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Executive Summary

Key Takeaways

+ Market Growth Trajectory: Quantum computing market projected to expand from $7.9B (2023) to $21.4B
(2028) at 21.2% CAGR, potentially generating $850B in economic value by 2040, creating immediate strate-
gic positioning opportunities for early adopters.

« Commercial Viability Milestone: Recent breakthroughs in error correction (Google’s Willow chip) and logical
qubits mark the transition from theoretical research to practical applications, signaling businesses should
begin developing quantum strategies now rather than waiting for full maturity.

¢ Industry Transformation Potential: Quantum computing delivers tangible competitive advantages in phar-
maceuticals (reducing drug development from decades to years), finance (superior risk assessment and
fraud detection), and logistics (60% efficiency improvements in real-world implementations).

 Access Model Evolution: Cloud-based quantum computing services (QCaaS) are democratizing access with-
out requiring massive capital investments, enabling businesses to experiment with quantum capabilities
through platforms like AWS Braket, IBM Quantum, and Azure Quantum.

* Investment Specialization: The maturing quantum ecosystem is creating targeted investment opportunities
across hardware, specialized components, algorithms, and industry-specific applications, with consolida-
tion and specialization trends reshaping the competitive landscape.

« Strategic Challenges: Organizations must address critical implementation barriers including technical hur-
dles (error correction), talent constraints (specialized workforce development), and regulatory considera-
tions (export controls and national security implications) to successfully leverage quantum advantages.

Quantum Computing Revolution: Current State and Future Potential

Quantum computing stands at a pivotal inflection point, transitioning from theoretical research to practical applications
with transformative potential across industries. Recent breakthroughs, including Google’s Willow chip and significant
advancements in error correction, have demonstrated quantum computing’s ability to solve complex problems
exponentially faster than classical computers. The global quantum computing market is projected to grow from
approximately $7.9 billion in 2023 to $21.4 billion by 2028, with governments and corporations investing heavily in
research and development to secure competitive advantages in this revolutionary technology.

Key Market Indicators

The quantum computing landscape is experiencing unprecedented momentum, with investment surging across both
public and private sectors. Government initiatives like the US National Quantum Initiative, China’s quantum strategy, and
the EU Quantum Flagship are providing substantial funding and strategic direction, collectively investing approximately
$20 billion worldwide over the past five years. The market is witnessing a shift from purely research-focused activities to
commercial applications, with cloud-based quantum computing services (QCaaS) representing a rapidly growing
segment. Major technology companies including IBM, Google, Microsoft, and Amazon Web Services are making
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Chapter1

quantum capabilities available through cloud platforms, enabling broader access without requiring direct hardware
investment. This '‘quantum-as-a-service’'model is expected to drive significant market growth in the near term, with
projections suggesting quantum computing could create as much as $850 billion in economic value by 2040.

Critical Breakthroughs and Milestones

Recent technological advancements have dramatically accelerated quantum computing’s development trajectory. In
December 2024, Google unveiled its 105-qubit Willow processor, which achieved unprecedented error correction while
scaling exponentially. The chip performed a benchmark computation in under five minutes that would take the world’s
fastest supercomputer approximately 10 septillion years (10 with 25 zeros) to complete. This milestone demonstrated
quantum computing’s ability to reduce computational errors exponentially as it scales up—a feat that had eluded
researchers for about 30 years. Other significant breakthroughs include IBM'’s achievement of over 1,000 physical
qubits in late 2023, Microsoft’s unveiling of its Majorana chip based on topological qubits in 2025, and QuEra
Computing’s demonstration of a 48-logical-qubit computer. These advancements are addressing quantum computing’s
primary challenges: qubit stability (coherence), error correction, and scalability. The industry is now focusing beyond
simply scaling physical qubits to developing logical qubits that address noise limitations and limited runtimes through
more efficient error-correction codes and novel connection approaches.

Strategic Value Proposition for Businesses

Quantum computing represents a transformative technological paradigm that offers unprecedented computational
capabilities for businesses across various sectors. As quantum technologies transition from research laboratories to
commercial applications, organizations are positioning themselves to leverage these advanced systems to solve
complex problems that are currently intractable for classical computers. The strategic value of quantum computing lies
not only in its raw processing power but in its ability to address specific business challenges through optimization,
simulation, and pattern recognition that can deliver tangible competitive advantages.

Competitive Advantages

Businesses that successfully integrate quantum computing into their operations stand to gain significant competitive
advantages throughproblem-solving capabilities and operational efficiencies. The parallel processing power of
quantum systems enables organizations to optimize complex logistics networks, supply chains, and resource allocation in
ways that classical computers cannot match. For instance, quantum algorithms can simultaneously evaluate multiple
possible routes or configurations to determine optimal solutions for transportation networks, warehouse operations, and
fleet management. Financial institutions are leveraging quantum capabilities for more sophisticated fraud detection,
risk assessment, and portfolio optimization, while pharmaceutical companies are accelerating drug discovery processes
by simulating molecular interactions with unprecedented accuracy. Perhaps most importantly, quantum computing
offers these advantages with significantly lower power consumption compared to classical supercomputers—requiring
only a fraction of the energy while delivering exponentially greater computational capacity for specific problem types.

Transformative Industry Applications

Quantum computing is poised to revolutionize multiple industries through applications that address their most
challenging computational problems. In the pharmaceutical and healthcare sectors, quantum simulations are enabling
researchers to model complex molecular structures and interactions, potentially reducing drug development timelines
from decades to years while significantly lowering costs. The financial services industry is implementing quantum
algorithms for portfolio optimization, risk analysis, and fraud detection that can process vast datasets in parallel rather
than sequentially. In manufacturing and logistics, quantum computing is optimizing supply chains, production schedules,
and resource allocation with unprecedented precision, as evidenced by significant efficiency improvements at facilities
like the Port of Los Angeles, where crane deliveries increased by over 60% and truck waiting times decreased by nearly
10 minutes. Additional transformative applications include weather forecasting for climate modeling, materials science
advancements for battery technology, and quantum machine learning algorithms that can identify patterns invisible to
classical Al systems.

The pharmaceutical industry stands to gain enormously from quantum computing’s ability to simulate molecular
interactions at the quantum level. Traditional drug discovery relies heavily on laboratory trial-and-error approaches,
with development costs often exceeding $2.6 billion per successful drug. Companies like Boehringer Ingelheim are
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already experimenting with quantum algorithms to model enzyme interactions and protein folding, potentially
identifying promising drug candidates in months rather than years. This acceleration could be transformative for
addressing emerging health threats and rare diseases where conventional approaches have proven inadequate.

In the financial sector, quantum computing offers unprecedented capabilities for risk assessment and market analysis.
JPMorgan Chase has been developing quantum algorithms for option pricing and portfolio optimization that can
simultaneously evaluate thousands of potential scenarios. Similarly, HSBC has partnered with quantum computing
providers to enhance fraud detection systems, leveraging quantum machine learning to identify anomalous patterns in
transaction data that would be invisible to conventional detection methods. These applications could fundamentally
transform risk management practices across the industry.

The energy sector is exploring quantum computing to solve complex optimization problems related to grid management
and resource allocation. Microsoft’s Azure Quantum recently demonstrated how quantum-inspired algorithms could
optimize energy distribution across power grids, potentially reducing waste by up to 8% while maintaining reliability.
Similarly, BP has begun investigating quantum simulations for improved seismic data analysis, which could significantly
enhance the efficiency and environmental sustainability of resource exploration activities.

For transportation and logistics companies, quantum computing offers solutions to the notoriously difficult "traveling
salesman problem” and its variants, which are central to route optimization. Beyond the Port of Los Angeles example,
companies like DHL are exploring quantum algorithms to optimize their global delivery networks, potentially reducing
fuel consumption by 10-15% while improving delivery times. The implications for carbon emissions reduction and
operational efficiency are substantial, particularly as supply chains become increasingly complex and globally
distributed.

Quantum computing is also transforming materials science research, with potential applications ranging from more
efficient solar cells to revolutionary battery technologies. Researchers at Samsung have used quantum simulations to
model novel semiconductor materials that could dramatically improve energy efficiency in electronic devices. Similarly,
Volkswagen has employed quantum computing to explore new battery chemistries that could extend electric vehicle
range while reducing charging times and manufacturing costs.

Perhaps most intriguingly, quantum computing is enhancing artificial intelligence capabilities through quantum machine
learning algorithms. These approaches can identify complex patterns in data that remain hidden to classical machine
learning techniques. Google’s Quantum Al team has demonstrated how quantum neural networks can more efficiently
process certain types of data, potentially leading to breakthroughs in image recognition, natural language processing,
and predictive analytics across multiple industries.

The climate science field is leveraging quantum computing to develop more accurate models of atmospheric and
oceanic systems. Thesesimulations could dramatically improve our understanding of climate change dynamics and help
identify more effective mitigation strategies. The UK Met Office has begun exploring how quantum algorithms might
enhance weather prediction accuracy beyond the capabilities of even the most powerful classical supercomputers,
potentially extending reliable forecast windows from days to weeks.

While many of these applications remain in early development stages, the pace of advancement is accelerating. As
quantum hardware continues to scale and error correction techniques improve, we can expect to see increasingly
practical implementations across these industries. Organizations that begin exploring quantum applications now will be
better positioned to capitalize on this transformative technology as it matures, potentially gaining significant
competitive advantages in their respective markets.

Investment Landscape and Growth Projections

The quantum computing sector is experiencing unprecedented growth and investment momentum, with significant
market expansion projected over the coming decades. Current estimates suggest the global quantum computing
market will grow from approximately $7.9 billion in 2023 to $21.4 billion by 2028, representing a compound annual
growth rate (CAGR) of 21.2%. This growth trajectory extends further, with some analysts projecting the market could
generate as much as $850 billion in economic value by 2040, driven by applications across pharmaceuticals, finance,
logistics, and materials science sectors.
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Market Size and Forecast

The quantum computing market is undergoing a transformative phase characterized by accelerating technological
breakthroughs and increasing commercial interest. Government initiatives are playing a crucial role in market
development, with major programs like the US National Quantum Initiative, China’s quantum strategy, and the EU
Quantum Flagship providing substantial funding and strategic direction. Private sector participation is equally
significant, with venture capital activity intensifying across hardware, software, and services segments. Hardware
development currently commands the largest share of investment, particularly in superconducting qubits and trapped
ion systems, while cloud-based quantum computing services represent a rapidly growing segment enabling broader
access without requiring direct hardware investment. According to industry projections, the market is expected to
undergo several crucial transitions in the coming years, with achievement of quantum advantage in specific applications
likely driving increased enterprise adoption, particularly in financial services, drug discovery, and materials science.

The market landscape continues to evolve with major technology companies advancing their quantum programs
alongside specialized firms making significant strides in their respective technologies. Companies like Rigetti Computing
have demonstrated remarkable progress with their 84-qubit Ankaa-3 system achieving a median two-qubit gate
fidelity of 99.5%, a critical metric for quantum computing performance. Meanwhile, PsiQuantum announced an
ambitious AU$940 million project to deliver a 1 million physical qubit system by 2027, potentially revolutionizing the
field’s capabilities.

Industry consolidation and specialization are becoming more prominent features as the market matures. While some
organizations focus on full-stack quantum solutions, others are specializing in specific components of the quantum
computing stack, from hardware components to application-specific software solutions. This diversification is creating
arobust ecosystem that addresses various aspects of quantum technology development, from fundamental research to
commercial applications.

The development of the quantum computing supply chain represents another crucial market aspect. Companies are
investing in specialized component manufacturing, from control electronics to cryogenic systems, creating new market
opportunities and potential bottlenecks. The market for quantum-specific components and materials is expected to
grow significantly as quantum computers scale up, with superconductors, photonics, and nanomaterials playing
increasingly important roles.

Despite positive trends, the market faces several challenges. Technical hurdles in achieving fault-tolerant quantum
computing remain significant, with error correction being a primary focus area. The need for skilled quantum workforce
development presents another obstacle, as the field requires expertise spanning physics, computer science, and
engineering. Additionally, identifying near-term commercially viable applications impacts market growth, though these
challenges are driving innovation and creating opportunities for companies offering solutions to these specific problems.

Cloud-based quantum computing services are transforming accessibility fo quantum capabilities. Platforms like Amazon
Braket, IBM Quantum, and Microsoft Azure Quantum are making quantum computing resources available to enterprises
and researchers worldwide without requiring massive capital investments. This "quantum-as-a-service” model is
expected to drive significant market growth in the near term, democratizing access to this revolutionary technology.

The shift from research-focused activities to commercial applications is accelerating. While early-stage quantum
computers currently serve primarily research purposes, the development of error-corrected quantum systems in the
coming years will enable more practical applications. This transition is expected to dramatically expand the market,
particularly in the 2025-2030 timeframe, as quantum computers begin to demonstrate clear advantages over classical
systems for specific use cases.

According to the Boston Consulting Group, quantum computing is projected to create as much as $850 billion in
economic value by 2040. This value will be realized through applications in optimization problems in logistics, complex
simulations in pharmaceuticals, and enhancing machine learning algorithms. As more companies experiment with these
applications, there will likely be a surge in demand for specialized quantum processors tailored to industry-specific
needs.

The quantum computing market stands at an inflection point, with technological progress and commercial interest
converging to create significant growth opportunities. While the path to widespread quantum computing adoption may
be complex, the market’s fundamental drivers remain strong, suggestingexpansion and evolution in the coming years.
Organizations that position themselves strategically within this emerging ecosystem will be well-placed to capitalize on
the transformative potential of quantum computing technologies.
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Key Investment Considerations

Investors approaching the quantum computing sector should consider several critical factors that will influence market
development and investment returns. The technical hurdles in achieving fault-tolerant quantum computing remain
significant, with error correction and qubit stability representing fundamental challenges that impact commercial
viability. Despite recent breakthroughs by companies like Google with its Willow chip, which demonstrated exponential
error reduction during scaling, the path to reliable quantum systems remains arduous and capital-intensive.

Industry consolidation and specialization are becoming more prominent features of the market as it matures. While
established technology giants like Microsoft and Amazon pursue full-stack quantum solutions, numerous specialized
players are emerging to address specific segments of the quantum computing stack. For instance, some firms focus
exclusively on developing quantum algorithms for financial optimization, while others concentrate on hardware
components such as cryogenic control systems or specialized quantum materials. This specialization trend creates both
partnership opportunities and competitive challenges for investors navigating the ecosystem.

The development of the quantum computing supply chain represents another crucial market aspect. As quantum
systems scale beyond laboratory environments, the need for reliable component manufacturing—from specialized
control electronics to advanced cooling systems—becomes increasingly critical. Companies like Bluefors and Oxford
Instruments have established early leadership in cryogenic systems, while specialized semiconductor manufacturers are
developing quantum-specific integrated circuits. These supply chain dynamics create both investment opportunities and
potential bottlenecks that could impact broader market growth.

Workforce development presents both a challenge and opportunity in the quantum sector. The field requires highly
specialized talent spanning quantum physics, materials science, electrical engineering, and quantum algorithm
development. Universities worldwide are expanding quantum education programs, but the talent pipeline remains
constrained relative to market demand. Forward-thinking companies are establishing internal training programs and
academic partnerships to secure access to this limited talent pool, making human capital strategy a key differentiator
for long-term success.

Regulatory considerations are increasingly shaping the quantum landscape, particularly regarding export controls and
national security implications. Several governments have classified certain quantum technologies as strategically
important, potentially restricting international collaboration and market access. The U.S. National Quantum Initiative
Act and similar programs in Europe and Asia demonstrate growing governmental interest in fostering domestic
quantum capabilities, creating both opportunities and constraints for global investors.

Finally, investors should carefully evaluate near-term commercially viable applications versus long-term potential. While
quantum computing promises revolutionary capabilities in drug discovery, materials science, and financial modeling, the
timeline for achieving practical quantum advantage varies significantly across use cases. Early commercial traction is
emerging in hybrid quantum-classical approaches for optimization problems and quantum machine learning
applications, offering more immediate revenue opportunities while the technology continues to mature.

The quantum computing market, while still nascent, shows strong fundamental drivers forgrowth and evolution.
Successful investment strategies will require both technical understanding and strategic patience to navigate this
complex but potentially transformative technological frontier.
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