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The Quantum Renalssance

The transition from brute-force scale to precision-engineered computation.
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WILL CURRENT DATA CENTERS STILL BE
REQUIRED IN 5 OR 10 YEARS TIME?

Quantum computers will integrate into data centers, primarily as hybrid
accelerators alongside CPUs and GPUs, rather than standalone
replacements, starting in 2026 via co-location and cloud models.

Hybrid integration in HPC

Quantum processors join high-performance computing clusters in data
centers to handle specific workloads like simulations and optimization,
minimizing data transfer latency.

Projects like HPQC at Innsbruck demonstrate successful interfacing of
quantum systems with classical HPC infrastructure, paving the way for
broader adoption.

Co-location and rack designs

Rack-mounted quantum systems from vendors like Orca and Oxford
Instruments fit standard data center footprints, with side-loading
cryostats and reduced cooling demands easing deployment.

Co-location in leased facilities allows secure, low-latency access without
full ownership, accelerating enterprise use.




THE END OF THE BRUTE FORCE

WE ARE WITNESSING A FUNDAMENTAL SHIFT. THE NEXT
DECADE MARKS THE END OF BUILDING LARGER, HOTTER
AND MORE RESOURCE INTENSIVE CLASSICAL DATA-

CENTERS.

BY REPLACING MILLIONS OF CLASSICAL NODES WITH
SINGLE, FAULT-TOLERANT QUANTUM PROCESSING UNITS,
“TIME TO SOLUTION” SHRINKS FROM YEARS TO SECONDS.
THIS IS NOT AN INCREMENTAL UPGRADE - IT IS A TOTAL
RECONFIGURATION INTO A CLEANER, COOLER &

EXPONENTIALLY MORE CAPABLE DIGITAL FOUNDATION.




iESEllc & Aesthetics

Industrial Present ~. \

Atmosphere:
Industrial warehouse. Noisy, dusty, and
cable-heavy.

Hardware:

Rows of black, rectangular industrial metal
server racks.

F
Data Flow: rd

Heat-generating copper wgiﬁd.
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Clinical Future

Atmosphere:
Clinical laboratory. Sleek, modular, and
completely silent.

Hardware:
Quantum nodes housed in cylindrical,

glass-enclosed ‘Cryo-Chambers'.

Data Flow:
Ambient, low-energy photonics.



Thermal & Enert

Brute Force

Cooling: Massive floor-to-ceiling ductwork,
forced-air cooling (CRAC units), and liquid-to-
chip systems driven by energy-intensive fans.

Energy: Centralized power distribution with :
massive external grid reliance and huge '+ © ° &%
battery backup rooms. ! s .
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Precision Integration

o YT = Cooling: '‘Quantum-Integrated Cooling’ featuring
s .;*, localized cryogenic zones and compact, internal thermal
'l’ rC _— management directly within processing hardware.
| .' -"""__,,r—-"——-": Energy: Decentralized, smart-grid-capable facilities
%6& -% that dynamically shift loads to minimize peak draws.



The Physics of
Exponential Power

Year 5 (The Inflection): The Chasm Opens

1QPU = 100,000 to 500,000
classical nodes.
® Year 0 (Today): The Anchor g?::jﬂ E‘rdc:r n:nrrect:nn mea:'llslme
1QPU = 1,000 t0 10,000 siti-spaces that cossical srays
high-end classical nodes. cannot even store.

Cwtperforming standard clusters .
in specific optimization/molecular -
tasks,

1GQPU [Quantum Processing U

Year 10 (Dominance):

The Unnzachable Peak
1QPU = 1,000,000+
classical nodes.
Processing cryptography,
material science, and loglstics
in seconds instead of years.

1QPU = 1 Dﬂl} Dl}ﬂ+
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Key Concept 1: The Cooling Tax
Cryogenic enginesring requires a constant, significant
energy baseline to keep qubits stable.

Keay Concept 2: Time-to-Solution Advantage

Tha quantum archibachurs panonms heayy workinads
axponantialy fasher, By replacing millcns of possar- hungry
clssical nodes with a single cong, total ‘'Compaune ime' drops o
drasSically thaf the et energy load is radically reduced

A

| /f\ Efficiency is not just about reducing power per watt; it is about eliminating the time spent consuming it.




Routed to

classical systems.

High-Volume,
Standard Tasks

Standard | \ . | {]ffltj:-i!ldi-}dl [.D.r
Data Streams ' Quantum-Classical E quantum units,
Workload Balancing
e Intelligent Al schedulers High-Value,

t h k ¥ I
act as the gatekeepers Complex Simulations

A The near-term energy footprint depends entirely on the efficient communication and load-sharing
0 between experimental quantum prototypes and traditional servers. I



‘he 10-Year
rajectory

ep 1: 2026-2028
(The Optimization Phase)

-volutionary

ep 2: 2029-2032

|:Th-é Hybrid Integration Phase)

» Focus on Cryogenic Engineering.

« Development of ‘Cryo-CMOS'

controllers placed inside the freezer
to eliminate heat leaks from external

wiring.

r——

Al-driven schedulers balance
workloads.

Vastly improved qubit coherence
times allow longer processing
without resets, dropping energy
cost-per-calculation.

(The Maturity & Scalability
Phase)

« Adoption of 'Quantum-Native’
cooling standards.

= E f
e el room-temp/high-

temp QPUs, removing the
heaviest energy "tax.

Lluantum becomes the default
sustainable choice for climate,
drug, and logistics modeling.




The future isn't bigger;
It's smarter, quieter, and
fundamentally faster.

0 29
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Simulation Security Convergence

Climate modeling and molecular drug Next-generation cryptographic The dissolution of boundaries between
discovery shifted from years of brute architectures native to quantum states. human ingenuity and quantum-
A force to seconds of precision. accelerated Al collaboration.
'

The Quantum-Led Landscape has arrived.



2026-2030 rollout
2026 sees multimodal data centers with quantum alongside
GPUs for Al and molecular modeling, per TQl and GQl forecasts.

Cloud giants (AWS, Azure, IBM) integrate hybrid quantum-classical
via middleware like CUDA-Q, evolving to on-site QPUs in hyperscale
centers.

Challenges and adaptations

Cryogenic needs (dilution refrigerators), power spikes, and custom
shielding require data center retrofits, but Al-driven changes (e.g.,
liquid cooling) align well.

Standards from Open Compute Project streamline installations,
enabling phased pilots to full production.
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