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Abstract

The rapid advancements in quantum computing pose a significant threat to

traditional cryptographic systems, potentially compromising sensitive data across

industries. ExeQuantum’s Post-Quantum Cryptography as a Service (PQCaaS)

offers a cloud-hosted solution to protect against these emerging threats, providing

organisations with scalable, quantum-resistant encryption. This white paper explores

the necessity of transitioning to PQC, the advantages of cloud-hosted cryptography,

and the practical applications of ExeQuantum’s services. By leveraging

ExeQuantum’s PQCaaS, businesses can ensure compliance with evolving security

standards, maintain data integrity, and future-proof their systems against the

quantum era—all without significant infrastructure overhauls or expertise in quantum

cryptography.

Introduction

As quantum computing continues to evolve, its potential to disrupt existing

cryptographic systems is becoming increasingly clear. Algorithms like RSA and ECC,

which form the backbone of today’s encryption standards, are vulnerable to quantum

attacks.1 This looming challenge necessitates a proactive shift towards

Post-Quantum Cryptography (PQC), designed to withstand the computational power

of quantum machines.

However, the path to quantum resilience is fraught with complexity. Implementing

PQC algorithms requires specialised knowledge, significant computational

resources, and careful integration into existing infrastructure.2 For businesses,

especially those without deep technical expertise in cryptography, this presents a

daunting task. Moreover, the urgency of migration is amplified by the "harvest now,

decrypt later" strategy employed by attackers—intercepting and storing data today to

decrypt when quantum capabilities become available.3



ExeQuantum’s PQCaaS addresses these challenges by providing a scalable,

cloud-based solution for integrating quantum-resistant encryption. This service not

only simplifies the adoption of PQC but also alleviates the resource burden by

offloading computational demands to ExeQuantum’s secure infrastructure. With the

added benefits of compliance support and ongoing updates, PQCaaS ensures

organisations remain agile and protected in an era of rapid technological change.

In this white paper, we delve into the critical importance of PQC, the unique

advantages of cloud-hosted solutions, and how ExeQuantum’s offerings enable

businesses to transition seamlessly to quantum-safe security.

Problem Description

The Imminent Threat of Quantum Computing

Quantum computing is no longer a distant possibility. With recent advancements by

Google and IBM—such as Google’s “Willow” chip demonstrating significant quantum

error correction,4 and IBM’s strides in increasing qubit counts,5 the timeline for a

utilisable quantum computer has accelerated. Experts now estimate that within five

years, quantum computers will be capable of breaking the classical encryption

methods that underpin today’s digital security.6

Vulnerabilities in Existing Cryptographic Systems

Most businesses and organisations rely on RSA, ECC, and similar algorithms, which

are vulnerable to quantum attacks. These algorithms were designed to withstand

classical brute-force attacks but are rendered ineffective against quantum

computing’s ability to factorise large integers and solve discrete logarithms

exponentially faster.7 This means that data encrypted today is already at risk of being

harvested and decrypted in the future—a tactic known as Harvest Now, Decrypt
Later (HNDL). Sensitive data stolen today may become public, leading to financial
losses, privacy violations, and reputational damage.

Falling Behind Regulatory Standards

Governments worldwide, including Australia with its 2030 Cybersecurity Guidelines,

have started mandating quantum-safe measures.8 Organisations procrastinating



their migration to Post-Quantum Cryptography (PQC) risk non-compliance, leading

to fines, legal challenges, and a tarnished reputation. As these regulations become

more stringent, late adopters will face greater difficulty catching up.

Competitive Disadvantage

In an increasingly interconnected world, cybersecurity is not just a defensive

mechanism—it’s a market differentiator. Companies that transition early to

quantum-secure technologies will gain a competitive edge by building trust and

offering secure products and services. Late adopters risk being outcompeted by

more agile and forward-thinking competitors. Established firms adopting

quantum-safe measures now can fortify their market position, while startups can

disrupt markets by offering inherently quantum-secure solutions.

Operational Havoc of Last-Minute Adoption

Delaying migration to PQC can lead to last-minute adoption under duress, causing

operational bottlenecks, inflated costs, and rushed integrations that might

compromise security. Organisations that wait until the threat becomes immediate will

find themselves in a race against time, scrambling for expertise and resources to

overhaul their security infrastructure. The resulting inefficiencies could disrupt

business continuity and erode stakeholder confidence.

Beyond Encryption: The Supply Chain Risk

Quantum computing doesn’t just threaten individual organisations; it jeopardises

entire supply chains. A single weak link in a partner ecosystem could expose

sensitive data or compromise operations. Businesses must proactively secure their

communication, transactions, and data-sharing mechanisms to safeguard against

cascading vulnerabilities.

SMEs Cannot Solely Rely on Larger Organisations

Small and medium-sized enterprises (SMEs) often assume that large service

providers, such as TLS providers or cloud platforms, will handle quantum migration

on their behalf. However, the complexity of quantum migration, coupled with the

constantly evolving nature of the field, makes this an impractical approach. SMEs



must take proactive measures to secure their own systems and infrastructure rather

than waiting for larger players to act. Failing to do so risks leaving their operations

vulnerable and dependent on timelines they cannot control.

Technology Vulnerabilities Trump Human Vigilance

Even the most security-conscious employees and users cannot compensate for

weaknesses in the underlying technology. Without quantum-safe encryption and

protocols, no level of vigilance can prevent adversaries from exploiting

vulnerabilities. A compromised infrastructure makes all human actions moot,

exposing organisations to risks that cannot be mitigated by training or operational

discipline alone.

Criteria for Acceptable Solutions

To effectively address the challenges posed by the impending quantum threat, any

solution must meet specific criteria that ensure its reliability, scalability, and long-term

efficacy. These criteria are essential for organisations to successfully transition to

post-quantum security while minimising risks and disruptions.

1. Quantum Resilience

A viable solution must implement cryptographic algorithms proven to resist attacks

from both classical and quantum computers. These algorithms should adhere to

standards established by leading organisations such as NIST,9 ensuring that they

remain robust against emerging quantum computing capabilities.

2. Scalability and Flexibility

Organisations vary greatly in size, infrastructure, and operational requirements. Any

solution must be scalable to accommodate businesses ranging from SMEs to large

enterprises and flexible enough to integrate into diverse ecosystems, including cloud

services, IoT devices, and legacy systems.

3. Ease of Integration



Given the complexity of post-quantum cryptography (PQC) algorithms, solutions

must simplify the integration process. APIs, toolkits, and guided implementation

support should reduce the technical burden on organisations, particularly SMEs with

limited IT resources.

4. Compliance Readiness

The solution must align with existing and evolving regulations such as the Australian

ISM, GDPR, and emerging global standards for PQC. Early compliance ensures

organisations are prepared for future regulatory demands and avoid potential fines or

operational disruptions.

5. Proactive Security Maintenance

The field of quantum computing and cryptography is rapidly evolving. An acceptable

solution must include continuous updates, vulnerability assessments, and

compatibility enhancements to address new challenges and maintain security over

time.10

6. Cost-Effectiveness

Budgets, particularly for SMEs, are a critical consideration. A solution must balance

advanced security features with affordability, offering cost-effective options that do

not compromise on quality or functionality.

7. Vendor Expertise and Support

Organisations must be able to rely on vendors with proven expertise in PQC and

cybersecurity. Comprehensive support services, including onboarding,

troubleshooting, and educational resources, are vital to empower organisations

through the migration process.

8. Addressing Harvest Now, Decrypt Later Risks

Solutions must secure data already at risk of being intercepted today.

Quantum-resistant encryption for both stored and transmitted data is essential to

mitigate the risks associated with data harvesting for future decryption.



9. Independence from Larger Ecosystems

While many organisations may hope to rely on TLS providers or other large-scale

services for quantum resistance, an ideal solution must empower businesses to take

proactive measures independently. This reduces dependency and ensures

preparedness, even if larger providers delay their migration timelines.

10. Technological and Human Synergy

No matter how security-conscious users and employees are, the absence of robust

cryptographic technologies leaves organisations vulnerable. A solution must address

this by providing tools that secure the technological foundation, complementing

human efforts to mitigate risks.

By adhering to these criteria, organisations can evaluate and adopt solutions that

provide not only immediate security but also the resilience needed to thrive in an

increasingly quantum-capable future.

Solution

To address the challenges and criteria outlined, organisations must adopt

comprehensive, forward-thinking solutions designed to safeguard their digital

ecosystems against quantum threats. These solutions must balance technical

sophistication with accessibility, ensuring that businesses of all sizes can achieve

quantum resilience effectively.

1. Post-Quantum Cryptography as a Service (PQCaaS)

PQCaaS represents a scalable, accessible, and cost-effective approach to quantum

resilience. Delivered via API, PQCaaS enables organisations to seamlessly integrate

post-quantum cryptographic algorithms into their systems without requiring in-depth

expertise in cryptography.

● Core Features of PQCaaS
○ Post-Quantum Encryption: Ensures secure data exchange across

communication channels.



○ TLS Upgrades: Adds a layer of security to quantum-vulnerable
encryption in data transmission protocols.

○ Digital Signatures: Protects the integrity of messages, documents,
and blockchain transactions.

○ Scalability: Adapts to organisations' needs, from SMEs to large

enterprises.

● Advantages
○ Ease of Adoption: PQCaaS minimises technical and operational

hurdles by offering pre-built solutions.

○ Future-Proofing: Continuous updates ensure algorithms remain
compliant with evolving standards and threats.

○ Reduced Liability: By outsourcing cryptographic complexity,
businesses lower their in-house risk and operational burden.

○ Quantum-Secure Communication: Communication between the
client and our cloud is secured using quantum-resistant algorithms,

ensuring no data is compromised during transmission.



2. Quantum-Secure Communication Channels

Secure communication channels, such as those based on quantum-resistant key

encapsulation mechanisms (ML-KEM) and advanced encryption standards, are

critical. These channels mitigate risks associated with "Harvest Now, Decrypt Later"

attacks.

● Implementation Benefits
○ Protects both data in transit and at rest.

○ Enhances trust in communications with clients and partners.

3. Customised Quantum Readiness Assessments

Organisations must first understand their vulnerabilities to effectively transition to

post-quantum standards. Conducting a quantum readiness assessment identifies

weak points in current cryptographic systems, helping businesses prioritise their

migration strategies.

● Assessment Deliverables
○ Comprehensive reports on quantum-vulnerable assets.

○ Tailored roadmaps for secure migration.

4. Gradual Migration with Hybrid Approaches

Rather than a complete overhaul, organisations can adopt hybrid cryptographic

models that integrate both classical and post-quantum algorithms.

● Key Benefits
○ Provides a smooth transition by maintaining compatibility with existing

systems.

○ Reduces immediate disruption while enabling gradual adoption of

PQC.

5. Cloud-Based Solutions for Scalability

Cloud-hosted PQC solutions offer significant advantages in scalability,

cost-efficiency, and ongoing maintenance. By leveraging the computational power of



the cloud, businesses can implement robust quantum-resistant security without

overburdening their local infrastructure.

● Why Cloud-Based PQC Works
○ High Performance: Offloads computational demands to specialised

servers.

○ Expert Maintenance: Vendors ensure systems are updated and
compliant.

○ Flexibility: Easily integrates into diverse applications and services.

6. Education and Training

For a successful transition, employees and stakeholders must be informed about the

quantum threat and the importance of PQC. Conducting workshops, webinars, and

training sessions helps build a culture of proactive security.

7. Vendor Collaboration and White-Label Solutions

Collaboration with specialised PQC vendors allows businesses to leverage

pre-existing expertise. White-label solutions can also help cybersecurity providers

enhance their offerings without developing their own PQC infrastructure.

● Examples of Collaborative Models
○ Reselling PQCaaS to end clients under a custom brand.

○ Partnering with vendors for managed services and ongoing support.

8. Integration with Broader Cybersecurity Frameworks

Post-quantum solutions must complement other cybersecurity efforts, such as

endpoint protection, vulnerability management, and compliance with standards like

ISO, SOC, FIPS, etc.

● Strategic Integration
○ Aligns post-quantum efforts with existing cybersecurity programs.

○ Demonstrates compliance with regulatory and industry standards.

By adopting these solutions, organisations can proactively address the quantum

threat, ensuring robust protection for their data, systems, and communications. This



strategic approach not only mitigates risks but also positions businesses as leaders

in a rapidly evolving digital landscape.

Implementation Framework

A successful transition to post-quantum cryptographic solutions requires a structured

and phased approach. This ensures minimal disruption to operations while achieving

robust quantum resilience. Below is a step-by-step framework tailored for

organisations of all sizes:

1. Assessment and Planning

Before implementing post-quantum solutions, organisations must conduct a thorough

evaluation of their existing systems and vulnerabilities. ExeQuantum can provide

support and assistance with every step of the way.

● Key Activities
○ Perform a Quantum Readiness Assessment to identify systems relying

on quantum-vulnerable algorithms.

○ Prioritise critical assets such as customer data, internal

communications, and operational systems.

○ Develop a comprehensive migration roadmap that aligns with business

objectives and regulatory requirements.

● Deliverables
○ Detailed risk and vulnerability reports.

○ A timeline and resource plan for the transition.

2. Stakeholder Engagement and Training

Incorporating post-quantum cryptography into an organisation requires collaboration

across departments. Engaging stakeholders ensures alignment and smooth

execution.

● Key Activities
○ Conduct training sessions to familiarise teams with post-quantum

concepts.



○ Host workshops to outline individual responsibilities and the impact of

PQC on day-to-day operations.

○ Engage leadership to secure buy-in and allocate necessary resources.

3. Incremental Migration via Hybrid Models

To avoid operational disruptions, organisations should adopt a hybrid cryptographic

model during the transition phase.

● Key Activities
○ Replace quantum-vulnerable encryption algorithms with hybrid

solutions (e.g., classical + PQC algorithms, such as ExeQuantum’s

quantum secure TLS on top of the current TLS).

○ Test the compatibility of hybrid systems with existing applications and

infrastructure.

● Deliverables
○ A fully functional hybrid cryptographic model.

○ Detailed reports on system performance and potential bottlenecks.

4. Self-Managed Approach

For organisations with strong technical expertise, a self-managed migration using

ExeQuantum's API provides flexibility and control. This approach allows in-house

teams to integrate post-quantum cryptography on their own terms while adhering to

industry standards and remaining crypto agile.

● Key Activities
○ Obtain automated access to ExeQuantum's API for quantum-secure

encryption and key management.

○ Use internal resources to manage the migration, including planning,

testing, and implementation.

○ Ensure teams have adequate expertise to handle complex

cryptographic integrations.

● Deliverables
○ Fully integrated PQC solutions managed internally.



○ Customised implementations suited to the organisation's unique

infrastructure.

● Considerations
○ This approach requires a high level of technical knowledge and may

involve additional training for internal teams.

5. Pilot Projects and Testing

Testing solutions in controlled environments reduces risks and builds confidence in

their reliability and performance.

● Key Activities
○ Implement pilot projects in low-risk areas or non-critical applications.

○ Monitor performance metrics such as latency, reliability, and security

during pilot deployments.

○ Conduct stress tests to evaluate system resilience under high

workloads or simulated attacks.

● Deliverables
○ Verified results from pilot implementations.

○ Adjustments to address unforeseen challenges before full deployment.

6. Full-Scale Implementation

Once solutions are tested and optimised, organisations can scale their deployment

across all systems.

● Key Activities
○ Gradually roll out post-quantum solutions across critical systems,

followed by less critical ones.

○ Ensure that quantum-secure communication channels are established

for all endpoints.

○ Migrate cryptographic assets, such as certificates and keys, to

post-quantum standards.

● Deliverables
○ Organisation-wide implementation of post-quantum cryptography.



○ Updated documentation, including system architecture and compliance

reports.

7. Ongoing Maintenance and Updates

Post-quantum cryptography is an evolving field, requiring organisations to stay

proactive in maintaining their security posture.

● Key Activities
○ Monitor developments in quantum computing and cryptographic

standards.

○ Partner with vendors for regular updates, patches, and compliance

checks.

○ Conduct periodic audits to ensure continued alignment with industry

best practices and regulatory requirements.

● Deliverables
○ Updated systems that reflect the latest cryptographic advancements.

○ Comprehensive audit and compliance reports.

8. Collaboration with Expert Partners

Partnering with specialised vendors ensures access to the latest technologies and

expertise.

● Key Activities
○ Establish agreements for ongoing vendor support and managed

services.

○ Collaborate on custom solutions for unique business needs.

○ Engage with research initiatives to stay ahead of emerging threats.

● Deliverables
○ Long-term partnerships that enhance organisational resilience.

○ Customised solutions tailored to industry-specific requirements.

9. Continuous Improvement and Feedback Loops

Security is a continuous process. Organisations should regularly evaluate and refine

their cryptographic strategies.



● Key Activities
○ Collect feedback from teams and stakeholders on implemented

solutions.

○ Use analytics to identify areas for improvement.

○ Integrate lessons learned into future security policies and initiatives.

● Deliverables
○ A dynamic and adaptive security framework.

○ Ongoing improvements based on real-world insights.

Conclusion

The advent of quantum computing poses both challenges and opportunities for

organisations across industries. As quantum technology edges closer to becoming a

reality, the urgency to adopt Post-Quantum Cryptography (PQC) cannot be

overstated. The risks of procrastination—ranging from data breaches and

non-compliance to competitive disadvantages—demand immediate action from

businesses, from SMEs to major enterprises, to future-proof their operations.

ExeQuantum's PQCaaS offers a flexible, scalable, and quantum-secure solution to

navigate these challenges, enabling organisations to seamlessly integrate

state-of-the-art quantum-safe encryption into their workflows. Whether through fully

managed migrations, collaborative partnerships, or self-managed implementation,

our services provide businesses with the tools needed to stay ahead of the quantum

curve.

The time to act is now. By investing in quantum readiness today, businesses not only

safeguard their data and infrastructure but also position themselves as leaders in the

secure, post-quantum era. Together, we can build a future where innovation thrives

in tandem with uncompromising security.
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