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1. Strategy on a Page

Space Hub Yorkshire Vision

Our vision is for Yorkshire and the Humber to become a user-led champion for space
technology and applications - leveraging existing regional industrial and academic
capabilities in earth observation, advanced computer techniques, additive manufacturing
and precision engineering, quantum technology and telecommunications to develop
innovative user-led Space systems and satellite applications. This innovation will be fuelled
by a new generation of skilled engineers, computer scientists and software developers,
trained by some of the UK’s very best further and higher education institutions.

An Economic Case

Space-enabled technology and services will underpin £600bn of growth in UK GDP by
2030, delivering jobs that are 2.6 X more productive than the UK average.

Inward Investment & Exports

Since 2003 the UK has secured £339m of foreign direct investment in 61 Space sector
inward investment projects supporting 2,000 high-value jobs since 2003.

In 2019 the UK Space industry exported £5.5bn in Space sector goods and services.

Levelling Up

In 2019 80% of reported UK Space sector revenue and employment were generated by
companies headquartered in London and the South East.

There are at least 143 innovative, growing Yorkshire businesses with known involvement
or active interest in Space and many more for which Space could present major growth
opportunities.

These businesses are already drivers of the regional economy, increasing employment by
15% in the past three years.

Strategy & Action Plan

We will build 3 core functions to structure regional activity, delivering 18 practical and

achievable short-term actions and 3 flagship projects based on regional strengths in earth
observation and advanced computer techniques, additive manufacturing and secure
communications.
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2. Introduction

In November 2020, the University of Leeds and Leeds City Region Local Enterprise
Partnership (LCR LEP) secured funding from the UK Space Agency to accelerate the growth
of a space industry cluster in the Yorkshire and Humber region (Space Hub Yorkshire —
SHY). Via an in-depth study into the space ecosystem in the region we know that:

Yorkshire and the Humber has powerful and unique contributions to make to the UK
Space industry, particularly regarding commercial applications of satellite data and
geospatial intelligence, ubiquitous connectivity and secure communications, and
advanced manufacturing and precision engineering capabilities.

Advances in Space technologies, satellite communications and Space data present
major economic growth opportunities in high priority industries across Yorkshire and the
Humber including digital and IT, telecommunications, low carbon and environmental
industries, health innovation, agriculture, finance and legal.

The region’s contribution to research and teaching on issues highly relevant to the future
Space industry stands out compared to other UK regions, including climate and
environmental science, advanced computer techniques, satellite technology,
telecommunications and quantum technology.

There is enormous appetite among regional businesses to contribute to the UK’s Space
industry growth ambitions, leveraging software development, IT and computer science,
telecommunications, advanced and additive manufacturing and precision engineering
capability and expertise.

The potential economic opportunity of Space is pro-actively supported by the region’s
economic development actors.

To effectively leverage Space-enabled economic growth investment is now required to take
action under three core functions — Space Hub Yorkshire: CAMPUS | AGENCY | NETWORK
(CAN):

Via the SHY SPACE CAMPUS: to maximise the benefit to the UK Space Industry of the
region’s academic institutions by developing a virtual space campus that utilises the
existing resources of the region’s schools, colleges and universities — contributing world-
class knowledge through research, world-class skills through teaching and professional
development, and inspiration through educational outreach.

Via the SHY SPACE AGENCY: Provide an effective and properly resourced coordinating
body that effectively engages with, influences, promotes and disseminates opportunities
from agencies such as UKSA, ESA, UK Government departments like the Ministry of
Defence (MoD) and other UK and non-UK government bodies, including inward
investment and export activity.



e Through the SHY SPACE NETWORK: Provide a platform for information exchange and
networking, enabling the region’s industry base to make connections, learn from best
practice and build supply chains.

This document sets out our evidence-based ambition for the region — the vision, mission,
values and practical actions that will maximise the region’s contribution to the UK Space
industry, and vice versa.
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3. Background & Scope

The focus of this document is to provide a comprehensive evidence base that articulates the
case for investing in the Space industry in the region and informs the development of a
Strategy and Action Plan, including its strategic function, priority actions, and associated
resource requirements. The evidence-base has been constructed following an in-depth
study into the Space eco-system in the region involving more than 120 representatives from
at least 70 unique organisations spanning industry, academia and policy in Yorkshire and
across the UK, including the UK Space Agency, the Satellite Applications, Compound
Semiconductor, High Value Manufacturing and Connected Places Catapults, UK Research
and Innovation (EPSRC, NERC, STFC), the Knowledge Transfer Network, Innovate UK,
Local Authorities and Local Enterprise Partnerships. Specifically the evidence base aims to:

1. Establish the case for Space in Yorkshire and the Humber;

2. Set the strategic direction for the region’s space industry, building on existing strengths;
3. Clearly define Space Hub Yorkshire’s role and identify mechanisms for collaboration;
4

Establish a concrete set of actions that will accelerate growth of the region’s space
industry;

5. Identify the channels through which Space Hub Yorkshire will connect to the wider
Space eco-system in the UK and beyond.

Through our eco-system mapping study we have substantively advanced the overall
maturity level of our regional cluster by:

¢ Aligning our capability, expertise and future plans to recent central and local government
policy and existing networks (Section 4);

¢ Identifying market opportunities (Sections 4 and 5), as well as the barriers, supports and
mechanisms through which these opportunities can be realised (Section 6);

e Generating robust evidence of the knowledge and industrial assets in the region, by
deepening connections (Section 5);

¢ Deepening connections with Space-related business representatives, policy makers and
academics (Section 5); and

¢ Developing a clear, detailed and fully considered forward plan for advancing Space in the
region (Section 6).

We have sustained commitment and continued involvement in the SHY Space Hub
proposition from all key regional actors including Yorkshire Universities, individual university
representatives, industry representatives and regional Local Enterprise Partnerships. Our
governance mechanisms include weekly update meetings at which all of these stakeholder
groups are present, and to which UKSA, the Satellite Applications Catapult and the
Knowledge Transfer Network have open invitations.



3.1. Defining the Region

While the original application for funding was driven by the University of Leeds and Leeds
City Region LEP, there are compelling reasons why this initiative should span the Yorkshire
and Humber region as a whole. Space Hub Yorkshire will therefore be committed to
engaging with businesses, Local Enterprise Partnerships, Local Authorities, and Universities
across the region — ensuring that the benefits of growth in the UK Space industry can be felt
by all, and that the region’s capability and expertise contributes fully to delivering the UK’s
Space industry ambitions.

The geographic focus of this Space related activity in Yorkshire and the Humber is therefore
on the twenty-one Local Authority areas that make up the ONS definition of the Yorkshire
and Humber region. Together the region:

e generates c.10% of all GVA in English regions outside of London (n=£124bn), with
disproportionately high contributions from financial services, legal services, education,
human health, and public administration and defence (between 12% and 15% each).

e provides 11% of all workforce jobs in English regions (n=2.7m) with disproportionately
high shares in manufacturing, financial and insurance activities, public administration and
defence, education, human health and social work, and transportation.

¢ has the lowest median population age outside of London (n=39); account for 10% of all
registered English businesses and educates c¢.11% of university students in England.
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4. What is the economic case for Space in Yorkshire?

The economics of Space have changed radically in the past 10 to 15 years with the sector
evolving into a major commercial industry based on a mix of industrial and consumer
markets. The global space economy is now at a turning point with new ‘disruptive’
technologies emerging to challenge the existing order. Jobs in the UK Space
industry are estimated to be around 2.6 times more productive than the UK average.

This section sets out an economic case for Space driven by national policy and regional
industry intelligence and analysis of international inward investment and export markets.

4.1. UK Space industry ambition

By 2030 income from the UK Space industry has been forecasted to grow to c.£40bn,
supporting wider UK industrial output worth up to £600bn in UK GDP.

Government has set ambitious goals for the UK Space sector and continues to pave the way
for future growth via a series of major policy initiatives and funding commitments.

By 2030 income from the UK Space industry has been forecasted to grow to c.£40bn,
supporting wider UK industrial output worth up to £600bn in UK GDP — building on existing
UK strengths including connectivity services (£40bn forecast market delivering broadband
and 5G for all), earth information services (E20bn forecast market delivering real-time global
awareness, navigation, analytics and security for the advanced data economy), access to
space (£10bn forecast market driven by UK spaceports and launch capabilities), and in-
space robotics (a nascent but potentially transformative market)"'.

4.2.Regional growth opportunities

With support to leverage space-enabled opportunities our academic assets and
industry base could be a driving force behind the levelling up agenda.

The Government’s vision of the role that the UK Space industry should play in regional
growth is clearly conveyed in the recent Space Sector COVID Support Plan which states:

“[The space sector] is a key enabler of our wider economy, underpinning many of the
services we take for granted and increasingly pivotal to developing solutions to some of the
greatest global challenges including climate change, future mobility, and tackling COVID-19.
All parts of the space economy offer opportunities to level up across the whole of the
UK, stimulating new centres of excellence and creating highly skilled, high value
jobs.”

Space Sector COVID Support Plan (SSCSP)!



In February 2021 the Knowledge Transfer Network published data on more than 900 space
sector organisations across the UK showing that Space sector businesses in Yorkshire and
the Humber are already drivers of economic growth. Twenty-seven of the companies
identified via the KTN mapping exercise are located in Yorkshire and the Humber, and in
2019 they employed almost 1,000 people (+15% since 2017) in high value adding sectors
including media and telecommunications, electrical and electronic component
manufacturing, precision engineering, software development and information technology,
scientific and technical activities, and human health activities.

Yet the scale of the regional economic
opportunity presented by space is much
greater — economic benefits are skewed to
the south of England (Figure 2.1) and there
are many more companies in the region with
ambitions to lever space technology and
satellite data to drive economic growth,
productivity and prosperity.

Currently, around half of UK space sector
organisations are located in London and the
South East and in 2019 these two regions
accounted for more than 80% of reported UK
space sector revenue and employment.
Between 2017 and 2019 companies active in
the space sector in London and the South
East grew revenues by c.£1.5bn and high
value employment by more than 9,500.

The SSCSP highlights how local space
cluster development activity will build local
capacity, expertise and networks required to
scale up and take full advantage of space as
a growth opportunity.

Our research has identified fifty regional
academic assets and at least one hundred
more Yorkshire companies that can
contribute world-class knowledge, research,
skills, economic growth and productivity to
the UK’s space industry ambitions. With

Figure 2.1 — KTN Space Sector
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support to leverage space-enabled opportunities these academic assets and the
region’s industry base could be a driving force behind the levelling up agenda.



4.3.Inward investment & exports

Between 2003 and 2021 there have been a total of 61 Space-related inward investment
projects in the UK, totalling c.£339m and supporting more than 2,000 jobs.

Global opportunities presented by Space technology and satellite data are also rapidly rising.
To capitalise on these opportunities the UK needs to secure more Foreign Direct Investment
(FDI) and increase Space-related exports. Between 2003 and 2021 there have been a total of
61 Space-related inward investment projects in the UK, totalling c.£339m and supporting more
than 2,000 jobs. The USA (33), France (11), Sweden (4), Italy (4) and Canada (3) are the top
source countries for UK Space FDI projects.

After the US, the UK is the second largest global destination market for space projects. Until
the onset of the pandemic Space related UK FDI projects showed a general upward trend since
2013, yet each year only a handful of Space FDI projects have been completed.

Figure 2.2 — Space-related Inward Investment by Region
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Our mapping study identified a number of Figure 2.3 — Inward Investment Source Markets
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can act as a major catalyst for the Space
industry in Yorkshire and the Humber,
particularly with respect to the region’s
advanced and additive manufacturing and
precision engineering capability.

UK Space exports reached £5.5bn in 2019 — representing around one third of the Space
industry’s income. In 2019 France, India, Japan, Germany and Luxemburg were among the
largest importers of Space sector products (UN Comtrade Database, April 2021). The region’s
existing capability and expertise, particularly within satellite data applications and component
manufacture (upstream and downstream) therefore also offer sizeable export opportunities. In
February 2021 Government announced economic measures that would support a new Virtual
Space Sector Export Academy — offering training to UK SME Space businesses with a view to
increasing international trade, investment skills and knowledge.

Given the UK’s prominence in global Space industry segments such as satellite manufacture,
and Government’s heightened Space industry growth ambitions there should be significant
scope to further internationalise UK Space capability and expertise via targeted inward
investment and exports. Within this opportunity the scope for Yorkshire and the Humber
is more significant than any other UK region as it offers a ‘blank canvas’ and a wealth of
industrial and academic expertise to any future Space-related inward investment
projects.

4 4. International investment trends

The global markets to which Yorkshire and the Humber companies can contribute are
forecast to be worth an estimated $68bn within the next 5 — 6 years.

Any future Strategy and Action Plan will be driven by evidence of the industrial and academic
strengths across Yorkshire and the Humber. Discussed in detail in Section 5, the economic
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opportunities that underpin our strategy are consistent with trends in international investment
across the US and Europe over the past five years, including within geospatial intelligence,
satellite data, navigation and positioning, quantum technology and quantum communications,
and small satellites and satellite payloads.

4.4.1. Investment in geospatial intelligence, satellite data, navigation and positioning

Recent announcements by companies such as Amazon Web Services, Space-X and OneWeb
reinforce the potential to deliver economic growth via a forecasted €23bn global space data
services market". Within the past five years, investors in Europe and the US have backed a
wide range of companies involved in generating and using geospatial intelligence and satellite
data, for example:

e $100m investment in US firm Skylo to move machine data from sensors to its GEO
satellite network (via hardware similar to a rugged mobile hotspot) and back to a data
analytics interface. Skylo is now securely delivering to global enterprise and governments,
with early deployments across fishing vessels, trains, trucks, tractors and more from the
Himalayas to the Indian Ocean.

e €100m for French start-up Kinesis in 2020 to build and launch 25 10T cubesats. Funding
came from French maritime and environmental monitoring company CLS, the French Space
Agency (CNES) and the French National Institute for Ocean Science (Ifremer). Kinesis now
provides satellite enabled IoT solutions across sectors including environmental sciences,
maritime, agriculture, infrastructure and transport and logistics.

e 3$30m in US firm Satelles — innovative provider of highly secure satellite-based alternative
position navigation and timing services — in 2019 to broaden its partner network and
accelerate product development to fulfil rapidly expanding industry and government
requirements for secure PNT solutions.

4.4.2. Investment in quantum technology and quantum communications

The quantum technology market, including quantum computing, quantum sensing and imaging
and quantum communications, is expected to reach $21.6bn by 2025 led by Japan in the Asia
Pacific market where compound annual growth rates are predicted to be ¢.30%". In the past
five years, companies involved in the quantum technology and satellite communications
markets across the US, UK and Europe have secured c.$1bn in external fundraising, including
companies such as Finnish firm IQM (quantum computer hardware, $76m), and US firms
ColdQuanta (cold atom quantum technology company, $49m), and Quantum Xchange (ultra-
secure quantum-safe key distribution, $24m).
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4.4.3. Investment in small satellites & satellite payload markets

Opportunities presented by the global small satellite and satellite payload markets were
estimated to be worth ¢.$17bn in 2019 and expected to grow to ¢.$24bn by 2027". In the
past five years, companies involved in manufacture of spacecraft systems and
instrumentation across the US, UK and Europe have secured c¢.$1.3bn in external
fundraising, including companies such as:

e Astra (San Francisco): rocket launch start-up that provides satellite delivery and launch
services, including dedicated launch services of 50kg-150kg payloads to 500km SSO
reference orbit in 2020 and 2021.

e Reaction Engines (Oxford): advanced combined cycle air-breathing rocket engine
designed to enable aircraft to operate from standstill on the runway to hypersonic
speeds.

e Isar Aerospace (Munich): rocket engineering research company developing launch
vehicles dedicated to deploying and resupplying satellite constellations and ensuring
low-cost space access for small satellites.

e Astrocast (Ecublens): in partnership with the European Space Agency, Airbus, and
Thuraya, Astrocast is developing an advanced Nanosatellite network for the Internet of
things (1oT). A network of 64 CubeSat satellites in Low Earth Orbit (LEO), Astrocast is
the first nanosatellite loT network addressing market need in remote areas and for urban
LPWAN applications needing satellite backup.

Any future Strategy and Action Plan should seek to provide the knowledge, networks and skills
that enable regional companies across sectors to fully understand market opportunities,
showcase existing capability and position themselves to lead future innovation and economic
growth in geospatial intelligence and satellite data, quantum technology and future
communications infrastructure, and satellite systems and payloads.
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5. What is our unique contribution to the UK Space industry?

There are at least fifty regional academic assets and more than 140 regional
companies that can contribute world-class knowledge, research, skills, growth and
productivity to the UK’s space industry ambitions.

Our regional capability and expertise is aligned to UK Space industry growth priorities, and
we have important and unigue contributions to make to both the upstream and downstream
segments of the Space value chain — including within earth observation and geospatial
intelligence, ubiquitous connectivity and future communications, and development of Space
systems and payload instrumentation to leverage commercial NewSpace opportunities.

The region has a growing Space cluster, with evident strengths, assets, capabilities and the
organising capacity (industrial, academic and public sector leadership) required to make a
significant contribution to the growth of the UK space industry.

Through our eco-system mapping study we have evidenced that, with effective support,
Space Hub Yorkshire can deliver all of the components necessary to drive Space cluster
development, as summarised in Figure 5.1 below.

Figure 5.1 — Space Hub Yorkshire Cluster Development Potential

Cluster Development Requirement Status | Evidence
Spatial Economic = Demand Conditions e Extensive engagement in eco-
Conditions system mapping by academics,
policy-makers and businesses.
Cultural Conditions e Nationally significant further and

higher education sector.

e Vibrant spin-out and start-up
landscape.

¢ Commercial and entrepreneurial
business population.

Organising Vision & Strategy o Detailed and fully tested vision
Capacity and strategy developed using
UKSA funding.
Public Private e Regional Public Private
Networks engagement around Space
initiated.

o Deeper engagement facilitated
via Strategy & Action Plan.

Perspectiv
—CONOMICS »



Cluster-Specific
Conditions

Political Support

Scale

Presence of Cluster
Engines

Strategic Interaction

Commitment secured and
sustained engagement with
regional policy makers.

¢.100 additional companies
identified with known
involvement or interest in space.
c.50 research assets identified
as relevant for UK Space.
Cluster engines identified across
industry and academia including
within geospatial intelligence,
advanced manufacturing and
future communications.
Strategic interaction
substantively advanced via eco-
system mapping process.
Deeper engagement with
national Space leadership
facilitated via Strategy & Action
Plan.

5.1. Delivering against UK Space sector growth ambitions

We have mapped our industrial and academic capabilities to the strengths and opportunities
outlined in numerous recent UK Space sector strategies and policies, and so we know that
we can make major contributions to the UK Space industry in four key growth areas, namely:

e Geospatial intelligence and earth information via world leading companies such as
SatSense and JBA Risk Management, and expertise in earth observation, machine
vision, urban analytics, and climate science at the University of Leeds;

e Ubiquitous connectivity and communications via major UK connectivity providers
such as AQL, CityFibre and Commscope, specialist electronics designers and
manufacturers such as Saras Technology, Filtronic and Teledyne Defence and Space,
and expertise in electronics and communications at the Universities of Bradford, Leeds

and York.

¢ Data infrastructure, data security and Space surveillance via companies of strategic
significance to some of the UK’s most sensitive data infrastructure such as BJSS, Infinity
Works and Bailie Group, and expertise in computer science and cyber security across
the region’s three Russell Group universities and beyond, including at Sheffield Hallam,

Leeds Beckett University and the University of Hull.

Perspective

—CONOMICS

-
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e Low cost access to space via unique companies such as Arkeik (micro-satellite Space
launch platform design) and the region’s globally renowned advanced and additive
manufacturing and precision engineering industry and expertise in Precision Engineering
and Ultra-Precision Technologies at the University of Huddersfield and the University of
Sheffield’s Advanced Manufacturing Research Centre (AMRC).

5.2. Providing capability across the entire Space value chain

The functioning of the developed world has become dependent on Space to provide
economic, social and environmental infrastructure. Space industry activity is typically
categorised across the overall value chain into upstream (hardware development and launch
infrastructure), mid-stream (satellite launch/deployment, operation, and data downlink) and
downstream activity (data processing and applications). The Yorkshire region has
significant industrial capabilities that are highly relevant to both the upstream and
downstream space segments.

According to recently published KTN data c.70% of space sector companies in the Yorkshire
and Humber region are involved in downstream activity, specifically software development,
information technology, telecommunications / wireless telecommunications and
broadcasting. Building on the KTN data, our ecosystem mapping study confirmed that we
have a major contribution to make within the downstream Space segment. However, our
ecosystem mapping research also highlighted strong capability, expertise and appetite
among the region’s acclaimed advanced manufacturing and precision engineering industry"
to better understand and leverage future upstream commercial space opportunities.

5.3.Pursuing a clear strategy to drive regional economic growth

Our strategy therefore needs to ensure that we leverage the breadth of capability and
expertise that the Yorkshire and Humber region has to offer, across both the downstream
and upstream Space segments. We will maximise the economic potential of our industrial
and academic capabilities by focusing on three high-level economic opportunities, illustrated
in Figure 5.2 below and explained in the sub-sections that follow.

Figure 5.2 — Space Hub Yorkshire Strategic Economic Focus
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Upstream
Development of spacecraft

systems, payload
instrumentationand ground
infrastructure that supports
satellite communication,
surveillance and enables better

Capture, interpretation and value-adding use of - . .
quality space information

space data enabled by machine vision, advanced
computer techniques and core computer science
capabilities

Connectivity, quantum technologies,
optical and electronic engineering,

Downstream future telecommunications, space
domain awareness and secure
satellite communications

Source: Space Hub Yorkshire Mapping Study

5.3.1. A catalyst for value adding applications of geospatial intelligence & satellite data

Yorkshire is home to some of the most innovative companies in the UK and globally
when it comes to using machine vision and advanced computer techniques for the
commercial exploitation of geospatial intelligence and Space data.

Our ecosystem mapping study identified at least 45 companies with satellite data and
geospatial intelligence capability and expertise. Commercial applications of geospatial
intelligence and satellite data across the region are extensive and varied across sectors —
from major utility providers to academic digital twin start-ups and everything in between.

Industrial Capability: extensive and varied applications of satellite data by some of the
UK’s most innovative companies.

Yorkshire Water collects, treats and supplies 1.3bn litres of water
on behalf of 5 million customers every day. As a major utility
provider the company manages 28,000 hectares of land and
invests more than £1m per day to maintain and enhance
Yorkshire’s network of water pipes, pumps and treatment works"".
Using technology developed to look for water on Mars, Yorkshire
Water's satellite leak detection trial saved an estimated 500,000
litres of water per day in its pilot phase. In recent years the
company has invested more than £50m in leakage reduction

|
_ =
YorkshireWater
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strategies including satellite data to find and fix around 6,000 leaks
per year on its network.

E'ESSEE_ provides flood maps, catastrophe models, analytics and

consultancy services to organisations (including finance and
insurance companies) around the world. JBA was recognised as
one of the UK’s top 200 mid-market private companies with the
fastest-growing international sales as part of the Sunday Times
HSBC International Track 200. The companies new Climate
Change Analytics are the largest and most comprehensive range
of data available for understanding flood risk under a changing
climate.

.THE Global leaders in flood risk management, JBA Risk Management

SatSense provides precise up-to-date deformation monitoring

@ satsense services using data from satellite radar. Founded by leading
academics, Professors Andy Hooper and Tim Wright at the
University of Leeds, SatSense offers deformation data at a far
greater level of accuracy and granularity compared with other data
suppliers. Since 2018 the company has secured c.£1.4m in equity
investment via the Northern Powerhouse Investment Fund.

A spin out from the University of Leeds, Slingshot Simulations is
pioneering simulation as a service globally. Committed to
democratising simulation technology to a wide commercial
audience, Slingshot Simulations facilitates easier, faster and
cheaper simulation solutions driven by automated configuration,
deployment, management, and analysis of simulations. The
company has recently delivered several projects that visualise
satellite data to create large scale digital twins for urban and
infrastructure planning.

SLiINGSHOT

SIMULATIONS

Within the health sector companies such as Pharmacy 2U, EMIS, TPP, Tunstall and
Intechnology see opportunities to use earth observation, atmospheric and GNSS (Global
Navigation Satellite System) data to better understand and address public health challenges,
healthcare demand management, health risk and health outcomes capture.

Within the financial sector astronomical data analytics techniques (specifically the ability to
derive insights from very limited data which is a focus of a recently appointed Professor in
astrophysics at the University of Leeds) and artificial intelligence assisted satellite imagery
are being used to provide competitive advantages in commaodity trading, for example:
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e URSA Space — a US-based satellite intelligence company — is using artificial intelligence
to scan millions of satellite images and translate them into usable data on commodity
supplies.

o Orbital Insights Inc — provides access to the world’s most accurate global oil inventories
data, covering 6 billion barrels of storage, by tracking daily crude oil inventory volumes
stored in floating roof oil tanks.

e McKenzie Intelligence Services — agreed a renewal of its contract with Lloyd’s of London
to provide geospatial data intelligence and imagery, demonstrating commitment by one
of the world’s leading insurance and reinsurance marketplaces to using Space data and
geospatial intelligence to improve insurance services and drive innovation.

We will use this commercial expertise — showcased and connected via the SHY Space
AGENCY and NETWORK - to advance UK capability and drive economic growth around the
capture, interpretation and value adding use of space data. Our commercial expertise will
be furthered via collaborative research and knowledge transfer between industry and our
leading universities through the SHY Space CAMPUS.

The region’s higher education institutions provide deep technical academic capability in
machine vision, advanced computer techniques, urban analytics and computer science, and
we will apply sector lenses using world-leading knowledge of environmental science, climate
finance, renewable energy, health and transportation so that our capability adds value
across sectors that are significant both to the region and to the UK.

Academic Expertise: Combining deep technical capability and world-leading knowledge
to deliver future commercial applications of geospatial intelligence and space data.

The region is home to deep technical capability in machine vision and advanced computer
techniques at the Universities of Bradford and Leeds, which we will combine with world-
leading knowledge to deliver new commercial applications of geospatial intelligence and
space data for economic, societal and environmental benefit.

Bl UNIVERSITY of The University of Bradford’s Al and Visual Computing Research Unit,

B® BRADFORD  including the University’s Centre for Visual Computing, focusses on the
development of novel Al and visual computing solutions for real-world
problems. Academics at Bradford have worked with major UK
companies and international partners including Croda, QinetiQ, the
NHS and NASA. The Centre for Visual Computing is delivering
research across sectors including healthcare, security and space
weather applications. A recent £2m philanthropic donation will
establish the Bradford-Renduchintala Centre for Space Al to support
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UNIVERSITY OF LEED:

the commercial exploitation of space data for regional and national
economic growth.

The University of Bradford also leads Bradford’s Digital Health
Enterprise Zone (DHEZ) — part of a £13m investment in a regional hub
for digital health knowledge and innovation, leveraging strong
relationships with NHS Clinical Commissioning Groups and Trusts and
a growing number of partnerships with the Bradford Institute of Health
Research, including the establishment of the Wolfson Centre for
Applied Healthcare Research.

The University of Leeds is one of thirteen UK universities providing
research expertise as part of the Alan Turing Institute — the UK’s
national institute for data science and artificial intelligence. Within the
Institute the University of Leeds is a go to location for urban analytics —
developing data science and Al focussed on the process, structure,
interactions and evolution of agents, technology and infrastructure
within and between cities. Leeds is also home to a nationally leading
computer vision and artificial intelligence research group, applying
computer vision analytic techniques across multiple sectors including
medicine, security, urban data, transport, climate and the environment,
and to the Leeds Institute for Data Analytics (LIDA), which brings
together applied research groups and data scientists to open up new
opportunities for understanding health and human behaviour.

Within the University of Leeds there are also already cross-disciplinary
examples of combining advanced computer techniques to climate,
environmental science and earth observation, drawing on world-leading
knowledge and skills within:

¢ Climate science via the Priestly International Centre for Climate —
one of the University’s flagship strategic investments in response to
the global climate challenge, the Priestley Centre has more than
170 experts leading climate related research projects across all 7
university faculties;

¢ Environmental science via the Yorkshire Integrated Catchment
Solutions Programme (iCASP) and the Met Office Academic
Partnership — iCASP is an ambitious and exciting programme that
seeks to deliver environmental and economic benefits to Yorkshire
and the Humber by applying environmental science to catchment
challenges. The University of Leeds is one of just six UK
universities involved in the Met Office Academic Partnership which
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draws together world-class expertise to tackle key challenges in
weather and climate science and prediction;

e Earth Observation — funded by the Natural Environment Research
Council (NERC) the Satellite Data in Environmental Science Centre
for Doctoral Training (SENSE) will train 50 PhD students to tackle
cross-disciplinary environmental problems, by applying state-of-the-
art data science methods to complex, multi-format satellite data —
supervised by a consortium of world-leading UK scientists, with
topics co-developed with the UK’s most innovative spatial data
companies; and

e Climate Finance — in February 2021 the Department for Business
Energy and Industrial Strategy announced a £10m investment via
UK Research and Innovation (UKRI) for new world-class green
finance research hubs based in Leeds and London. The new UK
Centre for Greening Finance and Investment will provide world-
class data and analytics to financial institutions and services such
as banks, lenders, investors and insurers around the world to better
support environmental and climate conscious decision-making.

The Energy and Environment Institute at the University of Hull brings
together leading interdisciplinary academics to tackle global issues
surrounding the environmental and societal impacts of climate change.
Within the Institute, the Centre for Sustainable Energy Technologies
leads nationally significant research into energy efficiency, renewable
energy, sustainable heating, energy management and green buildings.

In March 2021 academic experts that the university began a research
project which hopes to develop cutting edge technologies to capture
the enormous renewable energy power of the oceans. Funded by the
Engineering and Physical Sciences Research Council (EPSRC) the
Novel High-Performance Wave Energy Converters (NHP-WEC) project
will develop critical control and monitoring systems that make wave
energy machines more controllable and reliable.

The University of Hull is also renowned for expertise in logistics and
supply chain management. Established in 2008, the Logistics Institute
conducts research into end-to-end global supply chain optimisation,
decarbonisation of freight movement and digital supply chains. The
Institute created and maintains the Logistics Institute Data Observatory
(LIDO) and is developing a user-centred multimodal transport
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application and services to improve movement of freight across land
and sea.

By providing access to market intelligence, knowledge transfer, technology briefings and
networking opportunities, the Space Hub Yorkshire Space NETWORK will better position the
region’s innovative geospatial intelligence and satellite data analytics companies to leverage
growth in the forecasted €23bn global space data services market""

5.3.2. A test-bed for ubiquitous connectivity & future communications solutions

With new generations of satellites built from 5G architecture, satellite technology will
integrate with terrestrial mobile networks to manage connectivity to cars, vessels, airplanes
and other 10T devices in remote and rural areas. Our ecosystem mapping study identified at
least 20 companies involved in providing connectivity and communications infrastructure
products and services.

The region’s connectivity providers and communication electronics manufacturers
can play a critical role in the design and delivery of the ground infrastructure required
to deliver integrated satellite and terrestrial communications — offering solutions to
existing ubiquitous connectivity challenges and addressing future challenges associated with
integrating 5G and satellite communications, and future 6G infrastructure.

Yorkshire and the Humber is already established as a region at the forefront of connectivity
and future communications infrastructure. Leeds City Region has the highest concentration
of internet service and telecommunications providers in the UK and has pioneered a vision
for low-cost, high speed and ubiquitous connectivity. York was the UK’s first gigabit city, it
has the fastest download times in the UK, and IXL Leeds was the UK’s first mutual internet
exchange. The City Region’s mixed urban and rural geography makes it an ideal location to
test and develop future ubiquitous connectivity solutions.

Industrial Capability: bringing together forward thinking connectivity providers and
communications engineers to deliver future integrated communications infrastructure.

AQL is one of the UK’s most innovative telecoms operators and a
m ‘hidden enabler’ of smart cities. From its headquarters in Salem

Chapel in the centre of Leeds, AQL operates a heavily interconnected
national communications network spanning multiple UK sites and
data centres. AQL is one of the largest inbound DDI providers in the
UK and has invested significantly in secure infrastructure to provide
reliable delivery of voice solutions. AQL also owns Spaceman — a
satellite teleport on the East Coast of the Isle of Man and is an
Inmarsat partner.
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O fQ!VO Arqi\./a. is a muIti-gward w'inning indepen.dent teleport operator '
providing a satellite and fibre network with global coverage, offering
real-time business critical communications for voice, video and data,
and managed satellite communications for enterprise, including in
remote and hostile locations.

#».  Radio Design brings a collective 500 years of leading-edge RF
" design, development and volume-manufacturing experience for
OEMs, operators and infrastructure companies. The company is a
multi-award winning technology leader in infrastructure-sharing RF
solutions, with an international footprint in Finland and India, enabling
many of the world’s largest network operators to achieve maximum
data throughput and capacity for their cell sites.

COMMSCOPE®  'n 2019, CommScope acquired ARRIS (formerly Pace PLC based in

naw meets next Saltaire) creating a communications company equipped to design and
deliver networks of the future, from material design to architecture
and bandwidth. The company is pushing the boundaries of
communications technology to create the world’s most advanced
networks, offering expertise in copper, fibre, wired and wireless
infrastructure.

Filtronic develops RF solutions for mission-critical environments and

@ Filtronic provides design, manufacture and test of high-performance RF
devices & sub-systems. Filtronic is supplying products and
technologies to leading businesses in mobile telecommunications
infrastructure and critical communications markets that will see major
deployments in the coming years. Their ‘Critical Communications’
division includes public safety, defence and aerospace customers and
includes emerging applications such as 5G XHaul and high-altitude
pseudo satellites.

With ever increasing threats to cyber security, ensuring that future communications networks
and infrastructure are secure will be critical within both the civilian and defence Space
segments. A March 2021 report by the UK’s Quantum Communications Hub and the
National Cyber Security Centre (NCSC) recognised a need to consider the role for quantum
technologies within 6G, 7G and conventional satellite communications.

Industrial Capability: While quantum technologies for secure communication remains a
niche area, quantum technology expertise in Yorkshire, together with existing connectivity
and telecommunications capability positions the region as a location for end-to-end testing
and demonstration of quantum technologies for secure satellite communications.
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AegiQ is securing global communications with quantum light via the

Aeg | design and manufacture of high-performance quantum photonics
hardware for communications, imaging and computing applications.
The University of Sheffield spin-out secured £1.4m in late 2020 to
develop secure quantum communications for fibre optic and satellite
based applications. AegiQ will join a global pilot project to provide
scalable, high-performing semiconductor technology for next
generation telecoms.

ADVA Optical Networking is a world leader in the design and
manufacture of telecommunications equipment. In 2018 the company
achieved a world first by transporting 100Gb of quantum-safe data

s ADWA'  overa distance of 2,800km demonstrating that ultra-secure encryption
is possible over existing operational infrastructure. ADVA is now part
of the OpenQKD (Open Quantum Key Distribution) project to help
accelerate the adoption of QKD technology globally.

With support from the Space Hub Yorkshire Space AGENCY and Space CAMPUS to build
knowledge, test and demonstrate quantum technology applications, these companies can
heighten the UK’s world leading position in quantum technology and can add significant
value to the UK space industry via expertise in quantum-enabled secure satellite
communications.

To help leverage the economic opportunities presented by ubiquitous connectivity and future
communications infrastructure, the region’s academic base will provide skills and research
expertise in electronic engineering, communications and quantum technology.

Academic Expertise: Offering leading-edge connectivity and communications capability
to deliver ubiquitous connectivity and future communications solutions.

The region is home to a wealth of academic expertise in electronic engineering and
communications research via the Universities of Bradford, Leeds and York.

A UNIVERSITY of The University of Bradford has considerable expertise in Satellite

0¥ BRADFORD  communications via its Communications and Networks Research Unit
which comprises four research groups with a focus across multiple
research themes including: antenna, electromagnetics and radio
frequency engineering; mobile, wireless and satellite communications
networks and applications; and networking and performance
engineering. The Future Ubiquitous Networks research group has
particular expertise in aeronautical communications and mobile,
wireless and satellite communications networking, with collaborations
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involving the Fraunhofer Institute for Telecommunications, Inmarsat,
Thales Alenia Space and numerous universities across Europe and
beyond. The RF and Computational Electromagnetics research group
offers measurement and modelling facilities and services, including
microwave anechoic chambers, near and far field antenna range
testing and a wide range of RF and microwave equipment.

The Institute for Communication and Power Networks at the University
of Leeds has a longstanding international reputation for
communications, signal processing, control systems and
instrumentation research and training. Within the past decade the
Institute has seen significant expansion into optical communications
and networking and is currently delivering a £6m EPSRC programme
grant for energy efficient communication systems and networks. The
University leads the Wired Core & Access Networks (WCAN) working
group on behalf of the GreenTouch consortium — an international
consortium of 55 leading information and communication technology
research experts. Via its wireless communications group, the Institute
is also conducting research on a range of key technologies for future
wireless communication systems including massive MIMO, mmWave
communications, Heterogeneous networks, device to device (D2D)
communications, and spatial modulation. Industrial collaboration
includes BT, Ericsson, Telecom New Zealand, Cisco, Solarflare and
Broadcom.

The University of Leeds also has extensive quantum technology
expertise through the Theoretical Physics Group. The group’s eight
leading academics cover topics that range from quantum information
processing, quantum optics and quantum field theory, to condensed
and soft matter physics and computational biophysics. Members of
the theoretical physics group in Leeds also contribute to the efforts of
the Oxford Quantum Technology Hub NQIT on Networked Quantum
Information Technology and the York Quantum Technology Hub for
Quantum Communications Technologies.

The University of York is home to several highly specialist research
groups with deep expertise in Communication Technologies, Quantum
Communication, Cognitive Radio and Green Communications.

The Communication Technologies Research Group within the
University’s Department of Electronic Engineering addresses the
complementary areas of communication systems, wireless
transmission, acoustic and audio signal processing and applied
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electromagnetics and devices. The Group’s work is underpinned by
world-class facilities including comprehensively equipped radio
communications and electromagnetics labs, a standards-compliant
listening space and three professional recording studios.

The university hosts the UK Quantum Communications Hub and is
closely involved with the Department for Business Energy and
Industrial Strategy and the NCSC in delivering future-proof, practical
secure communications using quantum secure technologies.

The York-Zhejiang (YZ) Lab for Cognitive Radio and Green
Communications is a joint venture between the University of York and
China’s Zhejiang University. Capitalising on the research and
development work at the two universities, the YZ lab’s cognitive radio
work deals with delivery of innovative ways to share radio spectrum,
particularly through the application of distributed artificial intelligence,
enabling radios to learn about their environment. The Lab’s work on
Green Communications seeks to reduce the amount of energy
consumed by wireless devices in both production and day-to-day
operation. Most recently academics at the Lab have begun to bring
the two fields of research together, investigating whether the concept

of Green Cognitive radio can exploit Al to reduce energy consumption.

5.3.3. A vanguard for Space data infrastructure, data security & surveillance

Ever increasing applications of satellite communications and satellite data requires end-to-
end IT infrastructure, including data warehousing, processing, IT asset management and
security. Yorkshire is home to some of the UK’s foremost information technology, IT

asset management, data analytics and software development firms — a small sample of

which are illustrated below.

Industrial Capability: Providing data infrastructure and security to the UK’s satellite
data and Space operations networks.

Headquartered in the US with significant UK presence in

Harrogate, Arrow Electronics is a Fortune 500 company
specialising in distribution and value added services relating
to electronic and computer products. The firm provides
complete IT solutions from cloud and data intelligence to
security and loT.
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Leeds-based BJSS is a leading technology and engineering
consultancy delivering complex, innovative technology and
software engineering solutions including building secure IT
platforms for Reuters and the NHS. A Microsoft Azure
Computer Vision Partner of Recommendation, BJSS has
growing capability in image analysis, static and video
imagery.

Also based in Leeds, Infinity Works is one of the UK’s
leading digital transformation and software engineering
consultancies offering technical IT and software engineering
expertise including full stack engineering, cloud architecture
and data science, across sectors and in some of the largest
technology led projects in government.

IT and software engineering firm with extensive experience in

public sector IT and digital infrastructure asset mapping,
asset protection and data security, including information
security and resilience for MoD, secure collaboration zones,
monitoring and analysis of satellite feeds and information
security user experience.

The region’s data infrastructure and analytics capability and expertise is also relevant for the
UK’s space domain awareness capability — primarily a data issue — particularly when
combined with unique Space surveillance assets and expertise such as™:

¢ RAF Fylingdales in North Yorkshire provides a continuous ballistic missile early warning
service to the UK and US governments. It is a key part of the Allied Space Surveillance
Network — monitoring objects in space that can easily resemble incoming missiles when
re-entering the atmosphere. Fylingdales also supports the United States’ evolving
missile defence system. The Unit employs ¢.350 people, including those in scientific and
technical surveillance roles, and offers a source of significant local expertise in space

surveillance.

¢ RAF Menwith Hill located near Harrogate provides communication and intelligence

support services to the United Kingdom and the United States. The site, owned by the

MoD but made available to the US National Security Agency, contains an extensive
satellite ground station and is a communications intercept and missile warning site. It is
an important US overseas base and employs hundreds of highly-skilled staff from the
Government Communications Headquarters (GCHQ) in support of satellite
communication, surveillance and intelligence capabilities.
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Via the SHY Space AGENCY we will bring this unique expertise to bear — providing a user-
focused bridge between national defence and commercial space surveillance and tracking
opportunities.

The region’s further and higher education institutions will provide the knowledge, skills and
expertise necessary to deliver future IT infrastructure and cyber security products and
services to the UK’s Space operations and satellite data infrastructure.

Academic Expertise: Providing the knowledge and talent necessary to protect the UK’s
Space operations and satellite data infrastructure.

Recent studies by DCMS suggest that there are around 2,400 talented people working
within the cyber security sector in the region, and an estimated 6,500 people working in
wider cyber related roles. The region is home to a wealth of academic expertise in
electronic engineering and communications research via the Universities of Bradford,
Leeds and York. In 2019/20 the region’s Universities enrolled approximately 4,500
students in computer science subjects, and many also have highly relevant research
capability.

The Centre for Cyber Security at the University of Huddersfield
conducts research driven by end-user needs, with a common theme of
artificial intelligence and machine learning to provide technologies that
can deliver security and efficiency improvements to end-users via, for
example, development of novel methods to autonomously detect
security vulnerabilities using unsupervised machine learning, new
mechanisms for anomaly detection based on statistical analysis
techniques, mechanisms to extract, store and analyse key security
action knowledge, or research regarding digital forensic investigations
in complex computing environments.

LEEDS The Cybercrime and Security Innovation Centre at Leeds Beckett
BECKETT . University provides a collaborative hub for research and development
' related to cybercrime, digital security, forensics and safety. The centre
has a close working relationships with West Yorkshire’s Digital
Forensics Unit and Cyber Crime Team, including in respect of large
scale collaborations designed to develop an evidence-based approach
to digital forensic investigations.

The Centre also has a focus on providing innovative, state-of-the-art
teaching facilities and methods, including its ‘Hacktivity’ cyber security
labs, which offer technical solutions for running hacking challenges
and delivering realistic security assessment exercises.
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The Centre of Excellence in Terrorism, Resilience, Intelligence and
Organised Crime Research (CENTRIC) at Sheffield Hallam University
is a multi-disciplinary end-user focussed centre of excellence offering
expertise across a range of disciplines including situational awareness
and open source intelligence, cybercrime and cyberterrorism.
CENTRIC is vastly extending its capabilities in gathering and
processing open source data for both situational awareness and open
source intelligence through the teams’ research and technology
delivered within and around two EU FP7 projects - delivering data
federation, aggregation and analysis capabilities through extensive
models of crime and crises all the way to bespoke visualisation
techniques. Through two further EU funded programmes, CENTRIC is
engaging with stakeholders, including law enforcement, government
officials, cyber-security experts and others, to define the future cyber
security challenges and issues that should be addressed as a priority
by future EU research initiatives.

In 2018 degree apprentices at Sheffield Hallam, in partnership with
cyber security experts Satisnet, opened a new Security Operations
Centre focussed on helping businesses to defend themselves against
cybercrime. As part of the Centre, CyberKombat — a multi-user, multi-
machine, multi-lab, cloud-based training environment — provides
training regarding real world security techniques. The platform runs
tools from leading security companies such as IBM as well as new,
innovative detection and protection technologies and the added value
of real world labs generating real-life attack and defence scenarios.

The York Interdisciplinary Centre for Cyber Security brings together
expertise across the University of York and internationally to address
current and potential cyber security challenges. The Centre has a
particular focus on the Internet of Things, blockchain, cryptographic
protocols, quantum and post-quantum cryptography, homomorphic
machine learning, cyber security mathematics and data analysis for
encrypted medical data. Current research projects span responsible
data science by design, quantum key distribution, assured and
autonomous systems and the safety of deep learning Al techniques
(among various others). The Centre delivers two NCSC certified
programmes within the Department of Computer Science, including an
MSc in Cyber Security and an MEng in Computer Science with Cyber
Security.
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5.3.4. A facilitator of industry-academia collaboration on Space systems & payload
instrumentation

Since 2010 the Space industry globally has shifted towards “NewSpace” technology, which
focuses on smaller, cheaper hardware and increased accessibility to data for commercial
markets. High quality additive manufacturing and precision engineering capability will be
central to effectively leveraging these NewSpace opportunities.

Within the upstream Space segment Yorkshire and the Humber is home to industrial
capability and expertise across the NewSpace supply chain including but not limited to;
speciality materials, materials testing firms, advanced and additive manufacturing and
precision engineering companies, and in-space electronic component manufacturers.

Industrial Capability: Supplying the materials, components and commercial
manufacturing and precision engineering capability required to leverage future NewSpace

opportunities.

Speciality
Materials

AT

ATI Speciality
Materials
(Sheffield) is a
global specialist
in technically
advanced
speciality
materials. The
company’s nickel
and cobalt-based
superalloys,
titanium-based
alloys, and
specialty steels
have been
meeting extreme
specifications for
space customers
since the dawn of
space travel.

Material Testing

@ element

Element’s space
simulation testing
laboratories
(Sheffield)
provide materials
testing services
for the missile,
satellite, and
space industries.
From electronic
components to
complete
assembilies,
Element provides
test programs for
the United States
Department of
Defence and
NASA.

Additive
Manufacturing

VO WAYLAND ADDITIVE

Wayland Additive
(Huddersfield)
develops 3D
printing machines
for use in the
aerospace and
medical
industries.
Pursuing
commercial metal
additive
manufacturing
opportunities with
ESA including 3D
printed flexures
for mounting
micro RF electric
thrusters and
jointless CubeSat
chassis.

Precision
Engineering

) RELIANCE

Reliance
Precision
(Huddersfield)
has been active
in the space
sector since
2011. Part of the
supply chain for
the successful
2014 Rosetta
science mission,
the company now
provides a range
of gearing
products
designed
specifically for
space.

Electronics

"“ TELEDYNE AEROSPACE &

S A
Teledyne
Defence & Space
(TDS, Shipley) is
a global provider
of advanced RF
and microwave
solutions to the
defence, space
and commercial
sectors
worldwide. In
June 2016 TDS
was awarded a
multi-year
OneWeb contract
to develop and
manufacture
channelised
converters for the
satellite
constellation.
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Our ecosystem mapping study identified many more examples of unigue industrial capability
and expertise in speciality materials, materials testing and component manufacture, within
companies such as:

e AMG Alpoco: Rotherham based AMG Alpoco is a world leader and major producer of air
and gas atomized aluminium powders, aluminium alloy powders and aluminium
granules. The company holds a unique position within the aerospace and defence
industry as a market leader supporting major aerospace and defence programmes
globally with gas atomised aluminium powders used in rocket fuel;

e Schunk Carbon Technology: based between Bradford and Leeds Schunk is a regular
participant in international space projects and supplied the coatings used on c.15 of the
telescopes used on ESA’s Gaia Space probe — charting a three dimensional map of the
Galaxy. Schunk also owns Weiss Technik — a market leader and one of the most
innovative manufacturers of environmental simulation systems, including vacuum
chambers used to test components for satellites;

¢ Teconnex: Keighley based Teconnex is a world leader in jointing technologies and has a
long-standing history of Space industry involvement, responsible for design and
manufacture of thruster clamps used on Surrey Satellite Group’s NigeriaSat. Teconnex
also currently has clamps on the test rig in Berlin for the supersonic combustion
program.

¢ Arnold Magnetic Technologies: Headquartered in Sheffield, Arnold Magnetic
Technologies is a leading global manufacturer of high performance magnets, magnetic
assemblies and precision thin materials, supplying military, aerospace and
telecommunications clients with a comprehensive range of high-performance complex
magnetic solutions.

o Schaeffler: Sheffield based Schaeffler desighs and manufactures high-precision special
bearing systems and precision components such as super precision spindle bearings for
aircraft engines, helicopters and space applications.

In total our mapping study identified c.40 businesses in the region with known
involvement or interest in the upstream space segment. With support from the SHY
Space NETWORK and AGENCY to understand supply chain opportunities, technology
requirements, and to engage with the wider UK Space industry these companies can
leverage opportunities presented by the global small satellite and satellite payload markets —
estimated to be worth ¢.$17bn in 2019 and expected to grow to ¢.$24bn by 2027*,

The region’s deep manufacturing heritage has given rise to some of the UK’s most
advanced materials, manufacturing and precision engineering research facilities. Materials
innovation has become a regional focus for Yorkshire, driven by the White Rose University
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Consortium and the N8 Group of world-class universities — including York, Sheffield and
Leeds.

Facilities such as the Advanced Manufacturing Research Centre at the University of
Sheffield and the Centre for Precision Technologies at the University of Huddersfield have
become go-to location for complex solutions to industrial manufacturing and engineering
challenges across sectors including rail, aerospace and automotive.

Academic Expertise: Providing the knowledge, expertise and facilities required to
effectively bring together world-leading manufacturing research and industrial know-how
to improve Space systems and payload instrumentation.

= AMRC The University of Sheffield’s Advanced Manufacturing Research
Centre employs approximately 500 highly qualified researchers and
engineers to deliver Advanced Manufacturing and Autonomous
Systems research for more than 125 industrial partners. Last year
composite engineers at the university were praised by Airbus Defence
and Space for their work on critical satellite components which ‘helped
keep the industry moving’ during lockdown.

£ Sheffield

As part of the High Value Manufacturing Catapult, the AMRC has a
global reputation for helping companies overcome manufacturing
problems and has become a model for collaborative research involving
universities, academics and industry. The Centre’s manufacturing
expertise spans machining, hi-tech assembly and automation,
robotics, casting, welding, additive manufacturing, composites
manufacturing and structural testing across multiple high value
manufacturing sectors including aerospace and Space.

The Centre hosts a dozen nationally significant collaborative research
facilities spanning advanced structural testing, castings, composites,
design and prototyping, factories of the future, and metal technologies.

Bl UNIVERSITY of The University of Bradford’s Polymer Interdisciplinary Research Centre

B% BRADFORD  (IRC) is a focal point for UK polymer science & engineering.
Supported by EPSRC over its first 11 years, the IRC focuses on
advanced materials including soft matter, nanocomposites,
biomaterials, with strong UK and International links, and has unique
capabilities in the fields of micro and nano featured mouldings which
enable the manufacture of new materials and compounds at scales to
suit industry. The IRC has an extensive range of polymer processing
hardware specifically designed for micro and nano-moulding activities.
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The combination of equipment gives the University the flexibility it
needs to make a variety of sizes from a range of materials, including
engineering thermoplastics, nano-composites, and metal and ceramic
powders.

In conjunction with its new Bradford-Renduchintala Centre for Space
Al the University will launch an MSc in Space Systems Engineering in
September 2022. A dedicated lab space will be launched to provide
students with hands-on experience in space technologies including
UAV and Cubesat technologies.

The University of Huddersfield has extensive expertise in Materials
Science, Precision Engineering and Ultra-Precision Technologies
spanning seven schools and more than twelve institutes or groups.

Material research and engineering activity at the University of
Huddersfield is spread over seven schools and more than 12 research
institutes and groups. The University has invested more than £56m in
the development of materials related research and will continue with at
least this level of investment over the next five years. More than 150
university members are involved in materials research activity
spanning new material synthesis, material modification, process
modelling and understanding fundamental processes, materials
characterisation and development of material applications across
sectors.

In September 2018 the Centre for Electron Microscopy and Materials
Analysis (EMMA) and the International Institute for Accelerator
Applications (IIAA) combined their expertise to form Huddersfield's lon
Beam Centre. Part of the UK National lon Beam Centre, the new
Huddersfield Centre brings together the fields of innovative particle
accelerator development and the use of particle accelerators for
probing the properties of materials using world-leading MIAMI and
MEIS facilities at the University of Huddersfield.

The Centre for Precision Technologies (CPT) at the University is a
centre of excellence for collaborative metrology research, solving real-
world manufacturing problems through cutting edge metrology
research in precision engineering. The Engineering and Physical
Sciences Research Council (EPSRC) has designated the CPT as a
National Centre of Excellence in Advanced Metrology, and a £10m
grant in 2017 supported creation of Future Manufacturing Research
Hub — designed to transform the UK’s manufacturing performance by
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delivering significant improvements in the speed, accuracy and cost of
measurement.

In late 2019 CPT researchers formed a new lab at Sci-Tech Daresbury
which will focus on the ultra-precision surfaces — particularly optics,
including lenses and mirrors — needed for the Science and Technology
Facilities Council to deliver its science programme in ground and
space-based astronomy, high power lasers and synchrotrons.

The University of York’s Centre for High Altitude Platform Applications
develops novel uses for high altitude platform infrastructures and is led
by a multi-disciplinary team from across the Electronic Engineering,
Chemistry and Environment and Geography departments. Specialisms
within the centre include wireless communication, atmospheric science
research, environmental monitoring and control of smart cities.

The York Plasma Institute brings together plasma scientists across a
broad range of areas, with applications to magnetic and inertial
confinement fusion, industry and medicine. The Institute is currently
researching plasma propulsion in collaboration with the Space Plasma,
Power and Propulsion Laboratory (SP3), Australian National University
and the Computational Plasma Science and Engineering Group
(CPSEG), University of Michigan, and also offer opportunities to work
with industry.

The York Robotics Lab is a purpose-built research facility equipped
with multiple tracking systems and controllable lighting systems,
allowing for the repeatability and accurate analysis of experiment
results. Work is ongoing at the centre in varied areas, which include
and are not limited to the development of rover technology,
knowledge-based self-configuration modular space robots, and self-
repairing robots. Researchers within the lab were also involved in the
MOSAR project, which aims to create a new paradigm technology to
support sustainable and cost-effective access to space.

5.4. Servicing the UK Space industry’s future skills needs

Yorkshire’s 12 universities and 34 regional colleges will be critical in servicing the
UK’s future space industry skills requirements and addressing gaps in existing
provision. The region is home to three of the eight Russell Group universities in the North
of England and has one of the longest standing histories of structured collaboration via
Yorkshire Universities — a unigue partnership based on a shared commitment to strengthen
the contribution that universities and HEIs make to the region. This structured collaboration
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has been pivotal in garnering input into our space ecosystem mapping study and will
continue to be a lynchpin for effective regional university engagement.

The UK Space industry expects that an additional 30,000 highly skilled people will need to
be trained to support UK Space industry growth ambitions by 2030. Significantly more
skilled people will be needed to support growth in parallel ‘space-enabled’ markets such as
satellite data and geospatial intelligence and ubiquitous connectivity. Further, the 2020
UKSA Space Sector Skills Survey* highlights demand for large numbers of technical skills,
and current shortfalls in the supply of skills in both technical and non-technical areas. It
points to a lag between content of university courses and industry advances, lack of
resource within small space businesses to supply internal training, and a shortage of
conversion courses that support transfer into the space industry.

In the past 12 months, businesses involved in space-related industry sectors posted ¢.1,200
jobs, approximately one-third of those roles require either system engineers, software
engineers, data engineers, data analysts and data scientists¥. These skills needs are
mirrored in other industries, including within the higher education, IT, public administration,
consultancy, finance, and environmental services sectors.

Figure 5.2 — Industry Skills Requirements

Job Title
Systems Engineer

Software Engineer
Senior Software Engineer
Manufacturing Engineer
Business Analyst
Project Manager
Engineering Manager
Senior Commercial Officer
Data Engineer
Product Safety Engineer
Principal Engineer
Mechanical Engineer
Data Scientist
C++ Software Engineer
Senior Systems Engineer
Project Accountant
Principal Systems Engineer
Financial Accountant
Principal Engineer - Support Engineering
Human Factors Engineer

Q 5 10 15 20 25 30 35 40

Job Postings

Source: Burning Glass (1,127 jobs posts | last 12 months | top 20 only)

In 2019/20 Yorkshire and Humber HEIs enrolled just under 200,000 students? - equivalent to
just under 10% of the UK student population. In 2019/20 the region’s universities
enrolled significant numbers of students who will contribute to the future of
responsible space-enabled growth and prosperity via (for example) climate, geography
and environmental science, electronic and electrical engineering, communications and
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systems engineering, and computer science and information technology. For example, in
2019/20 the region’s universities enrolled:

e More than 3,000 students in environmental science related subjects, including
approximately 400 in geology, more than 600 in environmental science, and more than
1,000 students in physical geographical sciences;

e Almost 9,000 students in engineering related subjects including more than 2,000
students in electronic and electrical engineering, almost 1,000 in aerospace engineering,
more than 700 in general and integrated engineering, almost 500 in mechatronics and
more than 300 in communications and systems engineering;

e More than 8,000 students in computer science and information technology related
subjects including ¢.4,500 in computer science, almost 800 students in software
engineering and software design, almost 800 students in computer programming,
artificial intelligence, machine learning and multimedia computing science.

5.5. Providing a competitive innovation-driven business environment

The region’s research and innovation eco-system includes significant business incubation,
start-up and scale-up support. The region has considerable experience and expertise in
supporting spin-outs via innovation incubators and accelerators and wider support
infrastructure such as Nexus, the 3M Buckley Innovation Centre (3M BIC), York Science
Park, Sheffield Innovation Programme, and Bradford DHEZ.

Yorkshire is home to 14% of England’s academic spin-outs — next only to the South
East and the South West — representing almost 40% of academic spin-outs across
NP11. Three Yorkshire Universities are in the top 10 generators of income from
intellectual property in England, and Yorkshire is one of the most successful regions
at creating spin-offs (companies set up to exploit IP that are part-owned by HE
providers) — home to 16% of spin-offs in England — a higher proportion than both the
South East and the South West.

Economic development and policy makers across the region are committed to realising the
potential of Space for the region, offering a wide range of sector-agnostic supports for
businesses in the region via Local Enterprise Partnerships, Combined and Local Authorities,
including via initiatives such as Yorkshire Business, York and North Yorkshire Growth Hub,
and regional Chambers of Commerce.

5.6. Delivering wider environmental & societal benefits

The region’s industry base and universities are also well placed to make effective use of
satellite data and space technologies to deliver wider climate, environmental and societal
benefits. There are already several examples of the application of geospatial intelligence
and satellite data for societal and environmental benefit in the region such as:
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https://www.the-lep.com/business-support/
https://www.westyorks-ca.gov.uk/growing-the-economy/growth-service/
https://www.harrogate.gov.uk/business-support
https://www.yorkshireinbusiness.org.uk/
https://www.ynygrowthhub.com/
https://www.wnychamber.co.uk/support/

The use of earth observation (EO) and atmospheric data for maximising the
environmental benefit of the White Rose Forest, or helping to design and maonitor
climate change regulations and impacts;

More effectively mitigating flood risk at Kingston-Upon-Hull or making water supply more
resilient;

Better understanding movement of people for accessing healthcare services; and / or

Building a more comprehensive picture of the environmental impact of traffic flows
within urban areas.

37


https://www.kirklees.gov.uk/beta/white-rose-forest/index.aspx
https://www.leedsclimate.org.uk/about-leeds-climate-commission
https://www.leedsclimate.org.uk/about-leeds-climate-commission
https://livingwithwater.co.uk/
https://www.yorkshirewater.com/news-media/2020/yorkshire-water-starts-new-leakage-detection-trial/
https://www.yorkshirewater.com/news-media/2020/yorkshire-water-starts-new-leakage-detection-trial/
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6. Towards a regional strategy for Space

This Section summarises findings from our detailed eco-system mapping study before
outlining our proposed approach to supporting the UK Space using industrial capability and
academic expertise across Yorkshire and the Humber. It puts forward a series of actions
with indicative timeframes and estimated resource requirements that will drive forward our
ambitions for the Space industry in the region, the UK and globally.

Our research has evidenced boundless enthusiasm among industry, academia and policy
stakeholders to realise these opportunities, yet our research also repeatedly highlighted a
series of barriers to growth including (among others):

o A disconnect between the region’s industry base and the national decision-making
centre for UK space policy.

e Lack of national awareness regarding the contribution that Yorkshire companies can
make to the UK Space industry.

e Lack of detailed understanding among Yorkshire businesses regarding UK Space supply
chain needs and opportunities.

e The need for an obvious and permanent ‘front door’ into the region’s universities and
commercial space community.

¢ Regional underrepresentation in the value of research and innovation funding secured in
Yorkshire and the Humber within Space and other sectors.

Ultimately our study highlighted a pressing need for a central coordinating function for the
Yorkshire and Humber region that can help to overcome these barriers — facilitating a
thriving regional ecosystem capable of realising the economic opportunities of Space. The
remainder of this Section introduces Space Hub Yorkshire — outlining its vision and
establishing a tangible set of short and longer-term ambitions and actions.

6.1.Our vision

Our vision is for Yorkshire and the Humber to become a user-led champion for space
technology and applications - leveraging existing regional industrial and academic
capabilities in earth observation, advanced computer techniques, additive manufacturing
and precision engineering, quantum technology and telecommunications to develop
innovative user-led Space systems and satellite applications. This innovation will be fuelled
by a new generation of skilled engineers, computer scientists and software developers,
trained by some of the UK’s very best further and higher education institutions.
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6.2. Our strategic economic focus

Bringing together the region’s industrial and academic capabilities sets a strategic focus for
Space Hub Yorkshire around three core economic opportunities, namely: i) the capture,
interpretation and value-adding use of space data, enabled by machine vision, advanced
computer techniques and core computer science capabilities; ii) connectivity, future
communications infrastructure and secure communications, enabled by quantum
technologies, electronics, IT and data security and Space surveillance expertise; and iii)
development of spacecraft systems, payload instrumentation and future communications
infrastructure enabled by advanced and additive manufacturing, electronic, optical and
precision engineering.

There are recognised overlaps across the themes — for example, regional capability in
advanced manufacturing, electronics and communications are relevant to both spacecraft
systems, payloads and the ground infrastructure required to support future Space
communications and satellite operations. Within the Downstream segment where ubiquitous
connectivity, data and secure communications meet, Space Hub Yorkshire will also ensure a
strong focus on end-users and operational effectiveness.

6.3. Our strategic functions, purpose & priority actions

Here we set out the three core functions via which Space Hub Yorkshire activity will be
delivered. The three functions have been established based on evidence returned via the
ecosystem mapping study and directly address the barriers to growth set out in the
introduction to this Section.

6.3.1. Strategic Functions

To effectively leverage space-enabled opportunities in the region we will invest to take action
via three core functions:

¢ Viathe SHY SPACE CAMPUS: Maximise the significant contribution that the region’s
schools, colleges and universities have to make to the UK Space industry — contributing
world-class knowledge through research, world-class skills through teaching and
professional development, and inspiration through educational outreach.

¢ Viathe SHY SPACE AGENCY: Provide an effective and properly resourced coordinating
body that effectively engages with, influences, promotes and disseminates opportunities
from organisations such as UKSA, the Catapult Network, ESA, MoD, and the wider UK
Government and other UK and non-UK government bodies, including inward investment
and export activity.
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Through the SHY SPACE NETWORK: Provide a platform for information exchange and
networking, enabling the region’s industry base to make connections, learn from best
practice and build supply chains.

6.3.2. Strategic Purpose

Based on our consultation with industry we have further defined the SHY role via a set of
strategic purpose statements under each core pillar.

Via the SHY SPACE AGENCY we will be:

A strong and effective advocate for space related research and industry opportunities
enabled by effective and tangible relationships with UK space leadership.

A champion for space start-ups and scale ups and an effective ally to established
SMEs and corporates seeking to add value to the UK space industry.

A global leader on the use of earth observation and geospatial data for positive climate
action, and at the forefront of the global space climate debate.

A pro-active enabler of inward investment and exports.

Through the SHY SPACE CAMPUS we will be:

An effective coordinator of regional space activity across industry, research, teaching
and policy, securing commitment from the region’s key stakeholders to tangible and
practical mechanisms for ensuring a continued focus on space-enabled activity.

A go-to location for user segment research enabled by advanced user experience
research facilities.

An inspirer of current and future generations to make the most of space opportunities.

Through the SHY SPACE NETWORK we will be:

A space supply chain protagonist, producing detailed supply chain evidence and
market forecasts that help leverage supply chain opportunities for the region’s advanced,
additive, and electronics manufacturing businesses and precision engineering firms.

A catalyst for new satellite and geospatial data markets by enabling access to and
interpretation of satellite and geospatial intelligence at scale.

A driving force behind ubiquitous connectivity and secure communications, offering
technical research and industry expertise, ground infrastructure component design and
manufacturing capability.
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6.3.3. Priority Short-Term Actions & Resource Requirements

Under each Strategic Pillar we have defined a series of short and longer term actions to be
delivered within concrete timescales. High priority short-term actions are described below,
and a more comprehensive set of short and longer-term actions are provided in Annex 1.
While some actions can be delivered on the basis of in-kind contributions, others will require
funding to be effectively delivered.

SHY SPACE CAMPUS: PRIORITY ACTIONS & RESOURCE REQUIREMENTS

Funding Requirement: £70,000 to include part contribution to a Space internship
programme, a regional Space Prospectus, and business support for regional SMEs with
Space-sector involvement or ambitions.

In-Kind Contributions: £285,000 including in-kind contributions from regional universities to
establish Space desks, internships and Space-related outreach activity.

Purpose

Action

Detail

Provide a ‘front door’ for
access to space related
research, teaching and

Establish the
SHY VIRTUAL
SPACE

By July 2021 identify a dedicated point of contact
for space related activity (a Space Desk) at each
university, resourcing requirements, and an

outreach across the 12 CAMPUS effective, low-burden mechanism for coordinating
Yorkshire universities. regional SHY Space Campus activity.
Coordinate and raise the Compile a By September 2021 produce a pan-university
profile of Space-related SHY Space resource that highlights the Space-related
research, teaching and Prospectus research, teaching and outreach activity across
outreach across regional the region, including (for example) research
Universities. institutes, undergraduate and postgraduate
courses, doctoral training opportunities,
conversion courses, internship opportunities,
continuous professional development.
Stimulate Space industry Establish By June 2021 establish a series of Space-related
knowledge transfer and Space internship opportunities across universities and
academia — industry Internship SHY economic priorities.
engagement. Opportunities
Inspire future generations to | Establish a By September 2021 work with the Yorkshire
consider Space-related Space Space and Satellite Centre and regional science
careers. Outreach museums to establish a programme of
programme inspirational outreach activity including regular

talks by Space scientists, engineers and
entrepreneurs at regional schools and colleges,
and secure funding for a ‘Space Innovation
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Fringe’ showcasing the economic, societal and
environmental value of space.

Resource Item Resource Requirement
SHY Space Campus e In-kind contributions from regional universities
SHY Space Prospectus e In-kind contributions from regional universities

e Fee for document design

Space Internship e In-kind contributions from regional universities
Opportunities e Wages (8 — 12 weeks) paid by participating businesses

Space Outreach Programme | e  In-kind contributions from regional outreach providers
e Nominal time and expenses for school speakers
e Space Fringe event funding

SHY SPACE AGENCY: PRIORITY ACTIONS & RESOURCE REQUIREMENTS

Funding Requirement: £50,000 for professional development of the SHY website and
development of a pro-active FDI and export strategy.

In-Kind Contributions: £32,000 including £12k from industry representatives acting as
Space Champions and £20k from LEPs towards development of a pro-active FDI and export
strategy.

Purpose Action Detail

Effectively connect to the | Establish the By May 2021 identify and secure commitment from
UK’s national space SHY Space strategic representatives to sit on the Space Hub
network e.g. UK Space AGENCY Yorkshire Steering Board, with appointments made
Force, NCSC, National based on defined regional economic opportunities
Space Leadership and connectivity to leadership of the UK’s national
Council. defence and space industries.

Raise the national profile | Appoint regional | By June 2021 appoint at least three Space Sector

of space related industrial | Space Sector Champions aligned to defined regional economic
and academic capability Champions opportunities and establish a programme of

in Yorkshire and the awareness raising activity including contributions at
Humber. conferences and exhibitions.

Identify inward investment | Develop a By August 2021 build on preliminary research

and export opportunities detailed Space undertaken to inform this evidence base by

that advance the region’s | sector inward working collaboratively with DIT and Local

Enterprise Partnerships to identify inward
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space agenda and drive

economic growth.

investment and
export plan

investment targets and high potential export
markets within a detailed SHY Space sector
investment and export plan.

Resource Item

Resource Requirement

SHY Steering Board

e Nominal time and expenses — 2 meetings per year

SHY Space Sector
Champions

e Nominal time and expenses — 4 events per Champion per year

SHY Investment & Export

Plan

e Fee for research and report development

SHY SPACE NETWORK: PRIORITY ACTIONS & RESOURCE REQUIREMENTS

Funding Requirement: £300,000 including part contribution to a Space sector business
sprint programme, a major collaborative research initiative and a central co-ordinator for

SHY Space Hub activity.

In-Kind Contributions: £60,000 from regional universities and LEPs to support the co-
ordinating work undertaken by Space Hub Yorkshire.

Purpose

Action

Detail

Raise the profile of
regional Space related
industrial capability and
establish an open
community of Space
sector businesses

Establish the SHY
SPACE NETWORK

By May 2021 secure paid resources to dedicate
capacity within universities and Local Enterprise
Partnerships to provide a coordinating function
for information regarding space related grants,
contracts, funding, and skills and outreach.

Stimulate Space sector
start-up and scale up
activity

Establish the SHY
Space Sector
Business Sprint
(SSBS) Programme

By August 2021 establish a business sprint
initiative. Co-funded by the UK Space Agency,
Local Enterprise Partnerships and patrticipating
businesses, the SHY SSBS initiative will
provide intensive support to up to 10 Space
sector businesses each year to test the
feasibility of new space enabled products and
services, develop commercial strategies,
establish clear routes to market and (where
relevant) prepare for external investment.
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Provide detailed Space
sector supply chain
intelligence.

Conduct detailed By May 2021 secure investment in detailed UK
Space sector space sector supply chain mapping and
supply chain establish a mechanism for effectively
mapping research communicating supply chain intelligence to
regional companies regarding key markets
including but not limited to small, nano and
cube satellites, earth observation and
atmospheric data, position navigation and
timing capability requirements, space
surveillance and tracking capability
requirements, space related IT infrastructure
and data security, and future communication
and space operations ground infrastructure.

Stimulate innovation in
the integration of Earth
Observation data in
driving the next
generation of geospatial
intelligence solutions.

Create a geospatial | By July 2021 in collaboration with the Satellite
innovation Applications Catapult, the Geospatial
environment Intelligence Unit at the Knowledge Transfer
Network and regional business incubation
spaces, create a geospatial innovation
environment that will showcase the potential for
integrated Earth Observation and geospatial
intelligence data and act as a catalyst for
commercial applications of fused satellite data
and terrestrial geospatial intelligence.

Resource Item

Resource Requirement

Establish the SHY
SPACE NETWORK

e A minimum of two paid roles within academia and regional
economic development

SHY Space Sector
Business Sprint (SSBS)
Programme

e Co-funding from the UK Space Agency, participating businesses
and Local Enterprise Partnerships to total an estimated £100k per
year.

SHY Space sector supply
chain mapping research

e In-kind contributions from regional universities
e Networking / dissemination event funding

SHY Geospatial
Innovation Environment

e Satellite Applications Catapult investment in branding dedicated
space

e In-kind contribution of dedicated space within business incubation
centre(s)

e |deation and demonstration event funding
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Perspective
Economics
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" London Economics, 2019 “Size and health of the UK Space Industry 2018”. Retrievable from:
https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/774450/LE-SHUKSI_2018-
SUMMARY_REPORT-FINAL-Issue4-S2C250119.pdf. Note that a 2020 version of the report is currently being prepare by
Know.Space but was not yet available at the time of writing.

i https://www.spacepartnership.org.uk/

i According to an industry report by Markets and Markets, the global space data services market is projected to grow by
c.$16bn between now and 2025 at an annual growth rate of c.21%.

v Globe Newswire

¥ Markets and Markets Small Satellite and Satellite Payload market forecasts

Vi ¢.40% of firms with known involvement or interest in space within study data compared to 30% within KTN mapping data.
Vil Yorkshire Water Business Plan 2020 - 2025

Vil According to an industry report by Markets and Markets, the global space data services market is projected to grow by
c.$16bn between now and 2025 at an annual growth rate of ¢.21%.

* Note: while space surveillance may be considered within the upstream segment, it has been included here due to the
alignment with regional analytics capabilities.

*Markets and Markets Small Satellite and Satellite Payload market forecasts

X https://lwww.gov.uk/government/publications/space-sector-skills-survey-2020-research-report

i UK wide data based on SIC codes 30.3 | 33.16 | 61.3
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https://assets.publishing.service.gov.uk/government/uploads/system/uploads/attachment_data/file/774450/LE-SHUKSI_2018-SUMMARY_REPORT-FINAL-Issue4-S2C250119.pdf

