
Abstract
The impending arrival of viable quantum computing is a major worry to modern-day identity management systems that 
mainly depend on classical public-key cryptography techniques such as RSA and elliptic curve. Such systems are the basis 
of secure infrastructure in digital identities such as authentication, digital signature and trust models based on certificates. 
These cryptographic primitives can be broken using quantum algorithms like Shor and Grover, compromising the privacy of 
credentials and sessions stored and authenticated on digital ecosystems. The paper provides the necessity of the transition 
of identity management systems to post-quantum cryptographic (PQC) algorithms that will be resistant to quantum attacks. 
It gives a general overview of quantum-exposed identity protocols, as well as a look at the up-and-coming PQC algorithms 
under development, with a special call to digital signature algorithms capable of identity provision, authentication, and 
credential lifecycle management. Moreover, the paper isolates the problems of integration which include key size overhead, 
legacy system compatibility and performance trade-offs and suggests integration to take place through the use of hybrid 
and decentralized framework to allow a secure migration. This study will form part of a strategic plan to a post-quantum 
identity infrastructure, with the long term reliability, validity, and withstanding of quantum-era vulnerabilities.
Keywords: Post-Quantum Cryptography (PQC), Identity Management, quantum computing, Digital Signatures, 
Authentication, Quantum-Resistant Algorithms.
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Introduction

In contemporary cyberspace, digital identity is 
the basis of trust. Cryptographic mechanisms 

used in the identity management environment 
feature enterprise authentication systems, public 
key infrastructures (PKI), digital signatures, federated 
identity services and decentralized identity models. 
These systems are dependent on the classical schemes 
of public-key like RSA, elliptic curve cryptography 
(ECC) and Diffie-Hellman to prove secure connection, 
authentication, and access control policies. Although 
these cryptographic protocols have proven to be 
robust to classical forms of computation attacks, the 
now-realized powers of quantum computers manifest 
a paradigm-shifting threat to their ongoing efficiency.

Algorithms like the one proposed by Shor can 
break the integer factorization problem and the 
discrete logarithm problem in polynomial time and 
leave schemes like RSA, and ECC schemes, and many 
others susceptible. The algorithm of Grover, though 
not so disastrous, can effectively reduce the useful 

length of a key in symmetric cryptography by half. In 
terms of identity management, that means that digital 
credentials, certificate chains and authentication 
mechanisms will be vulnerable after quantum 
computers are scaled enough and stable enough. 
Besides, even encrypted identity assertions recorded 
today can be decrypted in the future, an effect known 
as harvest now, decrypted later; a threat to the 
confidentiality and integrity of identity information 
stored or communicated.

In many sectors including government, healthcare, 
finance, and cloud infrastructure, identity systems are 
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mission-critical systems that have not yet undergone 
migration to quantum-safe cryptographic primitives 
and are now imperiled by quantum technology. Post-
Quantum Cryptography (PQC) is a family of algorithms 
that are resistant to both classical and quantum attackers. 
These are lattice-based, hash-based, multivariate, code-
based and isogeny-based schemes most of which are 
at an advanced stage of standardisation by prominent 
bodies like NIST. Nevertheless, the migration to PQC 
in the identity management framework presents 
numerous technical, operational and architecture 
issues. These are compatibility with current protocols 
(e.g.: TLS, X.509, OAuth, OpenID Connect), key size 
inflation, computational costs, and compatibility with 
platforms that are constrained based on their design 
(e.g. IoT, and mobile identity systems).

Also, identity systems are asked to keep in check 
the dynamic world of decentralized, self-sovereign 
identity that is based on blockchain and distributed 
ledger technologies that are also subject to quantum 
threats. It is most important to ensure the possibility 
to embed the post-quantum cryptographic primitives 
in the decentralized identity documents, verifiable 
credentials, and peer-to-peer trust models to future-
proof such systems.

In this paper, I will explore what, how, and why 
of incorporating post-quantum cryptography into 
digital identity management frameworks. It starts 
with a description of the cryptographic weaknesses 
that quantum computing poses and continues 
with the summary of major PQC algorithms and 
their applicability to identity applications, like 
authentication, digital signing, and certificate issuance. 
The paper subsequently examines migration of current 
infrastructure to a quantum-resistant infrastructure, 
hybrid cryptographic schemes to facilitate transitory 
assurance, and considerations to the real-world effort 
of implementing. Lastly, it reveals future research 
openings or directions toward the secure identity 
assurance in the quantum world.

Background and Threat Landscape
Digital identity systems rely heavily on cryptographic 
mechanisms to ensure authentication, authorization, 
and data integrity. These systems, including public key 
infrastructures (PKI), single sign-on (SSO) platforms, 
identity federation protocols (e.g., SAML, OAuth), 
and decentralized identity models, depend on the 
presumed hardness of certain mathematical problems. 

Traditional public-key cryptography, particularly RSA 
and elliptic curve algorithms, forms the backbone 
of trust models used across sectors such as finance, 
healthcare, government, and enterprise environments.

The Role of Cryptography in Identity 
Management
Cryptographic algorithms are essential in establishing 
digital trust, enabling key functions such as:
•	 Secure generation and exchange of credentials
•	 Digital signing of identity assertions
•	 Verification of identity during authentication
•	 Certificate issuance and revocation
These functions depend on the robustness of key 
pairs derived from asymmetric encryption schemes. 
As a result, the compromise of such schemes directly 
threatens the confidentiality, authenticity, and non-
repudiation of identity systems.

Emergence of Quantum Threats
Quantum computing introduces a fundamentally 
different model of computation based on quantum 
mechanics principles such as superposition and 
entanglement. While classical computers process bits as 
binary values (0 or 1), quantum computers manipulate 
quantum bits (qubits) in multiple states simultaneously, 
enabling parallel computation at an exponential scale.

Two quantum algorithms pose significant risks to 
classical cryptography:

Shor’s algorithm
Efficiently factors large integers and computes discrete 
logarithms, breaking RSA, DSA, and ECC.

Grover’s algorithm
Accelerates brute-force attacks on symmetric 
algorithms, reducing their effective key length by half.

This development implies that widely deployed 
cryptographic algorithms used for identity assurance 
are at risk of eventual compromise. While symmetric 
cryptography can be secured by doubling key sizes, 
public key algorithms require complete replacement.

Identity Management Vulnerabilities in a 
Quantum Context
Quantum computing presents several attack vectors 
for identity systems:
•	 Spoofing of Digital Signatures: An attacker with 

quantum capabilities can forge digital signatures 
or impersonate identities by breaking RSA or ECC.

•	 Compromise of Long-Term Credentials: Identity 
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Fig 1: The  graph shows the estimated break times for RSA-
2048 and ECC-256 under different computational models. The 
log scale highlights how quantum computing significantly 
reduces the time needed to break these cryptographic 
systems, especially under large-scale quantum capabilities.

Table 1: Comparing common identity management protocols 
and their cryptographic dependencies, highlighting 

vulnerability status to quantum attacks

Protocol/
Technology

Core Algorithm 
Used

Vulnerable to 
Quantum? Primary Risk

RSA-based PKI RSA-2048 Yes Signature 
forgery

OAuth 2.0 / 
OpenID

JWT signed 
with RSA/ECC Yes Assertion 

spoofing

TLS (SSL/TLS 
handshake) RSA, ECC, DH Yes Session key 

recovery

Blockchain-
based ID ECDSA Yes Key compromise

S/MIME RSA, ECC Yes Decryption of 
archived emails

Table 2: PQC Algorithm Classes and Key Properties

Class Security Basis Key Size Sig. Size Efficiency Identity Use

Lattice-Based Lattice problems Medium Medium High High

Code-Based Error-correcting codes Very Large Small Medium Moderate

Multivariate Multivariate equations Medium Large Low Low

Hash-Based Hash functions Small Large Medium High

Isogeny-Based Elliptic curve isogenies Very Small Very Small Low Experimental

This table helps visualize which algorithms are most appropriate for digital signature use, especially in resource-constrained 
environments or systems requiring high verification throughput.

credentials archived or transmitted today may be 
decrypted in the future once quantum computers 
become practical.

•	 Man-in-the-Middle Attacks: Quantum adversaries 
can intercept and decrypt authentication traffic, 
especially in federated identity protocols that rely 
on signed assertions.

This assessment underscores the importance of 
adopting post-quantum cryptographic schemes that 
can provide equivalent functionality without relying 
on vulnerable mathematical problems.

Timeline and Urgency of Migration
The timeline for quantum threats remains uncertain 
but is narrowing. While fault-tolerant, large-scale 
quantum computers are not yet commercially available, 
progress in quantum hardware and error correction 
is accelerating. Additionally, adversaries may begin 
capturing encrypted identity-related data today for 
future decryption, even if current systems remain 
operational.

Organizations must therefore adopt a forward-
looking security model that incorporates quantum-
resilient algorithms into their identity infrastructure. 
This transition must be strategic, phased, and designed 
to maintain backward compatibility during the 
migration phase.

Existing Mitigation Strategies
A number of short-term and mid-term mitigation 
strategies have emerged:
•	 Hybrid Cryptography: Combining classical and 

quantum-safe algorithms in parallel to ensure 
forward and backward compatibility.

•	 Quantum-Safe Certificate Authorities: Initiatives 
to issue digital certificates based on post-quantum 
digital signature schemes.

•	 Algorithm Agility: Designing systems to support 
rapid switching between cryptographic algorithms 
as standards evolve.

These strategies form the basis for a comprehensive 
approach to quantum-resilient identity management, 
which is explored in subsequent sections of this paper.

Post-Quantum Cryptography Overview
Post-Quantum Cryptography (PQC) refers to 
cryptographic algorithms that are designed to be 
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secure against both classical and quantum computing 
attacks. These algorithms are built on mathematical 
problems that remain intractable even for quantum 
computers, and they serve as potential replacements 
for existing public-key mechanisms that are vulnerable 
to Shor’s and Grover’s algorithms. The relevance of PQC 
to identity management lies in its ability to ensure the 
long-term authenticity, confidentiality, and integrity 
of digital identities and associated cryptographic 
credentials.

PQC Algorithm Categories
The most widely studied and developed PQC algorithms 
fall into several core categories, each based on distinct 
hard mathematical problems:
•	 Lattice-based cryptography:  Relies on the 

hardness of problems such as Learning With Errors 
(LWE) and Shortest Vector Problem (SVP). These 
schemes are highly versatile and include candidates 
like Kyber (for key encapsulation) and Dilithium (for 
digital signatures).

•	 Hash-based signatures: Built entirely from hash 
functions. Examples include SPHINCS+, which offers 
strong security guarantees and is stateless, though 
it incurs relatively large signature sizes.

•	 Code-based cryptography: Based on decoding 
random linear codes. One prominent candidate is 
Classic McEliece, known for its large key sizes but 
extremely fast decryption.

•	 Multivariate quadratic equations :  Utilizes 
the difficulty of solving systems of multivariate 
quadratic equations over finite fields. An example 
is Rainbow, which has seen interest for its small 
signature size, though performance issues persist.

•	 I s o g e n y - b a s e d  c r y p t o g r a p h y :  I n v o l v e s 
mathematical problems based on elliptic curve 
isogenies. SIKE is a leading candidate, valued for 
small key sizes but slower execution.

3.2 PQC in Identity Management Systems
The primary concern in identity management is 
the reliance on digital signatures and asymmetric 
encryption for authentication, credential issuance, 
and identity validation. Digital signatures are used in 
identity certificates (e.g., X.509), SAML assertions, and 
verifiable credentials. A PQC-ready identity system 
requires the replacement of classical signing algorithms 
(RSA, ECDSA) with quantum-resistant alternatives such 
as Dilithium, Falcon, or SPHINCS+.

Key encapsulation mechanisms (KEMs) are equally 
important in secure transmission of identity credentials, 

such as during certificate exchanges in TLS handshakes. 
PQC KEMs like Kyber and Classic McEliece are suitable 
candidates for secure channel establishment in identity-
related protocols.

NIST Standardization and Adoption
The standardization process for PQC is being led by the 
National Institute of Standards and Technology (NIST), 
which has evaluated dozens of algorithm submissions 
from global cryptographers. Key goals include security 
robustness, implementation efficiency, and integration 
flexibility. The competition reached an advanced stage 
with finalists and alternate candidates selected across 
different algorithm families.

Digital identity systems stand to benefit from early 
adoption of these standards to reduce future migration 
complexity. In particular, the NIST-recognized finalists 
like CRYSTALS-Dilithium (signature) and CRYSTALS-
Kyber (KEM) are expected to become foundational 
primitives for post-quantum secure identity protocols.

Integration Readiness
For successful deployment in real-world identity 
systems, PQC algorithms must align with existing 
cryptographic protocols such as:
•	 TLS 1.3 and hybrid key exchanges
•	 X.509 certificate formats with PQC extensions
•	 JSON Web Signatures (JWS) in OAuth2 and OpenID 

Connect
•	 Decentralized Identifiers (DIDs) and Verifiable 

Credentials (VCs)
Hybrid models, combining classical and PQC 

algorithms, are currently recommended to maintain 
backward compatibility and enable gradual transition. 
This is particularly critical for environments where 
long-term identity validity and archival verification are 
essential.

In summary, PQC offers a diverse set of cryptographic 
tools suitable for securing digital identity infrastructure 
against quantum-era threats. However, practical 
considerations such as algorithm performance, 
compatibility with existing standards, and readiness 
for constrained environments must guide the selection 
and deployment of post-quantum primitives.

Challenges in PQC Migration for Identity 
Systems
The transition from classical to post-quantum 
cryptographic algorithms within identity management 
systems presents significant challenges. These 
challenges span several dimensions, including technical 
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limitations, interoperability constraints, infrastructure 
readiness, and performance bottlenecks. Identity 
systems are complex ecosystems that rely on multiple 
cryptographic layers, protocols, and trust anchors, many 
of which are deeply embedded in legacy systems and 
standards. Integrating PQC into these environments 
requires a cautious and well-structured approach to 
maintain security, usability, and compatibility.

Legacy Infrastructure and Protocol 
Compatibility
A major barrier to PQC adoption lies in the widespread 
use of legacy identity protocols and certificate 
infrastructures. Standards such as X.509, TLS, SAML, 
OAuth 2.0, and OpenID Connect are not yet universally 
equipped to support large key sizes or new cryptographic 
primitives introduced by PQC schemes.

Most public key infrastructures (PKI) use RSA or 
ECC-based certificates for digital identity assertion and 
verification. Updating these certificates to use PQC 
algorithms requires modifying certificate authorities 
(CAs), trust chains, and client validation mechanisms. 
Moreover, applications and libraries that perform 
certificate parsing and validation may not handle the 
increased signature sizes or modified cryptographic 
identifiers used by PQC.

Performance and Resource Constraints
PQC algorithms, particularly signature schemes, tend 
to involve larger key sizes and higher computational 
overhead compared to classical counterparts. This 
raises concerns for resource-constrained environments 
such as mobile devices, IoT sensors, smart cards, and 
embedded identity modules, which are frequently used 
for identity provisioning and authentication.
Operations like certificate verification, digital signing, 
and key exchange may become significantly slower or 
more memory-intensive, potentially impacting user 
experience, system responsiveness, and battery life. 
In applications requiring high transaction throughput 
or real-time identity verification, such as in federated 
cloud access or biometric-based login systems, these 
delays may not be acceptable.

Interoperability and Ecosystem Readiness
Most identity frameworks operate across heterogeneous 
platforms, vendors, and jurisdictions. A successful PQC 
transition requires that all stakeholders, from certificate 
authorities to relying parties implement and support the 
same set of algorithms and certificate formats. Without 
global consensus and synchronized adoption, identity 

assertions signed with PQC algorithms may be rejected 
or unrecognized by parts of the infrastructure.

Furthermore, application-level protocols such 
as SAML and OpenID Connect must be updated to 
accommodate extended signature formats and hybrid 
key exchanges. Delays in updating standards and 
achieving regulatory compliance further complicate 
interoperability, creating fragmentation risks and 
potentially weakening the security of transitional hybrid 
environments.

Quantum-Safe Trust Anchors and Long-Term 
Identity Validity
At the core of most identity systems are root certificates 
and trust anchors, which are long-lived and widely 
distributed. Migrating these critical elements to PQC 
is especially complex, as it may require reissuing 
trust stores across all end-user devices, servers, and 
embedded systems.

Additionally, identity systems often involve 
archived credentials, long-term digital signatures, and 
timestamped assertions whose validity may extend 
over decades. Ensuring that these credentials remain 
verifiable under future cryptographic assumptions 
introduces the need for forward-compatible and 
upgradeable signature schemes. Without such 
capabilities, systems risk losing trust continuity, 
particularly for legal and archival purposes.

Fig 2: The  graph shows average signing and verification 
times across signature algorithms (RSA, ECDSA, Dilithium, 
Falcon, SPHINCS+) on different platforms. It highlights how 
performance varies significantly, especially on constrained 
environments like embedded IoT devices, where post-
quantum algorithms like SPHINCS+ can be more demanding
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To mitigate this, hybrid trust models that combine 
classical and PQC algorithms are being explored. 
These models enable gradual migration by allowing 
systems to validate both traditional and quantum-safe 
signatures, reducing the risk of sudden deprecation or 
loss of functionality.

User Experience and Usability
A subtle but equally important challenge lies in 
maintaining a seamless user experience during the 
transition to PQC-secured identity systems. Changes 
to authentication mechanisms, larger cryptographic 
payloads, or slower verification steps can negatively 
impact usability if not properly optimized. For 
systems involving human-facing authentication (e.g., 
passwordless login, biometric confirmation), any delay 
or increase in friction could result in user dissatisfaction 
or errors.

Designing PQC-based identity systems must, 
therefore, include usability testing, adaptive interfaces, 
and fallback mechanisms to ensure that the migration 
does not degrade the security or experience for end 
users.

Proposed Approaches and Frameworks
Securing identity management systems against 
quantum threats requires a shift from traditional 
cryptographic schemes to post-quantum alternatives. 
However, this transition cannot occur in isolation or 
through abrupt replacement. The migration must 
be gradual, interoperable with existing systems, and 
optimized for performance, especially in resource-
constrained environments. This section proposes 
practical approaches and architectural frameworks for 
integrating PQC into identity systems, focusing on three 
primary dimensions: hybrid cryptography, decentralized 
identity integration, and post-quantum identity lifecycle 
management.

Hybrid Cryptographic Models for Transitional 
Security
To maintain operational continuity and compatibility 
with legacy systems, a hybrid cryptographic approach 
is essential. Hybrid models combine classical and post-
quantum algorithms in a layered structure, allowing 
systems to verify identities using both cryptographic 
schemes in parallel. For instance, in digital signatures, 
both RSA and a PQC algorithm such as Dilithium or 
Falcon can be used to sign identity credentials. Verifiers 
can validate both signatures, ensuring backward 
compatibility while preparing for post-quantum 
resilience.

Hybrid key encapsulation mechanisms (KEMs) are also 
effective in securing identity-based communications. 
These methods involve generating session keys using 
both traditional and quantum-safe KEMs. The session key 
is only accepted if both components succeed, thereby 
reducing the risk of single-algorithm compromise.

PQC-Enabled Decentralized Identity (DID) 
Architectures

The evolution of decentralized identity models, such 
as self-sovereign identity (SSI) and verifiable credentials 
(VCs), provides a flexible foundation for PQC adoption. 
Unlike centralized identity systems, decentralized 
models store public keys directly in DID documents, 
enabling selective use of PQC algorithms.

In this architecture, DID documents can support 
multiple cryptographic key types, allowing seamless 
addition of PQC public keys. This makes it possible to 
upgrade identity issuers and verifiers incrementally 
without disrupting system functionality. Moreover, 
PQC-friendly algorithms such as SPHINCS+ or Dilithium 
can be integrated into verifiable credential issuance 
and presentation workflows, ensuring quantum-safe 
authenticity and non-repudiation.

Fig 3: This diagram illustrates a layered digital identity 
architecture where blockchain-based identity registries 
provide a secure and immutable foundation. Above this, 
Post-Quantum Cryptography (PQC)-enhanced Decentralized 
Identifier (DID) documents ensure future-proof cryptographic 
resilience, while Verifiable Credential (VC) issuers and verifiers 
operate at the application layer to enable trust-based 

interactions.
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Table 3: Migration Readiness of Common Identity Protocols with PQC Support

Protocol Current Crypto Support PQC-Readiness Hybrid Support Compatibility Issues

TLS RSA, ECC High (TLS 1.3 extensions) Yes Legacy system incompatibility

OpenID RSA, HMAC Moderate Planned Token format & key exchange

SAML RSA, XML-DSig Low Not yet supported XML encryption & signature libs

Lifecycle-Aware Post-Quantum Identity Man-
agement
Identity management is a continuous process involving 
provisioning, authentication, credential renewal, 
revocation, and archival. A comprehensive PQC strategy 
must address each stage of this lifecycle. For instance:
•	 Provisioning: Devices and users should be issued 

PQC credentials during onboarding. This may 
include QR-code based enrollment with lattice-
derived keys.

•	 Authentication: Authentication protocols such as 
FIDO2 and OpenID Connect can incorporate PQC 
digital signatures to validate users and devices.

•	 Revocation: Revocation mechanisms must be 
optimized to handle large PQC key sizes and longer 
certificate chains without degrading performance.

•	 Archival :  Long-term identit y records and 
cryptographic assertions must be stored in formats 
that resist quantum attacks decades into the future.

To streamline this process, identity management 
systems should adopt policy-driven cryptographic 
agility. This allows systems to dynamically switch 
algorithms based on current threat models, compliance 
requirements, and system capabilities.

Integration with Cloud and Edge Identity 
Systems
The adoption of PQC should not compromise 
performance at the edge or in cloud-based identity 
platforms. Cloud-native identity services, such as 
those supporting zero-trust architectures, must be 
equipped to scale with PQC algorithms without 
significantly increasing latency or computational load. 
Similarly, lightweight PQC schemes such as Falcon can 
be implemented in edge devices like routers, smart 
sensors, and IoT gateways to secure local identities 
in environments with constrained bandwidth and 
processing resources.
Key challenges include:
•	 Ensuring fast certificate validation with larger key 

sizes
•	 Reducing PQC signature verification time for mobile 

and edge devices

•	 Managing secure update mechanisms for PQC 
identity credentials across distributed networks

Governance and Trust Policy Integration
Transitioning to PQC in identity management also 
requires alignment with governance, compliance, and 
trust frameworks. Organizations must define policies 
for algorithm selection, certificate issuance, key rotation 
intervals, and legacy system fallback mechanisms. 
Multi-stakeholder trust policies should incorporate post-
quantum assurance levels and integrate with regulatory 
standards to ensure broad adoption.

These policies can be formalized using machine-
readable formats and integrated into existing IAM 
platforms to enforce consistent security postures across 
cloud, enterprise, and user environments.

Implementation Considerations
The integration of post-quantum cryptography (PQC) 
into identity management systems requires careful 
planning across software, hardware, and protocol 
layers. Unlike conventional cryptographic upgrades, 
PQC introduces structural changes to key sizes, 
computational workloads, and trust models, all of which 
affect the performance and interoperability of existing 
systems. Implementation strategies must therefore 
balance security, usability, scalability, and backward 
compatibility.

Infrastructure Compatibility and Migration 
Paths
Most identity management systems rely on existing 
public key infrastructures (PKI) using RSA or ECC-based 
certificates. These systems encompass certificate 
authorities (CAs), identity providers (IdPs), authentication 
servers, and end-user clients. Migrating these to post-
quantum alternatives must consider the following 
strategies:
•	 Hybrid Certificate Deployment: Hybrid certificates 

include both classical and post-quantum public 
keys, allowing systems to gradually transition 
while maintaining backward compatibility. They 
are especially important for TLS, S/MIME, and VPN-
based authentication.
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•	 Protocol Upgrade Requirements: TLS 1.3, SSH, and 
IPsec protocols require adjustments to support PQC 
key exchange and authentication methods. Libraries 
such as OpenSSL and BoringSSL are beginning to 
support these hybrids through extensions.

Key and Signature Size Overhead
One of the most immediate challenges of PQC is the 
increase in public key and signature sizes, which impacts 
storage, bandwidth, and processing time. For instance, 
lattice-based schemes such as Dilithium and Kyber offer 
strong security guarantees but have significantly larger 
payloads than RSA-2048 or ECC P-256. This becomes 
problematic in bandwidth-constrained environments 
or systems with small certificate chains.

To mitigate these overheads, implementation 
must prioritize algorithms based on use case. For 
example, Dilithium and Falcon are more suitable for 
high-performance authentication, whereas SPHINCS+, 
though more secure, may be impractical for constrained 
systems due to its large signature size.

Performance on Constrained Devices
IoT nodes, mobile devices, and embedded identity 
agents represent a critical edge of the identity 
management landscape. Many of these devices have 
limited CPU power, memory, and battery life, making 
them less capable of executing resource-intensive 
cryptographic operations.
To address this, the following approaches are 
recommended:
•	 Algorithm Selection: Favor lattice-based schemes 

like Dilithium for constrained environments due to 
better performance-to-security ratios.

•	 Use of Hardware Acceleration: Trusted Platform 
Modules (TPMs), Hardware Security Modules 
(HSMs), and Secure Elements should be upgraded 
or configured to support PQC algorithms through 
firmware updates or co-processors.

Integration with Identity Protocols
Post-quantum primitives must be integrated with 
identity management protocols such as OAuth 2.0, 
OpenID Connect, SAML, and FIDO2/WebAuthn. Each 
of these protocols embeds digital signatures and key 
exchanges in authentication tokens or assertions.
Practical integration strategies include:
•	 Token Signing with PQC: Replace or supplement 

classical signatures (e.g., RS256 or ES256) with PQC-
based schemes in JWT and SAML assertions.

•	 Transport-Layer Protection: Upgrade TLS sessions 

carrying identity data with PQC-enabled handshakes 
using hybrid key exchanges.

•	 Federated Trust Models: Extend federated trust 
protocols to accept PQC-based credentials and 
support cross-certification between classical and 
post-quantum CAs.

Library and Toolkit Availability
A number of cryptographic libraries and toolkits now 
offer early implementations of PQC algorithms. These 
include:
•	 liboqs:  An open-source C library providing 

implementations of key NIST candidate algorithms 
and integration with OpenSSL.

•	 PQCrypto-SIDH:  Focuses on isogeny-based 
cryptography, although its practical relevance is 
diminishing due to emerging cryptanalysis.

•	 CRYSTALS-Dilithium and Kyber: Available as 
reference implementations and in some commercial 
toolchains.

Adopting these toolkits requires rigorous testing, 
including side-channel resistance, timing attack 
protection, and compliance with emerging standards.

Interoperability and Standardization
Interoperability between classical and quantum-safe 
systems is essential during the transitional period. This 
includes ensuring:
•	 Certificate chain validation with hybrid roots and 

intermediates
•	 Signature algorithm negotiation in TLS handshakes
•	 Consistent serialization formats for post-quantum 

keys and signatures
Organizations must also monitor developments from 
standards bodies such as NIST, ETSI, and IETF to align 
implementations with evolving guidance. Test vectors 
and conformance testing suites must be integrated into 
CI/CD pipelines to validate PQC readiness.

Conclusion
This looming threat is a quantum computing threat 
that poses a serious and near-term challenge to 
cryptographic foundations of digital identity systems. 
Quantum attacks can be especially devastating to 
identity management systems that, in part, use classical 
public key cryptography to perform authentication, 
credential issuance, and secure communication. 
Therefore, the change to post-quantum cryptography 
is not a hypothetical issue anymore but a very real 
requirement to ensure confidence and privacy in the 
long run, the integrity of the data.
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This work has explored the inherent weaknesses of 
current identity infrastuctures and has discussed how 
there is a need to have post-quantum resilient solutions. 
It has provided the discussion of how PQC algorithms 
can be used to provide security protection to identity 
related activities like digital signatures, key exchanges 
and certificate lifecycle handling. This way, the study 
has managed to list key post-quantum candidates that 
can fit in different identity use cases and gauged their 
performance, interoperability, and even deployment 
readiness.

The goal of PQC application in identity management 
is an intricate task that should consider carefully 
the compatibility of infrastructure, performance 
limits, protocol repairs, and regulation compatibility. 
The evolutionary cryptographic solution Hybrid 
cryptographic solutions provide a feasible way forward 
by providing the evolution without breaking the 
continuity and backward compatibility. More so, the 
adoption of open-source toolkits, burgeoning standards 
and hardware acceleration enablers will play a key part 
in expediting its assimilation and establishing reliable 
establishment in various conditions.
In the end, robust identity management is assured by 
an active and coordinated migration to quantum-safe 
cryptography systems. Among others, this encompasses 
the updating of the methodologies, the modernization 
of the certification tracks, the inclusion of quantum-
resistant features on the devices, and global cooperation 
between the stakeholders. This could be achieved by 
focusing the newer post-quantum cryptography over 
the hype to the very core of the identity systems of 
the days, enabling them to be safe and credible in the 
context of the quantum menace of the future.
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