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Forord

" H v kvantemekanikken ikke gar dig

svimmel, hardu ikke forstietnoget so,er hel s

Niels Bohr citeret for at sige.

Kvanteverdenen er abstrakt og strider pd mange
méader mod gaengs fornuft. Men en lang reekke
konkrete teknologier, som vi omgiver os med i det

daglige, ger allerede brug af kvantemekanikkens love:

fra lasere og MR-skannere, til mikroprocessorer og
GPS.

Verden star imidlertid p& darteersklen til en ny
kvanterevolution. En revolution, der indvarsler
udnyttelsen af atomare egenskaber til realiseringen af
et astronomisk stort potentiale. Det er nye
kommunikationsteknologier, ultrapraecise
maleinstrumenter, ubrydelige krypteringer og
kvantebaserede supercomputere.

Danmark var et arnested for kvantevidenskaben og
huser den dag i dag en raekke af verdens fgrende
forskningsmiljger og virksomheder, der arbejder med
feltet. Det betyder ogs&, at Danmark pa netop dette
teknologiomrade har et helt seerligt afszet for at
udnytte de vaekstmuligheder, der ligger i teknologien.

| processen omkring udpegning af Danmarks
tstyrkepositioner og fremtidige klynger er
kvanteteknologien blevet betegnet som klart det mest
umodne af de spirende erhvervsomrader. Vi oplever
imidlertid i disse ar, at nogle af de helt store nationer
investerer gigantiske belgb i udviklingen af
teknologien, og andre mere sammenlignelige lande
falger trop, ogsa i Europa. Udover at mange lande
handler pa denne dagsorden, kan vi se, at
kvanteteknologi i stigende grad kommer i konkret
anvendelse i produktudvikling; at etablerede danske
industrivirksomheder som NKT Photonics og Foss
arbejder med feltet; og at mindre virksomheder med
udgangspunkt i deres styrker inden for kryptografi,
laserteknologi og nanoteknologi tager favntag med
teknologien.

Har Danmark overhovedet en chance som lille nation i
giganternes kamp? Hvordan udnytter vi fortidens
styrker, og har vi nogle seerlige udfordringer ift.
udnyttelsen af kvanteteknologien? Hvem er de
afgarende akterer, der skal szette os i gang- og fa o0s i
mal? Er kvanteteknologien bare det seneste skud pa
stammen af nye fremadvoksende teknologier? Og
hvornar er det rigtige tidspunkt at rykke?

Dette er nogle af de spgrgsmal, som vi i Industriens
Fond gerne ville have svar p& og baggrunden for, at vi
satte denne kortl ygntechg,

drive , i gang. Kortl ygningen

og bag arbejdet har staet en gruppe bestdende af IT-
Branchen og Industriens Fond

Kortleegningen er blot en farste byggesten til et
arbejde, der kan vokse sig meget starre. En
afggrende forudseetning er, at miljget star sammen i
en koordineret, engageret og vedholdende indsats,
der gar pa tveers af de meget forskellige aktgrer, der
er vaesentlige for, at Danmark og dansk erhvervsliv
kan udnytte de mange muligheder inden for
kvanteteknologien.

Vi har en imponerende arv at st pa inden for
kvanteteknologien. Vi skal ogsa gerne se ind i en
blomstrende fremtid.

God leeselyst.

Thomas Hofman-Bang
Administrerende direktar, Industriens Fond
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READERS GUIDE

This report outlines the reasons for Denmark to invest in quantum technology

The report consists of five parts:

1. The case for Danish investments in quantum tech
Part one is a general introduction to the report

2. Why quantum technology is important
Part two explains what quantum technology is and
why it is a transforming technology that will drive
technological innovation in the 21st century and
beyond.

3. The Danish potential
Part three explains how a strong quantum research
tradition and strongholds in life sciences and green
tech give Denmark a head start in the race to reap
the benefits of quantum technology.

kPG ©2020xPvG

Now is the time to act

Part four shows that we are in the beginning
stages of the second quantum revolution and uses
lessons from the past to illustrate that this is the
time to act and invest if Denmark wants to claim a
stake in the emerging quantum technology market.

Next steps
Part five outlines the possible next steps towards a
strong and prospering Danish quantum ecosystem.

The report is supported by three appendixes containing
the facts used throughout the report.
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THE CASE FOR DANISH INVESTMENT IN QUANTUM TECHNOLOGY

Introduction

Starting in the 1950s and 1960s, the first quantum
revolution brought us a number of technologies that
radically transformed the world, but which we take for
granted today. Think of the computer, the smartphone
and the Global Positioning System (GPS) to mention a
few.

Today, we are at the verge of the second quantum
revolution, which promises a number a similar
revolutionary technologies, fx extremely sensitive
sensors, quantum computers and extremely secure
digital communication protocols.

Second generation quantum technologies mature at a
fast pace and the first products are on the market. If a
small country like Denmark wants to benefit from this
development, this is the time to assess Danish
strongholds and opportunities.

With this report we provide a first view on the

opportunities, that the second quantum revolution

presents for Danish industry. We hope to ignite a

debate on how to support the development of a strong
Dani sh quantum ecosystem by
Dani sh stakeholders act
do?

now?

Background

KPMG prepared the report with the backing of
Industriens Fond and IT-Branchen.

Findings and conclusions arise from desk research and
14 interviews with key stakeholders, e.g. researchers,
private enterprises, foundations, trade associations and
government agencies.

KPMG is sole responsible for summarizing and
conveying the views, thoughts, and opinions expressed
in the text.
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WHY QUANTUM TECHNOLOGY IS IMPORTANT

Quantum technology, explained

Quantum technology is an umbrella term for
technologies which rely on or exploit quantum
mechanical effects (physical effects on the subatomic
level), including quantum entanglement and
superposition.

It sounds complicated + and it is. But you do not need
to understand quantum technology in scientific detail to
use it and appreciate the transformative potential.

The theoretical foundation was established in the early
20th century and led to the first quantum technology
revolution in the 1950s and 1960s. This first quantum
revolution enabled passive exploitation of quantum
effects and resulted in technologies such as transistors,
magnetic resonance imaging and lasers. In other
words, we take first generation quantum technology for
granted and use the resulting products, for example
smart phones, on a daily basis.

Today, we are at the onset of the second quantum
revolution, where both scientists and companies not
only used the insights from quantum theory, but
actively control quantum effects. That opens for new
possibilities and it is these new possibilities we talk
about in this report.

Quantum technology is truly revolutionary

It is hard for us to apprehend the truly transformative
character of quantum technology.

Every day, we use smartphones, laptops, internet, it -
enabled banking services etc., but we do not think of
them as applications enabled by the first quantum
revolution. And we have a very hard time imagining a
life without them.

The second quantum revolution holds equal or perhaps
even greater potential for societal transformation.

On a high level, active control and manipulation of
guantum effects enable three groups of quantum
technologies: quantum computing, quantum sensors
and quantum communication.

Quantum sensors exploit quantum effects to
accurately detect slight changes in time, speed, gravity
and electric or magnetic fields.

Precise measurement of minuscule physical
phenomena opens new and exciting possibilities . For
example, quantum radars may make current fighter
plane stealth technology obsolete. Or quantum sensors
may allow neurologists to measure nerve impulses and
aid the treatment of nerve diseases such as sclerosis
and Al zhei mer - s.

Quantum computing has the ability to solve problems
that classical computers are incapable of.

For example, quantum computing can enable quick and
precise simulation of chemical reactions. As such, it has
the potential to speed up the discovery of new drugs,
develop new (and perhaps, more sustainable) materials
and bring down the energy consumption when
producing fertilisers which today accounts for 2 -3
percent of global CO, emissions.

There is more to quantum computing than hardware
and the actual computer. E.g. quantum computing also
requires specialised software to run the simulations.

Quantum communication  allows for relaying highly
complex information and enables new levels of security
in digital communication.

On one hand, quantum computing promises the
computing power to disrupt our current methods of
protecting information. On the other, quantum
communication heralds new and more sophisticated
security solutions that also protect information from
decryption by quantum computers.

For example, a quantum communication technology like
quantum key distribution (QKD) secures information
sent between smartphones or digital infrastructure

such as the NemID solution, without being
compromised by the use of either current or future
technologies.

Although the above examples of second generation
quantum technology are transformative in themselves,
they are only examples of what we may imagine today.

The commercial potential is significant

Revolutionary and transformative technologies like
second generation quantum technology hold a
significant commercial potential.

At present, the first products based on second
generation technology are on the market, and the
current global revenue exceeds 2 billion DKK annually.

Though, this represents only a fraction of the expected
potential. Market analysts predict that the total market
value will increase rapidly to reach around 400 billion
DKK annually by 2040 and continue to grow afterwards.



CURRENT STATE

Quantum technology already makes an impact

Quantum sensors

Quantum sensors are already available at the market. For example gravimeters,
which are developed using quantum technology and provides a clear image of
the underground landscape to support in construction projects.

Quantum computing

Quantum computers are in its early stages, but have performed the first
quantum-enabled chemical simulations, which promise to reduce time and cost
of drug development.

Quantum communication

Many quantum technologies are currently in development and some
technologies are on the market. Samsung, for example, launched a smartphone
in 2020 in which they applied quantum technology to ensure higher levels of
security.

SEE APPENDIXAt®Wh at are the relevant use cases?
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CASE

Quantum technology will transform secure communication

Today, the majority of digital communication is
encrypted to ensure that only the intended recipient(s)
receive the messages. This holds true whether it is
private voice calls or confidential exchanges of
information between states or companies.

Classical computers encrypt information by
systematically scrambling the content in a way which
can only be unlocked by a key (a mathematical
algorithm). It would take nearly an infinite amount of
time for a classical computer to identify the current
encryption keys and access the information.

Quantum computers are superior to classical
computers in identifying encryption keys and will be
able to break traditional encryptions in a short amount
of time. As such, they will compromise both the
security of current communication channels, as well as
the security of stored information.

This will have major consequences on our security. For
example:

T Intelligence services and other institutions handling
classified information will no longer be able to
communicate securely on digital platforms.

T National digital infrastructure such as Danish NemID
will be vulnerable to hostile outsiders accessing
data.

¥ Reakime bank transactions will be vulnerable to
hacking and theft, although banks are required to
protect sensitive client and proprietary information
Full scale quantum computers do not exist as of yet,
but their future emergence already affects our
security. Information handlers need to address that
sensitive information stored today may be
compromised in 5 or 10 years.

That said, quantum communication solutions already
exist which have the potential to protect our

information from quantum computers. The first
guantum-enabled solutions are already available on the
market and include Quantum Key Distribution (QKD)
and Quantum Random Number Generators (QRNG).



