Quantum Technologies and
the UK National Quantum
Technologies Programme
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Quantum for the Industrial Strategy

Quantum Technologies underpin our approach to the Industrial Strategy Grand
Challenges and drive progress toward the 2.4% R&D target

Quantum secure

communications will Quantum sensors for
ensure that data autonomous vehicles

Al and Data transfers are secure in Futur_e_ of will help us to become
the future, supporting Mobility a world leader in

UK leadership in Al intelligent mobility.
and data

Sensi.ng and imaging Quantum computing
_ techniques may help to simulation will help
Ageing provide a step-change design advanced
Society in th(aT _diagnosis of materials for use in
conditions such as next generation

Al zhei mer ®s. energy products
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Market Opportunities for Quantum

Quantum Technologies e [y} i\ ///{///(///

A Potential market to be comparable to T ‘ / ,
consumer electronics manufacturing sector, : T
worth £240bn in 2016. H N7/ |\

|

Quantum Sensing | S

A Potential $10bn market for cardiography using i el
guantum sensors (MCG). ik i |

Quantum Communications / -//’,‘\\\;\ \

A Market for QKD systems is expected to reach , "\\\\\\\ N
$2.5bn by 2022. AN
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The Future Sectors Team has three functions

aBuiIding R&D Intensive Tech\

\_

Sectors
We will create and realise the
opportunities for the UK of new R&D

intensive businesses and sectors. This year
we will focus on Robotics and Autonomous

Systems (RAS), and Quantum

Technologies. Coordination across
Whitehall will be critical to achieve this
aim

\_

°' Tech Transformations \

We will bring people and ideas together to
identify disruption trends and maximise the
success of tech change to start and scale
businesses i we experiment, challenge
and influence across Whitehall. This year
our focus is GovTech. We will support high
growth innovative businesses to scale in the

UK. /

Tech Hub

~N

We will be the place to go for the UK Tech Sector and provide a centre of expertise on the tech sector

for BEIS across the business environment 1 working X-Whitehall on, for example, access to talent, access

to finance, regulation, trade and investment opportunities, digital innovations supporting SMEs and

university entrepreneurship
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Future Sectors Team: Quantum

We provide oversight, strategic direction and co-ordination of activities across
Whitehall to support the growth of the emerging R&D intensive Quantum

Technologies sector.

We are taking forward three categories of actions to support this:

Setting the Strategic

Direction

A Strategy Development

A New Governance and cross-

Whitehall Group

A Mission and challenge
development

Department for
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Championing
Responsible Growth

A Government Demonstrators
A Proportionate safeguards
A Mentoring and business support

INDUSTRIAL
STRATEGY

Galvanising support
for growth

A Ministerial engagement

A International collaboration and
strategy

Building R&D Intensive Tech
Sectors




UK: A world-leading Quantum nation

At London Tech Week, The Government
announced total UK investment
through the National Quantum

Technologies Programme is set to

London |

pass the major £1 billion milestone, L
ONDON

. . TECH
since Its inception in 2014. WEEK
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National Quantum Technologies Programme (NQTP)

Total UK £1 billion investments and
commitments

A Technology development through the
four Hubs, NPL and the NQCC
Research, Training & A |nn0vatI0n fund|ng tO SUppOI‘t

Quantum Hubs (over £200m) Skills
National Quantum

commercialisation and demonstration.
-- A Research, skills and training
Computing Centre

Innovation (over £200m) (E75m) International...

Industry investment (around £250m)
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International comparisons

Major current & proposed international funding programmes outside of the UK:

Country/Region

An existing Chinese Hefei mega-project in quantum computing and

China Sl communications (completing in 2020).
usS $1.3bn The US National Quantum Initiative Act (H.R. 6227) from 2019-2023
EU Ualbn A 10 year European flagship programme announced in 2018.
Germany 0650m A 2018-2022 Framework Programme to stimulate quantum

technologies development and commercialisation.
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UK Quantum spinouts

A M Squared Lasers: a world-leading SME in
Quantum optic systems T sales are due to
reach nearly £20m this year and conducts
around 60% of business in USA.

A River Lane Research: Quantum software
company i recently announced £3.2m seed
funding.

A KETS Quantum Security: a Quantum
communications company i over £2m raised
so far.
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International Partnerships: Quantum

Comms in Space

AUK STFCb6s RAL Space
Centre for Quantum Technology (CQT) are
working together on an innovative small
satellite (Qubesat) mission to pioneer
guantum communications technology in
space.

A Both UK and Singapore governments have
each invested £5m on this mission with a
view to accessing a potential new market in
ultra-secure communications, set to be worth
USD $15 billion

"
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Quantum Computing

Many end users from the
following sectors are now
engaging directly with
guantum computing
companies or academic
Institutions:

A Banking and Financial systems

A Defence and Aerospace

A Transport and Logistics

A Healthcare and Pharma
Department for

Business, Energy

& Industrial Strategy STRATEGY
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EXHIBIT 2 | Complex Molecule Discovery in Pharma R&D Could Be a $15 Billion to $30 Billion

Market Opportunity

QUANTUM COMPUTING HAS APPLICATIONS
THROUGHOUT THE PHARMA VALUE CHAIN

DRUG DISCOVERY » CLINICAL TRIALS LAUNCH

f
More potential ! Clearer tral Higher share in
drug leads I" outcomes with indications from
produced faster : higher-quality higher quality;
| leads faster R&D
| allows longer use
| of patent
I

revenue

@ Higher per drug
number of
launches

@ Lower cost

approval
rate

"You could
simulate trials
in advance and

target high

approvals..."

"It's a 2x factor
of discovery,

"It's possible that
you could boost

and you cut
discovery time
and materials...

revenue per drug,
but it depends
on the indication..."

HIGHER MOLECULE DISCOVERY AND
APPROVAL RATES DRIVE THE VALUE PROPOSITION

2027 branded pharma net income in US*

~5%—10% boost in potential drug
opportunities from faster discovery

-
[2)
Cost advantage from reducing discovery
phase (15%—-20% of R&D time)?
-
-

~1.5%-2x higher approval rate; low-weight
molecules match current higher approval
rates of biologics

Revenue per drug boosted from higher
quality drugs gaining share (5%—20%)
and longer time in market (5%) with
patent due to faster R&D

Estimated opportunity size
(Incremental value x 10% willingness
to pay)

~$15 billion
—$30 billion

Source: BCG, May 2018




Demonstrator Programme: Quantum for

Government

How can HMG be an early adopter
of Quantum?

A Gravity sensors for infrastructure
A QKD for secure communication
A Accelerometers for navigation
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