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Quantum computing is moving into a phase in which technical
assumptions must be proven rather than stated, narrowing the dap
between roadmap ambition and demonstrable performance. From an
investor perspective, the field remains a long-horizon theme in which
close observation of engineering milestones and thoughtful strategic
preparation matter most.

1. A more grounded narrative: After ten years of breakthroughs punctuated by over-optimism, the narrative
around quantum computing is increasingly focused on defining realistic capabilities, identifying potential
use-cases and scrutinising the assumptions that must still be validated.

2. Unsettled market expectations: Current market forecasts vary substantially — from around USD 3.5bn
today to significantly higher but highly assumption-dependent projections — reflecting the fact that the
ultimate economic potential and timing are still unclear.

3. Investment implications: For investors, this is a period for thoughtful positioning: keeping pace with
security-related transitions, scrutinising engineering progress and watching for areas where credible
optionality in hybrid architectures is beginning to take shape.

After a decade of experimental advances and intermittent hype, the discussion around quantum computing is becoming
more grounded in terms of what is technically feasible, where the technology might add real value and which
assumptions still require validation. Credible engineering roadmaps and emerging cybersecurity standards provide
direction, but they do not resolve the fundamental uncertainties that continue to shape the technology’s trajectory.
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What quantum computing actually is

A dgentle way to build intuition for quantum computing is to start with how information is represented in today’s
machines. Classical computers operate on bits — units that take the value 0 or 1, much like a switch that is
either on or off. Adding more bits increases the number of possible configurations exponentially: one bit gives
two states, two bits give four, three bits give eight, and so on. Yet at any given moment, a classical device occupies
only one of these configurations, and the bits themselves act independently. As a result, problems involving many
interdependent variables become increasingly expensive to handle, because the machine must explore different
combinations step by step rather than representing their relationships directly.

Quantum computers address these limitations with a different information structure. Their basic unit, the qubit,
can exist in a mixture of 0 and 1 simultaneously — a property known as superposition — allowing a quantum
system to hold many possible configurations at once. When multiple qubits interact, they can become entangled,
meaning that information is stored in the correlations between them rather than in each qubit individually. By
combining superposition and entanglement, quantum systems can encode dependencies directly into the state
of the system itself. As additional qubits are added, the size of the quantum state space grows exponentially,
enabling quantum devices to describe and manipulate patterns of information that scale far beyond what
classical hardware can feasibly represent.

Quantum will not replace classical computing but rather extend the computational frontier in domains where
today’s high-performance systems plateau. Global market analyses, such as McKinsey & Company’s Quantum
Technology Monitor, indicate that quantum technologies are beginning to show signs of deeper investment pipelines,
some degree of value-chain specialisation and dgrowing activity across computing, sensing and communication.
However, these developments point to an emerging structure rather than a fully formed industry, and many elements
remain dependent on unproven engineering assumptions. In other words, capital formation and specialisation are
visible, but they are not yet evidence that the technology is on a clear or irreversible industrial trajectory.

Engineering claims meet real-world testing

The technology is still young and must first clear several engineering hurdles. As the field begins to outline more
concrete milestones, 2026 is particularly important for testing foundational assumptions — though each still
requires careful verification. The following two challenges are at the forefront of this development.

The first concerns physical implementation. Classical machines rely on transistors, stable switches for Os and
1s. Quantum computing, by contrast, depends on physical systems that naturally exhibit superposition and
entanglement. Different architectures attempt this through 1. superconducting circuits’ cooled to near absolute
zero, 2. trapped ions? held in electromagnetic fields, 3. neutral atoms® arranded with optical tweezers,
4, photonic systems* using single particles of light or 5. topological approaches5 designed to encode
information in more protected quantum states. Each approach offers potential advantages but also carries distinct
constraints on stability, control and scale.

The second hurdle is error management. Classical bits are robust and easily copied, making fault correction
inexpensive. Qubits, by contrast, encode high-dimensional quantum states that are inherently fradile:
superposition and entanglement are highly sensitive to noise and environmental disturbance, which makes the
underlying information rich in principle but difficult to control in practice. Protecting a single logical qubit requires
encoding it across hundreds or even thousands of physical qubits, creating a difficult feedback loop — more qubits
are needed to correct errors, but larder systems introduce more noise.

1 Superconducting circuits encode qubits in microwave-frequency currents flying through superconducting loops, operated at temperatures
near to absolute zero.

2 Trapped-ion systems use individual electrically charged atoms (ions) held in electromagnetic fields as qubits.

3 The neutral-atom segment uses individual atoms held in optical tweezers as qubits and controlled with laser pulses. As they interact only
when excited into so called Rydberg states, the architecture is naturally scalable, enabling large and reconfigurable arrays with uniform
properties.

4 Photonic systems use single photons to encode and process qubits via optical components.

5 Topological approaches encode information in robust, topologically protected quantum states.
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Roadmaps across the major hardware architectures differ in approach and timeline, but they converge on the
same next milestone: delivering reliable logical qubits through higher fidelities, modular designs and scalable
control systems. History suggests the field will not advance uniformly. Different qubit technologies will progress
at different speeds, and several architectures may reach technical plateaus before achieving fault tolerance,
reinforcing the likelihood of consolidation well before commercial maturity. What matters for 2026 is whether
platforms can demonstrate repeatable, stable logical operations and execute deeper circuits with predictable
error rates.

The integration of quantum computing into European high-performance computing (HPC)® centres in 2024-25 is
helping shift the technology from isolated laboratory settings into real computational workflows. Embedding
early quantum processors into established supercomputing environments allows systems to be tested,
benchmarked and co-designed alongside classical high-performance systems. IBM’s updated roadmap reinforces
this momentum, projecting first demonstrations of quantum advantage’ by the end of 2026 and outlining a
detailed path to a fault-tolerant system later in the decade. Such demonstrations should be viewed as technical
validation, with economic benefits likely lagging engineering milestones by several years. At the same time, the
security landscape is being reshaped by post-quantum considerations. With the first post-quantum cryptography
(PQC) standards® finalised in late 2024, enterprises have begun transitioning to quantum-safe encryption — a shift
driven by a structural limitation of classical public-key cryptography, whose security rests on mathematical
problems (such as factorisation and discrete logarithms) that a sufficiently capable quantum computer could
solve efficiently. This creates a near-term investment cycle independent of hardware timelines, as organisations
must secure today’s data against tomorrow’s decryption capabilities.

Projections of the size of the quantum-computing market vary widely from current estimates of roughly
USD 3.5bn to much larger, highly conditional long-term scenarios® — highlighting that there is no settled
consensus on the eventual economic scale or timing. What the market does have is a mix of company roadmaps,
engineering aspirations and projections that depend on assumptions still being tested. The next few years may
offer important technical signals in this direction, but they should be viewed as steps in an uncertain development
path rather than markers of an inevitable commercial breakthrough.

CHART 1: PROJECTED QUANTUM COMPUTING MARKET POTENTIAL (USD BN)

250
205
200
150
100
50
20
> ]
0
2025 2030 2035

Source: MarketsandMarkets, Mizuho, The Investment Institute by UniCredit
Note: Figures represent the high end of third-party market projections and are intended to indicate the upper range of potential outcomes.

6 HPC refers to the use of parallel supercomputers to perform large-scale scientific or engineering calculations.

7 Quantum advantage refers to a situation where a quantum computer can solve a specific, well-defined problem faster or more efficiently
than the best-known classical algorithms.

8 pQC includes cryptographic algorithms designed to resist attacks from future large-scale quantum computers.

9 While moare traditional market-research firms such as MarketsandMarkets offer mid-range commercial forecasts, projecting the market at
roughly USD 20bn by 2030, depending on adoption speed and hardware maturity, the equity-research division of Japanese global banking
and financial services conglomerate Mizuho places the long-term market potential at around USD 205bn by 2035.
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Where quantum could create value

This uncertainty makes it more useful to shift the lens from market-size speculation to the underlying question
of where quantum capabilities could plausibly create value over time. One of quantum computing’s defining
advantades is its ability to encode complex dependencies directly into the quantum state itself —a fundamentally
different way of representing problems with many interlocking variables. Three application domains stand out:
First, quantum offers advantades in combinatorial optimisation — logistics routing, operational scheduling,
risk allocation — where the size of the problem increases too quickly for classical hardware. Early hybrid models
already demonstrate incremental improvements in specific, constrained tasks. Quantum-enhanced optimisation
could support sectors with complex operations, such as logistics, aviation, energy, telecoms and finance. Second,
a long-term economic opportunity lies in materials and molecular simulation. Quantum computers are
uniquely suited to modelling molecular systems, which could transform areas like drug discovery, catalyst design
or advanced battery development. These workloads require long, coherent quantum operations and will therefore
benefit most from future error-corrected systems. Any meaningful impact is likely to emerde first in
molecular-intensive sectors such as pharma, chemicals, energy-storage and advanced materials. Third, quantum
is reshaping cybersecurity planning. With PQC standards now formalised, organisations have started multi-year
migration programmes. Much of the early revenue in the quantum ecosystem will come from securing digital
infrastructure against future quantum threats, not from running algorithms on quantum hardware. Quantum-safe
encryption affects sectors with large cryptographic footprints, from finance and telecoms to government and
critical infrastructure.

Patent landscape reinforces broader industrial shift

The growing emphasis on engineered, reproducible performance is also reflected in the intellectual-property
landscape. Global filings accelerated across major quantum domains in 2024, according to McKinsey & Company.
The US continues to lead in quantum-communication patents through national laboratories and federally
backed research, while China now dominates in overall applications. Beyond this headline rivalry, the composition
of filings points to where mare defensible innovation may be emerging — notably in control electronics, stabilised
qubit architectures and error-correction methods. Rising volumes of protectable intellectual property suggest a
gradual shift from exploratory research towards more engineered systems, though it is still too early to draw firm
conclusions about long-term competitive moats.

CHART 2: US DOMINATES QUANTUM-TECHNOLOGY PATENT GRANTS

NUMBER OF PATENTS (2020-24)
40,000

35,000
30,000
25,000
20,000
15,000
10,000

5,000 I I I I
0 [ | [ | [ | [ | [ | [
N & S

B Patents granted

Patent applications

$ NS N SN &
e &S« & 3 & ¥ &8
& N S ¥

Source: Patsnap, McKinsey & Company, The Investment Institute by UniCredit
Note: The number of patents granted in 2024 is incomplete because it takes time to publish patents. China’s current patent activity does
not accurately reflect ongoing efforts in patent applications aimed at gaining market access.
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What investors should focus on

For investors, the key is to separate what is already taking shape from what will unfold over a longer-term horizon.
The transition to PQC is the clearest near-term development. With global standards now defined and regulatory
expectations tightening, organisations have bedgun allocating real buddets for encryption upgrades. This makes
PQC one of the few areas in the quantum ecosystem where early and predictable cash flows are likely. By contrast,
progress in quantum hardware and software remains a londer-term option: the technological upside could be
substantial, but timelines are measured in years, not quarters.

A cautious, evidence-driven approach is essential, as ongoing research may refine key assumptions but cannot
guarantee their eventual validation. What matters is the disciplined tracking of the indicators that signal whether
meaningful evidence is building towards eventual viability. Three areas will be particularly relevant: 1. a
sustained industry shift towards logic-level performance metrics instead of raw qubit counts; 2. repeatable
progress in early pilot projects, especially in optimisation and simulation tasks; and 3. a broadening of
enterprise-wide PQC migdration, including activity around transport layer security (TLS), public-key infrastructure
(PKI) and code-signing transitions'®. Together, these signals help dauge whether the foundations for such a
trajectory are strengthening or weakening, or whether they remain uncertain.

Given the early stage the technology is still in, any discussion of portfolio construction should be framed as
strategic preparation rather than active allocation. While visibility remains limited, the quantum ecosystem
spans several layers that may become investable. At the foundational level, the enablement layer —
cryodenics', control systems and specialised materials — will be essential if scaling continues, yet it is still unclear
which hardware pathways will dominate. Further up the stack, the emerding software and orchestration
ecosystem will shape how hybrid classical-quantum?? workflows operate, but commercial adoption remains at
an exploratory stage. By contrast, the PQC landscape is already seeing concrete activity as firms update their
security architecture, offering earlier revenue signals, though these stem from risk management rather than
confidence in quantum timelines.

Adainst this backdrop, exposure to quantum computing is best seen in terms of monetisation timing rather than
technological promise alone. Near-term revenues are concentrated in the security and services layer, where
post-quantum cryptography upgrades and hybrid computing models are already translating into budgetary line
items. By contrast, the bulk of long-term optionality resides in platforms, orchestration software and core
hardware enablement, where technical validation must precede meaningful revenue contribution. This divergence
underscores why quantum is not yet a stand-alone investment theme, but rather a source of embedded
optionality within a broader technology allocation.

10715 protects internet connections; PKI manages digital certificates; code signing verifies the integrity and origin of software.

" Cryogenics refers to the ultra-low-temperature cooling systems required to keep certain qubit types stable and operational, often just a few
millikelvin above absolute zero.

127 hybrid quantum-classical model integrates classical compute systems with quantum processors, assigning sub-tasks to each according
to their strengths.
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CHART 3: QUANTUM EXPOSURE MATRIX BY MONETISATION AND OPTIONALITY
LONG-TERM OPTIONALITY RESIDES IN PLATFORMS AND CORE TECHNOLOGIES
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Source: McKinsey & Company, NIST, The Investment Institute by UniCredit

Bottom line: Quantum computing enters phase of strategic validation

As 2026 begins, quantum computing has produced more coherent engineering roadmaps and a better-articulated
cybersecurity mandate, but they should not be mistaken for evidence that the technology is close to commercial
readiness. The landscape is becoming clearer, yet the path to practical, scalable quantum computing remains
uncertain and highly sensitive to how these assumptions hold up in real-world experiments. Likewise, discussions
about potential commercial pathways reflect where quantum might create value over time. 2026 is therefore less
about delivering fully usable systems and more about separating concepts that are technically and economically
plausible from those that are unlikely to scale. For investors, the priority is preparation: engage with the security
transition, track engineering progress with discipline and map where optionality could emerge within hybrid
compute architectures. Quantum computing remains a long-term endeavour, and 2026 could become the year
when expectations bedin to align more closely with the technology’s realistic trajectory.
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Ledal Notices

Glossary

Terms used in the report are available on our website: Our glossary.

Marketing Communication

This publication/video constitutes a marketing communication of UniCredit S.p.A., UniCredit Bank Austria AG, Schoellerbank AG and
UniCredit Bank GmbH (hereinafter jointly referred to as the “UniCredit Group”) is addressed to the general public and is provided free of
charge for information only. It does not constitute investment recommendation or consultancy activity by the UniCredit Group or, even
less, an offer to the public of any kind nor an invitation to buy or sell securities. The information contained herein does not constitute an
investment research or financial analysis since, in addition to the lack of content, it has not been prepared in accordance with ledal
requirements designed to promote the independence of investment research, and it is not subject to any prohibition on dealing ahead
of the dissemination of investment research.

UniCredit Group, including all its group companies may have a specific interest in relation to the issuers, financial instruments or
transactions detailed herein. Relevant disclosures of interests and positions held by UniCredit Group are available at:_Conflicts of interest.
Any estimates and/or assessments contained in this publication represent the independent opinion of the UniCredit Group and, like all
the information contained therein, are given in good faith on the basis of the data available at the date of publication, taken from reliable
sources, but having a purely indicative value and subject to change at any time after publication, on the completeness, correctness and
truthfulness of which the UniCredit Group makes no guarantees and assumes no responsibility. Interested parties must therefore carry
out their own investment assessments in a completely autonomous and independent manner, relying exclusively on their own
considerations of the market conditions and the information available overall, also in line with their risk profile and economic situation.
Investment involves risk. Before any transaction in financial instruments please refer to the relevant offering documents. It should also
be noted that:

1. Information relating to the past performance of a financial instrument, index or investment service is not indicative of future results.

2. Iftheinvestment is denominated in a currency other than the investor’s currency, the value of the investment can fluctuate strongly
according to changdes in exchangde rates and have an undesirable effect on the profitability of the investment.

3. Investments that offer high returns can underdo significant price fluctuations following any downgrading of creditworthiness. In the
event of bankruptcy of the issuer, the investor may lose the entire capital.

4. High volatility investments can be subject to sudden and significant decreases in value, being able to generate significant losses at
the time of sale up to the entire capital invested.

5. In the presence of extraordinary events, it may be difficult for the investor to sell or liquidate certain investments or obtain reliable
information on their value.

6. If the information refers to a specific tax treatment, it should be noted that the tax treatment depends on the individual situation of
the customer and may be subject to changde in the future.

7. If the information refers to future results, it should be noted that they do not constitute a reliable indicator of these results.

8. Diversification does not guarantee a profit or protect adainst a loss.

The UniCredit Group cannot in any way be held responsible for facts and/or damages that may arise to anyone from the use of this

document, including, but not limited to, damades due to losses, lost earnings or unrealised savings. The contents of the publication —

including data, news, information, imagdes, graphics, drawings, brands, and domain names — are owned by the UniCredit Group unless

otherwise indicated, covered by copyright and by the industrial property law. No license or right of use is granted and therefore it is not

allowed to reproduce its contents, in whole or in part, on any medium, copy them, publish them and use them for commercial purposes
without prior written authorisation from UniCredit Group unless if purposes of personal use only. E 25/1
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