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Executive Statement

Electric vehicles (EVs) represent a highly computational area in mobility, energy, and
systems integration. Quantum computing is making progress in this field through four
main avenues: (1) accelerating the discovery of battery and interface materials; (2)
enhancing manufacturing quality control and factory scheduling; (3) optimizing fleet
routing, charger placement, and grid integration; and (4) bolstering vehicle-to-cloud
communication and over-the-air software updates with post-quantum security
cryptography. In the near term (2025-2027), value will primarily come from quantum-
inspired algorithms and hybrid workflows that combine classical high-performance
computing (HPC) with noisy intermediate-scale quantum (NISQ) devices. More
ambitious breakthroughs, such as full quantum chemistry simulation of solid-electrolyte
interfaces or multi-objective global charging and traffic optimization, depend on
advancements in error correction and scalable qubit technology architectures.

Major automakers and suppliers (e.g., BMW, Volkswagen, Ford) are already conducting
early pilots with quantum hardware or integration partners (e.g., lonQ, QC Ware, D-
Wave). These pilots mainly focus on routing, scheduling, and quality analytics, with
more advanced chemistry or interface modeling planned for later phases (2028-2032).
Meanwhile, regional strategies vary: Europe leads in deployment pilots, the U.S.
emphasizes foundational R&D, China links EV dominance with quantum infrastructure,
and Japan/South Korea concentrate on battery chemistry sensing.

Key Opportunity Areas

Materials & Interface Discovery

Quantum methods can speed up the search for better cathodes, electrolytes, and
solid-state interfaces by simulating molecular interactions more effectively than
classical methods in certain cases.
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Technical detail: Algorithms like the
variational quantum eigensolver (VQE)
or quantum phase estimation (QPE) are
being studied to determine electronic
states or potential energy surfaces for
battery chemistries. This is particularly
important for modeling solid electrolyte
interfaces (SEl), dendrite formation,
and Orion diffusion pathways.

Factory Optimization & Quality
Assurance

Quantum and quantum-inspired
optimization can improve factory line
balancing, robotics path planning, and
defect detection workflows.

Technical detail: Combinatorial
optimization problems, such as vehicle
scheduling, path optimization, and
assignment, can be formulated as Ising
or QUBO (Quadratic Unconstrained
Binary Optimization) problems are
addressed using quantum annealers,
hybrid solvers, or quantum-inspired
algorithms.

Charging, Routing & Grid Integration
Optimizing the placement of chargers,
scheduling charging across fleets, and
understanding how EVs interact with
the grid can reduce operational costs
and support grid stability.
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Technical detail: This includes vehicle-to-
grid (V2G) scheduling, dynamic load
balancing, multi-objective optimization
(cost, grid impact, user wait times), and
network flow problems. The U.S.
Department of Transportation and
quantum workshop documents explicitly
identify charger-site placement and
network optimization as use cases.

Security & Post-Quantum Cryptography
(PQC)

As modern vehicles become software-
defined and networked, they must adopt
cryptographic systems resilient to future
quantum attacks.

Technical detail: Integrating PQC (e.g.,
lattice-based schemes, hash-based
signatures) into over-the-air (OTA)
updates, V2X (vehicle-to-everything)
communications, and software-defined
vehicle (SDV) architectures is critical to
preserving end-to-end confidentiality,
integrity, and non-repudiation in a future
with quantum computing.

Detailed Application Areas

Battery Chemistry & Materials
Discovery

e |onQ publishes its efforts in battery
chemistry, utilizing quantum computing as
an enabler for materials research.

e Ford has conducted a quantum
simulation of battery electrode materials,
presenting it as a proof of concept rather
than producing new chemistry.
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e DLR / QUESt project (Germany):
simulating electrochemical processes
in batteries and fuel cells using
quantum techniques.

e Research labs at MIT, Fraunhofer,
and the University of Tokyo are
improving quantum-chemical tools and
comparing their results to traditional
methods.

Factory & Supply Chain /
Manufacturing

e VVolkswagen / BMW are known to
experiment with assembly optimization
and scheduling, reportedly using
quantum-inspired or hybrid methods.
e Public sources mention BASF in the
context of supply chain optimization,
which combines rare-earth and lithium
routes, although direct quantum
implementations are less visible.

e Capgemini and Atos are working in
logistics and fleet charging
optimization in a pilot or exploratory
form.

Charging, Routing & Grid Integration
e U.S. Department of Transportation /
Quantum Workshop Report: quantifies
quantum use cases in transportation,
including placement of EV chargers,
network optimization, and resilience.
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e D-Wave hybrid solvers have been
piloted with European energy operators
for dynamic load balancing use cases.
(Commonly referenced in industry
discussion)

e BMW's bidirectional charging
management (BCM) program is active;
BMW also launched a quantum
computing challenge for applications in
mobility.

e Horizon Europe has supported grid
stability simulation funding that overlaps
with EV-grid coupling efforts (via quantum
simulation/optimization).
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e Atos and Capgemini appear in public
statements as exploring fleet routing,
charger siting, and logistics optimization
using quantum or quantum-inspired
methods.

Quantum Sensing & Autonomous /
Navigation

e Toyota / Bosch: publicly referenced in
concept-stage trials using NV-diamond
magnetometers or cold-atom
interferometers for navigation in GPS-
denied scenarios.
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e University of Bristol / Tokyo Institute of
Technology: working on quantum photonic or
LiIDAR enhancements for low-light imaging.

Global Landscape

United States

e Agencies like DOE and NIST support
fundamental quantum research, which forms
the basis for downstream mobility
applications.

e Ford and GM are engaging pilots through
quantum cloud providers or algorithmic
partnerships.

The U.S. remains more focused on theory,
hardware, and software fundamentals than
on large-scale EV-specific deployments.
Europe

Germany and France host many active pilots
in EV—quantum intersections (charger siting,
scheduling, battery modeling).

e Pasgal (France) promotes neutral-atom
quantum processing and is integrating into
developer workflows.

e Several EU programs (Horizon, etc.)
provide funding for quantum-transport pilot
projects.

China

China stays a leader in quantum
communications, especially quantum key
distribution, but falls behind in scalable
quantum computing hardware.
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e £V champions (BYD, NIO, SAIC) might integrate quantum roadmaps with their large
domestic EV ecosystem, though public info is limited.

Japan & South Korea

e Japan's Q-LEAP program focuses on quantum advancements in battery chemistry and
sensing, with Toyota playing a key role.

e South Korea: Hyundai has publicly announced interest in quantum battery and
manufacturing research (though publicly visible projects remain sparse).

Other Regions

e Israel contributes to algorithmic or cryptographic intersections (quantum algorithms,
PQC), despite lacking a significant EV manufacturing base.

e Smaller nations and research consortia (e.g. in Canada, Australia) may participate via
quantum software or algorithm development, though EV-specific quantum pilots are rare.
Industry Leaders to Watch

e National / Government / Agency: U.S. DOE (Quantum Information Science programs),
NIST, Horizon Europe, Q-LEAP (Japan), Chinese state labs

e Hardware & Platform Providers: lonQ, D-Wave, Pasgal, Quantinuum, Google Quantum,
IBM

e EV / OEM & Tier-1: BMW, Volkswagen, Toyota, Ford e Quantum & Algorithm Integrators:
QC Ware, Multiverse Computing, Zapata e Ecosystem Bodies: World Economic Forum
(mobility + quantum initiatives), industry consortia in Europe
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Timeline (2025-2032)

e 2025-2027

« Pilots in scheduling, routing, and quality analytics
with hybrid quantum-classical methods

« Early PQC (post-quantum cryptography) migration
of OTA and V2X systems

 Charger placement and network planning pilots
under transportation quantum workshops

e 2028-2032

» Deployment of quantum-accelerated chemistry
subroutines to screen electrolyte/cathode materials
* Depot- or grid-scale charging optimization,
including V2G scheduling

« Scaling of factory scheduling and yield
optimization to production volumes

 Gradual hardware maturation toward error-
corrected components

« Expansion of quantum sensing modules
(navigation, imaging) into prototype vehicles.

e Beyond 2032 (only if backed by funded
programs)

« Full simulation of battery interfaces (SEI dynamics,
multi-layer assemblies)

* Integrated mobility—grid—chemistry optimization
across fleets, cities, and energy networks

SWOT Analysis
Strengths

e Intrinsic alignment with chemical problems:
Quantum computing is especially suited for
molecular and materials simulation tasks.
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e Catalytic value chain leverage: EVs integrate
energy, grid, transport, and software — offering
many touchpoints for quantum leverage.

e Early mover advantage: Firms entering pilots
now can build IP and infrastructure ahead of wider
adoption cycles.

Weaknesses

e Hardware maturity constraints: Current NISQ
devices have limited qubit count, coherence, and
high error rates; fully error-corrected systems
remain years away.

e Talent and cross-domain integration: Success
requires a rare combination of deep chemistry,
guantum, machine learning, operations research,
and systems engineering skills.

e Integration risk with legacy systems: EV OEMs
operate with mature classical infrastructure;
guantum modules must show clear ROl over
classical baselines.

Opportunities
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e Grid decarbonization synergy: Optimizing charging and V2G helps shift the load to
renewables, a key lever for decarbonization.

e Cost reduction & competitive differentiation: Superior battery performance, reduced

waste, better charger planning -- tangible KPIs by which quantum pilots can be judged.

e PQC lock-in in mobility: Early adoption of quantum-resilient cryptography can
become a competitive barrier to entry in software-defined vehicles.

Threats

e Hype cycle backlash / unmet expectations: Overpromising could lead to backlash or

disinvestment if Quantum fails to deliver in time.

e Strategic dominance through defense / national players: Governments or defense
actors may capture quantum infrastructure, thereby increasing access risks.

e Classical algorithm advances: Breakthroughs in classical heuristics or Al could delay

quantum advantage in optimization and simulation.
Global Market

e The quantum computing in the automotive market was valued at ~USD 0.35 billion in
2024 and is projected to grow to USD 1.04 billion by 2029 (CAGR ~23.9%)

e Alternative forecasts project even higher growth: from USD 453 million in 2025 to
over USD 6,462 million by 2034 (CAGR ~34.5%)

e The largest regional share in 2024 is Asia-Pacific; North America is often cited as the
fastest-growing.

Looking Ahead
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e Standards and interoperability:
Shared data formats, benchmarking
frameworks, and modular integration
paths will accelerate adoption.

e Public-private partnerships: Jointly
funded pilots (EV + energy + quantum)
de-risk capital-intensive integration
projects.

e Talent development: Cross-
disciplinary curricula and industry
exchange programs in quantum and
mobility domains.

e Policy support & incentives:
Government programs that subsidize
quantum applications in clean mobility,
grid integration, and EV infrastructure.
Until fully fault-tolerant quantum
hardware becomes practical, the
short-term strategy will focus on hybrid
approaches, narrowly defined pilots
with clear KPIs, and integration into
existing classical systems.
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Final Reflection

Quantum computing in the electric vehicle
(EV) sector is not yet a straightforward,
ready-to-use solution; however, it is
gaining significant strategic momentum in
key areas such as material science and
network optimization. The progress is
slow: immediate wins are achieved
through hybrid or quantum-inspired pilots,
medium-term gains are realized as
hardware improves in reliability, and long-
term objectives focus on error correction.

For electric vehicle manufacturers, top
suppliers, and mobility innovators, building
knowledge in quantum technology and
initiating specific pilot projects now is a
way to prepare for a future where
computing is as important as materials
and aerodynamics.
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Electric vehicles...

The Impact Quantum Podcast provides a trusted platform
where cutting-edge quantum developments are translated
into actionable insights. Serving both the Quantum Curious
and senior executives, the podcast bridges technical
innovation with business strategy. By engaging leading voices
across science, technology, and industry, it equips audiences
with the knowledge required to anticipate disruption, assess
opportunities, and make informed decisions in an increasingly

quantum-enabled world.

Contact Us: impactquantum.com/contact/
Watch Us: www.youtube.com/@impactquantum



