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Why does Quantum matter?

Example quantum technology applications for different sectors’

 Transformative
change across a
number of sectors.

Network L
management

« Computing o/
« Secure s harpes
communication Aoy m@,.;s

Secure local vehicles
networks

« Sensing and timing Machin eaming

(Defence & improved

Security) logistics
- P N T management

Diagram notes:
1. Estimates of first use in industry, eg. as pre-production prototypes.

[ J I m a I n UK guantum technelogies for deployable clocks, new sensing modalities and
secure communications, especially, have the potential for early impact and their
appearance as products available to government and other customers, ahead of the
conservative timescales indicated, could be accel d by targeted ir tment

2. Network management is comms; satellite navigation = space clocks; radars = multistatic radars exploiting clocks

3. Environment/energy - time order is CCS -> oil/gas/mining (using MEMS); navigation without satellites is inertial
navigation; civil engineering is rail/road surveying & brownsite development (-2023) followed by utility repairs
(water, sewage etc. -2025), network infrastructure is fibre cabling etc (2030)
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4. Note radar using atomic clocks is not the same as quantum radar
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The National Programme — est. 2014

NQTP National Hubs university network

During the first phaso of tho National Quantum
Tochnologies Programmo (2( 2019), EPSRC

funded a national network of Quantum Technology

Hubs through a £120 millio restment in four

er five years. These were to hamess the

('s strengths in quantum ce by turning it into
strength in quantum technologies. As part of their
investments in the second phase of the National
Programme, EPSRC has refreshed the Guantum
Technology Hubs with a E94 million inv nent in

four hubs over five yoars, to maintain the technologica
resoarch lgadorship that the UK has ostablishod Uk
in quantum o« 95 through the UK National
Quantum Tech s Programme. The four Hubs

mic, industrial and go
vestmants, such as the
! eract with the Hub network to
axtend and capitalise on the scientific

ioadership that has beon devwoioped

UK National Quantum
Technology Hub
in Sensing and Timing

The EPSRC Quantum
Communications Hub

The UK Quantum
Technology Hub
In Quantum Imaging

EPSRC Hub in
Guantum Computing
and Simulation

UK Research
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NQTP Strategic Intent: Nov 2020

Anchored In UK QT start-up Scene 2021

125

MSc candidates

120

Hub industry
partners

49 UK start-ups

590 employed

>40

UK Quantum
Suppliers

National Quantum
Computing Centre

>470

PhD candidates

85

QT Apprenticeships

>£245m

UK V/C funds raised

£1bn

UK public/private

investment

© NQCC 2022



ISCF — Bringing in Industry 2018

Audience of the future

"EATENE
.i \ )

Next generation
services (up to £20m)

Early diagnosis & precision  Energy revolution
med (up to £196m) (up to £102.5m)

Quantum technology Transforming construction
(up to £20m)* up to £170m)

*Quantum received a further £153M in Wave 3

Healthy ageing
(up to £98m)

Transforming food
production (up to £90m)




ISCF Wave 3 UK Research

WHY ISCF WAVE 3? OBJECTIVES

System Failures
(Market, Coordination,
Network.)

Investment Risk

Maintain Momentum

International
Competition

INDUSTRIAL
STRATEGY

and Innovation

WHAT WILL WE DELIVER?

WHAT ARE THE OUTCOMES

2019/20 2020/21 2021/22 2022/23 2023/@

Sales of Products _
and Services Increased R&D investment
R&D Investment

Increased skills & knowledge
Focussed Research

Academic-Business
coordination

Feasibility
Studies

New product lines & services

Growth in export opportunities

HOW MUCH INVESTMENT?

ISCF Wave 3

£153m

Improved productivity & profitability

Industry matched funding

£205m

SME involvement



The Benefits We’'re Seeking.

Reference
Bl

Increased investment into Quantum R&D

Public, Private & Foreign

9]
N

New products and services in the scope of the ISCF

V)
w

Increased multi/inter- disciplinary QT collaborations

08)

Increased QT business - academic engagement
Increased number of QT publications in peer reviewed journals

Number of start-ups & spin-outs for commercialising QT

w
~

Skilled high value workforce to develop & commercialise Quantum technologies

0]
0o

o

Increased number of QT patents by UK businesses

Increased productivity & profitability for users of QT products / services

B10 Increased size of the sector
B11 Greater market share of global QT market
B12 Increased revenue of QT enabled products & services

Increased revenue of QT products/services by UK QT Organisations

UK Research
and Innovation



e rosme B e,
Over £150M Committed to Industry Led Consortia

249 companies
and 57
universities/RTOs
applied for ISCF
Funding

£153M of grants 95 projects
awarded launched

In projects.

UK Research
and Innovation



The Quantum Challenge in
UKRI: Who recelves funding?

A snapshot of the major grant recipients
In December 2021, each receiving
between £1M and £6M in grants.

UK Research
and Innovation

FRAUNHOFER UK RESEARCH LIMITED
NPL MANAGEMENT LIMITED
TOSHIBA EUROPE LIMITED
UNIVERSAL QUANTUM LTD

RIGETTI UK LIMITED

SEEQC UK LIMITED

TELEDYNE UK LIMITED

RIVER LANE RESEARCH LTD

Arqit Ltd
OXFORD IONICS LIMITED
NU QUANTUM LTD
M-SQUARED LASERS LIMITED
OXFORD INSTRUMENTS
ALTER TECHNOLOGY TUV NORD UK LIMITED
COLDQUANTA UK LIMITED
*uUniversites not inciuded



Funding the Glue - AquaSec

Quantum Cryptography

TOSHIBA
TREL Leading Innovation >>> KETS | KETS >
Characterisation of components QRNG b

High performance prototype Low SWaP prototype
Security evaluation Security evaluation
User trials User trials

Component Developers
IQE

IQE\) Commercial growth of wafers
i University Uni. of GIaSgOW

&7 0f Glasgow processing of Ge on Si APDs

e . UNi. of Sheffield

> Of fhea,  Growth of InGaAs/InP APDs and placed dot wafers

usiversiryor Ui, of Cambridge (Physics)

BRI Processing of InGaAs/InP APDs and emitters

HERIOT iot- i
SPWALT Heriot-Watt Uni.

1+ Characterisation of APDs

End Users v

e Redianz
Developing use-cases in financial sector

~+ British Petroleum
X %W Corporate network / Oil & Gas sectors

& Ministry of Defence

Ministry .
of Defence Use cases in defence sector

s e CRUK - Cambridge Institute

e RESEARCH i
s U Use cases in healthcare sector

&

INDUSTRIAL
STRATEGY

Post-Quantum Cryptography

queens Queen’s University Belfast

kd UNIVERSITY
g4/ BELFAST Hardware modules for QRA

Royal Holloway Uni. London

Security design
Software implementations of QRA

ROYAL
HOLLOWAY
UNIVEF

National Facilities

INPL E] National Physical Laboratory

National Physical Labaratory  SECUIity evaluation & certification

System Integrators

BT@ British Telecom

Demonstrations with end users

& Senetas
SE AS - Link encryption system and QKD integration

UNIVERSITY OF | Jnj, of Cambridge (Eng.)

@ SP&TMN?ORJ(RS!{E Field trials in Cambridge and NDFIS

Dashboard

DASH BOARD“ Integration with 10T system

=g+ TDS

sw  Integration with tethered drone system

UK Research
and Innovation



A World View: Public and Private
Investment

* Public investment: China
$158 _ US $13B _ UK FACTBASED INSIGHT Quantum Technology
$1.2B...

INDUSTRIAL
STRATEGY

How will the quantum market evolve?
° R| g ett | eXpeCtS $594M Governments are getting geopolitical Private capital is on the march

o China $15B, EU $7.2B, US $1.3B, UK $1.28, India $1B, Japan $1B, o 580+ startups listed by QIS Data (reb 2022)
reve n u e by 2 O 2 6 = Also Russia, Canada, Israel, Singapore, Australia o ~$500M 2022, $2.8B 2021, $1B 2020, $300M 2019 per QIS Data revz0z2)
Leading companies are bullish Tech market research & advisory are taking note
o Tech majors: IBM, Google, AWS investing heavily o Hyperion sizing the QC market

S490M in 2021, 22% CAGR $900M 2024 [az8 2021)
$320M in 2020, 27% CAGR $830M 2024 (aze 2020)
$230M in 2019

Honeywell expects Quantinuum sales of $2B by 2026 reb2022)
Rigetti expects $594M revenue by 2026 (oet 2021)
D-Wave expects $551M revenue by 2026 (reb2022)

ul Gartner put QC at peak of hype cycle puizo)

 Boston Consulting Group
I . lonQ $60M bookings by 2024 (sep 2021 . ) _
O n Q u antu m C O m p Utl n g . Toozhfszz:i;ting 259: Zf‘: ?12; QKD ﬁn:rkei by 2030 (ocez020 0 ;Et?‘ft;ert‘ff; E;,’Lr::ﬁﬁebfﬂc,’;it'tf;ff“rffﬁhc\i:?g value.
$450 B to $850 B Val u e Management consultants are excited Inside Quantum Technology forecasting

QC in Financial Services $632M by 2028, $2.2B by 2030 jan 2021
Quantum Cloud Services revenues $850M in 2026 (may 2021
Quantum Processors market $200M by 2026 (apr 2021)

Quantum Computing market $2.2B by 2026 inov 2020}

QKD market $1.4B 2027; $3.48 2030 (pec 2021)

PQC market $2.3B 2026, $7.6B by 2030 sep 2021)

QRNG market $7.2B by 2026 jsan 2021)

Quantum Networking market $5.5B in 2025 (izn 2020)

Quantum Magnetometer market $700M by 2025 (apr 2020}
Atomic Clock market $710M 2025, $1B 2029 juar 2020

oonooan

O BCG projections on quantum computing pu zozy)

created in next 15 to 30 o

$S0B-5170B retained by QC providers.
$5B to $10B could start accruing in 3-5 years.

ye arS O McKinsey projections on quantum computing (pec 2021
L]

$3008 - $7008 value at stake by 2030 for pharmaceuticals,
chemicals, automotive and finance could

$80B value at stake for quantum computing providars.
O Avasant & NAASCOM encourage India to bet big (Feb 2022)

* Hyperion sizing QC Market: i ey 7 20
$490M in 2021. 22% CAGR.
$900M by 2024
UK Research

UK Research and Innovation
and Innovation
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Industrial Strategy of Defence

NQTP: What is the UK doing? == [ [eu] [l

The UK's National Quantum &GcHa NeiEomiE  [CE- [EEEE
Technologies Programme is a
£1bn 10-year investment in the awi Other
sector. ,
Infrastructure BLL ar s and cors

Commercialising
Sclence Bt

ISCF/IUK/Industry
Funded

Collaborative inde
’ V\,d M'Strg bi’t = QT Hubs and CDTs  m ISCF/IUK/Industry Funded = NQCC = QM| = Other



Products

Single photon generation and
detection opens the door to
Imaging systems which cannot
be achieved using conventional
means, including

« Portable, robust multi-gas
Imagers for gas emissions in
infrastructure

 Vision through obscurance
for lidar systems and
Imaging

* Non-line of sight imaging of

obstacles
UK Research
and Innovation

oooooooooooooooooooooooooooooooooooooooooo

Single photon lidar imaging of carbon emissions
e Accurate, repeatable, eyesafe measurements
at standoff distances of 150m

e Uses mature telecoms technology for affordable
and versatile emissions monitoring systems

e Portable and simple to use and export data

— Heat maps overlaid on visual scene and, with
known wind velocities, gives dynamic leak rate
data in near-real time

— Pre-programmable, autonomous
measurements for a range of emissions

Acquisition




Quantum companies in focus

P i E.zf Hardware and
Py e o mQ QUANTUM
lStartup Only company world-wide ’A SO ftW ar e

Technology chain: Components
developing room temperature single- Key projects

photon sources and detectors to enable AirQKD
the next generation of commercially-viable Assurance for QRNGs
photonic quantum technologies, quantum VisatQT
networking, computing
Computing Comms Sensing &Timing Imaging Quantum companies in focus
@ o Riverlane
Based: Cambridge river
Technology chain: Software & services Lane
Profile:
Start-up. Builds ground-breaking software to
unleash the power of quantum computers. Key projects
Deltaflow.OS is an operating system for NISQ.0S
quantum computers inspired by AutoQT
heterogeneous architectures QPharma
UK Research Computing Comms Sensing &Timing Imaging Components
and Innovation ®




ORCA

Computing

ORCA Computing Ltd.

and

Single photons are the workhorse of the future quantum technology
industry, being a fundamental component to high fidelity quantum

computing, quantum communications, quantum imaging and some types
of quantum sensors. They are also a fundamental step in ORCA's plans O I I l p O I l el l S

to build a fully-scalable, optical fibre-based photonic quantum computing
platform...

Quantum companies in focus

Covesion

RE

UK Research
and Innovation

Based: Southampton

' Components
Established SME. World leading
designer, manufacturer of frequency
conversion crystals — can change the
wavelength of laser, single photon

sources to suit user specifications or
applications

Computing

(Covesion

Key projects

MIRUS
QT Assemble
SNORQL

Comms Sensing &Timing Imaging Components

@ @ @




Quantum companies in focus

Alter technologies

Based: Central belt, Scotland

Technology chain: Systems, packaging
Profile:

Large enterprise. package design and
precision assembly services for a wide
range of optoelectronic, microelectronic and
MEMS devices. Offer end to end

semiconductor manufacturing from wafer
singulation to assembled product.

Key projects

High-BIAS2
QT Assemble
Pioneer Gravity

Computing Comms

ALTER

TECHNOLOGY

Sensing &Timing

Packaging and
Platforms

Imaging

UK Research
and Innovation

Quantum companies in focus

Oxford Instruments

Based: Oxford
Technology chain: Component (Platform)
Profile:
Established large enterprise, designs,
supplies and supports market-leading
cryogenic and high flux superconducting
magnetic research platforms. They are a
globally leading supplier of dilution

fridge platforms for quantum
computing

Key projects

NISQ-Era Platform
FABU
QuPharma

Computing Comms Sensing &Timing

Imaging Components




Full Stack

e Deployment of full stack Rigetti
platform in the UK
acs Accessible via the cloud
Control System End use applications and new
engagements
QP

QPU Design

Y- cf EDINBURGH R

UK Research
and Innovation

PHASECRAFT
16



High-BIAS?

BAE SYSTEMS
= e )
5 )
Z Fraunhofer @ ALTER
» L ead: ColdQuanta RedWave saLcoomia

x 2020-2023 VWWA\Labs E—@T%%

= Advancing the development of a
cold atom-based Quantum
Positioning System

* Enabling resilient navigation
S NStSeénS without the need for

UK Research
and Innovation



Phase 1 & 2. A few bumps in the road

NQTP PHASE 2 (SPEND £M)

90
80
70
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3 | 1
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UK Research M Phase 1 allspend M HubsinPhase2 mCDT ISCF

and Innovation



Overcoming the Obstacles

« Grant holding
companies have already 220
raised £200M+.

e Growing sector with
revenue.
120

* Thriving ecosystem — no
significant gaps. 70 .

- = =
Z O, 2
‘g e 9, o o T2
& -30 \7? £ "5‘ \7 SO \{9 = 2, e >, R, 2, o

M Phase 1all spend MW HubsinPhase2 mCDT
UK Research
and Innovation

ADDING £200M PRIVATE INVESTMENT

170

Total ISCF M Private Investment



Counting Down for
Phase 3 —-What we
need to do.

Phase 1 &2

+ NQCC? » NQTP PHASE 2 (SPEND £M)

» The ecosystem can 20
absorb the funding. 20 I . m
+ 22/23is probably the

highest non-capital

spend from since the What’s it Achieved?

programme began.

« Industry-Match. Target
of £208M by 2025.
+  Companies funded by

ISCF grants have
already raised £200M+

EEEEEEEEEEEEEEEEEEEEEEEEEEEE

120
* Plus patents, jobs,
products..... (Benefits l

aaaaaaaaa

Evaluation). I I I I I
20
= I----_
stment

UK Research
and Innovation

We need a phase 3! We need a
commitment to another 10 years ideally.

We need to keep funding the science.

We need to address both the areas
dominated by private finance and those
needing public funding.

We need to continue to develop people:
skills and talent.

We need to help markets develop.

We need to consolidate our place in an
International community.




What the key « Keep the science thriving. Hubs and

: spokes.
features might be. " | |
« Accelerating Growth and Scaling Up.

Not just the ecosystem but specific
companies and sectors. (PNT?
Computing?)

* People, talent and skills.

* Challenges and Missions: Intelligent
partnership between government and
iIndustry.

* Diversity: A mixture of centres,
programmes and facilities.

UK Research
and Innovation



What’s on the Horizon?

® K NATIONA
O QUANTUM

® TECHNOLOGIES

UK Research
and Innovation
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