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Executive Summary

India is entering a new stage of national development where economic growth is increasingly
driven by deep technology, national digital infrastructure, and global credibility in security and
trust.' As India scales its digital economy, the next competitive edge will not come from
digitization alone, but from the security and resilience of the systems that power finance,
identity, healthcare, critical infrastructure, and trade.”

This i1s why India’s push into quantum is not just a science ambition, it is a state capability
decision.? India approved the National Quantum Mission (NQM) on 19 April 2023 with a total
outlay of ¥6,003.65 crore for 2023-24 to 2030-31.* The mission's stated purpose is to "seed,
nurture and scale up scientific and industrial R&D and create a vibrant & innovative ecosystem
in Quantum Technology (QT). This positions India to build national strength across quantum
computing, quantum communications, sensing, and quantum-safe security, not as isolated
projects but as an integrated long-term capability.

At the same time, the world is entering a security transition that is already underway: the shift
to post-quantum cryptography (PQC).> In August 2024, NIST approved the first PQC
standards as FIPS, meaning governments and enterprises now have “deployable primitives”
rather than theoretical candidates. This moment matters because it changes the conversation
from “quantum risk in the future” to migration programs that must begin now.°

The United States has already institutionalized this transition through federal policy, making
PQC migration a modernization mandate rather than optional preparation.’” OMB
Memorandum M-23-02 instructs agencies to prepare for migration to post-quantum
cryptography, including discovery, inventory, and prioritized upgrades. The NSA's CNSA 2.0
framework reinforces that the quantum transition is full-stack, covering browsers, operating
systems, software signing, and network infrastructure with a defined timeline through 2033
and beyond.®

For India, This Is A Strategic Opening.

! https://dst.gov.in/national-quantum-mission-ngm |  https://www.oecd.org/en/topics/sub-issues/quantum-technologies.html | ® https://dst.gov.in/national-quantum-mission-

ngm | ¢ https://dst.gov.in/national-quantum-mission-ngm | * https://csrc.nist.gov/news/2024/postquantum-cryptography-fips-approved | © https://www.nist.gov/news-events/

news/2024/08/nist-releases-first-3-finalized-post-quantum-encryption-standards | 7 https://www.whitehouse.gov/wp-content/uploads/2022/11/M-23-02-M-Memo-on-
Migrating-to-Post-Quantum-Cryptography.pdf | ® https://media.defense.gov/2025/May/30/2003728741/-1/-1/0/CSA_CNSA 2.0 ALGORITHMS.PDF
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The countries that move early will define the standards of secure digital trust, shape
procurement cycles, and lead the next generation of platforms for finance and infrastructure.’
India’s advantage is its proven ability to deploy technology at population scale, meaning it can
translate quantum readiness into real economic outcomes faster than nations with
fragmented digital rails.'® This report frames India's opportunity as a dual-track national
strategy:

©  Build quantum capability (compute, sensing, communications, talent).

& Secure India’s trust infrastructure for the quantum era through PQC
and cryptographic agility.

-

In the next decade, quantum security will become the credibility layer of the modern
economy, because trust, authentication, and encryption underpin everything from payments
and healthcare records to national security and digital trade."” This includes blockchain and
digital asset Infrastructure, which Increasingly represent the rails of tokenization,
programmable finance, settlement, and new financial markets.

India’s strategic goal is therefore larger than “building a quantum computer.” The objective is
to become a Quantum State: a nation that can innovate, secure, and export trust infrastructure
In a world where security requirements are being rewritten.

? https://www.oecd.org/en/topics/sub-issues/quantum-technologies.html | '™ https://dst.gov.in/national-quantum-mission-ngm
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1. Why This Matters Now?

Growing Economy. New Security Baseline.

India Is entering a phase where economic growth Iis no longer driven only by physical
infrastructure and labor expansion, but increasingly by digital systems that coordinate
identity, payments, contracts, and public services at national scale."” As a result, "trust
infrastructure” should be treated as a strategic national asset: the mechanisms that secure
identity, authenticate transactions, preserve data integrity, and protect system availability
become foundational to GDP growth, financial stability, and state capacity, not merely IT
hygiene.

This shift matters because digitization increases both surface area and impact radius. When a
country scales digital rails across banking, taxation, benefits distribution, healthcare, logistics,
and defense procurement, failures are no longer localized; they cascade. A vulnerability in
authentication or cryptography can propagate across platforms, institutions, and jurisdictions,
creating systemic risk rather than isolated incidents. In practical terms, the more India
succeeds in building a digital-first economy, the more it must assume that adversaries, state
and non-state, will target the integrity of the rails themselves.

In previous cycles, trust could be “patched” incrementally: stronger passwords, better
firewalls, improved fraud detection. The next cycle looks different. Quantum computing is not
simply another technology upgrade, its impact is structural because it changes the security
assumptions underneath modern digital infrastructure. Quantum introduces a dual reality that
IS easy to misunderstand but critical to govern correctly: it is both a capability engine and a
security destabilizer.”> On one side, quantum can deliver future advantages in complex
optimization, logistics, chemistry, and simulation. On the other, it threatens to break widely
deployed public-key cryptography that protects secure communications, authentication, and
digital signatures.

That second point is where national-level urgency emerges. Public-key cryptography is
deeply embedded across government and economic systems, TLS connections, secure
messaging, software update signing, device authentication, banking transactions, and
institutional key management. The consequence of quantum breaking these primitives is not
‘a bit more cybercrime.” It is the potential weakening of the trust foundations that enable
digital society to function predictably. The conversation, therefore, should not be framed as
‘quantumisinteresting.” It should be framed as “quantum forces a mandatory security evolution.”

Quantum Risk Is Not A Future Headline, It Is A Present-Day Exposure

The most strategically underestimated quantum threat is not the day a quantum computer
publicly breaks cryptography. It is the period before that, where attackers behave rationally
by preparing now for future advantage. This is the logic behind “harvest now, decrypt later”:
adversaries can steal encrypted data today, store it, and decrypt it later when quantum
capability becomes sufficient." This creates a delayed-damage model that many decision-
makers fail to price in, because the compromise is invisible in the moment. You may not see
immediate fraud. You may not see immediate disruptions. But confidentiality is already lost,
just not yet readable.
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For India, the national impact is amplified because much of the most valuable information is
long-lived. A stolen payment token is useful for days. But sensitive government records,
defense-related communications, health histories, KYC repositories, land registry metadata,
and institutional custody structures carry value for years or decades. The longer the data
must remain private, the more dangerous the “later decryption” window becomes. This is why
quantum readiness is ultimately about protecting future sovereignty: it is about ensuring that
India’s strategic data does not become retrospectively transparent.

Critically, this also changes how cybersecurity should be managed as a policy issue. Quantum
readiness cannot be treated as a narrow ‘research and development” line item. It is a
governance program that requires coordinated action across procurement, standards,
compliance, implementation sequencing, and risk reporting. The migration involves upgrading
cryptographic algorithms, but also ensuring they can be deployed in real-world environments
without breaking system performance, interoperability, and operational reliability.

Where The Exposure Concentrates
(Sectors That Cannot Afford Retroactive Decryption)

India's exposure is not uniform across the economy. The risk concentrates in sectors where
trust and confidentiality must remain durable over long time horizons:

,f?], Financial services and payment infrastructure
000

Financial systems depend on secure authentication and signatures to validate
transactions and prevent impersonation. If cryptographic trust weakens, the
downstream consequences include fraud escalation, dispute complexity, breakdown
in auditability, and increased cost of compliance and insurance.

G) Government identity, public registries, and service delivery

Citizen identity systems, benefits distribution rails, tax data, and public service portals
hold data that adversaries can exploit for coercion, targeted fraud, or strategic
destabilization. At national scale, a breach is no longer a consumer harm issue; it is a
governance continuity issue.
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x Healthcare and genomics

Medical data is among the highest-value datasets globally, and healthcare systems
iIncreasingly depend on digitized access controls, interoperability layers, and third-
party data processors. Retroactive decryption introduces both privacy harm and long-
tail blackmail/targeting risk.

O . .
DI:DEE Defense and critical infrastructure

Defense confidentiality requirements are inherently long-lived. Critical infrastructure
systems often have long replacement cycles and legacy dependencies, which makes
them slow to upgrade even when threats are known.

These are not hypothetical concerns. Ihe shift to post-quantum cryptography is already being
treated as a strategic transition topic by major security stakeholders globally, because this risk
cuts across both economic resilience and national security.

The Practical Challenge - Migration is a Multi-Year
National Program

The difficulty Is not recognizing the risk. The difficulty is executing the transition without
disruption. Cryptographic modernization is slow because it touches everything: browsers,
devices, embedded systems, enterprise networks, banking APIs, hardware security modules,
national ID integrations, and vendor toolchains. Even when a government mandates change,
Implementation bottlenecks occur through procurement cycles, legacy system constraints,
iInteroperability requirements, and workforce capability gaps.

I " https://www.enisa.europa.eu/publications/post-quantum-cryptography-current-state-and-quantum-mitigation
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This is why quantum readiness must be approached as a staged program rather than a one-
time upgrade. The objective is not “deploy a new algorithm.” The objective is to ensure that
India can migrate the trust layer of its economy in a controlled manner, without degrading
performance, creating outages, or fragmenting standards across agencies and industries.

From a ministerial viewpoint, the policy question becomes: How does India upgrade the
foundations of trust while continuing to scale digitization? That requires the country to hold
two truths at once:

-}-0 Quantum can strengthen national capability in future science and industry.

Quantum also creates a systemic cyber discontinuity that must be
neutralized through early modernization.
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Bottom Line For Decision-Makers

India does not need quantum panic. It needs quantum realism. The correct posture is neither to
dismiss the threat as too early, nor to treat it as a purely technical debate among
cryptographers. The correct posture is to recognize that India's digital growth and its national
security posture now depend on proactive trust modernization.

Quantum creates a new security baseline because it changes the economics of cryptographic
risk. The countries that respond early protect long-lived data, preserve institutional trust, and
reduce the probability of future systemic failures. The countries that respond late inherit
avoidable exposure, where the cost of catching up is paid in breaches, loss of credibility, and
rushed migration under pressure.

In short: as India scales Its digital economy, trust becomes critical infrastructure, and
quantum is the strongest reason in decades to rebuild that infrastructure ahead of time.
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2. India As A Quantum State.

From Scientific Ambition To National Capability At Scale

India is no longer treating quantum as an isolated frontier science project. It is building
quantum as a national capability layer, alongside digital public infrastructure, cybersecurity
modernization, and deep-tech industrial strategy. The signal is not just research ambition; it is
the deliberate transition from “quantum discovery” to “guantum deployment,” anchored In
mission design, institutional execution, and a growing commercial ecosystem.

What makes this moment unusually important is that quantum is shifting from being a long-
term research bet into an emerging global industry category. In 2023 alone, quantum
technologies attracted roughly $1.7B in private investment, even amid broader tech
downturns.'® Governments are accelerating in parallel: the global quantum race has moved
Into a phase where national missions and industrial strategies, not just labs, are defining
leadership trajectories.

What India Has Started: The National Quantum Mission
As “Infrastructure Thinking"”

India’s National Quantum Mission (NQM) is one of the clearest signals globally that the country
Is committing to quantum as national infrastructure rather than academic curiosity. The
mission explicitly spans quantum computing, quantum communications, quantum sensing,
and quantum materials, reflecting a full-stack approach rather than a single-vertical bet."’

This design is strategically “correct” because quantum leadership will not be won through one
headline milestone. It will be won through ecosystem conversion: the ability to convert
research into repeatable engineering, labs into deployment pathways, and prototypes into
Industrial-scale systems.

In other words, India is not only investing in a technology. It is investing in the scaffolding
required to scale that technology. Countries that fail to build this scaffolding often end up with
strong research output, but limited sovereignty, limited commercialization, and limited long-
term security control.
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India Is Building Structure, Not Just Funding

The Government of India has established four quantum Thematic Hubs (T-Hubs) in FY 2024-
25 across leading institutions to coordinate mission execution.'® That is a structural decision,
and it matters. Quantum progress is not limited by scientific ideas alone, it is limited by
coordination: shared infrastructure, mission-aligned priorities, talent pooling, and a national
mechanism for translation into real systems.

The T-Hubs approach creates concentration and accountabllity. It reduces fragmentation. It
also creates a platform for faster compounding: once a country builds a hub ecosystem, every
successful project reinforces the next one through talent reuse, shared tooling, and
institutional memory.

Quantum Communications: Proof that India is Thinking
Beyond “Compute”

India's momentum is not confined to quantum computing alone. DRDO and IIT Delhi
demonstrated free-space quantum secure communication using quantum entanglement over
more than 1 km, signalling intent in quantum communications and national security-grade
applications.'” That matters because quantum communications is inherently linked to secure
infrastructure and sovereignty. It indicates India is not only pursuing quantum advantage as a
scientific milestone, but also as an operational capability relevant to defense, critical
iInfrastructure, and secure government networks.

Quantum is Becoming a Real Market Category

Quantum has officially entered a transition zone. It is no longer only “research spending,” and
not yet “mass deployment,” but it is already large enough to be treated as a serious industrial
category.

McKinsey estimates that quantum technologies could generate up to $2 trillion in value by
2035 across multiple industries.?’ This is the key macro signal: quantum is moving into the
same strategic class as Al and cybersecurity, technologies with both productivity upside and
national security implications.

Governments are responding accordingly. The OECD explicitly frames quantum technologies
as strateqically significant because they cut across economic competitiveness, security, and
industrial policy.”’ For India, this aligns directly with the country’s broader strategic direction:
scaling digital rails, building deep-tech sovereignty, and ensuring the next layer of
infrastructure is not externally controlled.

I ' https://www.mckinsey.com/industries/technology-media-and-telecommunications/our-insights/quantum-technology-monitor | " Press Release:Press Information Bureau

*Y https://www.mckinsey.com/~/media/mckinsey/business%20functions/mckinsey | “' https://www.oecd.org/en/topics/sub-issues/quantum-technologies.html
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What India’s Quantum Investment Is Really Buying

A Sovereign capability

Quantum is likely to shape security models and industrial competitiveness. If India
develops domestic quantum capabilities, it reduces long-term dependency on external
providers for high-sensitivity technologies and expertise.

P

®~(J Strategic optionality

Quantum pathways are still uncertain. India’'s full-stack approach is an intelligent
hedge: progress in computing, communications, sensing, and materials ensures the
country can capture value even if one track evolves slower than expected.

6%5 Ecosystem formation

Quantum success depends on the intersection of physics, cryptography, hardware
engineering, Al tooling, and applied mathematics. The countries that win will be those
that can create not just labs, but talent density, startups, suppliers, procurement
demand, and deployment champions.

guantumencrypt.in INDIA’S QUANTUM LEAP - National Capability, Quantum Security, and Strategic Market Opportunity

When India invests in quantum, it is not simply “funding science.” It is buying three outcomes
that are hard to acquire quickly later:

This is why the right frame Is “India is building an ecosystem,” not “India is funding projects.”
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Moving From Mission To Deployment

The next phase is where global quantum leadership will be decided: not by announcing
missions, but by converting missions into deployable systems.

A quantum state needs:

© Engineering depth, not just research excellence

© Deployment pathways, not just prototypes

© Procurement readiness, not just grants

© Integration into national systems, not just academic demonstrations

This is the stage where India’s structural decisions, like the mission pillars and the T-Hubs, will
matter most. If India can create repeatable mechanisms to convert research into applied
systems (in telecom, government security, BFSI, and defense), it will begin to compound
faster than countries that treat quantum as isolated innovation.

India's National Quantum Mission, its full-stack program design, its hub-based execution
structure, and its demonstrated progress in quantum-secure communications collectively
Indicate a clear direction: India is building quantum as national capabllity.

Quantum leadership will ultimately be defined by whether a nation can convert science into an
ecosystem, talent pipelines, Industrialization, deployment pathways, and security
modernization. India is now building the ingredients required to do exactly that.

If momentum continues, India will not just “participate” in the quantum economy. It will shape
its own sovereign quantum stack, accelerate domestic industry formation, and establish a
durable strategic position in one of the most consequential technology transitions of the

next decade.
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Where The World Is Moving

Quantum has entered a new phase globally: governments are no longer funding quantum
purely as a science program, but as a strategic technology stack with direct implications for
economic competitiveness, industrial sovereignty, and national security. Public commitments
to quantum across major economies now exceed $40B+ globally, reflecting that quantum is
being treated like advanced semiconductors, Al, and cyber, an infrastructure technology, not
aniche research line.*

This matters for leaders because the guantum race is not defined by one breakthrough or one
company. It is defined by whether nations can:

g

Sustain large-scale fundin .E.) Build talent and supply chains
AK Y g C PPLy

Create credible deployment pathways that move quantum out of labs
and into Industrial systems

@O

The defining global shift is therefore not “who has the most papers,” but “who is building
execution capacity.”

China: Scale, Centralization, And Strategic Patience

Chinais widely considered the largest single public investor in quantum globally, with
estimates placing cumulative public commitment in the range of ~$15B.

The pattern is consistent with China's broader strategic model: large-scale state-directed
investment, long time horizons, and an explicit intent to lead in foundational science that can
translate into national power.

China's quantum agenda spans multiple domains. Computing, communications, and sensing,
with a strong emphasis on building sovereign capability rather than relying on foreign stacks. It
IS also reinforcing its position through scale in research and infrastructure build-out, aiming to
Industrialize quantum systems in a way that looks closer to “national platform building” than
"startup experimentation.” In short, China is playing a long game: less noisy, but structurally
SEerious.

I 22 https://ecipe.org/publications/benchmarking-quantum-technology-performance/

= https://merics.org/en/report/chinas-long-view-quantum-tech-has-us-and-eu-playing-catch
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B European Union: Coordinated Depth, Strong Research Base,
Slower Commercial Scaling

Collectively, the European Union is often ranked as the world's second-largest public investor
in quantum, with announced commitments estimated around ~$10B (across EU-level
programs plus member-state funding).?* Europe’s strategic advantage is depth: a dense
concentration of world-class research institutions, a strong foundational physics culture, and
a growing hardware ecosystem across superconducting, trapped-ion, photon, and neutral-
atom approaches.

However, Europe’s challenge is speed of commercialization and scale of venture capital
intensity relative to the US, meaning it can produce excellent science but sometimes
struggles to convert it into globally dominant industrial platforms. This gap between research
excellence and investment scale Is increasingly recognized in ecosystem mapping work,
which highlights Europe’s strong startup base but comparatively lower investment per
company than US counterparts.®

The EU's model is best described as “federated execution”: strong coordination mechanisms
and large programs, with diverse national strategies underneath. This creates robustness and
breadth, but can slow decision velocity compared to more centralized investment models.

= United States: Venture-Led Scaling And Platform Competition

The US remains the most commercially aggressive quantum ecosystem, combining national
initiatives with heavy private-sector activity. Public investment levels are often estimated at
around ~$5B in announced commitments (with significant variation depending on definitions
and accounting), placing the US behind China and the EU on pure public spend, but ahead on
commercial scaling.

The US differentiator is not only funding size, it is capital formation mechanics. US quantum
leaders benefit from a strong venture ecosystem, deep technology procurement pathways,
and hyperspaces involvement (cloud-led access to quantum compute). That creates speed:
faster iteration cycles, more aggressive commercialization, and stronger momentum in
enterprise adoption pilots.*

“* https://ecipe.org/publications/benchmarking-quantum-technology-performance/ | * https://www.oecd.org/content/dam/oecd/en/publications/reports/2025/12/mapping-the-
global-quantum-ecosystem 47891dd2/20251217-0001.pdf | “° https://ecipe.org/publications/benchmarking-quantum-technology-performance/
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In practical terms, the US quantum strategy is less about creating a single “national champion”
and more about enabling a competitive market structure where multiple architectures can
scale in parallel until winners emerge. This has produced a dynamic landscape of hardware
players, software layers, and cloud-access models that make the US quantum ecosystem
highly visible and increasingly enterprise-facing.

23S United Kingdom: Early National Programs
And Focused Execution

The UK has been one of the earliest movers in treating quantum as a national technology
category, with long-running national programs designed to coordinate academia and industry.
This matters because quantum leadership is often path-dependent: early ecosystem
formation creates compounding advantages in talent and industrial translation.

The UK's approach has historically emphasized creating hubs and connecting research to
commercialization through structured programs and partnerships, making it one of the
strongest European ecosystems relative to its size. While the UK cannot outspend the largest
powers, it has consistently tried to outperform on execution design, building mechanisms that
turn research into deployable systems.

¢ Japan: Industrial Precision And Hardware-Adjacent Strength

Japan's quantum posture fits its broader industrial DNA: deep hardware engineering
capability, strong corporate R&D structures, and an emphasis on high-reliability system
building. Japan'’s strategic advantage is its ability to connect quantum into adjacent industrial
strengths, particularly advanced manufacturing and electronics ecosystems.

While Japan's quantum ecosystem may feel less “startup noisy” than the US, it often operates
with stronger corporate continuity and long-term execution capacity. That is important
because quantum is not only about invention, it is about engineering quantum machines that
are stable, manufacturable, and serviceable.

Il Canada: Research Density And Commercial Talent Export

Canada continues to punch above its weight in quantum due to strong academic clusters and
research depth, producing global talent and foundational work that often influences the
broader international ecosystem. Canada's challenge is similar to parts of Europe: translating
research gravity into sustained industrial scale, while retaining domestic winners rather than
exporting talent into larger US markets.

Still, Canada remains strategically important in the global landscape because quantum
capability formation is heavily talent-dependent, and Canada has been a consistent net
producer of quantum-trained expertise.
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88 Australia: A “Small Country, Big Moves” Investor Pattern

Australia has increasingly emerged as a notable quantum investor among developed
economies, including periods of unusually large spending intensity relative to its size. In some
analyses, Australia has been highlighted as a top OECD investor in recent years due to large
concentrated bets.”’ This pattern is important strategically: it shows that quantum Lleadership
Is not only limited to the biggest powers. Smaller nations can create outsized influence by
placing concentrated, high-conviction investments into specific approaches and scaling
pathways.

The Investment Reality: Quantum Is Now A Real Industry,
Not A Research Footnote

At the market level, the quantum sector has crossed an important threshold: it is large enough
to sustain areal commercial ecosystem, but still early enough that leadership positions are not
fixed. Annual quantum startup investment has been measured at around $1.7B in 2023,
demonstrating meaningful activity despite tighter capital markets globally.?®

McKinsey estimates quantum could drive up to ~$2T in value by 2035, reflecting that
industry expectations are shifting from “potential” to “inevitability,” even if timing and winners
remain uncertain.”?

This Is the “boom” story leaders should understand: quantum is becoming a structured
Industrial category, with capital, supply chains, national missions, and enterprise pilots forming
simultaneously. The winner will not necessarily be whoever builds the largest device first, but
whoever builds the most scalable ecosystem around performance, reliability, talent, and
deployment integration.

= The Strategic Opening For India

In a world where quantum investment and execution are accelerating across the US, China,
and Europe, India’s advantage is not to imitate any one model. India’s advantage is to combine
mission-driven coordination with an ecosystem-building approach that scales talent,
research, and commercialization in parallel. India has already signaled this direction through its
National Quantum Mission, positioning quantum as a strategic capability stack rather than a
narrow research agenda.” If India moves with urgency and structure, it can avoid the trap of
being only a consumer of global quantum platforms. It can become a builder of guantum-era
Infrastructure, contributing not just talent, but systems, deployment pathways, and eventually
globally relevant quantum technologies across computing, communications, and sensing.

The global context is therefore clear: the quantum race has become a race of execution
capacity. Nations are building quantum like infrastructure. The market is scaling fast enough to
create real competitive lock-in over the next decade. And India has entered the arena early
enough that leadership remains open, if execution matches ambition.

I “ https://www.quantum-australia.com/news/australia-leads-developed-world-in-govt-quantum-investment | “® https://www.mckinsey.com/~/media/mckinsey/business%20functions/

* https://www.mckinsey.com/industries/technology-media-and-telecommunications | *° https://dst.gov.in/national-quantum-mission-ngm
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3. What Quantum Computers Will Enable

Why First-Mover Nations Capture Disproportionate Economic Value

Quantum computing is not valuable because it is “faster computing.” It is valuable because it
can solve a narrow but highly strategic set of problems that classical systems handle
iInefficiently: problems defined by combinatorial explosion, complex chemistry, and high-
dimensional optimization. The countries that move first will not only gain research prestige,
they will gain leverage in the real economy through cost advantages, faster discovery cycles,
and new national capabilities that competitors cannot replicate quickly.

The investment logic for India is therefore straightforward: guantum is a national productivity
lever for sectors where India already has scale (healthcare, manufacturing, logistics, finance,
energy) and where marginal improvements translate into massive absolute gains.

For India, the question is not whether quantum will matter. The question is whether India will
be a first-mover beneficiary, capturing domestic advantage and exporting capability, or a late
adopter paying external providers for core infrastructure.

Drug Discovery And Molecular Simulation
(Healthcare, Pharma, Biotech)

What quantum enables: accelerated molecular simulation for chemistry problems that are
classically expensive, supporting faster discovery and more targeted design.

Healthcare is an obvious priority because it is both a national wellbeing mandate and a long-
term productivity driver. But quantum’s relevance here is not “better science” in the abstract, it
Is time compression.

Drug development is slow, expensive, and failure-prone. Globally, it is widely reported that
bringing a new drug to market often costs $4-11B+ when accounting for failures and
opportunity cost.>' Even modest reductions in discovery and validation cycles translate into
enormous economic impact for a country with a large population, a major generics industry,
and growing innovation ambitions.

Why India wins if it moves early: India has a structural advantage in pharma manufacturing
and a growing clinical footprint. If quantum tools begin shortening R&D cycles, early adopters
can reduce cost-of-discovery, accelerate the pipeline, and expand into higher-margin
iInnovation categories. Over time, quantum-enabled drug design can become a national
capability differentiator: faster time-to-market, more defensible IP, and stronger domestic
resilience against supply-chain shocks.

I ' https://www.forbes.com/sites/matthewherper/2012/02/10/the-truly-staggering-cost-of-inventing-new-drugs/
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Materials Science (Make-In-India Manufacturing,
Semiconductors, Battery Tech)

What quantum enables: simulation and design of new materials with targeted properties,
from catalysts to better batteries to specialized components in advanced manufacturing.
Materials are where quantum’s advantage is likely to become economically decisive, because
materials drive performance across multiple strategic industries at once.

In practice, a country that leads in materials innovation can unlock compounding benefits:
stronger industrial competitiveness, better export products, reduced dependency on foreign
high-performance inputs, and faster infrastructure modernization. Quantum'’s promise here is
not incremental, it is enabling simulation regimes that are difficult to scale classically in certain
chemistry and condensed matter problems.

Why India wins if it moves early: India's long-term growth depends on moving up the
manufacturing value chain. Quantum-assisted materials innovation supports this shift by
enabling higher-performance outputs and better economics in batteries, green hydrogen
catalysts, industrial coatings, and advanced electronics. This creates a pathway for India to
compete not only on labor and capacity, but on superior technology inputs.

Energy Optimization (Grid Efficiency, Renewables,
Industrial Power)

What quantum enables: solving optimization problems where many variables interact under
constraints (generation, transmission, demand forecasting, storage, load balancing).

Energy is one of the most strategic domains for India because It sits underneath everything:
GDP growth, industrial competitiveness, and national resilience.

India’'s energy transition is not only about adding renewables; it is about optimizing a complex
system at massive scale. Grid planning, maintenance scheduling, storage placement, and
dispatch decisions are constrained optimization problems that quantum is explicitly designed
to target in the longer term.

Why India wins if it moves early: Even a small percentage improvement in grid efficiency and
planning can translate into outsized economic value for a large, fast-growing economy. Early
quantum Integration allows India to build internal competence that compounds: better
models, better decision quality, reduced losses, and greater resilience under peak demand
and climate volatility.
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Logistics And Supply Chains (Ports, Rail, Airlines, National Routing)

What quantum enables: combinatorial optimization across routing, scheduling, warehouse
operations, and fleet efficiency. Supply-chain advantage is one of the fastest ways to convert
computation into economic power. For India—where logistics efficiency has direct
Implications for export competitiveness and domestic price stability, this is one of the highest-
value guantum application spaces.

In many routing and scheduling problems, the number of possible solutions grows explosively
with scale. Quantum methods aim to search this space more effectively than classical
heuristics in targeted regimes.

Why India wins If it moves early: If quantum tools improve routing efficiency, they reduce fuel
costs, reduce delays, improve reliability, and improve throughput. Across a national-scale
logistics system, those benefits aggregate into real macro outcomes: lower inflation pressure
from logistics inefficiency, better export margins, and better reliability for industrial supply
chains.

Finance And Capital Markets (Portfolio Optimization, Risk,
Fraud Signals)

What quantum enables: portfolio optimization under constraints, faster scenario exploration,
and enhanced risk modeling for high-dimensional systems. Finance is a strategic sector
because it acts as the economy's control system, allocating capital, pricing risk, and enabling
growth. Quantum’s relevance here is not about replacing classical computing overnight; it is
about reducing the cost of exploring complex scenarios and constraints.

This is particularly relevant in institutional finance where portfolios, capital requirements,
hedging strategies, and market exposure interactions create massive state spaces that are
computationally heavy.

Why India wins if it moves early: Quantum-enabled financial optimization can translate into
better capital efficiency and stronger institutional competitiveness. It also positions India to
attract global capital by demonstrating leadership in next-generation financial infrastructure,
particularly as global markets Iincreasingly demand technologically advanced risk
governance.




National Security And Defense Modeling (Strategic Simulation)

What quantum enables: simulation and optimization problems relevant to defense planning,
communications, sensing integration, and strategic resource allocation. Defense advantage is
rarely about one technology. It is about decision superiority: faster planning cycles, better
resource allocation, and stronger operational predictability.

Quantum’s edge lies in specific computational classes relevant to planning and complex
system simulation.

Why India wins if it moves early: India's regional security environment and strateqgic
autonomy goals make internal capability development essential. If quantum tools evolve into
defense-grade optimization and simulation assets, early mover status translates into a
persistent capability gap versus late

The “First-Mover Capitalization” Logic

Quantum is not only about technology, it is about who captures value when a platform shift
occurs. In platform shifts, first movers tend to capture disproportionate gains because they
shape standards, build talent concentration, and lock in early deployment pathways before
ecosystems mature. There are four first-mover advantages that matter at national scale;:

M Talent gravity becomes compounding

Quantum systems require highly specialized engineers and scientists. Countries that build
early create the best training lLoops and attract global talent, which reinforces their leadership
through a flywheel effect.

;‘Iﬁ Early adopters shape procurement and deployment pathways

When nations deploy early, they define reference architectures, vendor requirements, and
standards that global partners follow. That turns domestic adoption into exportable patterns.

_)*(- Early ecosystems capture IP and industrial Leverage

*

Quantum value will be monetized through IP, platforms, and tooling. Early movers hold the
high-ground: patents, Libraries, hardware supply chains, and enterprise integration playbooks.

E Early movers reduce future dependency

Quantum will influence core infrastructure categories. If India waits, it risks becoming
dependent on foreign quantum platforms and proprietary stacks, similar to past dependency
cycles in semiconductors, cybersecurity tooling, and advanced compute.
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4. What Is Quantum Security

The New Baseline For Trust In The Quantum Era

Quantum security is best understood as a national resilience requirement: the ability to keep
critical systems secure even If adversaries acquire quantum computing capability.
It Is not a niche cybersecurity upgrade. It is a foundational modernization of the cryptographic
trust layer that underpins the economy, the state, and the digital infrastructure connecting
them.*

This matters now because quantum computing introduces a rare type of risk: one that does
not need to be mature today in order to be dangerous today. The strategic urgency comes
from timing mismatch. Systems take years to upgrade, but adversaries can collect sensitive
encrypted data in the present and hold it for later decryption. This dynamic shifts the correct
posture from “wait until guantum s here” to "modernize before quantum arrives.”

The Simple Definition

Quantum security means ensuring that national systems remain secure even if quantum
computers become capable of breaking today's widely deployed cryptography.
In practice, quantum security focuses on hardening the mechanisms that support identity,
confidentiality, and integrity across digital systems, specifically the cryptography that enables
authentication, encryption, digital signing, and trusted identity.

This is not theoretical. The world is already moving because the risk is already understood at
the highest standards-setting level. NIST has released finalized post-quantum encryption
standards, creating a common foundation for governments and enterprises to begin
migration.*

The takeaway Is simple. Quantum security is not “about protecting against science fiction.” It is
about preserving the trust mechanisms that make digital systems governable.

I 32 33 https://www.nist.gov/news-events/news/2024/08/nist-releases-first-3-finalized-post-quantum-encryption-standards
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The Cryptography Beneath The Economy

Most leaders intuitively understand cyber risk as “breaches,” “hacking,” and “fraud.” Quantum
security Is different: it targets the mathematical foundations used to prove trust in the first
place.

Public-key cryptography is deeply embedded across nearly every modern system, because it
enables secure communication and identity verification between parties that do not already
trust each other. This is why it underpins secure internet communication, digital signatures,
secure software updates, and authentication across critical infrastructure systems.>

At anational level, those functions map to tangible state and economic realities:

Secure communication underpins government networks, financial data
exchange, and enterprise operations.

Digital signatures underpin legal validity, transaction authenticity,
audit trails, and non-repudiation.

Secure updates underpin national cyber hygiene, because modern systems
depend on constant patching and trusted code delivery.

Authentication and identity underpin citizen services, institutional access
controls, and the integrity of public platforms.

If the cryptographic assumptions behind these systems are weakened, the country inherits an
uncomfortable truth: it becomes harder to prove what is real and what is tampered with. That
Is not “a cyberissue.” That is a governance issue.

Why Now

The reason quantum security is no longer optional is that standardization and migration have
begun globally. When standards bodies finalize post-quantum cryptography algorithms and
major governments align toward adoption, vendors adjust roadmaps, procurement
requirements shift, and enterprise compliance frameworks follow.

This is the same pattern seen in every large technology shift: once credible standards exist,
the problem becomes operational execution.

For a country like India, this timing is strategically favorable. India is early enough to shape its
own trajectory: build internal capability, align government and industry migration pathways,
and avoid long-term dependency on foreign security products and proprietary trust
Infrastructure.

B 3 https://csrc.nist.gov/news/2024/postquantum-crypto
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Capability Without Security Is Fragile

The reason this section must be tied to the earlier "guantum computing use cases” Is that
national guantum advantage is incomplete without national guantum resilience.

Quantum computing will generate economic benefit through drug discovery, materials
science, energy optimization, logistics planning, finance modeling, and strategic simulation.
But if the same technology wave undermines cryptographic trust, the net effect can be
compromised: productivity gains layered on top of weakened trust systems create fragility.

One should see this clearly as a two-track reality:

N Track A: Quantum Advantage % New scientific capability

£ N and economic edge
> _ . . Weakening of legacy
v\ Track B: Quantum Disruption 9 cryptographic foundations

Quantum security is the country’'s mechanism to neutralize Track B so that Track A becomes
compounding rather than destabilizing.

In other words: a quantum-first India cannot only invest in quantum compute. It must invest in
quantum-safe trust foundations so that quantum adoption does not create future national
exposure.
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What Quantum-Secure Modernization Looks Like In Practice

Quantum security is not a single product. It is a transition plan.

Most modernization programs need to address four layers:

@ Post-quantum cryptography (PQC) migration

This means upgrading cryptography algorithms used for encryption and digital
signatures to quantum-resistant alternatives aligned with global standards. This is the
most iImmediate and scalable line of defense, because it can be deployed through
software, protocols, and hardware upgrades across most systems.

T Inventory and dependency mapping

A country cannot upgrade what it cannot see. Cryptography exists inside browsers,
devices, telecom infrastructure, banking APIls, and embedded systems. Migration

requires visibility into where cryptography is used, which vendors control those
components, and how upgrades propagate across systems.

a E Procurement and compliance alignment

National migration becomes real only when procurement enforces it. If procurement
standards require quantum-resistant cryptography in new systems, vendors comply. If

compliance frameworks measure readiness, organizations prioritize execution. This is
where policy converts into implementation.

-—=  Critical infrastructure prioritization

Not all data needs protection for decades, and not all systems are equally sensitive. A
realistic national program prioritizes high-value, long-lived targets: government

identity systems, financial networks, healthcare repositories, defense communications,
and critical infrastructure controls.
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v
The Strategic Risk: “Cryptographic Debt"” Builds Quietly

Many are used to debt as a fiscal concept. Quantum security introduces a similar
phenomenon: cryptographic debt.

The longer a country delays modernization, the larger the backlog becomes. Each year adds
more systems, more vendors, more integration complexity, and more sensitive data that could
be harvested and decrypted later. The cost of migration rises, and the difficulty of
coordinating national execution increases.

This is why quantum security is not a "future concern.” It is a modernization program that must
begin while migration is still manageable.

Harvest Now, Decrypt Later

A key reason guantum security must be addressed now is the “harvest now, decrypt later”
threat model: adversaries can steal encrypted data today, store it, and decrypt it in the future
once quantum capability matures.®

This creates a delayed-impact risk where systems may appear secure in the present, yet the
confidentiality of long-lived sensitive information is already compromised in practice, because
the attacker’'s advantage arrives later.

For a nation-state, the exposure is largest where data must remain private for decades,
iIncluding government communications, defense-linked information, healthcare records,
financial archives, and critical infrastructure documentation.

I 3 https://www.whitehouse.gov/wp-content/uploads/2022/11/M-23-02-M-Memo-on-Migrating-to-Post-Quantum-Cryptography.pdf
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9. Why Quantum Security Matters For India

Trust Is The New Infrastructure

For India, quantum security is not “just cybersecurity.” It is the modernization of the trust layer
that supports India's economic scaling story. As India's economy digitizes, trust mechanisms,
identity assurance, authentication, digital signatures, and encrypted communication become
iInfrastructure. When those mechanisms are reliable, they enable faster payments, smoother
trade, stronger compliance, and safer adoption of digital services. When they become
uncertain, friction spreads everywhere: from consumer fraud and institutional disputes to
higher compliance costs and weaker investment confidence.

This is why quantum security should be treated as economic credibility. Capital moves toward
environments where the integrity of records, transactions, and communications can be
proven under stress. The moment cryptography becomes viewed as “legacy,” the market
response is predictable: regulators harden requirements, auditors tighten controls, insurers
reprice risk, and cross-border partners demand stronger assurances. Europe’s security
agencies are already framing post-quantum migration as a strategic priority because it
protects critical systems from future cryptographic disruption.®

In simple terms: quantum security is how India keeps its digital economy trusted as the world
upgrades.

I > https://www.enisa.europa.eu/publications/post-quantum-cryptography-current-state-and-quantum-mitigation
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Scale + Digitization + Long-Lived Data

India's greatest strength, national-scale digitization, is also what magnifies quantum risk.
Quantum security matters because India is not running isolated digital services. It is operating a
national system-of-systems: digital identity, payments rails, fintech distribution, enterprise
modernization, and public services moving through shared infrastructure dependencies. In
that environment, cryptographic weakness does not stay contained. It cascades.

There are three exposure multipliers that make India's case unusually important:

@ Long-lived confidentiality requirements

India holds large volumes of information that cannot “expire safely." Government archives,
defense-linked records, regulated financial history, healthcare data, and identity-linked
datasets remain sensitive over decades. Quantum security matters here because the threat is
not only about live attacks, it is about protecting the future confidentiality of the past.

5 High-value identity and authentication targets

O

At national scale, identity is the gateway. If authentication is compromised, everything
downstream becomes suspect: citizen services, financial approvals, access control,
entitlements, and privileged accounts. Quantum security is not only about encryption, it is
about preserving the integrity of identity trust under future threat conditions.

Network effect risk

India’s digital infrastructure is interconnected by design. That is an advantage for efficiency,
pbut It increases systemic risk If cryptographic trust assumptions break. One compromised
dependency can affect multiple services and institutions.
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A minister does not need to think about cryptographic algorithms to grasp the implication: if
trust breaks at the infrastructure layer, the economy absorbs friction at every layer above it.
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Waiting Creates A National Risk Window

Quantum security is urgent because migration is slow, even for well-run institutions.
Cryptography is embedded across browsers, mobile apps, payments systems, hardware
modules, telecom infrastructure, authentication layers, and vendor toolchains. Replacing it
safely involves sequencing, testing, interoperability management, and upgrades that must be
executed without downtime and without breaking legacy integrations.

That creates a timing mismatch: cryptographic transition can take years, while adversaries can
start preparing immediately. If India delays modernization until quantum capability is widely
visible, the country inherits a predictable “risk window” where sensitive information remains
protected by cryptography that is no longer considered durable.

The practical ministerial message is: quantum security is not something you deploy after the
threat arrives. It is something you deploy in time to avoid emergency migration under pressure.
“Harvest Now, Decrypt Later” Is The Strategic Risk Model

The most important quantum security concept for policymakers is “harvest now, decrypt
later." Adversaries do not need quantum computers today to benefit from quantum in the
future, they can steal encrypted data now and decrypt it later once capability matures.?’

This changes how national risk must be measured. The breach event may not look
catastrophic in the short term because the data remains encrypted. But the strategic harm is
already locked in: confidentiality is not “broken later,” it is Lost now, only revealed later.

For India, this matters because a large share of the country’'s most sensitive information has a
long shelf life:

©  State communications and policy archives

© Defense procurement and operational records

Financial institution records and regulated reporting

Critical infrastructure documentation

© Health andidentity-linked datasets

A quantum-capable adversary in the future can turn today's stolen data into leverage. That is
why quantum security is not only about technology policy, it is about sovereignty under time-
delayed exposure.

I *" https://www.cisa.gov/sites/default/files/2024-09/Strategy
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India Can Upgrade Faster Than Most Nations

India’s advantage is not only technical. It is operational. India has repeatedly demonstrated that
when policy is clear and execution is organized, it can drive adoption at national scale across
diverse institutions and demographics. That's rare.

This matters because quantum migration is less about “inventing everything domestically” and
more about coordinating a disciplined transition across government, regulated sectors, and
critical infrastructure. India’s capability to align standards, procurement, and implementation
through central direction is exactly the attribute that makes national cryptographic
modernization possible.

India’s National Quantum Mission matters in this context not only as a research program but as
a signal: India is investing in quantum as a strategic technology domain and building internal
capability rather than treating it as external dependency.*

Put simply: India is structurally positioned to be an early mover in quantum-safe readiness
pecause It can mobilize institutions at scale when the mandate is clear.

] 38 https://dst.gov.in/national-quantum-mission-ngm
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What “Quantum Security For India” Looks Like

Quantum security becomes real only when it is turned into a program with defined priorities,
owners, and milestones. For India, the most effective approach is not to attempt a blanket
upgrade overnight, but to sequence by national impact.

A practical national sequencing logic looks like this:

N

» —  Phase1-Protect long-lived secrets first

Focus on systems where retrospective decryption causes irreversible harm:
government communications, defense-linked information, national identity
repositories, and regulated financial archives.

E —  Phase 2 - Upgrade national-scale authentication and signing

Ensure that digital signatures and identity verification mechanisms used by government
portals and regulated institutions remain durable over long time horizons, because
signature integrity underpins legal enforceability and auditability.

N

¥ —  Phase 3 - Secure critical infrastructure dependencies

Prioritize cryptography embedded in systems with long upgrade cycles: telecom core

systems, industrial controls, energy grid dependencies, and transport infrastructure
integrations.

E —  Phase 4 - Enforce through procurement

Migration accelerates when procurement becomes the enforcement layer:
new systems must be quantum-safe by design, not retrofitted later.

This is what makes the program measurable: it is not “we are quantum safe.” It is “these

systems are upgraded, these institutions are compliant, and these procurement standards
ensure forward compatibility.”
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Why This Ties Directly To Economic Upside

Quantum security is often presented as a defensive necessity. For India, it should also be
framed as a positive economic lever.

The same quantum era that produces new value in materials science, drug discovery, energy
optimization, logistics, and finance also creates a global trust reset. Countries that can
credibly claim quantum-safe infrastructure will have an edge in attracting:

© Regulated financial and fintech activity

© Cross-border data partnerships

©@ Enterprise investment in digital infrastructure

© Government-to-government digital collaboration
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Quantum advantage without quantum security is fragile. Quantum security allows the upside
use cases to compound safely, because it ensures the country's digital foundation does not
become a future liability.
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6. Why Blockchain Matters More Now

Digital Trust, Ownership, And Settlement As National Infrastructure

Blockchain matters more now because the global financial system is shifting from “digitizing
records” to “digitizing value.” In the last decade, most countries focused on digitizing identity,
payments, and government workflows. The next decade is about digitizing ownership,
settlement, and market infrastructure, meaning not just moving information faster, but moving
assets, rights, and obligations in a way that is verifiable, programmable, and interoperable.

Blockchain is increasingly being positioned as trust infrastructure for digital finance,
tokenization, settlement, and programmable economic systems because it enables
verification and coordination across multiple institutions without requiring a single central
database to be the sole source of truth.*

Its value Is that it creates a shared ledger where records and transfers can be validated
transparently according to rules, reducing reconciliation overhead and enabling faster
settlement between parties who may not fully trust one another.

This is strategically relevant for India because trust at scale is expensive. In large economies,
friction comes from disputes, duplicated verification, delays, reconciliation failures, and
dependency on intermediaries. Blockchain reduces this friction by allowing multiple parties,
pbanks, regulators, enterprises, and public agencies—to operate on a consistent, tamper-
evident record of what happened and when.

I 9 https://www.pib.gov.in/PressReleasePage.aspx?PRID=2182023
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What Blockchain Does

At its core, blockchain enables three things that traditional databases struggle to deliver
when multiple institutions are involved:

% Verifiable records (“shared truth”)

Blockchain creates auditability that is designed into the system rather than added later. Thisis
why It Is Increasingly seen as Infrastructure for record integrity: parties can verify data
consistency without asking a central operator to arbitrate every dispute.

(:;-) Programmable transfer (“rules-based settlement”)

Blockchain allows asset transfers and updates to follow embedded logic, meaning
settlement rules can be automated. This matters in markets and government workflows
where execution is repetitive but must be strictly compliant.

Q Digital ownership (“tokenization”)

Blockchain can represent claims digitally, ownership of assets, entitlements, documents, or
financial instruments, so they can be transferred or managed in a controlled, trackable way.
Thisis the bridge between digitized records and digitized economic activity.

When these three capabilities are combined, blockchain becomes more than a storage
mechanism. It becomes a settlement layer, supporting transactions and record updates that
are provable, trackable, and operationally consistent across institutions.

Why It Matters for India

India’s blockchain adoption is not theoretical. The Government of India launched the National
Blockchain Framework with deployments across NIC data centres, and the government
stated that over 34 crore documents had been verified on the platform.*

That number matters because it proves blockchain has crossed the threshold from “pilot” to
“public-scale utility” in India's administrative infrastructure.

The implication for ministers is clear: India Is already building trust rails at national scale. The
strategic task now is to expand where these rails can create measurable economic value, not
only verification.

B Press Release:Press Information Bureau

P——————
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Where Blockchain Creates Immediate National Value

Blockchain's strongest national value does not come from speculative trading. It comes from
making high-friction systems faster, cheaper, and more trustworthy.

® Publicrecords and verification systems

Ensure that digital signatures and identity verification mechanisms used by government
portals and regulated Institutions remain durable over long time horizons, because
signature integrity underpins legal enforceability and auditability.

® Digital settlement and financial infrastructure modernization

Markets run on settlement. Faster and more automated settlement reduces systemic
risk and reduces capital tied up In delays. A modern settlement layer can also
strengthen India's position as it expands institutional market infrastructure and
regulated tokenization pathways over time.

® Supply chainintegrity and trade flows

India's competitiveness depends on reliable logistics and trade execution. Blockchain
can provide traceability and proof-of-origin workflows across multiple parties without
constant reconciliation, which is especially valuable where compliance and auditability
are required.

® Digital identity extensions and permissions

While identity itself is not "a blockchain problem,” cross-institution permissioning often
is. Blockchain-based credential verification models can reduce repeated KYC-style
workflows and create more efficient trust sharing across systems.

The Connection To Quantum And Advanced Computing

Blockchain matters more now because the future economy will be defined by infrastructure
that can support high-integrity digital markets while scaling to national and global usage.
Quantum-era technologies, Al, advanced optimization, and quantum computing, will increase
the speed and complexity of economic systems, but they do not automatically guarantee
trust. Trust must be engineered. This is why blockchain and quantum belong in the same
strategic conversation: quantum represents the next capability leap in computation, while
blockchain represents a trust and settlement leap in economic infrastructure. India's strategic
opportunity is to lead in both, building the capability layer and the trust layer simultaneously.
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/. Securing Digital Settlement
For The Quantum Era

_#—

.

The Collision Point India Must Lead

Blockchain and quantum security intersect at a single critical dependency: digital signatures.
Blockchains do not run on “decentralization” alone, they run on cryptographic authorization.
Every transfer of value, every state update, and every change in ownership is ultimately
validated through signature schemes that prove a user or system is allowed to perform an
action.

This creates a policy-level reality that must be understood clearly: if signature schemes
become breakable under quantum-capable attack models, the integrity of transaction
authorization becomes vulnerable even if the network remains decentralized.

Decentralization distributes control, but it does not compensate for compromised
cryptographic truth. A blockchain can remain distributed and still lose its ability to reliably
verify who authorized what.

This is why the right framework for ministers is not “blockchain vs quantum.” It is “blockchain
needs quantum-safe foundations.” India’s increasing national adoption of blockchain-enabled
trust infrastructure makes this collision point strategically important: if India expands
blockchain into settlement, tokenization, and public infrastructure, then signature resilience
becomes national infrastructure resilience.
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A quantum-secure blockchain strategy therefore requires four practical pillars:

@6 Quantum-safe signatures

The system must adopt signature schemes designed to remain secure even as
quantum capability advances, ensuring transaction authorization remains trustworthy
over time.

@ Cryptographic agility (upgradeability)

Blockchains must be designed with the ability to upgrade cryptographic components
without destabilizing the network or fragmenting user assets and tooling.

QQ Secure key lifecycle systems

Quantum-safe algorithms are only one piece of the trust chain. Key generation,
storage, recovery, rotation, and compromise response must be managed as an end-to-
end lifecycle across wallets, institutions, and infrastructure operators.

%] Migration governance without disruption

The hardest part of cryptographic change is operational: coordination, sequencing, and
maintaining continuity of trust during transition. A credible strategy requires
governance frameworks that allow upgrades to be executed without market disorder,
user confusion, or systemic fragmentation. *’

India can lead this collision point by treating quantum-secure blockchain readiness as a
proactive infrastructure program. If India modernizes blockchain trust foundations early,
before migration becomes forced, it can safely expand blockchain into high-value national use
cases While positioning itself as a builder of next-generation trust systems globally.

I * https://www.enisa.europa.eu/publications/post-quantum-cryptography-current-state-and-quantum-mitigation
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6. India’s Strategic Oppurtunity

Owning The Next Trust-And-Compute Stack

India’s opportunity in the next decade is not limited to “participating” in quantum technology or
adopting blockchain as an internal tool. The opportunity is to lead a new category: quantum-
era trust and settlement infrastructure, the systems that allow digital assets, digital identity,
and digital markets to operate at national and cross-border scale with verifiable integrity.

This matters because the world is moving into a phase where three forces converge at the
same time:

Quantum technology becomes a real capability race,
not just a research topic.

Cryptographic modernization becomes an enforced upgrade cycle,
creating time-bound demand.

Tokenization and digital settlement become core financial infrastructure,
not niche pilots.

India is uniquely positioned because it has one asset few countries can replicate: the ability to
execute digital infrastructure at population scale, fast, once policy and rails align.

The Economic Prize Is Large - And Still Unlocked

Quantum is now being treated globally as a platform technology with meaningful economic
upside. McKinsey estimates quantum technologies could unlock up to ~$2 trillion in value by
2035, with much of the near-term value concentrated in sectors India already operates at
scale (healthcare, manufacturing, logistics, energy, and finance). *

At the same time, tokenization is emerging as a parallel platform shift in finance: moving from
digitizing information to digitizing ownership and settlement. The World Economic Forum has
estimated that ~10% of global GDP could be stored on blockchain systems by 2027/, reflecting
the expected scale of asset digitization and on-chain representation of value. *

India’s opportunity is to connect these trends: quantum capability will reshape compute, while
blockchain and tokenization will reshape how value is issued, settled, audited, and transferred.

I * https://www.mckinsey.com/~/media/mckinsey/business%20functions | ** https://www.weforum.org/stories/2024/01/blockchain-change-world-finance-stablecoins-internet/
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India Has Proof Of Scale

India has already demonstrated large-scale blockchain utility in government infrastructure.
Under India's National Blockchain Framework, the Government of India stated that over 34
crore documents have been verified on the platform.** This is an unusually strong signal: Indiais
not debating whether blockchain can work, it is already using it as trust infrastructure at scale.

The strategic leap from here is not “more pilots.” It is upgrading blockchain from verification
Into economic rails:

® Settlementinfrastructure ® [|okenizedrecord systems
® Multi-party workflows across finance, trade, and institutions

® Programmable compliance and auditability

Why Tokenization Matters For India

Tokenization is not valuable because it creates new assets. It is valuable because it changes
the economics of markets:

It reduces reconciliation costs across multiple parties
It can shorten settlement cycles
It increases transparency and auditability

It enables fractional ownership and broader market access (within regulatory controls)

It makes compliance more programmable rather than manual

This becomes strategically relevant for India across three domains:

1. Capital formation and market depth: Tokenized instruments can widen participation,
reduce administrative friction, and accelerate issuance workflows for regulated assets.

2. Infrastructure and real economy digitization: T okenization can become the coordination
layer for real-world assets (infrastructure-linked cash flows, commodity flows,
receivables, and other structured instruments) when legally designed.

3. Cross-border settlement: As trade grows, settlement efficiency becomes competitive
advantage. Countries that operate credible digital settlement rails become easier to do
business with.

The key point: tokenization is not a crypto narrative, it is a financial infrastructure
narrative. And India has the scale to turn infrastructure narratives into reality.

I 44 https;/fwww_pib,gnu.in/PrESSRE|EESE PHSE

guantumencrypt.in INDIA’S QUANTUM LEAP - National Capability, Quantum Security, and Strategic Market Opportunity 36


https://www.pib.gov.in/PressReleasePage.aspx?PRID=2182023

Quantum Technology: India Can Capture “Capability Advantage” In
Real Sectors

Quantum technology matters because it targets the hardest economic problems,
optimization and simulation, where even small efficiency gains compound at national scale.

India can convert quantum capability into advantage in areas that directly map to national
competitiveness:

F A ]
Healthcare and Materials and
drug discovery manufacturing

(discovery cycles, research acceleration) (batteries, catalysts, advanced materials)

LB

Energy Logistics Finance

(grid planning and optimization) (routing, scheduling, throughput) (risk modeling, scenario analysis)

The win is not "having guantum computers.” The win is building sector corridors that translate
capability into adoption and measurable outcomes.

The Biggest Near-Term Market Is The Upgrade Cycle
(And India Can Supply It)

While quantum computing value builds over time, the immediate predictable spend is
modernization: cryptographic upgrades and trust-system hardening across regulated
infrastructure. This is not optional work; it becomes compliance-driven once standards and
procurement requirements shift.

In the US, federal policy has already emphasized structured migration to post-quantum
cryptography, signalling that large ecosystems will be forced into upgrade cycles with multi-
year timelines.*

This is where India can win decisively: not just by upgrading internally, but by building an
exportable supply stack, Indian companies providing tooling, integration, and trust modules to
markets undergoing the same transition.

I * https://www.whitehouse.gov/wp-content/uploads/2022/11/M-23-02-M-Memo-on-Migrating-to-Post-Quantum-Cryptography.pdf
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This creates a credible “build category” for India:

Cryptographic inventory Quantum-safe signing and

and discovery tooling Identity primitives
® Compliant settlement and ® Enterprise migration ana
verification rails Implementation services

In every major technology upgrade cycle, the supplier layer captures durable value. India has
the talent and execution advantage to own this supplier layer at scale.

The Combined Play

The strongest version of India’s strategic opportunity is not one bet. It is a stack:

/o

LA Quantum capability builds competitive advantage in discovery and optimization.

@ Tokenization and blockchain rails modernize how value is issued and settled.
@ Quantum security readiness protects trust foundations during the transition.

/V Startup and export capacity converts domestic execution into global supply.

| I

This stack turns India into a builder of the next financial and digital infrastructure era, rather
than a buyer of external platforms.
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What Success Looks Like

If India executes, the outcomes are visible and compounding:

© Faster and safer digital settlement rails for regulated markets

Tokenized infrastructure and financial instruments enabling more
efficient capital formation

© Nation-scale trust platforms that reduce fraud and verification friction

Quantum-enabled sector advantages that improve productivity
In healthcare, logistics, and energy

The final point is the most strategic: the future is not only about building faster systems. It is
about building systems other economies can safely rely on.
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Conclusion

India is at the start of a structural transition that will define the next era of economic
competitiveness: the convergence of advanced computation, national trust infrastructure,
and programmable markets. Quantum technology expands what Is possible across
optimization, simulation, and discovery, directly impacting sectors that determine long-term
productivity, from healthcare and materials to logistics, energy, and finance. At the same time,
the world is entering a cryptographic upgrade cycle that will reset what “trusted” digital
Infrastructure means, making resilience and security credibility as decisive as scale.

Blockchain and tokenization amplify this moment because they shift the economy from
digitizing records to digitizing ownership and settlement. As more value moves onto
programmable rails, regulated tokenization, automated settlement, verifiable registries, and
multi-party coordination, trust becomes an economic input. The countries that provide
verifiable, resilient trust rails will attract capital, partnerships, and platform adoption; the
countries that treat trust as an afterthought will inherit friction, risk, and dependency.

The central message of this report is therefore simple: India’'s opportunity is not one
technology bet. It Is a stack. In building quantum capability while modernizing the trust
foundations of its digital economy, and by scaling blockchain-based settlement and
tokenization rails into real economic infrastructure, India can convert its execution strength
Into durable advantage. The outcome is not merely domestic modernization. It is a new export
category: quantum-era trust Infrastructure and programmable market rails that other
economies can safely build on.
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