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Abstract 

This document presents a comprehensive analysis of the European Blockchain Services 
Infrastructure (EBSI) as a transformative framework for digital identity and verifiable 
credentials within the European Digital Identity (EUDI) Wallet ecosystem. EBSI operates 
as a Trusted Ledger service recognised under eIDAS 2.0, utilising Verifiable Data 
Registries (VDRs) to manage governance information for education and professional 
qualifications. We demonstrate how EBSI's innovative architecture addresses the 
fundamental limitations of traditional federated authentication systems by enabling 
user-centric, privacy-preserving, and legally recognised digital credentials. This analysis 
explores EBSI's key advantages across multiple dimensions including privacy protection, 
operational resilience, cross-sector interoperability, and regulatory compliance, 
positioning it as the optimal infrastructure for Europe's digital sovereignty objectives. 
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1. Executive Summary: The Digital Identity Revolution 

The European Blockchain Services Infrastructure (EBSI) represents a fundamental 
paradigm shift in how digital identity and credentials are managed across Europe. EBSI 
is not a cryptocurrency system but rather a permissioned enterprise infrastructure 
operating as a Trusted Ledger service recognised under eIDAS 2.0. It utilises Verifiable 
Data Registries (VDRs) with Proof of Authority consensus, resulting in minimal 
environmental impact equivalent to conventional web servers. 

Supporting European digital sovereignty, EBSI is entirely open source under the 
European Union Public Licence (EUPL), ensuring full transparency, auditability, and 



freedom from vendor lock-in. This commitment to open source reinforces European 
technological independence and democratic oversight of critical digital infrastructure. 

The VDRs manage governance frameworks for education and professional qualifications, 
whilst ensuring that no personal data is stored on-chain. This infrastructure enables 
entities to extend and support their own trust models alongside those officially 
recognised by competent authorities, creating a unified framework that can anchor all 
types of trust relationships. 

Unlike traditional federated authentication systems that rely on centralised identity 
providers and real-time validation, EBSI enables a user-centric model where citizens 
hold verifiable credentials directly in their EUDI Wallet, presenting them independently 
without requiring constant communication with issuing authorities. The VDRs store only 
governance information such as trust anchors, credential schemas, issuance 
policies, and institutional authorisations, whilst personal credentials remain 
exclusively in users' wallets. 

This transformation delivers unprecedented benefits in terms of privacy protection, 
cross-border interoperability, legal recognition, and operational resilience. EBSI's 
architecture aligns perfectly with the eIDAS 2.0 regulation's vision of empowering 
citizens with control over their digital identities whilst ensuring the highest levels of trust 
and security. 

2. Understanding the Paradigm Shift: From Delegated 
to Self-Sovereign Identity 

2.1 The Traditional Federated Authentication Model 

Traditional federated authentication systems operate on a delegated trust model 
where: 

• Identity verification is outsourced to central Identity Providers (IdPs) 
• Real-time validation occurs for every authentication attempt 
• "Phone home" dependency requires constant connectivity to issuing authorities 
• Limited user control over personal data and credential presentation 
• Sectoral silos restrict cross-domain credential usage 

This model, whilst functional for specific use cases, creates inherent limitations in terms 
of privacy, portability, and user autonomy. 



2.2 EBSI's Revolutionary Approach 

EBSI fundamentally transforms this paradigm through its Trusted Ledger infrastructure 
and Verifiable Data Registries (VDRs) by enabling: 

• Direct credential ownership by users in their EUDI Wallets 
• Offline verification through cryptographic proofs anchored in VDRs 
• Self-sovereign identity with granular control over data sharing 
• Universal interoperability across sectors and borders 
• Legal recognition under eIDAS 2.0 framework 
• Governance transparency through public VDRs containing only trust anchors, 

schemas, and policies 
• Privacy-by-design with no personal data stored on-chain 

3. Core Advantages of EBSI 

3.1 Enhanced Privacy Protection and Data Minimisation 

No Personal Data On-Chain 

EBSI's architecture fundamentally protects user privacy through a privacy-by-design 
approach where no personal data is ever stored in the Verifiable Data Registries 
(VDRs). The VDRs contain only governance information such as trust anchors, credential 
schemas, issuance policies, and institutional authorisations. Personal credentials and 
attributes remain exclusively in users' EUDI Wallets. 

Disintermediated Status Management 

Unlike traditional systems that require "phone home" queries to check credential status, 
EBSI implements disintermediated StatusList mechanisms. When checking if a 
credential is revoked or suspended, the system queries decentralised StatusList 
registries without revealing to the issuer when, where, or by whom the credential is being 
verified. This eliminates tracking whilst maintaining security. 

Benefits: 

• Complete privacy protection with no personal data stored on-chain 
• No usage logs are created at the issuer level 
• Unlinkable transactions prevent tracking across different services 
• Selective disclosure allows users to share only necessary information 
• GDPR compliance through data minimisation principles 
• Disintermediated status verification without "phone home" dependency 



Technical Implementation: 

• VDRs store only governance metadata and trust anchors 
• Personal credentials remain in user's wallet with cryptographic proofs 
• StatusList registries enable privacy-preserving revocation checking 
• Zero-knowledge proofs support selective attribute disclosure 
• Temporal privacy protection through credential lifecycle management 

3.2 Operational Resilience and Fault Tolerance 

Distributed Trusted Ledger Architecture 

EBSI's Trusted Ledger operates as a distributed service recognised under eIDAS 2.0, 
eliminating single points of failure that plague traditional federated systems. The 
Verifiable Data Registries (VDRs) are replicated across multiple nodes hosted by EU 
Member States and authorised entities, ensuring continuous availability of governance 
information even if individual nodes experience outages. 

Key Resilience Features: 

• Peer-to-peer replication of trust anchors and governance metadata across 
VDRs 

• Offline verification capability removes dependency on issuer availability 
• Redundant node infrastructure across multiple Member States 
• Immutable audit trails for compliance and security monitoring 
• Governance continuity through distributed storage of institutional 

authorisations 

Operational Advantages: 

• Verifiable credentials remain valid even if issuing authority is temporarily 
unavailable 

• VDRs provide continuous access to trust anchors and verification policies 
• No cascading failures from central IdP outages 
• Reduced operational costs through shared infrastructure 
• Enhanced disaster recovery capabilities 

3.3 Universal Interoperability and Cross-Border Recognition 

Seamless European Integration Through Trusted Ledger Services 



EBSI's Trusted Ledger service enables unprecedented interoperability by providing a 
common governance framework through Verifiable Data Registries (VDRs) that 
transcend national boundaries and sectoral limitations. The VDRs store educational and 
professional qualification governance information, including trust anchors, credential 
schemas, and institutional authorisations, enabling automatic recognition across all EU 
Member States without requiring bilateral agreements. 

Interoperability Benefits: 

• W3C Verifiable Credentials standard ensures global compatibility 
• OpenID Connect integration maintains compatibility with existing systems 
• Cross-sector portability enables credentials to be used beyond their original 

domain 
• Automatic legal recognition under eIDAS 2.0 framework 
• Unified governance framework for education and professional qualifications 
• Standardised trust anchors across European educational institutions 

Technical Standards: 

• OIDC4VCI (OpenID Connect for Verifiable Credential Issuance) 
• W3C Verifiable Credentials Data Model 
• European Digital Credentials (EDC) format 
• BBS+ signatures for selective disclosure 
• StatusList 2021 for disintermediated revocation/suspension checking 

3.4 Comprehensive Legal Framework and Regulatory Compliance 

eIDAS 2.0 Trusted Ledger Integration 

EBSI is specifically designed as a Trusted Ledger service recognised under eIDAS 2.0, 
providing automatic legal recognition for verifiable credentials across the European 
Union. The Verifiable Data Registries (VDRs) store governance information for 
educational and professional qualifications, including trust anchors and institutional 
authorisations, eliminating the need for complex legal agreements between institutions 
and providing a unified framework for digital trust. 

Legal Advantages: 

• Automatic evidentiary value across EU Member States through Trusted Ledger 
recognition 

• Qualified Trust Services support for high-assurance credentials 
• Regulatory compliance with GDPR, eIDAS, and sector-specific regulations 



• Legal certainty for both issuers and verifiers 
• Governance transparency through publicly accessible VDRs 

Compliance Features: 

• Distributed Ledger based Trust Services under eIDAS 2.0 Article 3(54) 
• Qualified Electronic Attestations of Attributes (QEAAs) 
• Auditable trust chains and governance structures stored in VDRs 
• Regulatory-compliant credential lifecycle management 
• Cross-border legal recognition without bilateral agreements 

3.5 Flexible Assurance Level Management 

Adaptive Security Framework Supporting All Trust Types 

EBSI supports the full spectrum of assurance levels, from low-assurance social 
credentials to high-assurance qualified certificates, whilst allowing entities to extend 
and support their own models alongside those recognised by competent authorities. 
This flexibility enables a unified infrastructure to anchor all types of trust 
relationships within a single framework. 

Assurance Level Benefits: 

• Transparent LoA declaration in machine-readable format 
• Graduated security measures based on credential sensitivity 
• Risk-based authentication for different use cases 
• Scalable trust model from informal to legal credentials 
• Institutional flexibility to define custom assurance levels 
• Unified trust anchoring across diverse credential types 

Implementation Flexibility: 

• Non-eIDAS credentials for low-assurance scenarios 
• Trust Service Provider (TSP) credentials for medium assurance 
• Qualified Electronic Attestations for high-assurance requirements 
• Custom institutional assurance frameworks for specific sectors 
• Extended models building upon official recognition schemes 
• Hybrid approaches combining official and institutional trust levels 

3.6 Innovation-Enabling Infrastructure 

Permissionless Innovation Within Governance Framework 



EBSI enables institutions to innovate freely within a structured governance framework 
stored in Verifiable Data Registries (VDRs). Universities, professional bodies, and other 
credential issuers can define their own credential schemas, issuance policies, and 
validation rules without requiring central approval, whilst benefiting from the shared 
Trusted Ledger infrastructure. 

Unified Trust Model Supporting All Types of Confidence 

The VDRs support both officially recognised credential types by competent authorities 
and custom institutional models extended by individual entities. This allows a single 
infrastructure to anchor and support all types of trust - from informal learning badges 
to legally recognised qualifications - within a unified trust framework. 

Open Source Innovation Foundation 

EBSI's open source nature under EUPL licence enables institutions and developers to 
contribute to the codebase, adapt components for specific needs, and maintain full 
transparency in innovation processes. This fosters a collaborative European 
ecosystem free from proprietary constraints. 

Innovation Benefits: 

• Open API ecosystem for developers and integrators 
• Comprehensive documentation and development tools 
• Testing environments for experimentation and validation 
• Collaborative development through Early Adopter Programmes 
• Governance transparency through public VDRs 
• Custom trust models alongside official recognition frameworks 
• Extensible schemas for institutional innovation 
• Open source contribution enabling European community development 
• No vendor lock-in - institutions maintain full control over their implementations 

Development Support: 

• EBSI Hub providing development resources and guidance 
• Wallet development kits for custom implementations 
• Integration tools for existing institutional systems 
• Community-driven best practices and standards 
• Flexible credential schema registration in VDRs 
• Support for institutional extensions of official models 
• Unified anchoring of diverse trust relationships 
• Open source community for collaborative development and support 



3.7 Cost-Effective and Scalable Operations 

Economic Efficiency Through Shared Trusted Ledger Infrastructure 

EBSI's shared Trusted Ledger infrastructure model significantly reduces operational 
costs for individual institutions whilst providing enterprise-grade security and reliability. 
Unlike cryptocurrency networks, EBSI operates as a permissioned enterprise 
system using Proof of Authority consensus, resulting in minimal operational costs 
and environmental impact equivalent to running conventional web servers. 

Cost Benefits: 

• Reduced operational overhead through shared Trusted Ledger infrastructure 
• Lower integration costs via standardised APIs and protocols 
• Economies of scale through European-wide adoption 
• Eliminated federation fees and complex bilateral agreements 
• Shared governance costs across VDR node operators 
• Minimal energy costs - no mining or cryptocurrency economics 
• Sustainable operations with web server-level energy consumption 

Scalability Features: 

• Horizontal scaling across distributed VDR nodes 
• Efficient credential verification without issuer load 
• Proof of Authority consensus enables rapid transaction processing 
• Asynchronous processing for high-volume scenarios 
• Optimised storage and retrieval mechanisms for governance data 
• Minimal storage requirements (only governance metadata, no personal data) 
• Enterprise-grade performance without cryptocurrency overhead 

3.8 Comprehensive Governance and Accountability 

Transparent and Auditable Governance Through VDRs 

EBSI operates under a transparent governance model approved by all EU Member States, 
with clear accountability structures and auditable operations through Verifiable Data 
Registries (VDRs). The VDRs store governance information including trust anchors, 
institutional authorisations, and credential schemas, ensuring democratic oversight 
whilst maintaining operational efficiency. 

Open Source Foundation for European Digital Sovereignty 



EBSI is entirely open source under the European Union Public Licence (EUPL), 
reinforcing European digital sovereignty and technological independence. This open 
source approach ensures complete transparency, enables community contributions, 
prevents vendor lock-in, and supports democratic oversight of critical digital 
infrastructure. 

Governance Advantages: 

• Multi-stakeholder governance including Member States, educational 
institutions, and professional bodies 

• Transparent decision-making processes with public consultations 
• Immutable audit trails for all trust framework operations stored in VDRs 
• Democratic oversight through European institutional frameworks 
• Public governance transparency through accessible VDR queries 
• Open source transparency under EUPL ensuring full code auditability 
• European technological sovereignty free from external dependencies 

Accountability Mechanisms: 

• Public registry of all trust anchors and issuance policies in VDRs 
• Transparent node operations with public monitoring 
• Regular audits and compliance assessments 
• Clear dispute resolution mechanisms 
• Verifiable governance history through immutable VDR records 
• Open source code review by the European community 
• EUPL licence compliance ensuring continued openness and transparency 

4. Technical Architecture and Implementation 

4.1 Trusted Ledger and Verifiable Data Registry Infrastructure 

EBSI operates as a Trusted Ledger service recognised under eIDAS 2.0, utilising 
Verifiable Data Registries (VDRs) optimised for governance information management. 
Unlike cryptocurrency networks, EBSI is a permissioned enterprise infrastructure 
that uses a Proof of Authority (PoA) consensus mechanism, resulting in minimal 
environmental impact equivalent to running a web server. The VDRs store trust 
anchors, credential schemas, institutional authorisations, and revocation lists in an 
immutable and publicly verifiable format, whilst ensuring no personal data is stored on-
chain. 

Open Source Foundation for European Digital Sovereignty 



All EBSI components are open source under the European Union Public Licence 
(EUPL), ensuring complete transparency, auditability, and freedom from proprietary 
dependencies. This commitment to open source software reinforces European 
technological sovereignty and enables community-driven development and security 
auditing. 

Technical Components: 

• Hyperledger Besu blockchain platform for enterprise reliability 
• Proof of Authority consensus - energy-efficient, no mining required 
• Permissioned network operated by authorised EU Member States and entities 
• IPFS integration for efficient document storage and retrieval 
• Smart contracts for automated governance operations 
• API gateways for seamless integration with existing systems 
• StatusList registries for disintermediated credential status management 
• Open source codebase under EUPL licence for transparency and sovereignty 

Environmental Sustainability: 

• No cryptocurrency mining - operates like traditional enterprise software 
• Minimal energy consumption comparable to conventional web servers 
• Sustainable by design through Proof of Authority consensus 
• Green infrastructure aligned with EU sustainability objectives 

Digital Sovereignty Benefits: 

• Complete transparency through open source code under EUPL 
• No vendor lock-in - European institutions maintain full control 
• Community-driven development with European oversight 
• Auditable by design - all code publicly available and reviewable 
• European technological independence from external dependencies 

4.2 Cryptographic Security Model 

EBSI employs state-of-the-art cryptographic techniques to ensure credential integrity, 
authenticity, and privacy whilst enabling efficient verification processes through 
governance data stored in VDRs. 

Security Features: 

• Digital signatures for credential authenticity anchored in VDRs 
• Hash-based integrity protection for tamper detection 



• Zero-knowledge proofs for privacy-preserving verification 
• Quantum-resistant algorithms for future-proof security 
• Disintermediated StatusList for privacy-preserving revocation checking 

4.3 Integration Capabilities 

EBSI is designed to integrate seamlessly with existing institutional systems through 
standardised APIs and protocols, minimising disruption whilst maximising benefits. 

Integration Options: 

• REST APIs for credential issuance and verification 
• OpenID Connect flows for authentication integration 
• SAML bridge capabilities for legacy system compatibility 
• Webhook notifications for real-time event processing 

5. Real-World Applications and Success Stories 

5.1 European Student Card Initiative 

The European Student Card project demonstrates EBSI's practical application in cross-
border educational credentials, enabling students to use verified digital credentials 
across European universities. 

Demonstrated Benefits: 

• Seamless student mobility across European institutions 
• Reduced administrative burden for credential verification 
• Enhanced security through cryptographic validation 
• Improved student experience through instant credential access 

5.2 Digital Credentials for Europe (DC4EU) 

The DC4EU project showcases EBSI's capabilities in professional qualification 
recognition, enabling automatic validation of credentials across different sectors and 
Member States. 

Key Outcomes: 

• Automated qualification recognition processes 
• Reduced processing times from weeks to minutes 
• Enhanced trust through verifiable credential chains 



• Improved compliance with European qualification frameworks 

5.3 Educational Attestations Framework 

EBSI supports comprehensive educational credentialing from micro-credentials to full 
qualifications, enabling lifelong learning and career development. 

Educational Benefits: 

• Portable learning records across institutions 
• Stackable credentials for continuous professional development 
• Transparent competency mapping and validation 
• Enhanced employer confidence in credential authenticity 

6. Comparative Analysis: EBSI vs. Traditional 
Federation Systems 

6.1 Privacy and Data Protection 

Aspect Traditional Federations EBSI Trusted Ledger 
Personal Data 
Storage 

Centralised at IdP None stored on-chain, only in user 
wallets 

User Privacy Limited, usage tracked by 
IdPs 

Enhanced, no usage tracking 

Data 
Minimisation 

Partial, full profile often 
shared 

Complete, selective disclosure 

GDPR 
Compliance 

Challenging due to data 
sharing 

Native support through privacy-by-
design 

Unlinkability Difficult to achieve Built-in through cryptographic 
design 

Status 
Verification 

"Phone home" to IdP Disintermediated StatusList 

6.2 Operational Characteristics 

Aspect Traditional 
Federations 

EBSI Trusted Ledger 

Infrastructure Type Centralised web 
services 

Permissioned enterprise ledger 

Consensus Mechanism N/A Proof of Authority (PoA) 
Environmental Impact Moderate server usage Minimal (web server equivalent) 
Cryptocurrency 
Elements 

N/A None - enterprise infrastructure 



Availability Dependent on IdP 
uptime 

Offline verification capability 

Scalability Limited by IdP capacity Distributed VDRs, highly 
scalable 

Resilience Single points of failure Distributed fault tolerance 
Maintenance High operational 

overhead 
Shared infrastructure costs 

Governance Data Centralised metadata Distributed across VDRs 

6.3 Trust and Flexibility 

Aspect Traditional Federations EBSI Trusted Ledger 
Trust Model 
Flexibility 

Limited to federation rules Unified framework for all trust 
types 

Custom Models Restricted by federation 
policies 

Entities can extend official 
models 

Innovation Support Federation-dependent Permissionless within 
governance 

Assurance Levels Federation-specific All levels from informal to legal 
Cross-sector 
Support 

Limited interoperability Universal trust anchoring 

6.4 Interoperability and Standards 

Aspect Traditional Federations EBSI Trusted Ledger 
Cross-border 
Recognition 

Limited, requires agreements Automatic under eIDAS 
2.0 

Sector Portability Restricted to federation 
scope 

Universal applicability 

Standards Compliance Varied implementation Unified European 
standards 

Legal Recognition Depends on bilateral 
agreements 

Automatic legal validity 

Trust Framework Federation-specific European-wide VDRs 

6.5 Digital Sovereignty and Transparency 

Aspect Traditional Federations EBSI Trusted Ledger 
Source Code 
Transparency 

Often proprietary Fully open source under 
EUPL 

Vendor Independence Potential vendor lock-in No vendor dependencies 
European Sovereignty Variable, depends on 

vendors 
Complete European control 

Auditability Limited by proprietary 
systems 

Full transparency and 
auditability 



Community 
Development 

Vendor-controlled European community-
driven 

Long-term 
Sustainability 

Dependent on commercial 
viability 

Guaranteed through open 
source 

7. Future Roadmap and Evolution 

7.1 Planned Enhancements 

EBSI continues to evolve with planned enhancements including: 

• Quantum-resistant cryptography implementation 
• Enhanced privacy features through advanced zero-knowledge proofs 
• Improved performance through optimised consensus mechanisms 
• Extended interoperability with global credential frameworks 

7.2 Ecosystem Development 

The EBSI ecosystem is expanding through: 

• Increased institutional adoption across European universities 
• Professional body integration for qualification recognition 
• Government service integration for citizen services 
• Private sector adoption for employment verification 

7.3 Regulatory Evolution 

EBSI will continue to adapt to evolving regulatory requirements: 

• eIDAS 2.0 implementation refinements and updates 
• Sector-specific compliance frameworks 
• International standardisation efforts 
• Emerging technology integration guidelines 

8. Implementation Guidance and Best Practices 

8.1 Institutional Readiness Assessment 

Organisations considering EBSI adoption should evaluate: 

• Technical infrastructure capabilities and requirements 



• Governance structures for credential management 
• Staff training needs for new processes 
• Integration complexity with existing systems 

8.2 Phased Implementation Strategy 

Successful EBSI implementation follows a phased approach: 

1. Pilot phase with limited credential types 
2. Integration phase with existing systems 
3. Scaling phase across institutional services 
4. Optimisation phase for enhanced efficiency 

8.3 Success Metrics and Monitoring 

Key performance indicators for EBSI implementation include: 

• Credential issuance volume and processing times 
• Verification success rates and user satisfaction 
• Security incident metrics and response times 
• Compliance adherence and audit results 

9. Conclusion: EBSI as the Foundation for European 
Digital Sovereignty 

The European Blockchain Services Infrastructure, operating as a Trusted Ledger service 
under eIDAS 2.0, represents a transformative approach to digital identity and credential 
management that addresses the fundamental limitations of traditional federated 
systems. Through its Verifiable Data Registry (VDR) architecture that stores only 
governance information whilst keeping personal data exclusively in user wallets, EBSI 
enables true digital sovereignty for European citizens. 

The foundation of European digital sovereignty is strengthened by EBSI's 
commitment to open source development under the European Union Public Licence 
(EUPL), ensuring complete transparency, freedom from vendor lock-in, and democratic 
oversight of critical digital infrastructure. This open source approach guarantees that 
European institutions maintain full control over their digital identity systems whilst 
fostering collaborative innovation across the continent. 

EBSI's advantages extend far beyond technical improvements, encompassing enhanced 
privacy protection through disintermediated StatusList mechanisms, operational 



resilience through distributed VDRs, universal interoperability through standardised 
governance frameworks, and comprehensive regulatory compliance. The 
infrastructure's permissioned enterprise design with Proof of Authority consensus 
ensures minimal environmental impact whilst maintaining the highest security 
standards. 

The privacy-by-design architecture ensures that personal data never leaves the user's 
control, whilst the Trusted Ledger infrastructure provides the governance framework 
necessary for cross-border credential recognition. This combination of user sovereignty 
and institutional trust, built on open source foundations, creates an optimal foundation 
for Europe's digital future. 

The infrastructure's ability to support both officially recognised credentials and custom 
institutional models within a unified trust framework demonstrates its flexibility and 
adaptability to diverse European needs. From informal learning badges to legally 
recognised qualifications, EBSI provides a single infrastructure that can anchor all types 
of trust relationships. 

As Europe continues to digitalise its services and strengthen its digital sovereignty, EBSI's 
Trusted Ledger and VDR infrastructure provide the essential foundation for a trusted, 
interoperable, and citizen-centric digital identity ecosystem. The infrastructure's 
continued evolution through open source collaboration and expanding ecosystem 
ensure that it will remain at the forefront of digital innovation whilst serving the 
fundamental needs of European citizens, institutions, and society. 

The choice of EBSI as the underlying infrastructure for the EUDI Wallet ecosystem 
represents not merely a technical decision, but a strategic commitment to European 
values of privacy, democracy, transparency, and digital sovereignty. Through its open 
source nature under EUPL, environmental sustainability, and unified trust model, 
EBSI positions Europe as a global leader in secure, privacy-preserving digital identity 
solutions that serve both individual citizens and the broader European project whilst 
maintaining complete technological independence. 
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