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Abstract: Quantum computing presents a transformative opportunity for industrial economies. This paper
analyses the strategic opportunity for Indian industry—focusing on Andhra Pradesh under the 'Viksit Andhra
2047' roadmap—to harness quantum technologies for economic growth, competitiveness and resilience.
Using comparative case studies from the United States, China and the European Union, sectoral deep-dives
(pharmaceuticals, agriculture/logistics, financial services, and energy/climate), and applied economic
projections, the article maps policy, institutional and investment pathways to unlock quantum-driven value.
Key recommendations cover the establishment of quantum industrial zones, workforce development, public—
private partnerships, and phased investment milestones. Empirical projections suggest that targeted quantum
adoption across priority sectors could contribute an incremental 2-4% to Andhra Pradesh GSDP by 2035 and
create 80,000-150,000 direct and indirect jobs by 2035 under a proactive policy stance.

Index Terms - Quantum computing; Andhra Pradesh; Viksit Andhra 2047; National Quantum Mission;
industrial policy; Applied economics.

I. INTRODUCTION

1. INTRODUCTION

Quantum computing is transitioning from academic promise to an era of applied industrial relevance.
Quantum processors—by exploiting superposition and entanglement—can tackle classes of problems
(molecular simulation, combinatorial optimization, and machine-learning subroutines) that remain intractable
for classical computers. Global forecasts indicate a rapidly growing commercial market for quantum
technologies across computing, communication and sensing pillars. For regional economies, early strategic
adoption can translate into productivity gains, higher value-added manufacturing, and new export niches. This
paper situates Andhra Pradesh’s development agenda—Viksit Andhra 2047—within the broader quantum
opportunity and offers an applied economics roadmap for industrial uptake.
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2. LITERATURE AND PoLicy CONTEXT

The public policy response to quantum technology internationally exhibits three broad models: (a) a
government-facilitated partnership model with strong federal financing and academic consortia (United
States), (b) a state-led strategic mobilization with coordinated industrial policy and large-scale public
investment (China), and (c) a coordinated supranational research-to-industry programme emphasizing
collaborative projects and standards (European Union). India’s National Quantum Mission (NQM), approved
in 2023 with an allocation of approximately 36,000 crore, establishes national hubs for computation,
communication, sensing and materials and represents India’s attempt to combine central funding with state-
led ecosystems.

Key contemporary policy references include the National Quantum Mission (India) and international efforts
such as the U.S. National Quantum Initiative and the EU Quantum Flagship. These programmes illustrate
financing scales, partnership structures, and industrial alignment strategies.

Notable facts: the Indian NQM allocates ~X6,000 crore to quantum R&D and ecosystem development
(Government of India NQM announcement). Global industry analyses project a multi-billion-dollar market
for quantum technologies by 2035.

3. COMPARATIVE CASE STUDIES: PoLICY LESSONS

3.1 United States: Federated investment and industry consortia

The United States approach blends federal investment with industry—academia consortia and regional
innovation clusters. The National Quantum Initiative (NQI) and subsequent reauthorization proposals have
emphasized sustained funding, center-of-excellence creation, and public—private research partnerships. The
U.S. model emphasizes building diverse hardware approaches (superconducting, trapped ions, photonics),
cloud access to quantum machines (IBM, Google, IonQ), and translational centres that help industry prototype

quantum-enhanced workflows.

3.2 China: Strategic state mobilisation and rapid scale-up

China’s strategy features centralized planning, large public investments, and close coordination between state
research institutes and commercial firms. In quantum communications and satellite-based QKD China has
demonstrated early leadership; concurrently Chinese companies and state research labs are pushing
superconducting and photonic quantum hardware rapidly. The Chinese model shows the advantages of
coordinated supply-chain development (cryogenics, control electronics, photonics) and rapid domestic market

formation, albeit within a distinctive national innovation system.

3.3 European Union: Flagship funding and standards-driven integration

The European Quantum Flagship takes a long-horizon, multidisciplinary approach, funding cooperative
projects across member states and focusing on building a strong industrial base through standards,
interoperability, and application-driven consortia (sensors, communications, computing). The EU emphasizes
public funding to de-risk research with the objective of developing interoperable hardware and a pan-

European supply chain for quantum technologies.
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3.4 Synthesis: What Andhra Pradesh can learn

From these models, three policy lessons emerge for Andhra Pradesh: (1) combine state-level clusters with
national mission linkages to access larger funding and testbeds; (2) prioritize supply-chain components
(cryogenics, control electronics, photonics) where local manufacturing can capture value; (3) use standards
and public procurement to create initial demand for quantum-enabled services. Andhra Pradesh can therefore
aim for a hybrid strategy: state-led industrial clustering that plugs into India’s NQM hubs and international

partnerships.

4, SECTORAL DEEP-DIVES: ANDHRA PRADESH PRIORITY SECTORS

4.1 Pharmaceuticals and Life Sciences

Opportunity: Quantum chemistry and materials simulation promise to accelerate lead discovery, optimize
molecular design, and reduce R&D timelines and costs in drug discovery. Andhra Pradesh hosts significant
pharmaceutical manufacturing clusters and clinical research activity (e.g., Visakhapatnam-Vijayawada
corridor). By integrating quantum-accelerated molecular simulation pilots with existing biotech incubators,
the state can attract global partnerships and specialized talent. Economic impact: early pilot deployments in
computational drug screening can reduce time-to-hit identification, potentially lowering discovery costs by
10-30% for targeted projects, and enable contract research organizations (CROs) to offer premium services
to global clients.

4.2 Agriculture, Supply Chains and Logistics

Opportunity: Andhra Pradesh’s economy is agro-centric; optimizing cold-chain logistics, crop planning and
commodity distribution are high-value use cases for quantum-enabled optimization algorithms (quantum
annealing, hybrid quantum-classical optimization). Quantum-assisted optimization can improve vehicle
routing, warehouse allocation, and auction/design for mandi systems—translating to lower wastage, faster
market linkages, and higher farmer incomes. Pilot model: a regional quantum optimization pilot linking
farmers in Krishna and Guntur districts to distribution hubs in Visakhapatnam and Vijayawada could

demonstrate measurable gains in turnaround time and spoilage reduction.

4.3 Financial Services and FinTech

Opportunity: Quantum algorithms can augment portfolio optimization, risk modelling, derivatives pricing,
and fraud detection. Andhra Pradesh’s emerging fintech hubs (Amaravati corridor) can host sandbox
environments where banks, NBFCs and fintech startups co-develop quantum-enhanced analytics. The
strategic advantage lies in advanced analytics for asset managers, insurers, and payment networks—services

that can be exported as high-value financial analytics products.

4.4 Energy, Renewables and Climate Modelling

Opportunity: Coastal Andhra is exposed to climate and cyclone risks; quantum simulations can improve
climate models, optimize grid storage mix, and assist in materials discovery for next-generation batteries. By
creating a quantum-enabled climate lab (public—private) tied to state disaster-management agencies, Andhra

Pradesh can create adaptive policies for coastal resilience and a market for climate services export.
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5. APPLIED ECONOMICS FRAMEWORK AND PROJECTIONS

Methodological approach: We adopt a mixed-methods projection combining (a) bottom-up sectoral adoption
scenarios, (b) investment multiplier estimates for knowledge-intensive industries, and (c) employment
elasticity for R&D and high-tech manufacturing nodes. Scenarios: three adoption scenarios are modelled for
the period 2025-2035: (A) conservative (pilot-only, low diffusion), (B) proactive (targeted pilots, cluster
investments, workforce programs), and (C) ambitious (large-scale cluster formation, heavy FDI and global
partnerships).

Projection summary (2025-2035): Under the proactive scenario (B), targeted quantum adoption across key
sectors can plausibly contribute an incremental 2.0-3.0% to Andhra Pradesh GSDP by 2035 via productivity
gains, higher value-added exports and new high-tech manufacturing jobs. The conservative scenario (A)
yields modest gains (under 1% by 2035), while the ambitious scenario (C) could deliver 4-5% incremental
gains if Andhra Pradesh becomes a leading regional quantum cluster with heavy FDI inflows and rapid

commercialization.

Table 1: Projected incremental GSDP impact (%) under three adoption scenarios (2025-2035)

Year Conservative (%) | Proactive (%) | Ambitious (%)
2025 0.0 0.0 0.0
2026 0.0 0.1 0.2
2027 0.1 0.3 0.6
2028 0.2 0.6 1.2
2029 0.3 0.9 1.8
2030 0.3 1.2 2.5
2031 0.4 1.5 3.2
2032 0.4 1.8 3.8
2033 0.5 2.0 4.5
2034 0.6 2.5 5.0
2035 0.6 3.0 55

Figure 1: Projected Incremental GSDP Impact

Projected Incremental GSDP Impact (2025-2035)
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Source: Authors’ projections based on applied economics framework (2025-2035).
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The proactive scenario shows steady growth, reaching about 3% incremental GSDP by 2035, while the

ambitious scenario could yield more than 5% growth. The conservative path provides only marginal gains
(under 1%). This suggests that strong policy and investment commitments are crucial to capture substantial

economic benefits from quantum adoption.

6. EMPLOYMENT AND VALUE-CHAIN IMPACTS

Quantum clusters generate employment across specialized roles (quantum physicists, quantum software
engineers, cryogenics technicians), manufacturing roles (control electronics, precision machining), and
service roles (R&D management, legal/IP, business development). Using multipliers derived from high-
technology clusters, the proactive scenario estimates 80,000-150,000 direct and indirect jobs by 2035
(including manufacturing, R&D, and service exports).

Figure 2: Projected employment

Projected Jobs by Scenario (Selected Years)
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Source: Estimates using high-technology cluster multipliers.

EMPLOYMENT GAINS VARY SIGNIFICANTLY BY ADOPTION SCENARIO: AROUND 20,000 JOBS IN THE
CONSERVATIVE CASE, 100,000 IN PROACTIVE ADOPTION, AND UP TO 180,000 UNDER AMBITIOUS POLICIES. MOST

JOBS WOULD ARISE IN HIGH-TECH MANUFACTURING, R&D SERVICES, AND SUPPORTING INDUSTRIES.

7. INVESTMENT NEEDS AND FLOWS

Investment needs include (a) physical infrastructure (quantum labs, clean rooms, cryogenic manufacturing),
(b) human capital (university programs, fellowships), and (c) enterprise incentives (seed grants, tax incentives
for quantum hardware firms). A sample allocation for an initial 5-year state-level program (USD-equivalent
local INR estimates) might split investments roughly: infrastructure 45%, talent & skilling 25%, industry

incentives 20%, international partnerships 10%.
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Figure 3: Sample Investment Allocation

Sample 5 Year State Investment Allocation
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Source: Authors’ allocation model for Andhra Pradesh’s initial 5-year program.
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8. IMPLEMENTATION ROADMAP (PHASED MILESTONES)

Phase | (2025-2027): Pilot & Capability Building — Establish Quantum Reference Facility, seed 10-15 pilot
projects across pharma, logistics and fintech, launch quantum modules in state universities.

Phase Il (2028-2032): Cluster Formation & Manufacturing — Build Quantum Industrial Zone in
Amaravati/Visakhapatnam, incentivize cryogenic and control-electronics manufacturing, scale up talent
pipelines with dedicated MSc/PhD fellowships.

Phase 11l (2033-2047): Scale & Global Integration — Attract large-scale FDI, export quantum-enabled
services, and transition from pilot projects to industry-grade production and service exports aligned with
Viksit Andhra 2047.

9. PoLicY RECOMMENDATIONS

+ Create a 'Quantum Valley Andhra’ anchored by a state-backed Quantum Reference Facility and public
testbeds.

«»+ Offer calibrated tax and capital subsidies for manufacturing of critical components (cryogenics,
control electronics).

+« Launch a State Quantum Fellowship to attract global talent and retain PhD graduates in-state.

+«+ Facilitate public procurement pilots for quantum-assisted optimization in public services (disaster
response, logistics).

«» Establish an Andhra—SQM coordination cell to channel national mission funds and international

partnerships into state projects.
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10. Risks, ETHICS AND GOVERNANCE

Risks include technical uncertainty, talent shortages, geopolitical export controls and uneven regional
benefits. Governance frameworks should address ethical use (e.qg., cryptography disruption), data privacy, and
international compliance for dual-use technologies. A state-level quantum advisory board—composed of
industry, academia, and civil society—can monitor risks and guide responsible commercialization.

11. CONCLUSION

Quantum computing offers Andhra Pradesh a tangible pathway to accelerate its Viksit Andhra 2047 vision
through value-added manufacturing, high-skill employment, and exportable services. A pragmatic, phased
policy that blends lessons from the US, China and the EU—while leveraging India’s National Quantum
Mission—can position Andhra Pradesh as a competitive regional quantum hub. The state's early investments
in testbeds, talent and critical supply-chain segments will determine whether it captures the economic upside
of the quantum decade.
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