech robotics)

1 Networkingthat allows new applications of technology to develop. In see&ors existing
industry or crossector networks gist that facilitate innovatiorr coordinate strategyFor
example, the West of England Robotics Network helps introduce technology to new industries
and identifies new use3.he presence of a range of strong digital businesses can help to attract
more niche firms.(reported forclean energycomposites CAV cyber securityfintech, life
sciencespropulsionrobotics)

9 Local capability in diverse sectotelps firms to identify and develop new usages, and also to
adopt platform technologies that can improve productienK S NX 3IA 2y Qa RAIAGFE |
strengths, in particular, are cited as valuable enablers of innovation in other sefetors.
example, he NCC supports enhanced productivity through use of digital technology in
composites manufacture in a variety of sectors. (reportedcfean energycomposites fintech,
food)

1 Market-building support.Experimentation and innovation to address barrieventry. For
SEFYLX ST GKS 5A3IAGEE /FaF Lz GQ& Lhe -bedW, . 228l L
FYR GKS blraA2ylFt [/ 2YLRaAraidaSa /SyiNBQa ¢2N)] 6AGK
applications such as automotive, rail and construction, and srithll and mediunsized
enterprises (SMEs) regionally and nationditysome cases this has been assisted by local
government leadership, such as council support for community energy gfcepmrted for
clean energycomposites5G& 107T)

1 Attractive quaity of life in the West of England helps businesses to attract and retain staff, and
for the region to build up effective talent poaié both employees and freelance workeiche
NEIA2YyQa GAONIyOes gAGK | adNBAmediteQelpiodzNI £ t A TS
attract workers to settle in the lonterm, as supported by the evidence of inward migration
from elsewhere in Britain(reported for creative digital, life sciences)

Barriers to growth

The deep dive research identified a number of éastthat potentially hold back future growth.
These factors do not apply in all cases and the mix of constraints differs for each case study.
Although in many cases the future shape of the national and global miarketertain, the barriers
with regionaldimensions are discussed below:



Shortage ofaffordable workspace particularly for starups and scaling businessesd also

inward investorsThis is particularly pressing for businesses which have moved beyond the start
up stage and wish to continue grow, when flexible and affordable space is limitedsome

sectors this also includes needs for test space or facilities specialised for the industnas
scientific or foodgrade facilitiesThe life sciences case study provides an example ©flinere

the creation of the privatelunded Unit DX lab space catalysed the creation of a number of
small businesses spinning out from university reseaagbroposed expansion is expected to fill
quickly. Finally, he lack of citycentre space in Bristanay undermine quality of life factors, if
development can only occur in outlying are@eported for5G, CAVGomposites creative

digital, life sciencesfood)

Shortage of skillsparticularly in science, technology, engineering and maths (STeE\M)g

local residentsThis includes both a mismatch of skills in the immediate term, wharging

completions are not meeting the needs of recruitiimns. It also includes a long¢erm pipeline

of skills to enable continued growtincluding Arts alongde the STEM perspectivéll be
AYLRNIFYyG G2 SyadNBE GKFIG GKS NB3IA2Yy OFy O2yiaAy
technology sectors to develop successful products. Furtheretmay also be a challenge in

achieving a pipeline of skilled peogtem a diverse range of backgroundis.some instances,

there may be a lack of appropriate training provision. Finally, for some sasttalienges with
affordability and quality of lifeY @ 6S fAYAGAY3I (GKS NBIA2yQa | 0Af
talent needed for growth(reported for5G, HPQpbotics,compositesguantum,fintech, food,

Al, creative digitglimmersive propulsior)

Lack of strategic approacind profilewithin sectors. In some sectors it was felt that a clearer
sectoral strategy, bringing together key private, public, and civil society organisatioutsl
help to coordinate bids for external fundinig. addition, some sectors felt that a higher
international profilewould assist in raising sales externaltgported formedtech CAV,
compositesclean energyfintech, creative digitglcyber securitylife sciencesfood productior)

Lack of scale or key anchbusinessesn some sectorsleading to a lack of crititanass

compared with other regiondn fastmoving industries, small companies may be unable to

sustain the level of investment required to keep uphwiitternational leaderdn some instances

this may be exacerbated by the lack of lasgpale manufactung capability in the region, which
leads to the risk ofesearch and developmeisapability being relocatedn the other hand,

there may be key businesses in the region that can act as customers for particular technologies,
so a lack of largscale production capability is not always a constrdigported formedtech

clean energyrobotics, fintech, Alpropusion)

Funding There is perceived to be und@rvestment in some sectorkondon is dominant in

venture capital funding and at times this creates pressure for businesses in the region to

relocate. There may also be an issue of financing burdens leadjprgtnature sales early

stage companies YR GKSNB Aa | O2yOSNYy Ay &a2yYS OFaSa (K
and expertise is not high enough to draw the government funding required to sustain key assets.
(reported forAl, compositescreatve digita] immersive food, highperformance computing

Lack of ceordination of investment particularly for platform technologies such as 5G. This can
limit the effectiveness of investmefromotion activities. (reported for 5G)



9 Lack of specialisedusiness supportin some cases, businesses may need specialised support to
adopt and adapt modern technology within their sector. Generic support may not be well placed
to demonstrate the value of such advascer to assist with adoption.

1 Opportunity to test systemsThere is potential for the region to act as a tésd for innovative
use of technology, to understand how new systems (in transport, for example) work within
society. Existing capacity across a wide range of sectors could be used toémpdwerstanding
of usage models, adoption patterns, and regulatory and control systerf&sS NB I A 2y Qa a (i NJ
in both virtual and physical engineering and manufacturing provide a significant opportunity to
test digital engineering and higlalue design w real products and associated manufacturing
processes(reported forcompositesCAV propulsion,robotics

Role of collaborative innovation@leanandInclusivegrowth

The principles of clean and inclusive growth run across all elements of thdndaestrial Strategy.

As such, the deep dive research on collaborative innovation has assessed the potential impact of
these innovations on the quality of future growth. Research on this is still ongoing, but some initial
findings include:

Onclean growtha number of the technologies offer potential for reducing the carrensity of
transport and energy systems. Composite materials allow creation of lighter, Kagjarg and

more fuelefficient vehicles. Autonomous vehicles and digitaabled transpad systems offer

potential for reductions in traffic, emissions, and air pollution. Furthermore, many of the

technologies can be manufactured at low carbotensity, although the extent of current activity in

this field is unclearConsumeifacing sectorsuch as food production are beginning to identify ways

of reducing or reusing waste, improving packaging, and improving the sustainability of supply chains.
Finally, it was noted that in some cases the workforce in the region is highly engaged with
environmental issues and this presents an opportunity for leadership and experimentation.

Oninclusive growththe growth of these sectors offers potential for growth of new businesses and
new jobs Much of the employment in these sectors would likely requpealised skills, although

the barriers to entry to skills vary by sector, being lower for example in creative and digital sectors.
Careful management of the skills pipeline would be required to translate this into greater inglusion
to ensure that by dagn we deliver opportunities for economic participation to all residents, not just
those who find engagement easie€iutreach programmes by business can help to encourage
aspiration within norraditional groups, such as Unit DX school visits for example.

There is also some scope for technology to increase accessibility and quality of public services, and
potentially enable improved services to diverse groups within our communities through (for

example) greater personalisation. For example, autonomousveli S& 2 NJ WY2o0Af Ade& | &
systems may enable increased public transport provision to uadared areas. Regional strengths

in health and social care may enable innovative approaches to the challenges of an ageing

population.

Methodological note

Todevelop an understanding of the labour market supporting these deep dive areas we used Labour
Insight tool provided by Burning Glass. Labour Insight uses web scaping technologies to collate
labour market information for online job postings; this can thensearched using certain criteria

e.g. geographical area, time period, employers, skills etc. For the purposes of the deep dive research
we collated data for the following:



Geography: West of England

Time Period: Year to date

Key Words: A list of key wasdvere provided by the deep dive leads; these key words relate
specifically to their area of activity and cover a mix of skills, technologies and applications.

We worked with the deep dive leads to ensure that the list was as comprehensive as possible to
ensure meaningful returns. However, there are inevitablyumreturns where other industries use

the same technologies or have the same acronyms e.g. CAV gets picked up in Secondary Education.
Where possible we have removed the obvious anomalies from the data to ensure that it is as
reflective of activity in the deep dive area as possible. There may also be instances where the key
word has been picked up anadvert but the job is not directlinvolved in the activity, it is just an
example of the activity carried out by the company recruitiragain every effort has been made to
remove these from the data outputhpwever,this is much harder to do and some anomalies will

have been included ithe final figures.

Data outputs include

Top Employers

Occupations

Job Titles

Skills

Salary information

Demand map this is based on the Bristol Travel to Work Area

EEgEEEEE

In many cases the sample size of the return is quite small; this is dbe t@ture of the activity of

iKS RSSLI RAGSA ada WySg yR SYSNBAYIQ &ALISOALTAEL

than 100.



Artificial Intelligence

Definition

Artificial Intelligence (Al) is a technology built on the foundation of fpigliormance computing,
algorithms and data. It involves the development and application of intelligent machines with the
ability to perform tasks that would otherwise require human intelligence, such as visual perception,
speech recognition, and language triat®on. Al is already beginning to permeate our daily lives and
as the capability of machines for specific tasks evolves beyond those of humans, it has the potential
to significantly impact all industrial sectors and every aspect of business.

GeographicaReach

The UK is viewed as a global thought leader in artificial intelligence and machine learning. Four of

GKS ¢2NIRQA G(G2L) wn dzyAOGSNRERAGASE F2NJ / 2YLdzi SNI { OA
2nd in the world after only the US for influem of Al Academic Publicationslfidlex), 4th globally by

number of publications in Al and Machine Learning (behind US, China and Japan) and 3rd globally by
number of citations in Al (behind the US & Chifide Al sector in the UK is being actively sufgabr

to ensure this position is maintained.

As part of the National Industrial Strategy [1], the Government has outlined its ambition for Al to be
adopted by businesses across the country. There has been significant investment in the Al industry,
forexamlJt ST G KNRdzZAK (GKS | Y D2@SNYyYSyiQa mm oAftAZ2Y
now exceeded £3.8 billion. Furthermore, the Royal Academy of Engineering and the Digital Catapult

are working to provide guidance and tools to support effective uskl &y businesses across the.UK

The West of England plays significant role in the development of the sector which by its nature is
nebulous and unconstrained by traditional boundariBscause of its close association with High
Performance Computing and &3r Security, the local cluster extends North toward Cheltenham,
Gloucester, Herford and Malvern, East into Wiltshire and West across the Bristol Channel into
Cardiff/Newport.

In Numbers

Map of demand for
jobs in Al




Growth andemployment in the West of England:

1 Interms of scale and density of skills requirements within the sector Bristol and Bath
together sit behind only London, Manchester and Cambridge in terms of the volume of job
vacancies advertised over the past 12 monthth London ahead by a very wide margin.

1 Only London, Cambridge, Edinburgh and Reading have greater levelspeichic skills
density with London and Cambridge showing levels 50% higher than Bristol and Edinburgh
25% higher.

1 The median salary for all eelrtised roles was £44,800 and the mean £50,700

Growth and employment nationally:
1 According to PWC [5], Al and robotics will support the creation of 7.2m new jobs by 2037 but
will lead to the loss of 7m jobs in manufacturing and other sectors duringaime period
with 20% of jobs to be automated over the next 20 years with no sector unaffected.

Growth and Employment globally
1 The World Economic Forum [6], states the market value of Al technologies will increase at a
compound annual growth rate of ové0% to 2022.
1 McKinsey [7] have established the potential impact for Al to have on industrial productivity
as being £630B by 2035 and providing a major improvement in GVA.

Business and Skills

All of the major regional engineerimgiginal equipment manufdarers (Airbus, RR, GKEDF.).are
already investigating the potential of impact Al related technology on their engineering and
manufacturing operations, as well as enhancing product performance through improved reliability or
increased autonomy. This pprtunity is still only in its infancy and a huge untapped market exists
whilst most Al companies focus on the financial and consumer sectors. The major computing
companies in the region NVIDIA, CRAY, ORACLE are all investing heavily in this techendogy to
their platforms offer the capabilities that developers and end users require to train and implement
Al solutions.

There are numerous Al development companies in the West of England, and twapsdant

particular have acted as anchor businessegte region [8]. Graphcore develops processors to
accelerate Al applications, whilst FiveAl, a Cambsxiged company, has set up an office in Bristol
to develop autonomous vehicle technology and haseived a grant from the UK government to
work on a poject to develop sefflriving cars to pilot in London to cut traffic congestion and free up
parking spaces.

Al is currently an enabler to most industry sectors and companies in the region are providing
applications to meet their needs. For example, Autble provide a service to the health care

industry, by helping people with learning disabilities to develop and evidence their independent
living skills in cooking, cleaning, safety and personal hygiene. Kudan and Rovco are both developing
Al technologiesdr robotics applications and Urban Hawk are developing surveys, data analytics and
visualisations in urban landscaping. In the manufacturing spacewgtarEmartia, Miminal and

KADlytics are starting to develop solutions to understand industrial procassehereby improve
productivity. Al will have a major impact on the Creative Sector by automating content generation
and improving the gaming experience through improved emulation of the real world. Other
applications of Al development in the region i speech recognition provided by XMOS and
business analytics provided by companies such as Cognisess and finally YellowDog, who use machine
learning to predict completion times for cloud based computations.
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In the research spac#)e Centre for Modellig and SimulationGFMyis developing a range of Al

based solutions to improve all aspects of the engineering and manufacturing process from enhanced
design space exploration to automated process monitoring and quality cofmtrelNational

Composites Ceng is running a number of programmes in the application of Al in composites
YIEydzFlI OGdzNAYy3Id ¢KS b// A& tSIRAY3I GKS ylLGA2yl
design, which has significant scope for use off At University of Bath offemostgraduate courses

in Robotic Engineering and the study of the tway relationships between natural and artificial
intelligence. The University of Bristol offers a postgraduate course on Atrtificial Intelligence and an
undergraduate degree in RobotichelUniversity of the West of England (UWE) hosts the Bristol
Robotics Laboratory which is the largest academic centre for robotics in the UK, underpinning
regional skills development in the field.

It is however the work of smaller stamp companiestogether with the ambitions of the large
advanced engineeringriginal equipment manufacturerghat sets the West of England apart from
other locations. In particular, the application of Al technologies across other sectors, which builds
dzL32 y ( K S rehgB3ain tBcfinlégy, &léan growth and ethical use of Al and public policy. This
unique combination offers an opportunity for Al to address local needs and become a key regional
export.

Enablers of Growth

From a business perspective, the West of Englamctremely well placed to benefit from the
development and application of Al related technology. With the strength and depth of advanced
engineering companies within the region and the inherent digital capabilities from the advanced
electronics and compational community, there is a major opportunity to develop a strong regional
presence in this field capable of competing on a global scale.

Several local initiatives have helped stapt companies by providing investment and support.
Notably,SETsquaredvhich is a unique enterprise partnership between five leadingresearchled
UKuniversitiesof Bath, Bristol, Exeter, Southampton and Surhas twice been ranked as

the GlobalNo. 1 Businessncubator.Basedn the regionthey provide a wide rangefdighly

acclaimed support programmes to help turn ideas into thriving businesses and since their launch
they havesupportedover 3,500entrepreneurshelpingthem raise£1.5bninvestment.Bristol Private
Equity Club, is a group of individuals all involiretheir own businesses, who have invested in
several companies both across the country and within the West of Endtaaddition, theOracle
Start Up Cloud Accelerator has provided support to many local companies, halpaigdown the
barriers that Imit success and providing exceptional staps with a path for future growth.
Furthermore, organisations such as WebStart Bristol and ESgatk provide stadups with

incubator services and introduce companies to potential investors.

The University oBristol is now a partner in the Alan Turing Institute (ATI) providing access to a
network of academic excellence in the field of Al across theBeiKg a national entity enables ATI

to deliver benefits that a single university could not deliver aloneci@ly, The ATI has convening
power, bringing together the best talent in the data science and Al community to speak to industry,
policy-makers, and the public. Its mission is to make great leaps in data science and artificial
intelligence research in ordé¢o change the world for the better.

Investments in facilities such as Bristol and Bath Science Park and Saaesat UWE has provided

an environment in which new companies can thrive and grow working collaboratively to develop,

and demonstrate technology but most importantly educate those in the region as to the

opportunities it can offer (e.g. CFMS Al for Indiastinspection and Cray/NVIDIA Deep Learning
Workshops). In a similar vein, the West of England Robotics Network led by Bristol Robotics
Laboratory supports the development of new companies such as Perceptual Robotics by showcasing
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developments in the filel, in order to build a strong supply chain in robotics and autonomous
systems.

Barriers to Growth

Whilst the potential of Al to have a major impact on the productivity of UK companies is clear,
realising it is a huge challenge for industries that are naturally risk averse, principally as a result of
dated internal infrastructure, limited internal knoedge and awareness. To make matters worse
there are insufficient Al statips and scaleips with adequate domain knowledge to commercially
exploit this space. Access to the skills and resources needed to develop the industrial Al solutions
that can feed dfthe rapidly growing data sources created by the likes of Industry 4.0 is the main
challenge facing companies across the UK. Whilst some industrials have developed small internal
capability, it is well below the critical mass needed, and the prospeatiafjable to recruit to the
numbers required is some way off due to high market demand. The recent review of the Al sector [9]
endorses this finding, recommending a laigmale investment in skills development to build the

future workforce needed to addreshe challenge. With all companies seeking the same skills the
resource costs will be driven up by demand, pricing some out of the marketgap between

supply and demand for university places remains large generally with more than ten candidates for
each available masters degree place. There are three fundamental solutions to this problem: import
skills, retain skills created within the region and to convert skills from the native talent pool. The
latter will bring the greatest opportunity for inclusiggowth and could become the focus of a Talent
Institute for the region. The Government recognises the need to provide advanced skills for Al
technologies and has announced a major reform of technical education with the launch of
apprenticeships, T levedsid investment in STEM subjects. At a higher level, industry will be
investing to fund a masters degree program with an integrated internship, targeting an initial cohort
of 200 students per year.

The UK has a vibrant research community for Al (e.qg. ldne Puring Institute) with a good track

record of startup companies (e.g. Darktrace) capable of attracting significant inward investment.
Problematically, the latter are rapidly acquired by large companies of the character of Google,
Amazon, Facebook, argpple prior to addressing the industrial challenges our major manufacturers
face. From a recent survey [2], only 1% of all Al atpstin the UK are focussed on manufacturing as
their primary market and the high concentration of skills around Londostiidltes the fields of
application driven by the financial and service sector markets. Capability in the regions is far weaker
and application in engineering and manufacturing is considerably less mature, as access to subject
matter experience and large amots of data to train these systems is needed to realise robust
industrial solutions. This is a major barrier to entry to those markets and if the UK is to achieve the
expected improvements in productivity (BD%) [7] action is now required or the UKniglanger of

being outpaced by developments across the globe.

Whilst the work being undertaken in the West of England on Al technologies is building on the
strengths of the region, the activity itself is not distinct enough from other regions to become a
leading region. Investment is another barrier to growth. Currently the industry is supported by angel
investors and this is very Londaentric. For growth of Al technologies in the West of England to
continue, significant local investment is needed in pguént to generate and process data, skills
development and underpinning research. This also needs a solid knowledge transfer programme
from academia to industry to ensure the benefits of academic research are capitalised upon.

Finally, to propel the groth of Al technologies in the UK, widespread adoption of these
technologies is needed. Historically, Government has taken a leading step in uptake of new
technologies, such as the uptake of desktop PCs imidel 980s Access to data from local
infrastructure and public procurement decisions can help Al technologies to reach their full growth
potential.
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Relation to Other Deep Dive Areas and Grand Challenges

The region has the vision [13,14] to strengthen, develop and exploit the wealth of innovative
capabiity that exists within thaVest of England to improve productivity, create new businesses,
increase inward investment and provide enhanced employment opportunities fagxsain enabler
technology, Al has the potential to provide a unique link betweensieeyoral deals established
within the National Industrial Strategy (aerospace, automotbgsstruction..) and all of the
associated Grand Challenges (Al & Big Data, Clean Growth, Ageing Society and Mobility).

Examples of how Al is already contributtogeach of these challenges has been provided above but
this simply represents the tip of an iceberg for growth in this field. Many collaborations across
sectors already exist, such as that between healthcare and robotics in the UWE Assisted Living
Studiowhere they are developingssistive care solutions to support independent living for an
ageing population. More of these initiatives are needed arate is a huge capability shortfall

within the sector that needs a new generation of scientists and eregimeith the ability to harness
this potential into viable and ethically sound industrial solutions [15,16]. Al like no other, will
significantly impactqompositesCAV, Cyber Securifgpbotics.). or be impacted by (Quantum, HPC,
I0T...) allinnovativesectors in the West of Englaaehd as such has a major role to play in the
development of the Local Industrial Strategy. Strengthening the West of England capability in Al will
fundamentally shape our ability to address all of the challenges posed byatienil Industrial
Strategy and through improved productivity, make the regional economy far more resilient in the
digital era.

Inclusive growth

The growth of Al technology within modern society provides a major opportunity to improve the
wealth, health and welfare of residents across the region but it also provides oiegtienges which
must be managed appropriately to realise benefit for all.

At the heart of this challenge within the region is the Jean Golding Institute (JGI) at University of
Bristol which is harnessing the power of big data to address societal challenges such as the
monitoring of greenhouse gas emissions or the diagnosis ofahbealth. The University of Bath is

also leading research on the understanding of the ethical application of Al to ensure that all users
(and those affected by its use) are treated fairly and appropriately, avoiding the exploitation of

A Y RA @dad dnf énéo@aging transparency in the development of new Al systBotsety is the
source of the majority of data generated and these organizations are working to place people at the
heart of this new technological era. It can be used to promote engagenmehinalusivity within

parts of our community that have often been excluded.

An exemplar project at JGI examined ways of collectingcandeptualisinglata that might assist
culturalorganisationgo create activities that are attractive to young peoptetihe BAME

O2YYdzyAiled ¢KA& AYF2NXYIGA2Y Aa 188 G2 dzyRSNEGF YF

city and social barriet® entry which can provide insight into approaches for education, recruitment
and social wellbeing idisadvantaged grougp In terms of mobility, whilst companies such as FiveAl

are pioneering the development autonomous vehicles to improve the efficiency of our road
infrastructure, projects such &.OURISIdd by UWE and involving industry from across the region

is specifially looking at the implications of such transport solutions for the elderly community. Here,
Al could make sure that some of the least mobile members of the community can play an active role
in society and contribute to the economy of the region.

The required technology calevelopment from the Digital and Engineering communities for Industry
4.0 [9] will bring about a fundamental change in resource needs, opening the door to a far more
diverse skills and knowledge base than seen before. However more teebdslone to make skills
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development more open via apprenticeships and other forms of post GCSE study [10]. Al will affect
every aspect of our industrial community, from HR to cyber security and from manufacturing to
marketing, bringing engineering, humisies, social and computational sciences together in a far

more inclusive capability pool that will be required to act together to realise success.

Clean growth
It is clear that our industrial strategy must provide the means to achieve growth whilst mitigating the

impact on the environment and Al will be a key means to realise this potential [11,12]. As the world
around us becomes smarter from being more connectelds increasingly needed to address the so
OFft SR Wo5Q OKIFffSyaSa 2F RSOINb2yAaliirAzys RSOSy
can providethe key to understanding the impact of weather patterns to more effectively predict
demand andnore accurately identify energy production and transmission needs, as performed by
Zenotech and Digital Engineering Ltd. in Bristol. This is particularly important in the field of
renewable energy where changes in environmental conditions can have avmampact on the
performance of energy sources (wind, sotidal...), and these need to be balanced with more
traditional carbon or nuclear based power sources. Al enabled systems will be able to more
accurately control this energy balance and the traission demand to optimise the utilisation of

low carbon sources of electricity.

Through the use of improved sensing Al can make users far more intelligent regarding their energy
consumption needs, adapting behaviour and tailoring usage to romseeffective price points from
suppliers thereby reducing unnecessary peak demand on the national grid. As our society becomes
more power hungry (transportation, computing, communications, etc..) the strain on the current
network increases and we must exploit Alaichieve the best from existing infrastructure prior to
investment in new infrastructure which is costly and will impact the environnmfEntiechnology can

also benefit the nuclear industry and the University of Bristol is one of several universitiesehat

part of the National Centre for Nuclear Robotics, a collaborative research project that develops
state-of-the-art robotics, sensing and Al technologies to address the nsajdietal challenges posed

by nuclear environments and materials.

Within the ergineering community Al offers the potential to investigate a far broader design space
than previously considered, leading to the development of more efficient aerospace and automotive
products. CFMS, in conjunction with the NCC has utilised machine lgaesimiques to optimise
complex manufacturing processes to reduce waste and deliver more quality assured solutions faster.
These activities can deliver lighter and far more energy efficient products than ever before and when
the environment the operate whin is optimised through the use of big data, their collective
performance can be significantly enhanced. Furthermore, maintenance schedules and utilisation
demand can be predicted thereby reducing the total energy demand of the transport system. A
regioral flagship in this field is the new Institute for Advanced Automotive Propulsion Systems based
on Bristol and Bath Science Park which will monitor and analyse the usage and output from
traditional and nexigeneration propulsion systems to optimise the ggsand control of powertrain

for future automotive vehicles

Supporting Evidence

1. National Industrial Strategy Building a Britain Fit for the Future (2017)
(https:/lwww.gov.uk/government/topicalevents/the-uksindustrialstrategy)

2. UK Al Landscapdnttps://medium.com/mmecwrites/artificialintelligencein-the-uk-landscape
andlearningsfrom-226-startups70b9551f3e4c

3. ASGRD Human Venture Capital for Artificial Intelligence (gg&s://asgard.vc/)

Artificial Intelligence, Automation and the Economy, Executive Office of the Presideemberc

2016

»


https://medium.com/mmc-writes/artificial-intelligence-in-the-uk-landscape-and-learnings-from-226-startups-70b9551f3e4c
https://medium.com/mmc-writes/artificial-intelligence-in-the-uk-landscape-and-learnings-from-226-startups-70b9551f3e4c
https://asgard.vc/
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5. https://www.pwc.co.uk/services/economiegolicy/insights/theimpactof-automation-on-
jobs.html

6. www.weforum.org

7. Artificial intelligence: The Next Digital Frontier (McKinsey)

8. Al startupgto watch: Techworld (https://www.techworld.com/picturayallery/startups/ukai-
startupswatch-hottest-machinelearningstartupsin-uk-3645606/)

9. Growing the Artificial Intelligence Industry in the UK (Hall & Pesenti)

10. Bristol Bath Innovatio€luster:SQW Regt October 2018

11. http://www.innoenergy.com/whythe-energysectorneedsatrtificiakintelligenceto-solveits-
problems/

12. https:/iwww.weforum.org/agenda/2018/05/howai-canhelp-meet-globalenergydemand

13. UK Government Industrial Strategy Green Paper: West of England Response

14.West of England StrategyWest of England Combined Authority Discussion Paper

15.MachineLearningthe power and promisef computers that learn bgxample:Royal Society
April 2017

16. South West England and South East Wales Science and Innovatior28igilit


https://www.pwc.co.uk/services/economics-policy/insights/the-impact-of-automation-on-jobs.html
https://www.pwc.co.uk/services/economics-policy/insights/the-impact-of-automation-on-jobs.html
http://www.innoenergy.com/why-the-energy-sector-needs-artificial-intelligence-to-solve-its-problems/
http://www.innoenergy.com/why-the-energy-sector-needs-artificial-intelligence-to-solve-its-problems/
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CleanEnergy

Definition

Clean Growth is defined as growing our national income and achieving economic growth whilst

cutting greenhouse gas emissions and enabling sustainable development, often through clean

technology. Achieving clean growth, whilst ensuring an affordable energy supply for businesses and
O2yadzYSNE>X Aa Fd GKS KSINI 2F GKS !''YQa AyRdzaGNAI

As alarge proportion of our greenhouse gas emissions come from our need for energy, this deep
dive focuses on the Clean Energy sector, consisting of: energy efficiency, low carbon energy
generation and smart energy solutions.

Clean Growth is considered antcome or objective and spans across multiple industry sectors. It
includes any innovation or business improvement that contributes to improving productivity, whilst
reducing emissions.

Geographical Reach

There are very successful clusters of clean gnegpability across the UK based around deployment
opportunities and supported by regional development organisations. Offshore wind expertise is
located on the east coast and marine renewables capability has built up in Scotland.

The UK has lead the inteational market in clean energy expertise and continues to have a strong
offering in consultancy, technical and financial capability in this sector.

Historically, Clean Energy was the focus of the previous Government Office South West region, of
which Brisol and the West of England was central. Due to several reasons, including the license
areas of the Distribution Network Operators, the influence of European funding across Cornwall and
Wales, the development of the Hinkley site and surrounding area amddbgraphic assets of the
region, the role of the wider region has been important in the growth of the sector.

In Numbers
Growth and Employment in the West of England:
1 The West of England Strategic Economic Plan-201%anks the low carbon sector firist
volume growth sectors in terms of GVA and GVA per FTE, above high tech and professional
and legal services.
1 The Low Carbon Sector employed at least 5,900 people and generating £333m of GVA in the
West of England, as of 2015.

Growth and Employment Natially:
9 The Low Carbon Sector grew nationally by 5% in 2016, nearly three times the rate of growth
of the economy as a whole.

Growth and Employment Globally:
1 The global renewable energy market is expected to reach $2,152,903 million by @@h5
Europeexpected to witness the highest growth rate, in terms of revenue.
1 The global smart energy market is estimated to be worth $220 billion by 2020.

Business and Skills

The business, academic, public, and community and voluntary sectors are all activeséttibis

There are several key businesses workindganenergy in the West of England. DNV GL (formerly
DFNNJR I dalkyo Aa GKS ¢g2NIRQa fSIFIRAy3I NBySslofS
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staff in Temple Quay. Bristbhsed companies designaltna@l o /&> 2F GKS g2NI RQa Sy
today.

Bristotbased companies are also developing and installing solar energy solutions. Aura Power
specialises in renewable energy solutions, particularly in solar energy and have based their
headquarters in BristoAura Power developed one of the first Enhanced Frequency Response (EFR)
battery storage projects (Nevendon hfegawatt MW)), andthe 15MW Lockleaze battery storage
project was the largest in the UK when it was energised in June 2017. Other compahies su
Ecoceterdn Bristoland Solarsensi North Somerseprovide solar panels.

Key electricity suppliers are working to improve their sustainable, clean energy provision. Western

t 26SNI 5AAGNROdziA2Y S 6K2 I NB (i F&ionPNStdoik OpeFatoQig I | Y RC
one of the leading operators for innovation, support for vulnerable customers and community

engagement. The gas distribution network operation Wales and West Utilities is also actively

involved in exploring options for decarbsirig heat.

Thrive Renewables provide sustainable energy equipment and solutions for individuals and
businesses and are based in Bristol. OVO Energy also have their HQ in Bristol and are a national
company that has been awarded Energy Supplier of the ¥eahree consecutive years by the
uSwitch Energy Awards and has been recognised for its fairer, more cudiagenelty approach.

Pure Planein Bathoffer 100% green energhrough an apponly systemand Bristol Energy aim to
deliver nonprofit, affordable, renewable energy.

alye 2F (GKS NBIA2yQa flg FANNVAZ LI I yyAaAy3a O2yadf
renewable energy and energy teams, serving national markets as much as local ones. Examples

include law firms Renew Legal, TLT Astfords and energy consultancy firm ESOS Energy. The
LINBaSyOS 2F ¢NA2R2a . ly1Qa !Y KSIRIjdzZ NISNAR Ay . N

The West of England is also home to other companies such as GENeco, a food waste management
and renewable eneggcompany.

¢KS 2Said 2F 9y3ftlyR KFra g2 2F (KS O2dzy iNBQa Y23
Energy Cap and Bath and West Community Energy. Together with lebaled businesses like

Thrive Renewables, they are working to enable widenmunity ownership of renewable energy

generating assets. This is part of a wider network of community energy operations, supported to

g2N)] G(23SGKSNJoeé wS3aSyQa O2YYdzyAde SySNHE& &dzlJLi2 N
closely with Community Enerdgngland.

Enablers of Growth

The West oEngland has strengths in several areas that have enabled growth detdreenergy

sector. These strengths includenart energy, including the associated digital skills and academic
expertise in power systems emgiering and economics at University of Bath and big data analytics at
University of Bristqland low carbon local and neighbourhood planning. There is also significant
electric vehiclgake-up, network integration and smart charging in the West of Englaadyell as

some associated engineering R&D.

The West of England also has strengths in heat networks, fuel poverty alleviation and low carbon
finance and legal structures. Many of these capabilities have been in place for several decades
across the regionwith Bristol in particular, building a reputation as a centre for excellence in
sustainable energy.
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The West of England is home to several collaboration hubs and community energy approaches which
have enabled growth in theleangrowth sector, includinghe Bristol City Green Capital and the Bath
Sustainable Tech Hub. Tiéest of Englandegion has also seen some of the largest investments in
waste reprocessing and energy recovery in the, @ifd innovation in this area of activity is among

some of the nost exciting developments happening in the sector globally from companies like
GENeco in Avonmouth.

There are also a number of specialist companies, which work collaboratively and remain connected
to other hubs in the wider South West to promote growttthie cleanenergysector.

The Local Authorities in the West of England have played a part in enabling graethrienergy,

by running multiple active energy programmes.

Historically, clean energy was a focus of the previous Government Office Southegiest of

which the West of England was central. A strategy was developed to capture the economic benefits
from the growth of this sector back in 2002. Whilst much of the expertise came from the West of
England area, including the Centre for Sustain&lergy and the regional universities, individual
pioneers in the sector were also key to the growth of the industry as a whole. The West of England
has, as a resultdeveloped several key strengths, including financial and advisory services, energy
engineering and spatial planning and has continued to benefit from the expertise of key
entrepreneurs in the sustainable energy sector across the region.

Furthermore, theWest of England has become a hub in itself, in part because of the ambition of
Bristol City Council, expressed through the policies and plans adopted by the council and the success
in securing funding, developing programmers and marketing the city a=ea gity. Recently Bristol

City Council has undertaken an extensive energy programme including the development of a
licensed energy supply company, Bristol Engngdpich is owned by the Council, and a support
programme for community energy activities irethity. Bristol City Council has also taken a leading

role on energy amongst the national Core Cities group.

Bath & North East Somerset Council provide energy saving advice and support for its residents

through the Energy@Home programme and have alsabdistaed a strong partnership with Bath

FYR 2Said /2YYdzyAGe 9ySNHeé> 2yS -aps FurthkeSnore,B@ta f S| RA
& North East Somerset Council have explored the challenges of retrofitting heritage buildings to

meet modern carbon emissiostandards without compromising heritage characteristics.

South Gloucestershire also provide local home energy advice through the Warm and Well service
and North Somerset Council have played important roles in recent years, supporting energy
efficiency avice services and insulation and heating grant programmes.

The Centre for Sustainable Energy sugggsk & G KS NBIA2y Qa KAIK ljdzZ f AdG@
management capabilities could provide a téstd for the development of innovative smart demand
management servicesvhich could then be offered to the commercial buildings sector, through such
initiatives as Business West and Bristol Green Capital Partnership.

The Science and Innovation Audit highlights several clusters of industrial and R&D activity across the
South West and SoutBastWales region (SWW) that have enabled growth ofdeanenergy
sector. The report highlights:

1 A corridor of technical expesgé in hydrogen / fuel cells specialism and capacity along
the M4, from the Hydrogen hub at Swindon through to Cardiff
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1 A Nuclear Hub in the region, including the SW Nuclear Research Hub-BGxkiad,

Hinkley Point C in Somerset, Somerset Innovation €entBridgewater and EDF Exeter
and Plymouth offices.

1 The SWW region is unique in the UK with all marine renewable resources accessible
from ports and infrastructure. There is an important wider geographical linkage across
to Southampton, which is refleetl in the development of the South Coast Marine
Cluster.

1 There is an emerging cluster of excellence and good practice in underpinning
technologies related to distributed energy systems and smart grids, which will have
relevance across many new energy teglogies.

The Science and Innovation Audit recognises that these clusters have developed in response to an
extensive, vibrant and internationally recognised capability, assets, university and research activity in
the region and builds on a broad enviroantal goods and services sector, alongside regional

priority sectors in environmental futures, agdod / tech, energy, digital, water, low carbon and

high value manufacturing.

LG NBO23yArasSa GKFG 2@SNI I | dzF NI Qahlsatichs have & basey Qa Y I
in the $uth West and SoutkastWalesand there are almost 2,000 scientists working in relevant

areas and 25,000 enterprises in the region based in sectors relevant to the theme, with 153,000

jobs.

Barriers to Growth

There are seeral barriers that may prevent future growth of tikkeanenergysector in the West of
EnglandThe business, academic, public, and community and voluntary sectors are all active in this
sector, though efforts are not always joined up to make the mostiefit use of resources and

focus for collaboration. It is suggested that continual improvements to integration of expertise
across the diverse elements of the energy sector could yield exciting opportunities as the market for
clean growth expands globally

Another barrier to growth of theleanenergysector is that it is unclear how rewards for innovation

and action in clean growth will be earned in future. As a result, it is recognised that there remains
AYAdZFFAOASY G YIFEN] SOl Y2 dz2 Q20RBRA Y2 Y (5T 1 KKS Wi§1R vy
and innovation test beds, which are critical to delivering national and international commitments in

clean growth.

The 8ience and Innovation Auditighlighted the huge opportunity for theider South Wed and
SouthEastWales regiono lead development of new technology and innovation that will be

required to live sustainably and address global environmental challenges. In particulAydhe

identified two areas where the region has the potential togbebally competitive: Environmental

Risk and Data, and Sustainable Technologies and Development. These are, critically, underpinned by
the need for better integration of Digital Innovation capacity also developing in the West of England.

There is a risthat a failure to act quickly and to establish a clear locus for regional action will leave

the West of England in the wake of other regions in establishing a leading sector for smart energy

(notably, in terms of stated ambition, London and Greater ManthgsThe emerging smart energy

market, which is still at relatively early stages with many remaining uncertainties, will not, by itself,

Lzt £ GKS 2S8SadG 2F 9y3IfryR Ayid2 | fSFRSNBKALI LR AAI
field.
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Relationto Other Deep Dives and Grand Challenges
Greenhouse gases come from nearly every part of our economy, particularly transport, buildings,
agriculture, industry and waste. As such, also of importanadetingrowth is the overlaps with
other sectors and wgs of working which improve productivity and reduce emissions, including;

1 Reducing the need to travel and improving productivity through smart technology

1 Improving low carbon transport opportunities, particularly through the development of
electric vehicle and associated infrastructure, as well as alternative fuels
Productivity improvements through advanced manufacturing
Greenhouse gas savings and circular economy gains through recycling and the use of
more sustainable materials.
1 Productivity improvementghrough agricultural and industrial innovation which reduce

greenhouse gas emissions.

1
T

Where clean energy, low carbon innovation or environmental reseatehactswith other key
sectors, opportunities for clean growth can be identifiedK S  NJdigital 22ghfbéogy strengths
will also be important in contributing to future growth of smart energy systems.

The increasingly rapid take up of electric vehicles is pushing the national policy focus from creating
demand for electric vehicles to developiagd managing the orderly growth of charging

infrastructure, the introduction of smart charging services (including, potentially, from local

suppliers) and the optimisation of its impact on the local electricity network and wider system. The

region has docalAuthorityf SR St SOGNAO GSKAOES LINRP2SOG o6D2 ! fi
Distribution Network Operators on electric vehiclese@térnPower Distributior).

The region enjoys significant electric vehicle related R&D capabilities at its umegerfsr example

the Institute for Advanced Automotive Propulsion Systeand FLOURISH research programmes as
well as consultancy and research skdlsch as the University of the West of England and in the local
offices of national consultancy companjes public attitudes and transport planning.

Inclusion
Action to improve energy efficiency in domestic properties and to increase the affordability of
SYSNHe& aKzdZ R KIFI@S | LRaAdADS ATvidBlatddal Istfuted KS NI 3 A

of Care and Health Excellence (NICE) published guidance in 2015 which demonstrated a link

between a wide range of health conditions and living in a cold home. The guidance calls upon

agencies to work together to reduce the risk that someone would have tanli@ecold home,

particularly through improvements to the energy performance ofthe home. Ay & 2 F (G KS NFB:
households; more than 52,000 household$ NS Ay FdzSf LR ISNIe& | O0O2NRAY3
LyO2YSs | A3IK /2304Q RSTAYAGAZ2Y F2NI 9yt yR®

Supporting Evidence
1. South West an&outh EastVales SciencandInnovation Audit 2016
2. Allied Market Research
3. The Clean Growth Strategy
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Composite Materials

Definition

A Composite Material is whamwo or more separate materials are combined to make a new material
that has distinct, and enhanced, physical or chemical properties from the individual materials. For
the purpose of this deep dive, the Composite sector includes processing and applications of
composite and other advanced material technologies, including additive manufacturing.

The sector is split between organisations who develop Composite Materials to supply other
industries and those that use Composite Materials for industry applicatidrsefore, it is both an
application and an enabler.

Geographical Reach

The West of England has an unrivalled regional strength in Composites both within the UK and
globally. There are several internationally recognised research and innovation institutions based in
the region as well as a number of globally leading compasisasy companies, especially in

advanced manufacturing & aerospace sectors.

Academic competition in composites comes mainly from Nottingham University, which jointly leads

the Ehgineering andPhysicalciencesResearchdounciQa ! Rl Yy OS R adeafatyTHubO i dzNR vy 3
with the University of Bristol. Manchester, Cranfield, Southampton and Imperial all have research

strength in composites but host smaller teamsrihihe University of Bristol. The West of England is

home to the National Composites Centre (N@@)ich is the accepted lead centre for composites

within High Value Manufacturing Catapulhe Advanced Manufacturing Research Ceatre

Sheffield, Vérwick Manufacturing Groymand to a lesser extetihe Advanced Forming Research

Centreat Strathclyde dlhave some composites capability, but again none are as large, or as broad in
capability, as the NCThe University of Bath and UWE also host research and teaching capabilities

in composites.

The West of England is strong in product engineering withpasites, especially for Aerospace,
although other regions do have good capability, especially the Najdist, where the long history of
military aircraft development has built up a strong cluster of engineeringcantposite
manufacturing companie£ther regions are good in other sectors, such as Solent which has a
leading leisure marine manufacturing industry.

The region, particularly through the NCC, and its extensive networks in sector leadership groups and
industry shaping companies, is highly infliek £ Ay aKF LA Y3 YIyeée @aupOl2NAEQ
of composites materials. There is a clear opportunity to develop the knowledge, skills and existing

supply chain companies in the region to service other sectors as they adopt the technology.

Researh, innovation, design and systems integration in the West of England is influencing nationally
and internationally and shaping strategy at a national level. This is enabling UK industry to be
globally competitive and encouraging inward investment.

In Numkbers
Growth and employment in the West of England:
1 Between October 2017 and October 2018, 274 jobs were advertised
1 The number of employees in composites has increased between 2 and 4 times in the last 10
years
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Growth and employment nationally:
1 The UK hathe opportunity to grow its current £2.3bn composite product market to £12.bn
by 2030

Growth and Employment globally:
1 The composites market is projected to grow from USD 72.6 Billion in 2016 to USD 115.4
Billion by 2022, at a CAGR of 8.1% between 20di72882
9 The Aerospace industry is unlikely to be a major contributor to global growth of composites
Ay GKS ySEG p @SINBX lfiGK2dzaK Al A& tAaA1Ste
1 Automotive vehicles are currently less than 1% Composite Materialsarkets forecast
that this could grow to @% within the next 10 years, representing circa 20% CAGR

Business and Skills

The West of England has an unrivalled regional strength in research & innovation in composites due
to the engineering demand in the region which predominantly comes from the aerospace and
advanced engineering sectoffhe region is believed to host the largessearch and technology
development capability outside of China.

There is a strength in associateduedtion & skills, and the Universities of Bristol, Bath, and West of
England all include composites in their engineering courses. The City of Bristol college undertakes
some composites training and colleges in Gloucester, Weston and Yeovil, in the satjament to

West of England all provide composites training.

The most sought after specialized skills for jobs in composites are mechanical engineering,
manufacturing engineering, test engineerimgaterials science, high value design, systems
engineeringand structural analysis including finite element analysis. Baseline skills spiaijeas
managementresearch, communication, problem solving, teamwork and collaboration are also
required for a large proportion of these jobs.

The majority of jobs in@nposites are at very high level and this hagid bias is due to the nature

of the local organisations which typically employ large numbers of PhD or equivalent experts in the
field. At manufacturers such as GKN, the manufacturing staff are typicallgthigbhnician level as

the complexity of the manufacturing requires a great deal of knowledge and expertise. However, the
composites industry will also impact on ntethnical disciplines such pablic procurement,

business management, financial investrhandeconomics There is a potential to develop these

wider reaching skills and sectors to build on the composites strength in the region.

Five of the largest employers of composites expertise in the region are GKN, Airbus, National
Composites Centrd&plls-Royceand University of Bristol. These five organisations alone employ circa
1650 people on composite technology related roles.Sehemployersre thought torepresent

between 60% and 80% of the local job market, implying a total number of compjmdites the

region of 200€3000.

Airbus develops all its technology and product solutions for the wings of its civil aidinéitton

supporting the manufacture which is undertaken at Broughton in North Wales. Airl@cuit
Gloucestershirdoststts O2 YLI yeQa ¢Ay3d NBASEFNOKEI Sy3aaAySSNAyS3
facilities. These are unrivalled in Europe let alone nationBityisRoycebases its composites

technology development for aero engine fan blades and cowlings at Patchv&muth

Glucestershireand sees composites as a key differentiator for their future. GKN Aerospace has

significant research, engineering and manufacturing operations in the region and are a global
aerostructures supplier which is key to the Airbus and Boeing sappiy.
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These anchor businesses promote growth in the region and invest in further assets. Airbus have
invested £70m into the Airbus Wing Integration Centre, which houses circa 500 airbus engineers.
GKN are also planning to establisfoarth Global Techology Centre in South Gloucestershire in
202021 and Rollfkoyce has a University Technology Centre at the University of Bristol and Qresden
and has established a gloabmposites Technology HibSouth Gloucestershinghich will create

120 jobs by 2019.

There are also a number key anchor companies who use world leading composites in close proximity
to the region including, Leonardo Helicopter at Yeovil, GE DBvapyellers and Safran Landing Gear
in Gloucestershire

As well as the organisations listatdove there are a significant number of other organisations

working in composites. Many of these are supply chain organisations to the five above, often
resource and/or engineering services supported through companies such as Atkins at Aztec West
and Assytem at Emersons Green, as well as more traditional aerospace supply chain manufacturers
such as Ipeco at Clevedon. Furthermore, there are a number of companies in the region supplying
low-costcomposites materialand productssuch as Matrix Composites ldadd users of composites
adzOK la .FAftSe@Qa /NI @QlIyao

Enablers of Growth

The University of Bristol opened the world leading Bristol Composites Institute (BCI) in March 2017,
which builds on the success of the Advanced Composites Collaboration for InncvadicGcience.

The BCI comprises 200 staff and associates across leading academics, Doctoral Students and
industrial researchers.

la ¢Sttt Fa GKS ! yAGSNARAGE 2F . NAad2f Qa GSNE | NE
researchers and educators@omposites at University of Bath, University of the West of England and
at City of Bristol College.

The globally leading National Composites Centre (NCC), is the lead centre for composites within the
'YQA | AIK I fdzS al ydzF I O érddktsffAindistryrdsdaldtfers and ¢ KS b/ /
engineers and has had over £100m of public investment in cutting edge facilities, equipment and
capability generationThis includes a £37m investment in ten new capabilities, which will ensure the

NCC is the world ¢sler in automated deposition of composite materidlbe NCC idraady astrong

enabler of aerospace companies, as well as many other sectors, including automotive, rail,

construction, marine, renewable energy, medical and sporting goods in the WesglahBn

nationally and internationally. The N€&n becomehe gateway for the West of England to access

the wider capabilities of theest of theHigh Value Manufacturing Catapult.

The West of England Aerospace Forum is one of the larggisinalaerosp&e and defence

associations in Europe and members include the NCC, the University of Bristol, the University of Bath
and key aerospace companies in the regibime Forum supports and connects its members and

provides access to key decision makers botmdustry and government. Key organisations in the

West of England are also part of national networks such as Composites UK, the Composites
Leadership Forum and the Aerospace Growth Partnership. These organisations are key for linking
industry, academia angovernment to help set a strategy for the industry and are often heavily
influenced by organisations in the West of England

Additional strengths in the region that support the application of advanced materials include the
High Performance Computing (HRM@d advanced simulation capability, including Al, represented by


https://www.rolls-royce.com/media/press-releases/2015/pr-180315-rr-composite-technology-hub-in-bristol.aspx
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the Centre for Modelling & Simulation (CFM&gative sectors, robotics and automati@md the

wider network of companies in these fields. Having these leading capabilities locallydztditisnal
strength to the development of advanced materials and their applications using multiscale modelling
and simulation at all level$. KS&S AYyGSNI OGA2yaz YR GKS b/ / Qa
the needs of manufacturers and lead toituation where the region is almost uniquely placed to
provide manufacturing and functional demonstrators to validate digital design and manufacturing.

The West of England has the strongest Composites Technology development and related civil
aerospacemanufacturing capabilities in the country. There is an opportunity to use this foundation

aal
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capture more than an equal share of the 8% global CAGR.

There ae opportunities for the West of England composites engineering to be integrated with
electrical propulsion, autonomous operations and system level optimisatiRwitsRoyceand Airbus
are 2 of the 3 partners in theEanX project with Siemens to develelectrical propulsion/ systems
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centre has expertise in thermal management and systems integration which could have implications
in auto and aero sectors.

The real strengths of the region are in technology development, system integration and product
engineering. There is a significant opportunity to use these capabilities in wider applications of

composites than just aerospace, looking at new and excitoppunity areas such as autonomous
electric vehicles and personal air transport.

Barriers to Growth

There are several key barriers to growth of the composites materials industry in the West of
England. The local land and employment costs are too higmémy businesses and there is a skills
shortage, especially in advanced design and advanced manufacturing skills. This is especially a
barrier for lower valueadd activities such as leaost manufacturing and key assets could be built in
neighbouring area if costs remain high.

Funding is also a barrier to growth of the Composite Materials sector. Funding from central
government is needed to support growth and future development of the research and technology
assets. Additional funding from key business®ethe region, new anchor businesses, including those
from outside aerospace industries and major assets is also needed for the region to remain at the
cutting edge of capability and have the capacity to support a wide range of industrial companies.
Thismay be promoted if the region attracted more customers of key businesses. By investing in, and
LINEY2GAY3d GKS NBIA2YyQa AGNBy3IldKazrz GKS 2S5aid 27
internationally leading region in Composite Materials.

Labour avaability is a challenge for any company looking to grow or start composites activity.
Despite the West of England having many people with these skills the demand remains high, so
some companies look elsewhere.

It is a combination of the above barriersathmakes the West of England less attractive as a region
than other, often cheaper locations. This is demonstrated by the choice of McLaren to locate in
Sheffield over Bristol. The West of England needs to fociits technology and engineering
strengthsand find ways to provide lower cost manufacturing capacity.

9y



24

There are several potential threats to the compaosites industry in the West of England. It is important
not to take for granted the current strengths in the region in order to mitigate the impattese
threats in the future and maintain the leading composites sector.

Brexit brings great uncertainty to most of the industries that use composites and the impact of
Brexit on the composites sector is unknown. It is unclear if the UK will rencaimpetitive place to

do business for manufacturers, in particular aerospace manufacturers, which are highly
international. There is also a risk that Brexit will impact the skills resource in the UK. The composite
sector is heavily dependent on experts froine EU and further afield.

Furthermore, Brexit might affect the cost of imported Composite Materials. Theuailyie

composites industry is highly dependent upon the supply of high performance and commercial grade
carbon fibres at competitive prices. Ne of these materials are manufactured in the UK and a
significant risk that the import cost may become prohibitively expensive and that product
manufacture could be relocated close to the raw materials supply.

The presence of a leading aerospace indusirthe West of England is both an opportunity and a
threat. Whilst the expertise and associated knowledge infrastructure is an attractor for inward

AyodSaildySyids GKSNB Aa || Nxal GKFG F aAy3atS RSOAAA

trend of relocation, potentially overseas. Previous experience shows that once companies start to
relocate, it can be hard to stop and is usually permanent. One key decision by Airbus, REHIS or
Roycecould have very serious medium to long term impacts ermspace, and composites in the
region. It is critical, therefore that the West of England works closely with its key aerospace
manufacturers to ensure the region remains competitive for all future project decisions.

Relation to Other Deep Dives and Grafuthallenges

Composites technology is key enabler of competitiveness and productivity in many other sectors. As
already discussed aerospace is a beneficiary of composites technology, regionally, nationally &
globally. Automotive is likely to be equally degant on the technology in the future and it is clear

how composites directly relate to the Future of Mobility Grand Challenge.

Composite Materials are also increasingly used in offshore wind, tidal and wave energy which will
enable clean growth in theegion and beyondWind Energy, especially offshore wind energy
generation could not happen without composites and innovations in materials used in wind turbines
are increasing their power output.

Composite Materials are increasingly being used in rail, aerospace and other transportation
methods. Composites products are typically lighter and more aerodynamic than corresponding
metallic ones which in transportation products, directly reduces the gneequired and hence

reduces emissions. Composite products also need far less through life maintenance than traditional
materials, last longer and have a lower environmental impact during manufacture and at end of life.
Other examples of where compositage reducing transport emissions are in the construction
industry, where significantly lighter weight products mean that2times as many parts can be
transported on one vehicle

Composites are highly suited to smart structures/products and integratitmnthe Internet of

Things. Embedding sensors and integrated communication devices is far easier in composites than in
most other materials. These capabilities further enhance the efficiency and capability of composites
structures over those made from neentional materials and demonstrate the possibilities of

Composite Materials to develop clean growth in the West of England and beyond.



25

Other innovations in low carbon, composite technology incluide Cycle Analysiew energy

processing, especialiyh dziT 2 F | dzi2O0f I @S¢ LINRPOS&aaAy3d 2F [/ 2YLR3
base materials for resins and fibres and end of life and recycling initialitiesehelpimprove the

sustainability of products anidhere is opportunity for future development.

Compositematerials is a high growth sector and there is the opportunity for skills development and
increased employment. This will range from highly skilled jobs to technician & manual jobs in
emerging sectors as well as numerical analysis, simulaimhengineering jobs, which could

provide high value jobs for the disabled. A dedicated training arftchiring programme will be

needed to meet the forecast skills demand, but there is an opportunity for inclusive growth, offering
jobs to a variety of sk levels.

End products of Composite Materials will also enable inclusive growth, for example Composite
Materials are used in prosthetics and other medical / lifecycle enabling devices such as robotics.
Collaboration with BRL and the medical schoolsatotgate an opportunity in robotic exoskeleton
suits, providing controlled strength and stiffness to weakened and unstable individuals, allowing
aging people to walk without frames and paraplegics to manage walking without wheel chairs.

SupportingEvidene
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Connected and Autonomous Vehicles

Definition

Connected vehicle technologies allow vehicles to communicate either with each other or the world
around them; fully autonomous vehicles are vehicles where a driver is not necessary. There are five
levels of autonomy described by the Society of Automation Engineers (SAE): these range from Levels
1 and 2, which are effectively driver assistance requigithgman to monitor the environment (and
available on new cars today), through to Level 5 full automation.

At present, the automotive sector is focused on Research & Development and trialling, and
implementation of Level 1 and 2 technologies. Automotivenrfacturers are making rapid

technological progress and claim that they will be able to produce increasingly automated vehicles at
Level 4 by the early 2020s.

The Connected and Autonomous Vehicle (CAV) sector facilitates the development and odll

CAVs, including trialling technologies, future massoall, supply chain and manufacturing of CAVs.
CAVs include personal, public, goods, agriculture, construction, manufacturing, and freight transport
and drones. The focus of this report is on persoaat] to an extent, public transport. The CAV

sector is supported by a series of enabling technologies including Al, control systems, sensors, cyber
security and traffic management and is an application of these technologies.

Geographical Reach

The CAMector is developing across the UK, with a strong focus on the M1, M40 corridor between
London and Birmingham, which was identified as the geographic priority for CAV by Innovate UK.
There are also strong clusters of activity in Oxfordshire\&adwickshire.

The West of England is consolidating and extending its position as a centre of excellence for the
safe trialling and testing of connected vehicle technology and autonomous vehicle technology.
Most partners involved in the West of England jpats are located within the region, including

the local authorities, Universities amesearch and developmenR&D assets. Project Managers
(AECOM, Atkins), First Group, Burges Salmon all have a strong presence in the region but have a
wider geographigresence. Organisations in the West of England are involved in six Innovate UK
collaborative UK projects, working with partners across the country. Nevertheless, development
activity in the West of England is a fraction of the overall activity taking plate UK.

Theunique selling pointsf the West of England are focused on higlarel technology and
knowledge activities rather than larggeale manufacturing. In the mediulong term, the West of
England could provide supply chain expertise for Gétdsmanufacturers in the West Midlands

and elsewhere in the UK. Together with propulsion and materials expertise, the West of England
has a strong range of innovation and research assets that will be important in the future
competitiveness of the UK autmtive industry.

The CAV sector is rapidly evolving at a worldwide level, and several other countries are rapidly
developing their CAV capabilities. The Netherlands has passed legislation allowing testing of
autonomous vehicles without a driver in the cand Singapore, Japan, South Korea and the United
Arab Emirates are also considered to be highly advanced in preparing for CAV adoption.
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In Numbers

-

Map of demand of jobs in the CAV sector in the UK
Employment Figures are based on annual Popati
Survey data from 2016, ad Travel to Work area
calculations are based on areas effective from Apri
2011 (Office for National Statistics)
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Growth and employment in the West of England:
1 Between November 2017 November 2018 240 jobs were advertiseddiAVrelated roles.
9 Bristol has a much higher demand than the UK average for jobs in the CAV industry
1 Bath has an average demand for jobs in the CAV industry
1 Mean salary of advertised jobs was £33,400 and the median was £31,100

Growth and employmentationally:

1 £250M of R&D projects funded by the UK Government nationally as of May 2018

1 The Government is ensuring that legislation will not be a blocker to CAV testing,
development and adoption, for example through the Code of Practice for Testing of
Automated Vehicle Technologies (2015) and the Automated and Electric Vehicles Act
(2018).

1 The overall economic and social benefit of CAVs could be £51 billion per year, creating
320,000 jobs in the UK by 2030.

Business and Skills

People enter the CAxélated sector from several routes and typically come from numerate and
analytical, engineering, systems, transport planning and project management backgrounds.
Technical specialisms of CAV employees are varied and depend on the discipline of work.

It is important that the skills system plans for future change and development of CAV, particularly in
terms of disruptive change in the wider automotive sector, including developing-tisdiplinary
capabilities for educating, training and developing the CAV war&fof the future A CAV MSc is
currently under development by BRL for delivery in Autumn 2019.

Between November 2017 and November 2018, 240 jobs were advertised in the CAV industry in the
West of England. Of these jobs, the top skills that employers $pragiged from specialised

computing skills such as Python and software engineering, to more baseline skills such as teamwork,
collaboration, budgeting, project management, communication, planning and prebtdnmg skills.
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The top occupations being advised were programmers and software development professionals,
engineering professional and IT business analysts, architects and systems designers.

As CAYV technologies become more widely adopted there will be a need to change the skills provision
in the aea, for example training for businesses to undertake new forms of MOT for CAVs including
software and sensors and training for councils using new ITS systems. There is also a potential that
CAVs will affect jobs such as bus and lorry drivers in the meldingiterm and there is an

opportunity to provided training to those workers who are at risk.

The West of England has several key anchor businesses. Large engineering firms such as AECOM and
Atkins have a presence in the region and are working on CA®cspproviding expertise in R&D

project management, intelligent mobility and consulting. Aerospace companies such as Airbus

provide expertise in human state monitoring and cybkecurity and BAE Systems have provided

Wildcat vehicle and sensor integratioperformance testing and subsystem evaluation to CAV

projects. Insurance company AXA is also an anchor business to the CAV sector, providing skills in risk
analysis and expertise on the liability implications of CAVs and companies such as Burges Salmon
oFFSNJ I RGAOS 2y S3Ff FyYyR NB3dzAFi2NE AaadsSa 27 /
of the UKs most significant CAV projects, including Gateway, VENTURER, INSIGHT, CAPRI, synergy,
CAVForth and others.

Other businesses working in the CAWustry in the West of England include Designability, Five Al
who are bringing together Al, engineering and mobility to deliver a fully autonomous shared
transport service, T&VS and YTL Group.

Enablers of Growth

The growth of the CAV sector in the WefEmgland has been enabled by several factors, including
the proximity to expertise in enabling technologies, as well as access to government funding for
projects.

The West of England has strong capabilities in enabling technologies for CAVs, including R&D
capabilities in propulsion technologies, through the Institute of Advanced Automotive Propulsion
Systems, IAAPS and automotive materials testing, through theddi@omposites Centre, NCC.
There are also connectivity capabilities for example the Bristol is Open Network and a leading Al
sector in the region. The biggest strength of the region and the greatest area of potential is the
ability to unite these enablingectors to collaborate on one key goal.

The Bristol Robotics Lab is jointly run by the University of West of England and the University of
Bristol and is one of the key assets in the West of England that brings together various technologies
to collabordae on CAV technologies. It is also home to the West of England Robotics Network. The
Bristol and Area Autonomous Technologies and Systgeoup (BAATHIs organized by Business

West and is another network that brings together different sectors to work ¥ &chnologies.

There are six different Innovate UK funded CAV projects that involve at least one organisation, but
typically a consortium of organisations from the West of England that are collaborating:
1. +9b ¢! wOw A& | LINE 2SO insedit@ CAVsiaaddiad@rstan@ tobkerslizd S NB Q |
large-scale adoption of CAVs
2. FLOURISH aims to better understand consumer demands, including implications of an aging
society, cyber security and wireless communications
3. CAPRIis a project to design, develop andresgt autonomous and connected pods-on
demand, culminating in an emoad public trial in the Olympic Park in London
4. ROBOPILQOT is developing and demonstrating autonomous driving functionality for new
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electric delivery vans

5. MULTICAV are trialling selfivingvehicles at Milton Park, the business and science hub
near Didcot

6. CAWForth, a trial autonomous bus on a route near Edinburgh across the Forth Bridge, which
is due to start in Spring 2019

Through commercialisation of CAV R&D capabilities in the redjiere ts the opportunity to

develop new markets and capabilities and a West of England CAV cluster that benefits from
agglomeration of economies. This cluster could provide a strong supply chain and testing capabilities
for the automotive sector in the Wesdidlands.

Barriers to Growth

It has been demonstrated that there are leading CAV capabilities in the West of

England, however, the region was not recognised as the major location for CAV

development in the UK. The Government has instead chosen to iimeestment for
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Coventry. This could prevent organisations in the West of England from securing

necessary funding to capitalise on potential capabilities in CAV. Initiallgatiéed

uncertainty in the West of England, though this has lessened, and it is now time for the

West of England to make a case for investment in the region.

There is also a lack of-tmcated space for the development of the CAV industry, both
in terms d office space for staftip and scale up companies in the region, but also in
test site space, which would require significant initial investment. Test sites in the UK
include the Millbrook proving ground in Bedfordshire, HORIBA MIRA in Nuneaton,
Smart Molility Living Lab in London, and UK Central CAV Testbed in Coventry and
Birmingham.

There are also challenges to the CAV industry that will be faced across the UK, not just
within the region.

There is uncertainty related to the CAV industry, particularbund international and
national technology standards which could lead to the design of inadequate solutions.
There may also be a reluctance of some companies to share technological advances.
Ultimately, these issues could deter potential investors amit kthe growth of the CAV
industry in the UK.

A future challenge to the industry will be the ability to transition from CAV R&D to the
commercialisation of realorld technologies. One reason for this is the public
apprehension around CAVs anncertainty of future adoption rates. Nevertheless,
there is significant investment in CAV R&D through Government funded projects and
industry.

Relation to Other Deep Dives and Grand Challenges

As previously mentioned CAVs are supported by several egablinnologies in the West of
England and are heavily linked to other deep dive areas including robotigsi@Atum computing,
medtech composites propulsion anccreativedigital. It is the collaboration of these different
sectors that has enabled theayth of the CAV sector and is what makes the West of England
different to other areas in the UK.

l®]]
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CAVs will contribute towards new forms of mobility including Mobility as a Service and is therefore a
key component of the Future of Mobility Grand Challerigobility solutions that are consumed as a
service under a single intuitive mobile app have the potential to radically transform the transport
system. There is a strong potential for the West of England to act as a testbed for Mobility as a
Service.

CAV also has potential to link to the other 3 Grand Challenges. Older adults with-edaiad
impairments are recognised as being able to benefit greatly from the introduction of CAV
technology. The FLOURISH project focuses on the needs of this gtbimpsaciety and

demonstrates how CAV can contribute to the Ageing Society Grand Challenge.

It is through the ageing society and the provision of alternative mobility options that CAV
technologies could make the biggest impact on social inclusion. Muodilia Service solutions could
transform the transport system and there is a strong potential for West of England to act as a
testbed for these services. The introduction of driverless vehicles will make public transport more
costeffective and open up ne routes. This could link areas of employment deprivation to
employment at the east and north fringes of Bristol and the Avonmouth and Severnside area.

Development of a Future Mobility Zone would help ensure that plans for CAVs are underpinned by
investment in sustainable travel. The Government is allocating £90m to set up Future Mobility Zones

Ay 9y3flyREZ (GKNRdAZAK | 0ARRAY3 LINRPOS&aazr 6KAOK gAf
LI @ YSy G a I yTRs shifii®tia®spokafiah in the raan will also reduce air pollution and

promote clean growth. CAV technologies will introduce more efficient, safer aneetfestive ways

for businesses, visitors and commuters to travel.

Supporting Evidence
1 KPMG (2015) Connected and Autonomous VehglEse UK Economic Opportunity.
Available athttps://www.smmt.co.uk/reports/connecteevehicles/[Accessed 18 November
2018]


https://www.smmt.co.uk/reports/connected-vehicles/

31

Creative Digital

Definition

The Creative IndustrieswereB8d Y SR Ay (G KS D2@SNYyYSyiadQa wnnm / NBI
520dzYSyid Ida GLYRdAZAGNASE 6KAOK KI @S GKSANI 2NRIAY
have potential for wealth and job creation through the generation and exploitation of inteliéctu
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Radio & Photography, Software, Music Performing & Visual Arts, Publishing, Museums Galleries &
Libraries.

There are significant overlaps of creative istties with both cultural and digital sectofBhis deep

dive focuses on Advertising & Marketing, Architecture, Crafts, Design, Film TV Radio & Photography
and Publishingwith less emphasis ddoftware, Music Performing & Visual Arts, Museums Galleries

& Libraries recognising thathese areas are covered in other areasleépdive researchand/or the
Cultural Strategy.

Geographical Reach
The Governmenindustrial Strategy Creative Sector Deal describes the West of England as a
Gt 201 f f ShigdANRYAGTFKA CONEIIZG A @S Of dza G S NE

The Creative Industries sector in the West of England is described by Nesta as one the top 5 creative
clusters in the UK. It is focused particularly in Bristol and is highly connected with London and the
South East. More ladly the agility of the creative workforce allows a positive expansion of

opportunity, connecting the West of England ecosystem into Cardiff, particularly in content
production.

A key differentiator of the West of England creative economy is its intermalti@ach. The local

sector is a major exporter and goducer and key markets include US, Europe and China while key
co-producers include Canada, India, Europe and Singapore.

The UK Creative Industries have been the fastest growing industrial sectbe foast decade and

this is reflected regionally with thé/est of England seeing a 27% growth rate as digital technologies
have been embraced. The ability to combine creativity and technology is a significant strength and
Bristol is one of only two citiesutside London which feature in the top 10 for both Creative and
HighTech clusters, according to Nesta.
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In Numbers

Map of demand for
jobs in the Creative
& Digital sector in the UK

Growth and employment in the West of England:
1 20,219 jobs advertigkin Creative Digital from December 2017 and December 2018
0 ¢KAA R2SayQi FdzZ e OF LJWidz2NE CNBStFyOS 42N
workers in the South West
Mean salary of jobs advertised = £45,200
Bristol has a higher than average demand fossjobCreative Digital compared to the UK
Key West of England Film and TV companies report-86% export
27% growth in value of Creative Industries in the South West since 2010
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Growth and employment nationally:
9 Creative Industries national exports &887Bn per annum
1 Total GVA £101.5Bn in 2017 and has grown nearly twice as fast as the economy since 2010
1 Fastest growth sector in UK economy

Business and Skills

There are over 4,500 undergraduate students in the West of England studying courses related to
Creative Digital, including Creative Computing, Film and Screen Studies and Media Communications
at Bath Spa University, Digital Media and Audio and Music Technology at UWE and Film and
Television at the University of Bristol. There are an additionalptsfgraduate students in the

region, completing either masters or PhD courses in similar subjects to those above.

There are very few apprenticeships in Creative Industries both nationally and in the West of England,
with creative businesses saying thaetburrent apprenticeship model is incompatible with specific
industry practice. The local sector is currently seeking to articulate a more appropriate model of
inclusive pathways into industry.

Jobs in the Creative Digital sector require specialised gkilmagination, design thinking, digital
technologies and a wide range of creative and cultural experiences as well as core skills in resilience,
problemsolving, team working and communications on multiple platforiviany creative jobs are

highly resisant to automationwith the blending of creative and software skills becoming more
essential andrialuable Software integration is vital across the sector.

There are almost 6000 Creative Digital firms in the West of England region. Nationally, the vast
majority of businesses in the sector are small or micro enterprises and it is important to note that
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the industry employs a significant number of freelance andemiployed contractors; therefore, a
clustering effect is vital in supporting continued indusgrgwth.

Key anchor businesses based in the West of England include: Aardman, BBC, Chanmediidfe

Media and Future Publishiraps well as companies such as Plimsoll, Silverback, Icon, BDH, Kinneir
Dufort, YogscasRocketmakers, Great State (E3),ldloo, Sift, and Films@5%hese businesses

span a range of disciplines including film & TV production and post production, content distribution,
publishing, design and advertising.

There were 20,219 jobs advertised from December 2017 and December 2i#80neative Digital
sector. The top industries recruiting these jobs were higher education, computer programming and
consultancy and the most common job titles were software development engineer, business
development executive and .net developer.

Enables of Growth

Creative Industries are a major growth sector internationally and the UK is a global leader, with huge
potential to grow exports, however, this is a very competitive sector. Bristol and Batiebka

identified as one of 3 UK regions (outsldendon) that have international growth potential and
particular strengths in the West of England are the fusion of hardware, software, content and user
experiencelt is a globally significant creative cluster which has enormous potential for continued
growth and greater synergy with higher education research and other industrial sectors.

One way that the creative sector in the West of England has been able to grow and diversify over the
last 20 years is through embracing digital technologies. This laspgremoted through some key

assets including research and education at the 4 Universities in the region as well as through
organisations such as the Watershed / Pervasive Media Studio, Games Hub, Bottle Yard Studios, VR
Lab, Architecture Centre, Spikeatsll, KWMC, The Guild and The Stable. These organisations have
helped bridge the gap between creative and highh industries in the region, leading to

innovations in the Creative Digital sector.

Accelerating innovation and adoption of new technologieshsas VR, AR, Al, Voice Activation and
5G is one way that the growth in this sector could be further promoted. This will add value to other
sectors in the region, for example health, mobility, engineering design/visualisation, and robotics.

As previoust mentioned, there is a large, skilled freelance community in the West of England and
this has encouraged innovation and growth in Creative Digital. A mobile workforce encourages
collaboration and knowledge sharing between companies.

The West of Englantths potential to be strongest creative cluster outside of London, attracting
business, talent and investment. Bristol was recently chosen as the location for a Channel 4 Creative
Hub after open competition between 27 cities across the UK. This new inmesbrings with it the
potential to build on the production communities in the city and develop talent across the region.
This decision is very promising for the region and will hopefully encourage future inward investment,
both for startup and scale upamnpanies.

Networks and creative hubs are vital to create connectivity, knowledge exchange and community in
a fast moving and flexible industry. It is this connected clustering effect which has encouraged
innovation and growth in Creative Digital, sustaira fluid mobile workforce and encouraged
collaboration and knowledge sharing between companies.
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Having an active and innovative cultural and creative sector makes a huge contribution to Place
Making and the Quality of Life in the West of Englammghortant to all growth sectors for talent
recruitment and retention.

Barriers to Growth

There are several barriers to growth of the Creative Digital sector in the West of England. There is a
lack of available and affordable, suitable workspace, espedial startup and scalaip companies.

There is also a lack of affordable housing in the region as well as a limited number of performance
and showcase spaces, such as music venues. This lack of space is reducing the pipelingof start
organisations anthlent and more support is needed for open access spaces to develop diverse
talent and ideas, including showcasing and performance spaces.

There is insufficient support for innovation and R&D in the region which will constrain growth if it is
not acceleated. Whik the new Bristol + Bath Creative R&D programme will inject neavation
support, there is a heed to build capacity for longer term support. Stronger, better resourced
networks are needed in the region, alongside investment in innovation and peer to peer mentoring
to support innovation and R&D.

There is a lack of divgty in the creative workforce which will weaken the competitive position and
limit talent supply. There are some strong initiatives but there is a need to scale up and join up
across the region to encourage diverse workplace skills development andreenet the ineffective
apprenticeship model for the creative sector.

Although the West of England has been identified as a potential region for high growth
internationally, it still has a low international profile which limits investment and sales. lsiogea
visibility and highlighting the regional strengths in key international markets could further promote
growth in the region.

The local transport issues are also creating a barrier to growth of the Creative Industries in the West
of England. Increaseshd sustained investment in place making is needed to ensure the region
maintains its competitive position in talent attraction and retention.

Relation to Other Deep Dives and Grand Challenges

Creative Industries impact across all sectors and haveismmtifcollaboration potential with 5G,

IOT, Immersive, Al and Robotics sectors. Through partnership driven innovation with these sectors,
Creative Industries will develop capacity for adoption of new technologies and capacity to respond
creatively to emergnt customer behaviours and expectations. This will promote growth and
development in the West of England and enable the region to position itself at the forefront of the
future digital economy.

Inclusive Growth

There is a huge opportunity to engage yourepple from all communities through Cultural and
Creative Industries and reduce social exclusion in the region. This could provide skills in creative,
communication and collaboration, which are essential core skills for most industrial sectors. Despite
the growing interest of young people from all communities there are limited opportunities to gain
the necessary experience to enter the creative workforce.

As previously mentioned, the creative workforce currently is not very diverse and there is a
movementto diversify. The arrival of Channel 4 will help to catalyse thistemy movement
through increased focus and profile. There is a pressing need, and a major opportunigynteme
apprenticeships for the creative sector which is so heavily dominayezall and micro businesses.
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Social inclusion in the creative sector could be promoted by increasing the visibility of the sector to
school age groups, improving career advice and guidance and providing more support for those
starting their first job oistarting freelance work.

Clean Growth

In terms of clean growth, the sector has an early adopter, activist workforce with potential to lead
clean growth initiatives locally and nationally. This could be done through content production to
develop strong arratives of change and locally commissioned environmental festivals which
promote the key messages.

Supporting Evidence
9 Creative Industries Economic Estimates January 2016
1 AHRC 2017

1 DCMS Employment Stats June 2018
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1 DCMS Sectors Economic Estimates 2017 (November 2018)

1 UWE: Go West: Film TV and Animation in Bristol

1 McKinsey: Industrial Revolutions

1 SQW: BristeBath Innovation Cluster

1 NESTA Creative Nation 2018

1 NESTA UK's Geography of Creative afitekl Sectors

9 Industrial Strategy Creative Sector Deal 2018
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Cyber Security

Definition

Cyber security covers the range of activities that an organisation needs to do to manage their digital
risks, and includes steps to identify risks, protect data and infrastructure, and detect, respond to,
and recover from, cyber security attacks. The cyber security sector is usually thought of as those
specialist companies that provide products and servicd®etp companies with these activities, but

in terms of skills and job mobility there is little difference between those employed in specialist
companies and those employed on these activities inside any company.

It has been difficult to collect data on c@anies that have cyber security functions as part of a

wider business and there is much better data on those employed in specialist cyber security
companies.

Cyber security is an enabler technology for the wider digital economy and technologies such as Al,
0T, 5G and autonomous vehicles requires cyber security challenges to be addressed.

Geographical Reach

Cyber security capability, specialised companies, and opportunities are spread across the country,
with a greater accumulation around London and theitBdzast.

There is no leading cyber security region in the UK, and there are no companies that dominate
globally or nationally. Relative to the rest of the country, outside London and the South East, the
West of England does well for small and siged conpanies, has very strong academic capabilities,
strong capability within companies, and benefits from being close to Cheltenham.

In terms of international perceptions, the West of England benefits from being adjacent to
Cheltenham and GCHQ and is seenas@f the much larger region rather than standing alone. The
UK has a strong position in cyber security, but is not generating the number etipgathat are

typical of the US or Israel.

In Numbers
_:é‘
5 Left: Demand map for cyber security jobs
ﬁ Right:Cyber Securities registered businessep
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Growth and employment in the West of England:
9 1755 job postings in cyber security from September 2018 to August 2018
9 Bristol has a higher demand for cyber security jobs than the UK average
I Mean salarof these jobs is £64,900
1 Top 3 industries for these jobs were: legal and accounting activities, computer programming,
consultancy and related activities, and telecommunications




37

 The most common occupation of these jobs was information technology and
telecanmunications professionals

1 South West specialist companies are 6% of UK workforce, although note the South West is
identified as having 10% of UK economic activity in cyber security

Growth and employment nationally:

UK specialist cyber security compan@amploy between 31,3040,000 people

The UK has 846 businesses, with a total revenue of £5.7Bn

GVA was estimated at £2.3Bn for 2016

Average revenue per employee was £181,000 and GVA per employee was £75,000
Cyber security exports by UK firms was £1.882015

Number of active specialist companies has grown by 50% nationally from 2012 to 2017
Over 100 new businesses have registered in the same time frame

=4 =4 =4 =4 -4 -8

Business and Skills

Cyber security covers a wide variety of job roles and skills. The skills required range from highly
technical skills in chips, applications, and system architectures, to understanding the psychology of
grooming and phishing, to training others to work issde way. Less skilled jobs in monitoring and

reporting threats are also available.

It is likely that a deep understanding of how technologies work, coupled with understanding of how
users engage with the technologies and how they might be deceived mipoiated in some way,

will be a highly sougkafter combination of skills for the majority of cyber security jobs.

Cyber security capability and teaching is growing across UK universities, with many now offering
specialist degrees or units within more ggal computer science courses. This is true of the West of
England. The University of the West of England offers both an undergraduate degree in Forensic

[ 2YLJziAy3 yR {SOdzNAiG& FyR | YlIaidSNRa RS3INBS Ay
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Apprenticeships are new in cyber security with pilot schemes currently undergoing an evaluation.

The South West has 1780 employees working in a 65 specialised cyber security companies, 31% in

large companies, 36% in medium companies, 26% in small companies, and 7% in micro companies.

The South West has the highest number of small, medium and micro companies registered as cyber
security anywhere outside of London and the South West.

Cyber secitity jobs inside other companies are very hard to estimate but for large companies could

amount to 8- 10% of IT staff.

It is estimated that there are 18 specialist cyber security companies in the West of England LEP with

352 employees, a revenue of £29mdaa GVA of £13m in 2016.

lY2y3ad GKS fFNHS O2YLIyAasSasz 1tQa wSaSINOK [|06a
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PCs, printers, and 3D printers, together with the associated online services. They are well connected

with both universities internationally and the industry more generally, and like thed logdversities
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they will be much more accessible to local small and medium companies.

In addition to the large companies a great deal of specialized tosis provided by many small

companies such as Logig Consulting, who carry out the risk assessments and reviews of security

I NOKAGSOUOdzNBEa GKIG 2NBIFyAaldAzya R2yQld Ffglea Ki
Cyber security is artteactive area for investors, and cyber security staps are in the mix iany

tech incubator, not least SEjisared in Bristol.
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Another important part of the gluesthose companies such as BMT in Bath who offer a wide variety

of design and engineering@usultancy and are also developing cyber security capability. They
understand how to couple cyber security with other emerging digital technologies, and see new
opportunities at the intersections.

Whilst no one of these small businesses is of itself ah@ncollectively they attract similar

businesses. There are also several key specialised businesses located outside the West of England
boundaries, including GCHQ in Cheltenham, MOD in Corsham and other companies in Newport and
Cardiff.

Enablers of Growt

It is the quality of the environment as a digital place to be that is probably the most significant factor
in whether a cyber security company would be attracted to the area. Very dedicated specialist start
ups might look to set up close to Cheltenhdmat companies in the intersection of cyber security

and something else, and those looking to sagbe will look as much to tech hubs such as the West

of England as they round out their mix of staff with other digital skills.

As well as the strong tech slier and skills base on the region, several key assets have enabled
growth in cyber security in the West of England. For example, both GCHQ and the MoD are
internationally significant local assets.

The University of Bath and the University of Bristol hstveng research groups with international
reputations. The Heilbronn Institute for Mathematical Research based in Bristol is a partnership
between GCHQ and the University of Bristol and offers-gostoral fellowships in mathematics

many of which are tdding difficult cyber security challenges. The national Cyber Security Body of
Knowledge (CYBOK) identifies the content for professional training for cyber security is led by the
University of Bristol.

Networks, meetups, and events, focused on cyber sgcheave come, and been replaced with

others, but have run in the region since the r8ids. Attendees are a mix from all sizes of company
FYR 2NBFYATIFIGA2Y |yR AffdaAGNI S GKIFIG aOeoSNE Aa
digital culture.Iln addition, cyber security has been a topic at many other digital events including
Bristol Cyber Security Meetup and Bristol and Bath Cyber.

Cyber security has seen consistent growth in the region since th80ajsand with continuing high
profile breahes and an increased appetite for greater regulation, there is no indication this is
slowing down.

Barriers to Growth

Cyber security is a very dynamic sector, adversaries and new types of attacks can render cyber

security technigues obsolete overnigi@onsequently, there is a constant interest in innovation and

new technologies. This can impact significantly on smaller companies who may not be able to keep

up with the industry and may struggle to retain an edge as they scale up.

That said, there are sb several barriers to growth of larger cyber security companies as well. There

is a lack of trust between nation states regarding cyber security which will prevent companies

becoming globally leading. Every nation wants to protect themselves whilst asaoghcyber

influence on other states and consequently, no company will receive the required levels of trust

globally to become internationally leading.

CdzNIIKSNX2NBZ GKSNBE Aa | ylFraGAz2ylrt RSaAANB F2NJ aadn
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the national level but provides an opportunity for small and medium sized companies to grow their
businesses and for the West of England continue to encouragesapport the growth of these

businesses, in particular hybrid businesses linked with cyber security and other tech sectors.

One way to encourage the growth of smaller businesses is to celebrate local strengths and increase

the profile of cyber securitynithe region, encouraging bigger players to recognize the achievements

of the smaller companies. Cyber security is often hidden from view and promoting the work of
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smaller companies and will help in making the West of England the preferred region to gybara
security business.

Contribution to our vision and/or grand challenges

Currently cyber security is not strongly dependent on other activity and much of the community can
be quite insular. However, as previously mentioned, one of the strengths of the region is linking
cyber security businesses with the wider tech hub, andeHeks are growing. With increasing

levels of cybecrime, terrorism and warfare, cyber security has already become an essential enabler
for much of the wider digital economy and growth in technologies such as Al, 10T, 5G and
autonomous vehicles, requireyber security challenges to be addressed.

Cyber security is rapidly becoming an important application area for Al, however, there is a risk that
advances in Al will disrupt cyber security jobs that are centred on monitoring, detecting attacks, and
then responding to them.

As it stands, cyber security does not encourage social inclusion. The workforce is predominantly
white, middleclass UK nationals and jobs in defence or intelligence often require a security
clearance. Clearly, more needs to be done takencyber security more inclusive and accessible.

Both DCMS and NCSC are keen to see much greater diversity and inclusion in cyber security.
Initiatives that couple local strengths in social enterprises, with the local ability to deliver cyber
security taining, and with employers willing to take on a more diverse workforce will address a
nationally identified need.

To the extent that green growth depends upon instrumented infrastructures, or being more efficient
in how information is captured and usedbey security can clearly play a supporting role.

Supporting Evidence
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Firtech

Definition

Fintech¢ companies that mainly develop or utilisi@gitaltechnologyin the delivery or creation of
finandal services products. Also in scope is the application of blockchain technology in all sectors.
Within financialservices regtech refers to the use of technology to serve the interests of the
regulation of financial markets and related transactionsoAlsnsidered has been the use of
technologyin the deliveryof recruitment services.

Geographical Reach

Fintech activity is evident across the West of England including all four unitary authorities but is
most gparent in Bristol including isiNorthernFringe and in Bath. The subsector is also evident
proximally in Cardiff, Newport and Swindon but this activity is discontinuous with that in the West of
England.

Approximately 34,000 staff are engaged in the West of England Financial Services sectauand a
7,000 in tech. While there will be some considerable overlap between the two cohorts, it is not
possible to be precise as to how many staff are engagédtach. Some companies such as
Hargreaves Lansdown would regard themselves as exclufiielgh but will still engage the

majority of staff in generic roles that would be equally excluded from this enumeration in companies
wherefintechrepresents a discrete line of business.

The Financial Services industry is wide in its reach and therefore the potential for growth is equally
great in insurance, investment advice, custody, clearing, banking, settlement, blockchain, apps,
websites. The list is long and the scope extremely wAaeecdotally much of the FS industry, behind
the scenes, is still based on paper or manual processes and therefore the opportunity for
automation is huge. Among those canvassed in this regard, there was unanimity that the scope for
fintech globally is imrense. The technology is translatable globally so for the right solutions, the
market is vast.

TheCityUK: Th8outh Weshas already been identified by the Government as a Financial Centre of
Excellence. Within the region, Bristol is home to the largesttet and its diverse industry offerirgg
coupled with a burgeoninfintech community¢ marks it out as an alternative industcgntreto

London. There is strong potential for Bristol and the South West for further growth driven by global
trade. It is esthated that FRPS exports for the region were valued at £4.6 billion in 2016, a 19%
increase of the 2015 figure of £3.8 billion. Despitesitscessthe West of England at present is not
leading nationally / internationality in respect fafitech ¢ in the LK the majority of activity to date

has beercentredaround London, but the West of England does though have a ditghth scene,
which is growing.

The West of England and Bristol have a thriving entrepreneurial blockchain community. This includes
innovative product and servicing companies such as WeOwn, Dovu and Acorn amongst others. These
companies also support a growing supply chain ecosystentinglspecialist marketing agencies

and social media freelancers, technology providers, data visualization teams, software development
FANVA: €S3Lts FAYLYyOS FyR GFE &LISOALFEfAAGAD . NR A
University and UWE incutma hubs, as well as commercial workspaces such as the NatWest

Accelerator, Runway East and The Engine Shed are helping to nurture the community by hosting

events, talks and a number sfart-upswith workspace.
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In Numbers

Growth and employment in th@vest of England:

1 Approximately 33565 people are employed in the Financial Services sector in the West of
England according to TheCityUK. Approximately 7000 are employed in tech in the West of
England according Tech Nation. The extent of the crossoweunknown.

1 Itis estimated by TheCityUK that FRPS export from West of England grew by 19% from
£3.8bn to £4.6bn in 2016

City / Town Financial Services Related Professional Services % of

it Legal Total Total City/Town
Services Employment

Banking Insurance Fund Other Tota Accountancy  Ma
Management Financia

Services

Bristol 7,000 6,250 350 4,465 18,065 5,000 3,500 7,000 15,500 33,565 11.3

Growth and employment nationally:

Nationally, employment in the financial services sector has remained stable over the past 17 years
according to ONS statistics with major drop following the 2008 recession and recent trends showing
that pre-recession levels of employment might be reached around 2021

ABurning Glaseeport on scale and density &htech skills requirements put both thBristol and

Bath labour markets in fifth position behind London, Manchester, Edinburgh and Birmingham with
London as might be expected ahead of the leaders by a wide margin. In terms of density of
requirement Bristol ranked fourth among the top five witbndon Edinburgh and also Reading

having a higher proportion of job adverts focused on the likely keywords. Of those employment
opportunities where the advertisement quoted an expected salary the median was £40,000 and the
mean £48,400.

Business and Skl

The breadth of the sector means that the required skill set can vary hugely from role to role. There
are instances of best practice, and these are being led locally by institutions such as the Bristol
Business School at the UWE or the University ofdyrishich have developed sector specific course
offerings in partnership with industry. While as expected a vaoétyenericskills are seen as a
prerequisitec IT, good people skills, resilience, strong communication skills both written and oral,
teamwark, pragmatism, and business acumen. Witliriech specific skills would include full stack
software developmet) analysis, innovatioregal and compliance, finance, cloud, AI/AMR, cyber,
blockchain and distributed ledger. The required skills schedllesieaare considered unlikely to
change in the short term, and it appears unlikely they will change in the medium to longer terms.
They will be core to the majority dihtech businesses.

Enablers of Growth
It would be true to say that the West of England has only come to recogniaeigsninencein
fintechsince 2015 when a number of informal networks including Bri&takechand BrisTech were
established to support development of and in the subsectoe ifiajor players are Hargreaves
LansdownNatWest Lloyds, Funds Library, Altus, Parmenion, and MoneyHub. Undouldfiatiéigh
has thrived and grown to this position because of a number of factors:

1 Advance incubation fadiks in the West of EnglandSETguared,Engine ShedNatWest

UWE, University of Bristol.

i Strong tech community
A long and established history pfe-eminencein Financial Services
9 Strong support network of other professional services companies

=
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Barriers to Growth

Blockchain

Lack of clarity means that many blockchain companies are advised to legally incorporatdJi non
jurisdictions where the legal position is clearer. This is unnecessarily drivingsgl teams

offshore. It also adds unnecessary cost and bureaucracy tsténeup firms, who would much

prefer to incorporate in the UK. Lack of clarity over national regulatory position of cryptographic
assets, blockchain and DLT in the financial services industry.

Additionally,the lack of clear regulatory position is a sfiggant barrier to adoption by larger

enterprises. Whilst many innovative and tech forward companies are adopting Distributed Ledger
Technology in various forms, the perceived lack of regulatory clarity remain a barrier to closing deals
with biggestfirms. Managedand flexible workspace is already making a differendatach ¢ such
developments whether public and private sected should be encouraged and supported.

Skills availability

A priority for industry is ensuring a sustainable supply of skiledkers with the necessary technical
skills. Bristol benefits from its proximity to world leading universities but future skills pipeline will be
a priority. There is an onus on industry, further and higher education organizations and policymakers
to ensue that Bristol provides a career long offer to people wanting to work financial and related
professional services, not simply entry level or graduate jobs. For more established firms, access to
talent is difficult. IT staff are in demand across many sact@nd although there are 34,000 people
employed by Financial Services firms, there is not the degree of specialism that London enjoys.

Ecosystem
London houses theentrefor financial services in this country, and therefore many of the ancillary

servicedoo. Forstart-upsin this area, access to these services, along with funding, is limited.

Relation to Other Deep Dives and Grand Chatjes
The West of England can aspire to become the rfiaiach hub outside London. The West of
England could furtherdild its position as a leading industry centre of excellence for financial and
related professional services. According to TheCityUK locally there is the opportunity for the FRPS
industry to carve out a distinct industry offer. Tfietech and start up community within the city is a
particularly exciting area with enormous growth and potential. This was underlined by the fact that
Bristol was identified as the most productive UK tech eco system (with turnover per person standing
at £320,000). This would bdmmsed on a number of factors. Potentially it could strengthen its
credentials as:
1 A magnet for high quality skills and talent, with industry offering attractive reasons to work
in the city coupled with an excellent quality of life offer and weddding tiition.
1 A specialist financial and related professional services sector, offering services
complementary to London.
1 Awell-connectedhub, both digitally and in terms of physical infrastructure, that has strong
links and partnerships with other UK and intational business clusters.
9 Support systems in place to help firms seapequickly, access finance and receive business
support services.

Blockchain

With the correct support, Bristol could become a hub for blockchatach companies, similar to
GKSBKIh NI £ ffSeé¢ Ay %dz3s {gAGT SNIIIYR 6KAOK g2dzZ R
benefits to the region it would offer excellent jobs, both in terms of the number of roles available

and the breadth of roles available (IT, developers, data analystd, feancial and accountancy

professionals etc.). This would bring the parallel benefit of increasing the mass of the tech ecosystem
and support economic growth generally.
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Inclusive Growth
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system and local business. Institutional offerings are aimed to reduce baseline costs and increase
automation, arguably madng less manugbrocessing and therefore a reduction in low skilled work.
Opportunities for employment will come at the more highly skilled et#, development etc.

Working with Bristol Pound we will be able to offer a cryptographic platform for semiafprises
and other good causes to directly interact with supporters and investors. Social ownership and
inclusion projects are ideal use cases for funding and asset management on blockchain.

Clean Growth

Blockchain v1.0 solutions (e.g. Bitcoin) rugnifroof of Work consensus have huge energy
requirements. The vast majority of this power is being consumed by mining farms in China with a
significant environmental impact. Newer Distributed Proof of Stake consensus solutions such as
those being created bweOwn in Bristol do not have this wasteful energy consumption model.
Thus,a significant reduction in energy consumption, hardware production and CO2 emissions
globally.

Supporting Evidence
1 Burning Glasanalysis
1 ONS employment statistics
9 https://www.thecityuk.com/assets/2018/ReportBDF/bH8b7220a/Enablingrowth-
acrossthe-UK-2018.pdf



https://www.thecityuk.com/assets/2018/Reports-PDF/b408b7220a/Enabling-growth-across-the-UK-2018.pdf
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5G and Internet of Things

Definition

5G is the fifth generation of mobile communications, following on from 4G, 3G and 2G. 5G aims to
supersede the performance of 4G with, for example, higher data rates, reduced latency and higher
systems capacity. The Internet of Things (IOT) is the intesmiion of everyday objects via the
internet, enabling these objects to send and receive data. Full Fibre investment and delivery is also
directly relevant to 5G and 10T.

5G and IOT are enabler technologies that provide a platform of connectivity, inmesand skills to
facilitate development and distribution of technologies.

Geographical Reach

Bristol is one of a several leading centres of 5G/IOT research in the UK and the West of England was
announced as one of six winners for the first phase ofa3eTestbed and Trials. Other areas include
Liverpool, Bedford, Orkneand Somersetand Worcestershire. Additional significant centres for

5G/IOT development include the 5@hbvation Centre in Surrey ande West Midlands LEP, which

was selected to bethp Y Qa T XityBGitestbeldf ad part of the Urban Connecting Communities
Project.

In Numbers
Growth and employment in the West of England:
1 3592 jobs in 5G/IOT advertised in the West of England between November 2017 and
November 2018
1 96% of thesgobs were based in the City of Bristol, which has a much higher demand for
jobs in 5G/IOT than the UK average

Growth and employment nationally:
1 Nationally 5G and IOT are valued at £118bn per annum, and account for 16% of UK economy
0 This is expected tgrow significantly over next 10 years
1 In 2020, the impact of mobile on UK GDP will be £112bn, rising ta;£288n per annum
by 2030

Growth and Employment globally:

1 pDQa RSLX 283YSy il ¢ AdmgroWwitizid annualdgabiallGOR. Beiwieeh 202@ y 3
to 2035, the total contribution of 5G to global GDP is predicted to be equivalent to an
economy the size of India today, the seveidihgest economy in the world.

1 Itis estimated that mobile will contribute $4.6 trillion to the global economy by 2022 5% o
GDP), up from $3.6 trillion in 2017 (4.5% of GDP).

0 This will be mainly due to productivity gains

Business and Skills

Skills needed for 5G and IOT jobs include advanced skills in telecommunications, computing and
cybersecurity. Digital transformation #kisuch as leadership, consultancy, business process re
engineering and project management are also sotaftdr skills in this industry. In the longer term,

it is likely that there will be a greater need for skills in automation, machine learning and Al.

There were 265 business in the West of England working in 5G and 10T ;ith®0fi§ure has grown

by 32.5% since 2010, which is significantly higher than the UK average growth of 17%. In the West of
England, 85% of businesses were ntousinesses, 9%ete small businesses, 4% were medium

sized businesses and 2% were large businesses, with the medium businesses showing the fastest
growth since 2010. Wholesale of electronic and telecommunications equipment and parts and wired
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telecommunications activitiewere the most common types of business. The West of England
employs 5000 people in 5G and IOT which accounts for less than 2% of employment in this sector
across the UK.

The West of England is home to some new and sgalleusinesses which are drivingnavation in
5G/IOT including Zeetta Networks, Blu Wireless and GDS DAgitahg najor network companies
EE have a centre for R&D ametwork management in Aztec West South Gloucestershirand
Huawei also have an R&D centre in Brigitodthese compnies act as key anchor businesses.
Vodafone has chosen Bristol as one of their first 5G pilot locatiirere are also several key
industries and companies in the region that are driving innovation and adoption of 5G/loT
technologies, including utilityoenpanies such as Western Power and OVO, transport companies
such as First, and health and social care providers.

Enablers of Growth

The growth of 5G / 10T technology in the West of England has been supported by several key assets
and programmes. DCMS amdad one of six testbed 5G projects to the West of England Combined
Authority for Smart Tourism for delivery in 2018/2019. This project is accelerating the development
of 5G technologies and involves over 20 partner companies.

Several organisations in tWest of England, including High Tech Bristol and Bath CIC, SETsquared,

9y 3aAAYS {KSRXZ YR GKS ! yAOBSNERAGE 2F GKS 2Said 2F ¢
programme in 2016/17. This programme acts to address barriers to entering the IOT phacket

through experimentation and innovation in various industry areas. It also works to roll out Low

Power Wide Area Networks (LPWAN) across the UK. Collectively the cohort generated £76k in

investment, reached £160k in revenue and created 15 jobs anmhfttherships, enabling and

promoting further growth in the area.

The University of Bristol is home to the Smart Internet Lab which is undertaking international

research and development and has strong links with industry. Other assets that have enabled

growth of 5G and IOT technologies in the region include: Bristol is Open, Bristol Operations Centre

FYR . NR&AG2f +w [F0od LY wnamT . NRAG2E g1 a NBO23ayAI
leading Smart City which has further promoted growth of 5G/t€chnology. There are also several

networks in the region which enable growth of 5G and IOT technologies, including étigtBristol

& Bath, Techspark and thessisted Living Action Network.

Furthermore, Vodafone and EE have announced intentions ttogej> services to Bristol in their
early stages of UK rollout which will catalyse the development of 5G and 10T technologies and
application in the region.

Barriers to Growth

There are several barriers to the growth of 5G and IOT technologies in the West of England.
Currently, there are challenges in deploying 5G and full fibre across the region, and current 5G
technologies are not scalable to the whole region. This couldtressbme areas being left behind

and increasing deprivation. Furthermore, 5G deployment is not considered to be a poipkitly
partnersand this could limit the adoption of 5G and the development of applications of 5G,
including IOTCoordination wilbe needed among network users to enable investment that makes
the best use of the technology.

There is a lack of current investment in infrastructure for 5G development and deployment. There is
an opportunity for the public sector to lead in the deploymeh6G and become a key anchor

tenant. Currently, the investment, innovation and deployment of 5G technologies is uncoordinated
and the lack of an anchor tenant is a key driver of this. Whilst there are several incubators acting to
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encourage 5G technologiecoordinating the approach of these organisations could help drive this
technology further.

There are also considerations around the technical and security standards of 5G and IOT
technologies. These include cybersecurity matters in relation to provigeg. Huawei), countries,
cities, organisations and individuals and the future development and agreement of standards.
Without agreement of these ahdards, the growth of 5G an@T technologies will be limited.

There are insufficient skills in thegien to meet the demand. If this technology is to continue to

grow, then more digital and STEM skills need to be available. Finally, organisations are limited by the
lack of available and affordable office and work space in the West of England, esjeciatiyral

Bristol. This is particularly a concern for stapt and scale up companies and prevents some

companies from locating to the region.

Relation to Other Deep Dives and Grand Challenges

5G and IOT technologies are enablers of other technaddgiing developed in the regionoF
example, they enable significant growth in Digital Health, Autonomous Vehicles, Ahand ha
potential to be linked witrall 4 of the Grand Challenges.

5G and IOT technologies can help provide inclusive growth to themagfitising digital connectivity

to support businesses and citizens and deliver local services. The adoption of 5G will increase local
economic activity, including improved productivity, innovation and creation of new businesses as
well as jobs associateslith the deployment of network infrastructure. Furthermore, 5G will bring
improved access to public services, such as personalised healthchne, g8Tvices and smart cities.
Ubiquitous internet access through reliable broadband connectivity, with better and more
affordable services is key to maximizing the inclusive growth potential difi@ediacy of access to
public services such as adult care, telemedicine, and imporaat Information and data will help
ensure that 5G availability and growth contributes to inclusitinis will require private sector
investment across the region.

Digital services and applications are key to engage communities and individuals, gadtiiiogald
O2YYSNDAFE @FfdzS YR AYLINROGAY3A (KS Lzt AO &SNIBAC
FYR AMiNGkRFAKOE f20FGA2ya oAttt faz2 AYLNRGS GKS a1
opportunities. Specific initiatives for digi inclusion including IT education and skills for key

locations and groups will also help maximise the opportunities for inclusive growth.

The adoption of 5G and IOT will also provide clean growth through the delivery of real time
information and a sees of sensors which will improve traffic and parking flows and improve air
quality in the West of England. 5G internet will also help mobilize the development of autonomous
vehicles, linking it to the Future of Mobility Grand Challenge.

Supporting Evideoe

DCMS Next Generation Mobile Technologies: A 5G Strategy for the UK (March 17)

UK 5G Testbeds and Trials (June 18)

Future Telecoms Infrastructure Review DCMS July 18

hC/ haQa ! LILINRBI OK (2 CdzidzZN® wS3AdzZ A2y Wdz & ™)
Tech Nation Report

W/ 2 YYSNDRA pbnent of theSTeeasOrg Green book assessment

W/ SYGnNB FT2NJ/AGASaQ NBLRNI

MIT Technology Review, 2017
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Food and drink manufacturing

Definition

Food and drink manufacturing involves the processing of agricultural and fishing products into food
or drink forhumans or animals. Processing can take several different forms depending on the type of
product being manufactured. Examples include the slicing of produce, the pasteurisation of milk, the
roasting of nuts, the slaughter of animals and the curing of mdaied processing also includes

adding components to food, such as ingredients that extend shelf life or vitamins that improve
nutritional quality. Similarly, the manufacturing process for beverages will slightly differ based on

the type of drink producedrhis could include the distilling of alcoholic beverages, the fermentation

of nondistilled alcoholic beverages, the production of malt and brewing of beer.

Food and drink does not qualify as manufacturing where the processing is minimal and doesinot lea
to a real transformation, such as the sale of fresh seafood by fishmongers or raw agricultural
produce by grocers.

Geographical Reach

Food and drink manufacturing businesses can be located in both rural and urban areas and are
widespread across the cotrg. Investment and R&D fimod manufacturing in the West of England
has applications to the food and drink sector nationally and much wider applications irtal digi
technology, health and life sciences.

The food, beverage and agriculture industry hagexienced exceptional growth in recent years and
continues to expand rapidly. This can be attributed to several factors, including changing consumer
demographics, rise in disposable income, advances in health care, increases in global population,
urbanisdion, and growth of the global retail and distribution network.

The industry yields significant value from exports on an annual basis, with export figures worth more
than £22bn in 2017. There is scope to build on this performance too, as currentlyiory 1
manufacturers export. Notable opportunities remain in Europe despite the uncertain trade outlook,
as well as in emerging markets.
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In Numbers

Left: Demand map for beverage jobs
in the UK: based on SIC codes
Right: Demand map for food jobs in
the UK: based on SIC codes
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Growth and employment in the West of England:
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135 Food and Drink Manufacturing companies in the West of England in 2017

0 67 % of these companies are midrosinesses
3,800 people were employed in Food and Drink Manufacturomgpanies in the West of
England in 2017
822 jobs advertised in Food Production and 212 jobs advertised in Drink Production between
January 2018 and December 2018
Bristol has a higher than average number of jobs advertised in this time for Food Production
Bristol and WestorsuperMare have a much higher than average number of jobs advertised
in this time for Beverage Production and Bath has a higher than average demand
The average salary for jobs advertised in Food Production was £34,700 and £22,000 for
Bewerage Production

Growth and employment nationally:

)l
)l

1
)l
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Food and Drink Manufacturing contributes £28.8bn to the economy
The Food and Drink Industry is the biggest manufacturing sector in the country, larger than
automotive & aerospace combined.
The Food and nk Sector is the 14th largest sector, contributing 1.6% to total UK GVA
.S06SSYy mMpdT FYR Hamp GKS aSOG2NNa Dx! INBg ¢
UK manufacturing sector by GVA over that time period, ahead of total manufacturing which
grew by 13% over the same period.
Total Food and Drink export figures were worth more than £22bn in 2017.
In 2017 there were approximately 6,700 micro, small and medium sized enterprises (SMEs)
in the Food and Drink Sector with turnover of around £18bn and 020stnployees.
Around a third of the SMEs in the food sector are manufacturers of bakery products.
In 2015, the sector employed 392,750 people.
0 The largest employment sedector was the Bakery (24.9%), followed by the Other
food products (22.6%) and MeatRn YSI (i LINRPRdzOG&Q omdi: 0 @
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Growth and Employment globally
M Global revenues for Food and Drinks almost doubled fromt§&32004 to $15.1n in 2014,
a compounded growth rate of approximately 7% per year.

Business and Skills

Jobs in the food and drink mafacturing sector are highly varied and consequently, cover a wide

range of skills. There is currently a shortage of engineers in the food and drink industry, even though
this is an area of growth. Key roles in engineering include controls engineers, naaioge

engineers, engineering managers and automation engineers. There is also an increasing emphasis on
sustainability and traceability of food which has opened up jobs roles sunmaproduct
developmentmanagers, process managengew product developmet food and drink technologists,
packaging specialists and development chefs who can reformulate existing products to extend life
cycles, reduce sugar and salt.

Skills in compliance and quality assurance are also sought after in the food and drinkyindgtlstr

key roles like technical managers, quality assurance managers, hygiene mahagkhsand safety
managers and technologists becoming highly sought after. furthermore, lean manufacturing and
continuous improvement techniques are increasingly beidgpted by food companies, creating

roles in production management, production planning, shift management and team leadership. Skills
are also sought after in purchase and procurement of products.

As a result of the wide range of skills needed in foamtlpction, there is a huge range of relevant

further and higher education courses, from engineering and mechanical engineering to physical
sciences to businesses studies and management courses. The food and drink industry has developed
a number of industrgpecific apprenticeships up to degree level in order to help fill the skills gap.

There were 35 beverage production businesses in the West of England in 2017, of which 30 are
micro companies anfive are small companies. Most of the micro companies weaeed in Bristol

City Council and 20 of the companies were manufacturers of beer. 300 people were employed in
beverage production in the West of England, with 200 working in the manufacture of cider and other
fruit wines. Key beverage businesses in theae@re breweries Bath AlegVickwar and Butcombe
Brewery and cider makerghatchers.

There were 10@ood productioncompanies in the West of England in 2017, of which 70 were micro
businesses, 20 were small afieke were medium businesses. 3,500 people were employddad
production industry and 1,250 of these people worked in the manufacture of bread, fresh pastry
goods and cakes. Major bakeries in the region include Warburtons Bakery and Hovis, and this figure
will also include multiple micro and small bakeries.

Other key anchor businesses in the region include Create Flavours that develop and produce natural
and synthetic flavourings and TasteTech, a leading manufacturer of controlled release flavourings.
Kerrylngredients produce food to go and chilled and frozen ready meals and theterasamajor
producers of dairy products (Yeo Valley, Marshfield Ice CearadrLye Cross Farm) in the region.

Other keycompanies include Cocoa Libre who produaggfree, wheat free, nut free and gluten

free chocolates, Pukka Herbs and Piestér.

The West of England is also home to companies that are developing new ways to grow and produce
food, including LettU&row, who design irrigation and control technology for indoor, vertical and
glasshouse farms.
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Enablers of Growth

Growth in thefood and dmk industry has recently been enabled by growing trends in public food
consumption. Fredrom products, includingegan and gluten free productsave seen significant

growth recently and are predicted to continue to grow by 10% from 2017 to 20ik8also

predicted that more food and beverage manufacturers ill dzy OK Y2 NB  ay |  dzNJ ¢
productsas theconsumption of natural beverage products that can deliver nutritional and

functional benefits was projected to grow at a rate of 10 percent, in terms of volume, from 2017 to
2018.

There is a new generation of modern conveniefard and drinkcompanies merging as
manufacturers respond to healthy eating priorities, quests for foad#pired flavours, interests

in personalisatiorand competition from speedgelivery services. These products have clear benefits
for public health and there is an opportunity link the food and drink manufacturing industry with
lifescience and medtecindustries.

Foodtech is likely to be largest disruptor to tf@od and drinkindustry as it bridges the gap

between food, health and the medical systgohant-based proteinsinnovative ingredientfood
safetyandtraceability, and new approaches to consumer engagement to meet the growing fared
safe, traceable, nutritious foods. Food tech can be applied to the food value chain from farm to plate
to waste bin and coverall aspects of production, transportation and storage, processing, marketing,
distribution, consumption and disposal.

Another area of potential growth and innovation, closely linkeébtmd and drinkmanufacturing are
developments in alternatives to plastpackaging, with early stage developments currently
underwayin edible packaging, nanotechnology, smart packagingsmaictiobial packaging, water
soluble, sekcooling and sefheating packaging.

There is also a huge opportunity for automation to emagptowth infood and drink manufactunig

by improving productivity, process capability, boosting competitiveness and enhancing product
quality in thefood and drinkindustry. It should be noted that there is a recent trend for SMEs in the
Westof England2 ¢ | NRAd LINPRdAzZOAyYy 3 KAIK ljdzZr f Ade& LINBYAdzYys
that might mean automation and the use of new technology needs to be introduced in the right way
to improve quality but maintain brand credibility.

These recent trends in foodbnsumption are driving growth in thieod productionindustry
nationally. There are aldwo key regional initiatives will enable further growth of the Food
Production sector in the region.

The Food Work¥'centre is &@ood and dink innovation centre atVestonsuperMare that is due to
open in 2020 and is driving growthfimod production in the region. The centre will provide 10 feod
grade business units, product development facilities and a busarggagemententre that will

serve as a focal hub fémod and drinkbusinesses across the region and will offer specialist technical
and business support.

In 2015 North Somerset Council successfully bitiédepartment for Environment, Food and Rural
Affairsto becomeoneof 17 Food Enterprise Zones (F&&pss the countryTheFEZ and related

Local Development Order (LDO) comprise @adf@ site which forms part of a much wider-8&re
employment site within Weston Business Quarter on the outskirts of WestiperMare. The Local
Development Order provides a simplified planning process to support the improvement of the food
supply chain in th&uth West, linking farmers and producers at the very start of the food chain to
food development and manufacturing, but alsocenraging links to distributors and retailers. This
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will not only bring increased sustainability to the food supply chain process, but will also attract new
business to the area, create new jobsdincreaseeconomic activityNorth Somerset already has a
strongfood and drirk Sector, but the LDO will create a significant opportunity to support growth
ready SMEs, through The Food WéYkshich forms Phase 1 of the FEZ site.

Barriers to Growth

One of the biggest barriers to growth of tf@od and drirk industry is the lack of skillslationally,
40,000 of thandustry's ageing workforcare expected to retire in the next ten years and 140,000
new worlers are required by 2024 to fill the looming skills gap, which is especially an issue for
technical and sentific jobs.Companies such as Thatchers and Yeo valley have resorted to pushing
salaries up for technical jobs in an attempt to attrand secure the right skills.

The demand for workers, both skilled and less skilled, currently exceeds supply. &tkixisting
workforce, occupations suffering significant skill gaps include production workers, managers and the
traditional craft sectors. Poor image and profile of work in the industry is exacerbating recruitment
difficulties. In particularthere is aneed to address the shortage of food scientists and technologists.

Furthermore, there is great uncertainty regarding future access to EU workers, who are highly
valued and make up 32.5% of the industry's skilled and-$ligled workforce. This uncertainty has
potential to inhibit the growth of thdood and drinkndustry.

In the West of Enghd, a large percentage dbod and dnnk businesses are located in rural areas
and face a multitude of barriers that is hampering their growth potergigbor conrectivity in
terms of broadband anchobile, accessibility in terms of attracting employesigewhichcan limit
apprenticeship opportunities and ability to share apprentjaded to the fact that the profile and
perception of industry is poor despitewiderange of skills and opportunities. Opportunities for
many micro and small businessesctinnect and network are limiteadvhich The Food Work¥
hopes toaddress

Whilst thefood and drink setor was chosen as one of the first eigleictors in 2014 to take part in
Department for Business, Innovation and SKiligilblazer initiativego dewelop an apprenticeship
standard forfood and drinkengineering, there are still a low number of apprenticeships in the
industry and further work is needed to develop this programifiee sector suffers from an image
problem, especially when compared to other manufacturing sectors such as automotive or
pharmaceutical which are often perceived to be more exciting, innovative and better paid sectors.
Thefood and drinkindustry is rarelynentioned as part of the West of England tech cluster and
consequently there is a lack of awareness and understanding of the career opportunitiesandhe
and drink sectar

Another barrier to growth ofhe food and drinkndustry is the limited access finance for
investment, particularly in new technology and automatidhere is significant scope to improve
not only the production process through increased automation, but also the development and
introduction of new products, for example to seekeatiatives to standard animal sources of protein
and other freefrom products and develop smart and biegradable packaging solutions. There is
currently insufficient government support into these R&D facilities to promote grparthuch

support ispoorly communicated.

In the West of England there is also a lackp#cialisfood and drinksupport to guide businesses

through R&D, new product development, factory layout and packagoiglistribution. Business

support is often too generic and new mentagiand accelerated growth schemes still lack specialist
knowledge necessary for food industry. This is especially true for new technological challenges facing
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the food and drinkindustry and a largeroportion of SMEs in West of England are unaware of

technology changes or unwilling or unable to invest in new technologthdiit intervention the

NEIA2YyQa LINPRAzOSNE Attt O2y(dAydzsS (2 dzy RSNBELJX 2 A
that needs to respond to increasing pressure from the governmentpublic, to meet changes in

policy, legislation, health and market trends.

Another barrier to the growth of théood and drinkindustry in the West of England is the lack of
food-grade premises for SMEs and grow on space. The Food Works will, t@steme address this
issug and phase 2 and 3 of the Food Enterprise Zone will be critical to suppofbdiisind dmk
cluster.However, there is a risk that the area might lose business to other regions due to a lack of
food grade premises.

Relationto Other Deep Dives and Grand Challenges

Food anddrink manufacturindhas potential as an application of key enabler technologies such as
advanced engineering and robotics. More companies are adoptit@mnation in processing plants
as he sector looks tevolve and move towards systems of batch production and fully automated
production lines, allowing food to be produced quicker, with less waste and greater precision. The
introduction of systems such as APRIL, a fully automated robotic system that cémachiand
manufacture ingredients on an industrial scale, with the capability to lower costs and reduce food
wastage is one example of this. This has a clear connection to automation and robotics.

Thefood and drinkindustry also has applications of tealogies such allockchain, which presents
potential for brands and retailers to be transparent with consumers about every aspect of product
manufacturing to allow full traceability. Some busiresisave already adopted this approach.
Furthermore, there a close links between thimod and drink industry and lifesciencesspecially

with the growing trend for healthier, natural foods.

¢CKSNB A& Iy 2LILRNIdzyAide (G2 AYLINRGS GKS O2ftfl 02N
food and drink manufacturipand other industry sectors sues manufacturing, engineering, life

sciences, medtech and rotics. Foodechrepresents a key opportunity to embed new technology

across thdood and drinksupply chain and more closely link and apply advances withiretjien.

Clean growth:
Food anddrink manufacturing creates the following opportunities in clean growth:

1 Redistribution:opportunitiesfor surplus food that is fit for human consumption to
be redistributedto commercial organisations or charities such-agseShare. If not suitable
for human consumption, investigate then could be used as animal feed. This is already being
done by Thatchers and Bradley juices.

1 RecyclingWhere redistribution is not possihlanaerobic digestiois growing in popularity,
for example Wyke farms.

9 Packaging solutions: Opportunities to look at reducing weight of packaging, using modified
atmosphere packaging or improved seal integrity to reduce the risk of food waste.
Returnable packagingvolves e-usable transit packaging todace secondary packaging
waste. Improvements tpackaging design and materials to reduce the carbon impact of
packaging.

1 Improvements to supply chain communications: Opportunities for manufacturers to work
more closely with suppliers and customers to reglitstances where ingredients and
product are out of specification or too close to their dafldate.

1 Technical improvement&Valking the production line can often identify problems between
various parts of the process, for example in cases of machimgfgrmance problems
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1 Waste: Increasing consumer interest in food waste prevention will be a global trend. Process

and packaging innovations that extend shelf life, making use of unavoidable food waste.

1 Water minimisation

Supporting Evidence
1.

2
3
4
5.
6.
7
8
9
1

0.

Growth in Food and Drink manufacturing, Deloitte 2018

FDF Economic contribution and growth opportunities, June 2017

EEF July 2017 Food and Drink Bulletin

Defra Food and Drink statistics Pocketbook

Business population estimates, 2016

Annual Business Surv@yNS), 2016

Mintel 2018 Global Trends

Grant Thornton Food Manufacturing May 2017

Scale Up institute

WRARWaste reduction in processed food sector.10. Food Engineering Dec 2017.



54

High Performance Computing and Cloud

Definition

High Performance Computing (HPC) is where the amount of physical computing resource needed to
solve a problem, is several orders of magnitude greater than a standard computer. HPC is typically
run on a general purpose or dedicated supercomputer. Cloudnii@ogy is where computation
processing occurs remotely over the internet rather than through a direct connection to a server.
This typically means the user and the server are ndbcated and that multiple people can use the
resource simultaneously.

Historically cloud and HPC were 2 distinct technologies, however, recent advances in cloud
infrastructure mean that high performance supercomputers can now be accessed remotely via the
cloud and hence, the 2 technologies are heavily linked.

Cloud and HPQ@enablers of other industries, applications and technologies.

Geographical Reach

Bristol has recently been chosen by several companies as a base for cloud technologies, for example
Oracle, Huawei and Cray. This is due to the leading technical capability, capacity and resources
available in the area.

Within the UK, the South Westhks £ SI RAy3 OF LI oAfAle Ay 1t/ d ¢KS |

in the Met Office in Exeter, which is also within the global top 20 supercomputers. However, overall
the UK significantly lags behind countries such as the USA, China and Japan in temnsoofeia

In Numbers

Map of demand for jobs
in HPC and cloud
computing
Employment figures
based on Annual
Population Survey data
from 2016, and Travel to
Work Area calculations
are based on areas
effective from April 2011

Growth and employment in thevest of England:
1 Between November 2017 and November 2018 4463 job postings were made in HPC and
cloud industries
1 Demand for these jobs in Bristol is higher than UK average
1 Mean salary for these jobs is £37,200
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Business and Skills

The University of Bathihe University of Bristol and the University of West of England all offer both
undergraduate and postgraduate courses related to computer science, including an undergraduate
course in Computer System Engineering and masters in Human Computer Interéietfed by the
University of Bath. However, most HPC and cloud computing jobs do not necessarily require a
computer science related degree and it is very common for graduates with other degrees, such as
physics, mathematics or even languages to start asrareHPC and cloud.

The market to attract the top graduates is highly competitive and the growth of skills in the region
has been driven by anchor businesses such as Cray and Just Eat who have attracted people to the
region. The potential for people tmove between businesses within the region has enabled the
growth of skilled workers in to develop.

Cloud technology is quickly becoming ubiquitous across most businesses and there is a vast user
base of cloud in the region. Whilst this is uniform acréssdountry, the West of England also has
activity in developing cloud technologies, including companies who develop cloud infrastructure and
companies who produce bespoke applications that are run on the cloud.

Oracle are a flagship example of a comptrat develops cloud infrastructure and came to Bristol
specifically to build their cloud development team. As an anchor company, they have promoted the
growth of cloud computing in the West of England.

Cray Inc. are a supercomputer manufacturer who have based their European headquarters in Bristol
and act as an anchor business in HPC in the region.

There are also small, medium and micro companies based in the region that develop applications of
HPC andloud technologies, including Interactive Scientific who are based in Bristol and access
supercomputers over the cloud to visualize scientific concepts, and Zenotech who are building HPC
and cloud services that have been used to model multiple wind teshian application that has

been marketed globally.

Enablers of Growth

Historically the West of England has been a significant user and developer of technology spawning
O2YLI yASa &adzOK Ia Lbah{ 3 aSA{|12 6K2 Afy (KS ynQa
microelectronics for parallel computing. This community of engineers has provided the platform for

further growth and expert resource for other companies in the region. Whilst HPC technologies can

now be accessed remotely, companies who are developiisgelchnology require proximity to

companies that develop applications of HPC to understand their requirements. Therefore, HPC
companies such as Cray are attracted to the region. Having both HPC antbateatdorganisations

in the region creates the opptumity for unique innovation which further attracts more

organisations and spin offs to the area.

Large businesses such as Cray and Oracle also attract skilled workers to the region which promotes
further growth and encourages new businesses to locateénVest of England. People are

constantly having to evolve their skills as latest technologies are developed and progressed. There is
now a diverse range of skills in the region embedded on 20 years of software development, that are
willing and able to tansition when needed. This large talent pool has put the West of England on the
global map as an option for large tech companies to locate to.

Several nearby assets have promoted growth of HPC and cloud technologies in the region. The
universities are dexoping world leading technologies, for example the University of Bristol has, in
conjunction with theMet Officeand Cray, developed the ISAMBARD supercomputer to support the
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future global weather prediction needs. The Centre for Modelling and Simullaéised in Bristol

and Bath Science Park is a leading independent research organisation that conducts high value
design studies in support of advanced engineering companies using their open access HPC capability.
Furthermore, the West of England is situatddse to the Supercomputer housed at the Met Office

in Exeter and GCHQ in Cheltenham. Proximity to these assets is an important factor for companies
deciding where to locate their business.

Another key enabler of growth in HPC and cloud technologieinethion is the large number of
active incubators, cavorking spaces and early stage launch spacesistoBrsuch as Engine Shed,
SETguared and Future space, that have helped startcompanies in the region. These
organisations provide cheap accommoidat, coaching and investment opportunities to stag and
small businesses to help them grow, and has led to aegtdiblished early stage ecosystem in the
Bristol.

Barriers to Growth

There are several barriers to the growth of HPC and cloud technalagighe region. Firstly, the

number of home grown skills is not sufficient to meet the current demand in the region. Not enough
children and young adults are encouraged to pursue a career in computer technologies, because
they are not aware of the opportities available to them and the companies that operate locally.

This has resulted in a mismatch between the skills available in the region and the vacancies in HPC
and cloud organisations.

Whilst apprenticeships are one way of overcoming this barriaglisand micro companies are put
off by apprenticeships as they require a significant time investment to train. Companies with few
employees do not have the necessary capacity to train apprentices and often would rather hire
graduates who require less tinte train.

Another barrier to growth in the region is the mismatch between support provided for-gtart
companies when they first start and support for continued growth, particularly after a company
graduates from a staftip incubator. Often companiesonot become small or medium sized
because they do not have the needed support. A main contributor to this is the lack of affordable
office space especially if companies want to be located close to similar companies, particularly in
central Bristol. Commeial landlords typically require long term leases to be signed andgpart
companies are unable to commit to this. Companies such as DeskLodge and Runway East have
alleviated this pressure slightly by providing affordable and flexible office space nalc@ristol.
However, there is still a need for further support for companies wishing to grow.

Another barrier to growth in HPC and cloud computing is access to venture capital funding. The
majority of VC providers are based in London which encouragepamies wishing to attain larger
sums of funding during their early stage development to locate to London. Furthermore, the VC
funding cycle means lots of companies get tied into repayment deadlines and end up selling their
company early to repay the funds

Relation to Other Deep Dives and Grand Challenges

The main application of HPC technology in the West of England is for modelling and computational
fluid dynamics (CFD) for the aerospace industry. This could lead to more efficient and cleaner air
transport, wind turbines and other renewable technologies, thus linking to the Clean Growth Grand
Challenge and vision of the Local Industrial Strategy. Other applications of HPC are modelling for
immunology and molecular visualization, linking HPC with thenggeociety Grand Challenge and
medtechindustries.



57

Clean Growth

HPC and cloud technologies have more potential to be carbon neutral than most other technologies.
C2NJ SEFYLX Sz ! LILX SQa RIGF OSydGNB& I NBnslsucttas O Nb 2y
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Cloud technologies are also reducing the need for consumers to constantly replace computers with
the latest device. This means the number of hew devices and supercomputegshhélt is declining
and the need for new materials is reducing.

Locally, Yellow Dog are doing similar things for the animation and financial sectors; increasing
efficient use of underutilised existing resources rather than building more physeiades which will

be poorly utilised.

Inclusive Growth:

Cloud technologies are becoming wide spread, but there are still opportunities in this area that the
West of England can employ. Nearly every current application can be moved onto the cloud and
thereis huge growth in the adoption of cloud services. This will require both high end skills but also
more basic digital programming skills. By upskilling people, this could provide an opportunity for
inclusive growth in the region.

There are also exampleach as DotWorks and others using Al to drive recruitment beyond CVs and
gualifications to traits, capabilities and potential, and it is hoped this will allow more people to
realise their potential in the workplace and careers.

Cloud technology helps to deroratise access to some leadiadge capabilities, for example, most
modern devices now include voice recognition. This technology relies upon both cloud andisHPC.
such, more and more members of the community benefit. As these technologies are madélavail
via remote access services, even small development teams can now incorporate voice recognition
into apps, for example, meaning a small team can develop leading edge apps, not just the IBMs of
the world.

Supporting Evidence

National Industrial Stratggg Building a Britain Fit for the Future (2017)
(https:/lwww.gov.uk/government/topicalevents/the-uksindustrialstrategy)
http://www.weforum.org

Bristol Bath Innovation Cluster: SQW Report October 2018

UK Governmenindustrial Strategy Green Paper: West of England Response
West of England StrategyWest of England Combined Authority Discussion Paper
South West England and South East Wales Science and Innovatior28iglit
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Immersive Technologies

Definition

Immersive Technologies include virtual reality, augmented reality, haptics as well as video games
development and video streaming based on video games. Companies can be split into those that
specialise in immersive, creating and distributing their own eonor applications to customers and
participant companies who use immersive skills, tools and techniques.

Geographical Reach

Immersive,games and streaming all have activity in the West of England region, however each of
these are global industries ammpanies in the West of England link with national and international
businesses and customers.

Bristol is known internationally as a hotbed of Immersive development and is often highlighted as
the key to the industry after London and ahead of Manchester, Newcastle and Brighton. While this is
true, other areas in the UK are catching up on the spietiside or on the participant side, where
film, TV, games, engineering, health and training companies are incorporating the technology.
NAaG2t Aa Fftaz2 fSIRAY3I Ay @GARS2 aGNBFYAYy3 YR 3
video streaming compey, Yogscast, which is completely unigue and has no competitors of its size
within the UK. Bristol Is also in the top 5 cities for games development in terms of job postings.

The UK is well respected in these industries and seen as a good place tordsddsie to various

video games and R&D tax breaks. The US, particularly San Francisco, LA, Austin and New York have
greater concentration and activity than the UK. As these industries sell globally and are not tied to
any location and countries like Chiand India are rapidly become key competitors as the skills

become more widespread and economically costs go further for development.

In Numbers
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Demand map for jobs advertised in Immersive (left), Video gaming (centre) and video strea

Growth and employment in the West of England:
1 Approximately 1300 jobs were advertised in Immersive Technologies, video gaming and
video streaming between November 2017 and October 2018.
1 The demand for these jobs in Bristol is the same as the UK average









































































