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Who'’s backing quantum?

Corporate investors:
* Intel, Google, IBM, Microsoft, AWS and many others

e  Private investment reached >$2B in 2024 Department for FLAGSHIP

| ! . O
. Geznoezrgted $650-750M revenue in 2024 — expect >51B SCIGHCG, Innovation
" & Technology

A European
B Union

.! « NATIONAL
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Governments: K o’ QUANTUM
: S %@° OFFICE

. Considered “urgent” and “critical” AW  Australian Government s i SINGAPORE

. Strategies produced by China, USA, UK, Europe, Japan, C T Department of Industry,

Canada, S. Korea (>20 countries) Science and Resources
. Public investment increased >50% in 2022
. Global public funding now $44.5B

. Singapore hub collaborates with businesses on use
cases.

(quantum|gov) A/ A B FT

a9  (Cabinet Office

. UK 5 quantum hubs to speed up commercialisation . | :
- Govt GBP 606M - industry GBP 54M | | |
. Australia's investment $1.2B through multiple ! ]
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Quantum Computing
Outlook 2025
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Announcements of public investments in quantum technology reached
$10 billion in early 2025, with Japan accounting for nearly 75 percent.

Announced government investments in quantum technology (QT),  Year announced
Jan 2023-Apr 2025, % billion W2023 W 2024 W 20725 (Jan—Apr)

Japan T4 T4
a1 - 0a

Australia u I 10
Spain 0.8 0.9
0
Canada m (14
0.1
Crenmark 04
Singapare E 0.2

Metherlands I ad

Total (for selected countries) 2023 ~11.4 2024 -18 2025 ~10.0




What will guantum

deliver?

Quantum
biology

Quantum key
distribution

Quantum
computation

Quantum

encryption
Quantum secure

communications

Quantum
metrology

Quantum
sensors

Quantum
simulators

Timekeeping
quantum clocks

Phosphorus in
silicon



Quantum sensors
* Higher sensitivity

* Better accuracy

* Precision

ACCURATE ACCURATE BUT PRECISE BUT NEITHER ACCURATE
AND PRECISE NOT PRECISE NOT ACCURATE NOR PRECISE

LOW RESOLUTION HIGH RESOLUTION

(] Size Weight powe r IMAGE IS BLURRY IMAGE IS CLEAR

e Atomic to macro size
 Spatial resolution

* They can measure physical quantities:
* Magnetic fields

PHOTO TAKEN WITH PHOTO TAKEN WITH

i ElECt riC fl@lds A LOW—RESOLUTION CAMERA | | A HIGH-RESOLUTION CAMERA
* Temperature

* Pressure

[ ]

Chemical composition
Gravity
Shapes 8



Quantum Sensing

Time and

Frequency
» Atomic clocks

Electric Fields

« Atomic electric field sensors
« Solid-state defects

Magnetlc Fields Quantum Sensors Acceleration due to Gravity
« Atomic magnetometers | t h t S e
« Superconducting magnetometers €verage quantum pnenomena to 9

. Solid-state defects measure fields, forces, or time (GRS

Inertial Acceleration
« Atomic accelerometers and gyros

« Superconducting accelerometers and gyros
NMR gyros

WHY BUILD Compared to traditional sensors, quantum sensors offer the potential for:

Improved Performance and/or . Sm?"e’ SWaP
(size, weight, and power)

QUANTUM
SENSORS?
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Quantum communications

* Quantum networks with space links

* Quantum satellites

* Date security

* Improved energy efficiency for optical communications

* Improved bandwidth efficiency for optical communications
* Positioning, navigation and timing without GPS

11



Quantum Communications

Quantum satellite
distributing entangled

photons _
Information can now be encoded _
{repr_esented] by multi-state quantum bits _j‘},/
(qubits) o Bl
* Entangled photons as qubits can interact 3mTBR Telescope & % 3m TER Telescope
with each other at any distance Cubsat(s)with i

LaserBeacon

* By having a satellite distribute entangled
photonsvia opticallinks towell
separated stationson Earth, those
stations can “talk” to each other via the
entangled photons - without needing to
be physically connected

Cubsat{s)with
LaserBeacon

Benefits .
. Cluantuf'n netwprks with space links

* Data security J

’ ' l_lsm_g enizngledp _

* Improved energy ef‘ﬁi:iencv for optical ol
& (no physical ponnech

communications

* Improved band‘mdth ¢=_-1“F::u=_-m:1,¢r for
optical communications




Quantum
Computers

Global race

- Exponential computational speedup
for specific problems

- Ability
to simulate quantum systemes,

- Potential breakthroughs in
cryptography and materials science

Figure 1. Global summary of the companies and academic programs developing the eight major quantum hardware
technologies. Sourced from the Michel Kur, CEO of Multiverse Systems SAS,*® and modified to highlight companies and
academic efforts specific to NSW. B Companies specific to NSW




Quantum computers can help tackle

Predictive
analysis

Improving
supply chain
management
and logistics

Increasing
efficiency

Optimization
problems

Modelling
extreme
weather events

Fraud detection

Design new
material exactly

Searching
unsorted data

Simulating
complex
phenomena

Demand
forecasting

14




@ dirao

Silicon
Quantum Computers 0 &
WY PsiQuantum
Global race QUANTUM

Different types of quantum computers:

Useful/Fault Tolerant — here soon

Fully error corrected — different views on when that will be delivered
Annealers — available now on the cloud - D-Wave

Analogue quantum simulations

Noisy Intermediate Scale Quantum (NISQ) Computer — available now via
cloud - AWS, Rigetti, Xanadu, IBM, Google

Quantum accelerator on HPC — available now Quantum Brilliance on Pawsey
high-performance computer

15



Industry sectors

Health and biotech
Resources
Communications

Transport

Environmental protection
Defence

Infrastructure

Agriculture
Energy

Research

Sport

Financial services

@

Quantum Sensors
Market

row a
tog Ooﬁ, at $377.3
15.8% Million

CAGR during @
2025-2032
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What does this mean for New
Zealand?



Figure 1: New Zealand's infrastructure challenge

\9'
R

The average Auckland
commuter spends over
5 days in traffic per year

$90 billion bill
to fix up water networks

115,000 more homes
are needed to fix the
current housing crisis

Electricity generation capacity
needs to increase by 170%

New Zealand’s population will
grow to 6.2 million people
(or more) over 30 years

2/3 of population growth will be
in five major centres

Source: Sense Partners

By 2050
one in four NZers
will be over the age of 65

$5 billion of council
infrastructure is exposed to
sea level rise

There is a 75% chance
of an Alpine Fault
rupture by 2070

We need to spend

$60 on maintenance

and renewal for every $40 we
spend on new infrastructure

Infrastructure construction
costs have risen
60% faster than prices

$ elsewhere in the economy



Summit Outcomes
The outcomes for the Summit were:

To enhance New To grow international To display the bold and
Zealand’s reﬂ
great place to
business.

The Minister
infrastructure
his six prioritig

Establis

Develo

Improv

Improving the consenting .

Improving education and health infrastructure.
. Strengthening asset management.




Quantum Sensing: The New Eyes and Ears of
Infrastructure

Structural Health Monitoring

* Bridge and Building Integrity: Quantum magnetometers detecting
microscopic stress changes

* Underground Infrastructure: Quantum gravimeters mapping
subsurface utilities and detecting leaks

* Seismic Monitoring: Enhanced earthquake detection and building
response systems

* Pipeline Networks: Real-time corrosion and pressure monitoring
across vast distances

20
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Quantum Sensing: The New Eyes and Ears of
Infrastructure

Environmental and Geotechnical Applications

e Soil Stability Analysis: Quantum sensors for foundation monitoring
and landslide prediction

* Water Infrastructure: Detecting contamination and flow irregularities
in supply networks

* Coastal Protection: Monitoring sea-level changes and coastal erosion
with millimeter precision

 Weather and Climate Systems: Enhanced forecasting for
infrastructure planning

22



A frame-grab from a Geometrics video, which demonstrates UAV magnetic-field mapping



https://youtu.be/HffTUtm2ocY

Quantum Computing: Optimising Complex
Infrastructure Networks

Transportation and Traffic Systems

* Route Optimisation: Quantum algorithms solving Auckland's traffic
congestion

* Public Transit Networks: Real-time optimisation of bus and rail
schedules

* Port Operations: Container logistics and supply chain optimisation at
Auckland and Tauranga

* Airport Management: Flight scheduling and ground operations
optimisation

24



Cascaded Multiparameter Quantum Metrology

Gregory Krueper,! Lior Cohen,? and Juliet T. Gopinath® 23

! Department of Physics, University of Colorado Boulder, Boulder CO 80309, USA
* Department of Electrical, Computer and Energy Engineering,
University of Colorado Boulder, Boulder CO 80309, USA
3 Materials Science and Engineering Program, University of Colorado Boulder, Boulder CO 80309, USA

-

We present an innovative, platform-independent concept for multiparameter sensing where the
measurable parameters are in series, or cascaded, enabling measurements as a function of position.
With temporally resolved detection, we show that squeezing can give a quantum enhancement in
sensitivity over that of classical states by a factor of e€?”, where r &~ 1 is the squeezing parameter.
As an example, we have modeled an interferometer that senses multiple phase shifts along the same
path, demonstrating a maximal quantum advantage by combining a coherent state with squeezed
vacuum. Further classical modeling with up to 100 phases shows linear scaling potential for adding
nodes to the sensor. The approach can be applied to remote sensing, geophysical surveying, and
infrastructure monitoring.

Quantum technique could transform remote sensing, infrastructure
monitoring

t94/16/2025 - By Charles Ferrer

A team of CU Boulder researchers has introduced a quantum sensing technique that could lead to improvements in how we monitor infrastructure, detect
changes in the environment and conduct geophysical studies.



Quantum Computing: Optimising Complex
Infrastructure Networks

Energy Infrastructure

* Smart Grid Management: Balancing renewable energy sources with
demand

* Electricity Network Optimisation: Minimizing transmission losses and
maximising efficiency

* Energy Storage Systems: Optimising battery placement and charging
strategies

* Grid Resilience: Rapid response to outages and natural disasters

26



Quantum Computing: Optimising Complex
Infrastructure Networks

Water and Waste Management

* Distribution Network Optimisation: Minimising water loss and
energy consumption

 Wastewater Treatment: Process optimisation and resource recovery
* Flood Management: Real-time drainage system coordination

* Resource Allocation: Optimising maintenance schedules and crew
deployment

27



Quantum Communications: Securing Critical
Infrastructure

A. Cybersecurity for Critical Systems

* Power Grid Protection: Quantum-safe encryption for SCADA systems
 Water Treatment Security: Protecting against cyber threats to public health
* Transportation Safety: Securing air traffic control and railway signaling

* Financial Infrastructure: Quantum-encrypted banking and payment systems

28



Quantum Communications: Securing Critical
Infrastructure

B. Emergency Response Networks

* Disaster Communication: Unbreakable communication during
emergencies

* First Responder Coordination: Secure real-time information sharing

* Public Warning Systems: Authenticated emergency alerts and
instructions

29



Environmental Data Science (2025), 4: ¢35, 1-20 C AM B R I D GE
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Opportunities and challenges of quantum computing for
climate modeling

Mierk Schwabe' @, Lorenzo Pastori' @, Inés de Vegaz, Pierre Gentine” ), Luigi lapichino’ @,
Valtteri Lahtinen”, Martin Leib”, Jeanette Miriam Lorenz*’ @ and Veronika Eyring'-* ©

'Deutsches Zentrum fiir Luft- und Raumfahrt (DLR), Institut fiir Physik der Atmosphiire, Oberpfaffenhofen, Germany

*IQM Germany GmbH, Miinchen, Germany

3Center for Learning the Earth with Artificial Intelligence and Physics (LEAP), Columbia University, New York, NY, USA
“#Quantum Computing and Technologies Department, Leibniz-Rechenzentrum der Bayerischen Akademie der Wissenschaften
(LRZ), Garching b. Miinchen, Germany

5Quansciem Oy, Tampere, Finland

SFraunhofer-Institut fiir Kognitive Systeme IKS, Miinchen, Germany

"Faculty of Physics, Ludwig-Maximilians-Universitit Miinchen, Miinchen, Germany

SUniversity of Bremen, Institute of Environmental Physics (IUP), Bremen, Germany

Corresponding author: Mierk Schwabe; Email: mierk schwabe(@ dir.de

Received: 16 December 2024; Revised: 02 May 2025; Accepted: 04 June 2025

Keywords: climate modeling; data-driven parameterizations; model tuning; quantum computing
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Figure 4. Overview of the climate modeling tasks and the category of matching quantum computing

Parameterisations

algorithms. (Image of the Earth by NASA/Apollo 17).
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Logistics and Supply Chain Transformation

A. Port and Maritime Operations

* Container Tracking: Quantum-enhanced GPS for precise cargo
location

* Ship Routing: Weather optimization and fuel efficiency algorithms
* Automated Cargo Handling: Quantum-controlled robotic systems

e Customs and Security: Enhanced scanning and verification
technologies

32



Stowage planning is a combinatorial problem
Needs to be solved in a strict timeframe

300
300
250
250
200
200
150
150
100
100
50
50
D . by
0 50 100 150 200 250 300 0 ’ ) ' — 250
0 50 100 150 200 250 300 300
» - . Quantum=South
https://quantum-south.com/logistics/optimize-freight-

ca pa Clty'Wlt h _q uantum-com p Ut| ng/ Complex optimization problems leveraging quantum computing software



Materials differentiation

THz imaging

Asbestos
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Fig. 3. RT termite FMR spectra with the applied magnetic field
parallel to each axis indicated in the Fig. 1 scheme and to y-axis
for migratory ant.
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New LiDAR concept —resources and recycling

¢¢ Bargja

Recycling Materials:
Accuracy 95% —

es Bargja

Sulphides

Mining Ores:

Q7% accuracy
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Logistics and Supply Chain Transformation

B. Road and Rail Freight

* Fleet Management: Real-time optimisation of delivery routes and
schedules

* Inventory Optimisation: Quantum algorithms for warehouse
management

* Cross-docking Operations: Streamlined freight transfer at distribution
centres

 Last-mile Delivery: Urban logistics optimisation for e-commerce
growth

35



Groovenauts and Shimizu Optimize Construction Related
Soil Transport Using the Power of Quantum Computers

-Improved productivity at public works construction sites: Verified 10%
increase in transport volume-

F :; MAGELLAN BLOCKS

----- m MAGELLANBLOCKS «« .,
Route Optimization Load Optimization Process Optimization Shift Optimization .
- N ™ N :
H . . / Satisfy container and vehicle bed / How to choose which machine, How to decide when to employ \ .
ow to move which vehicles, people loading requirements while what to do in what order who in what role for what job . i del .
and things along which routes maximizing loading efficiency and with what people while satisfying labor regulations s Quantum anr,‘ea Ing mode d

! nl N 8
T %9 AR ww R IY:

S ————— AL
Real-time high-speed calculation EQ
of optimum routes | .-

Minimization of travel distance

Reduction of CO2 emissions

Improved logistics efficiency

J




Logistics and Supply Chain Transformation

C. Aviation and Air Freight

* Air Traffic Management: Quantum computing for flight path optimisation

e Cargo Scheduling: Maximising aircraft utilization and reducing delays

* Maintenance Optimisation: Predictive maintenance using quantum sensors
* Fuel Efficiency: Route and altitude optimisation for reduced emissions

37



Quantum
Computing for
Transportation
and Logistics

March 2024




QUANTUM COMPUTING CALLED IN TO HELP SOLVE SYDNEY TRANSPORT SCHEDULING CONUNDRUMS
Posted by Trevor Long | Apr 13, 2021 | News, Tech

Back in the day it was probably just a couple of people and a slide rule who determined which trains would run on which " ’W\"‘\E‘ﬁd\“'
goes for buses and lets not even talk about the drama on our roads when there’s an incident on a major arteri>’ \\?(\%Q‘:
cpane
. ﬁ?f;\.\‘
NSW Transport Minister Andrew Constance has called in the big guns, forming a new partr~ “\?“\%‘3
: . y e 0 "
who will help look at how quantum computing can help manage the network to m- _ ‘Q\_:;\X, \é\\:ﬁ‘;,
\}‘\\‘\'\% 106 are el -
‘(}“\Q ‘\Q\\\'{_\e \;\,?S\'
> oss! PRGN
q @)&\V\ o5 The P Q ay@t“\“%
WwYe e WO
x\e}i\ﬁg o3 fin0e
aﬂ\?ﬂf\“t‘ w1 € opportunity for some of our leading transport innovators and quantum computing experts to come together to tackle complex transport

_.«cand congestion problems,”

ruture applications of the technology could include mapping all transport modes and crowd movements simultaneously in real time, and automatically updating the
schedule to solve disruption issues.



Fe\ BATCH BATCH Revolutionizes Logistics Pricing
with Al and Quantum Computing

B FREIGHT

e combination of artificial intelligence and quantum
computing

e prices 200,000 freight lanes daily across the
continental United States

e for drayage containers, dry vans, refrigerated units, and
flatbeds

* up-to-date and competitive pricing information enabling
rapid and informed decision-making

e accurate and dynamic price quoting

* resource allocation and potentially lower costs for shippers

From their press release 28/10/24



New Zealand-Specific Applications and
Opportunities

A. Geographic and Geological Advantages

 Alpine Infrastructure: Monitoring avalanche risks and mountain pass
conditions

* Volcanic Monitoring: Enhanced early warning systems for
infrastructure protection

e Coastal Infrastructure: Sea-level monitoring and coastal defense
optimization

* Remote Area Connectivity: Quantum communications for isolated
communities

42



New Zealand-Specific Applications and
Opportunities

B. Economic Infrastructure Priorities

* Tourism Infrastructure: Optimising visitor flows and transportation
networks

* Primary Industry Support: Logistics optimisation for agricultural and
forestry exports

* Urban Development: Smart city applications for Auckland, Wellington
and Christchurch

* Regional Connectivity: Improving infrastructure links between major
centres

43



Economic Impact and Value Proposition

A. Productivity Gains

* Reduced Maintenance Costs: Predictive monitoring preventing
expensive failures

* Improved Efficiency: Optimized operations reducing energy and
resource consumption

* Enhanced Capacity: Better utilisation of existing infrastructure assets

* Reduced Downtime: Faster response to problems and system
optimisation

44



Economic Impact and Value Proposition

B. Competitive Advantages
* Trade Facilitation: More efficient ports and logistics networks

* Business Attraction: Advanced infrastructure attracting international
Investment

* Innovation Hub: Positioning New Zealand as a testbed for quantum
infrastructure

e Export Opportunities: New Zealand expertise in quantum
infrastructure solutions

45



Quantum impact and readiness?

A UK report found:

‘ 2190 ’ 33"70' 450 ’ 12.%0 '

>f business leaders think are planning for this think the disruption will  will start planning for
quantum will disrupt be here by 2025 2024

their business by 2030

100%0

said quantum computing
will disrupt everything
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Today

* Could quantum tech help support infrastructure, logistics and
transport?

* Looking for great ideas

e Start to link up the infrastrucuture, logistics and transport sector with
quantum

* Speed dating
* Fallin love?

* What are some specific projects?
 Where could these projects get funding?
* Are there business opportunities for any start-ups?
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