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Today, sectors such as health care, energy and mo-

bility are each working on their own interoperability 

standards. Yet standardization efforts based on differ-

ent methodologies inevitably produce sector-specific 

architectures and governance models that are nearly 

impossible to harmonize after the fact. This “method-

ology lock-in” obstructs cross-sector collaboration.

Solving this challenge requires a unified, sector-neu-

tral and technology-neutral methodology. This study 

therefore proposes a Standard of Standards. It lays 

out a structured process – from jointly defining a use 

case across all four EIF interoperability layers to auto-

mated quality assurance. 

Establishing this Standard of Standards will require a 

forum to oversee the methodology, update it contin-

uously and provide essential resources for standard 

development and quality management as digital pub-

lic goods. An ordoliberal governance framework must 

ensure openness, adherence to FRAND1 principles 

and broad accessibility for all stakeholders, including 

small and mid-sized enterprises and civil society.

1	 Fair, reasonable and non-discriminatory.

Standards in the digital realm are more than technical  

specifications – they serve as market infrastructure 

with normative force. Consider the Internet: founda-

tional standards such as the Transmission Control Pro-

tocol/Internet Protocol (TCP/IP), Simple Mail Trans-

fer Protocol (SMTP) and Hypertext Transfer Protocol 

(HTTP) govern how computers exchange data, how 

email is sent and how webpages are transmitted. The 

openness of these standards have created the founda-

tion for global markets worth trillions of euros.

But the openness of these core technologies has not 

carried over to the application layer – the world of ap-

plications we use every day for a range of purposes. 

As a result, the application layer is often marked by 

limited competition, fragile digital sovereignty and 

monopolies reinforced by network effects and win-

ner-takes-all dynamics. The ordoliberal principles that 

made TCP/IP and other standards possible – competi-

tion, interchangeable components and decentralized 

control – largely no longer apply to today’s platforms 

and applications.

Creating an ordoliberal digital space requires 

next-generation standards – interoperability stan-

dards that reach all the way into the application layer. 

The European Interoperability Framework (EIF) 

shows that true interoperability must span four lay-

ers: legal, organizational, semantic and technical. Suc-

cessful interoperability standards such as the Global 

System for Mobile Communication (GSM) in mobile 

networks or the European Health Data Space (EHDS) 

demonstrate that only when all four layers are ad-

dressed systematically can functioning, cross-sector 

ecosystems emerge.

Executive summary
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Interoperability

The ability of organizations to interact with one an-

other to achieve shared, mutually beneficial goals. 

This occurs through the exchange of information and 

knowledge in the supporting business processes – in 

other words, through data exchange between their in-

formation and communication systems.

Interoperability standard

A standard that enables interoperability for one or 

more use cases. Interoperability standards reference 

or integrate all four layers of the European Interoper-

ability Framework (EIF). 

Interoperability-by-Design (IbD)

A systematic approach in which interoperability is 

built into the design, architecture and governance of 

digital systems from the outset – taking into account 

all four layers of the European Interoperability Frame-

work (EIF).

Standard

A binding or widely accepted specification that de-

fines requirements, guidelines or characteristics 

for software, hardware, products or systems. Stan-

dards may be established formally (through recog-

nized standardization bodies such as ISO, CEN, ETSI, 

W3C or IETF), informally (through industry consortia 

and forums) or as de facto standards (through market 

adoption).

Standard in the EIF

A standard used within or across sectors on one or 

more layers of the European Interoperability Frame-

work – legal, organizational, semantic or technical.

Application layer

Networked software and applications that users in-

teract with or that perform tasks for companies, or-

ganizations and institutions. In the context of TCP/IP, 

the application layer includes web browsers, email cli-

ents, cloud applications and many other services and 

protocols that build on the layers beneath it.

Digital sovereignty

Digital sovereignty means that individuals, companies 

and institutions possess the capabilities and means to 

exercise their role in the digital work independently, 

autonomously and securely in the digital world.2

Digital public good

Digital resources – including software, standards, 

data, AI models and content – that are designed as 

public goods: open source, freely accessible and li-

censed in ways that allow unrestricted use, adapta-

tion and redistribution.

End-to-end principle/End-to-end communication

An architectural principle in which any systems con-

nected to a network can communicate directly with 

one another without requiring central intermediaries. 

On the Internet, for example, any device with an IP 

address can in principle communicate with any other 

device.

Conformance testing/Automated testing

Automated software testing used to verify compli-

ance with a specification. 

2	 The definition is adapted from CIO Bund 2020.

Glossary
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Glossary

Technical interoperability

The ability of technical systems, interfaces, protocols 

and data formats to communicate and exchange data 

seamlessly without custom adjustments.

Use case

An application scenario. In the context of this study, 

an end-to-end scenario in which two or more individ-

uals or organizations communicate and use the ex-

changed information to achieve a clearly defined pur-

pose.
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3GPP	 3rd Generation Partnership Project

API 	 Application Programming Interface

AWS 	 Amazon Web Services

B2B 	 Business-to-Business (business relationships between companies)

B2C 	� Business-to-Consumer (sale of products and services directly to end 

consumers)

CEN 	� Comité Européen de Normalisation (European Committee for 

Standardization)

CEPT 	� Conférence Européenne des Administrations des Postes et 

des Télécommunications (European Conference of Postal and 

Telecommunications Administrations)

CSRD 	 Corporate Social Responsibility Directive

DG Connect 	 Directorate-General for Digital and Technology Networking 

DG SANTE	� Directorate-General for Health and Food Safety of the European 

Commission

DICOM 	� Digital Imaging and Communications in Medicine (international 

standard for the storage, transmission and exchange of medical 

images and associated data)

DPP 	 Digital Product Passport

eIDAS 	� Electronic IDentification, Authentication and trust Services 

(EU regulation that defines the legal framework for electronic 

identification and trust services in the EU)

EIF 	 European Interoperability Framework

EHDS 	 European Health Data Space

EHR 	 Electronic Health Records

ETSI 	 European Telecommunications Standards Institute 

FHIR 	 Fast Healthcare Interoperability Resources

FRAND 	 Fair, reasonable and non-discriminatory

HL7 	 Health Level 7

HTTP 	 Hypertext Transfer Protocol

GSM 	 Global System for Mobile Communications

IAM 	 Identity and Access Management

IbD 	 Interoperability-by-design

IEEE 	 Institute of Electrical and Electronics Engineers

Acronyms
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Acronyms

IETF 	� Internet Engineering Task Force (international organization for the 

development of standards for the Internet)

IHE 	 Integrating the Healthcare Enterprise

IP 	 Internet Protocol

ISO 	 International Organization for Standardization

ITU 	 International Telecommunication Union

SME 	 Small-and-medium sized enterprises

MVNO 	 Mobile Virtual Network Operator

OIDC 	 OpenID Connect (authentication protocol based on OAuth 2.0)

RSS 	 Really Simple Syndication (simple news distribution)

SaaS 	 Software-as-a-Service

SDO 	 Standard Development Organization

SEC 	 Securities and Exchange Commission

SMS 	 Short Message Service

SMTP 	 Simple Mail Transfer Protocol

SNOMED CT	 Systematized Nomenclature of Medicine Clinical Terms

TCP/IP 	 Transmission Control Protocol/Internet Protocol

W3C 	 World Wide Web Consortium
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interoperability leads to lock-in effects, restricts users’ 

ability to switch providers and distorts competition.

Against this backdrop, the present publication seeks 

to help bring the importance of digital standards 

more prominently into the political discourse. The 

study analyses the central role of interoperability in 

the emergence of large markets in the digital space, 

shows why it is so crucial at the application layer – 

and yet often lacking – and explains how interoper-

ability can reduce lock-in effects, strengthen resil-

ience and promote fair competition. In addition, the 

study makes a concrete policy proposal for achiev-

ing cross-sector interoperability in the future: a “Stan-

dard of Standards” as a unified methodology for the 

development of interoperability standards.

We would like to thank Martin Pompéry and Hansjörg 

Baur for authoring the study and for the excellent col-

laboration.

The publication is aimed at political decision-makers 

as well as those responsible in public administration, 

standardisation bodies and industry. As you engage 

with the analysis and recommendations, we invite you 

to consider how these ideas can inform your own de-

cision-making.

We welcome feedback and ideas on this publication 

and, above all, look forward to continuing the exchange 

on how cross-sector interoperability can strengthen 

digital sovereignty and fairer competition. 

Dr. Felix Sieker

Project Manager | Programm Digitalisierung & 

Gemeinwohl | Bertelsmann Stiftung

The topic of digital sovereignty has been high on the 

political agenda not only since the German-French 

Summit on Digital Sovereignty in Berlin in Novem-

ber 2025. At this summit, representatives from poli-

tics and business discussed Europe’s position in global 

technology competition. The focus was on artificial in-

telligence and home-grown European solutions – un-

doubtedly central issues. One crucial aspect, however, 

remained largely in the background of this debate: the 

role of standards.

Standards form the foundation of the digital economy. 

Their importance can be compared to standards in 

the traditional industrial world, such as the DIN paper 

format. Basic internet standards illustrate this viv-

idly: the Transmission Control Protocol/Internet Pro-

tocol (TCP/IP) is the core protocol on which the en-

tire internet is built and which enables markets on a 

trillion-euro scale; the Simple Mail Transfer Protocol 

(SMTP) allows billions of emails to be sent every day. 

The decisive factor here is interoperability – that is, 

the ability of different systems to communicate with 

one another. Open standards such as TCP/IP create 

precisely the scalability and efficiency that make the 

success of the digital space possible in the first place.

However, this structural openness of the internet has 

not carried over to the application layer – the world of 

software and platforms that we use every day. Here, 

closed ecosystems dominate. Large technology com-

panies do indeed build on open internet standards, but 

the services they offer on this basis are, for the most 

part, neither standardised nor interoperable. The con-

sequences for digital sovereignty are considerable: 

where only proprietary interfaces exist, structural de-

pendencies and single points of failure arise. A lack of 

Preface
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Problem statement

Standards for the digital realm typically focus on 

technical specifications and requirements, while or-

ganizational and legal dimensions often remain un-

addressed. As a result, a range of sector-specific ini-

tiatives – spanning public administration, health care, 

energy and mobility – are currently working to de-

velop interoperability standards that incorporate 

these broader dimensions. 

Although these initiatives pursue similar objectives, 

they often rely on different methodologies and oper-

ate without overarching coordination. This leads to 

several challenges:

1.	� Methodological fragmentation: Each community 

must renegotiate fundamental interoperability 

concerns – from defining semantic models to clari-

fying legal frameworks.

2.	� Lack of cross-sector interoperability: Standards 

developed through non-aligned methodologies are 

difficult to harmonize after the fact, complicating 

digital collaboration across sectors.

3.	� Insufficient attention to regulatory principles: 

Technical interoperability alone does not guaran-

tee competition or digital sovereignty.

Digital transformation is reshaping the foundations of 

modern life – how societies function, how people in-

teract and how companies operate, compete and col-

laborate. Technical standards in the digital sphere are 

not marginal details; they set the norms and rules that 

govern this environment. They determine how sys-

tems are built, how data flows and how communica-

tion happens. In this landscape, interoperability plays 

a defining role. It captures both the aim and the abil-

ity of diverse systems to rely on shared standards to 

communicate and exchange data effectively at the ap-

plication level. Standards are the bedrock of this in-

teroperability.

The Internet’s success rests on technical standards 

that allow heterogeneous systems to interoperate. 

This technical interoperability has enabled digital 

markets worth trillions of euros. But the past two de-

cades make clear that the openness embedded in the 

network layer has not extended to the application 

layer. Instead of interoperable applications, increas-

ingly closed platform ecosystems have taken root – 

ecosystems that generate lock-in effects, constrain 

digital sovereignty and weaken competitive dynamics.

Against this backdrop, this study examines how in-

teroperability standards can be governed in ways that 

curb lock-in, open up markets and strengthen digital 

sovereignty. 

1 | Introduction



12

Introduction

Structure of the study

Chapter 2 begins with a historical review that ex-

amines how standards have shaped markets and 

strengthened sovereignty, using the Internet as a case 

in point. It shows that technical design choices carry 

far-reaching economic consequences and draws regu-

latory lessons from this history.

Chapter 3 introduces the European Interoperability 

Framework (EIF) and uses it to derive requirements 

for the governance of interoperability standards. It 

underscores that standards must always be devel-

oped in relation to concrete use cases and across all 

four interoperability layers.

Given the need for coordination across sectors, Chap-

ter 4 develops the concept of a Standard of Standards 

as a unified methodology for standardization pro-

cesses. It defines selection criteria and highlights the 

importance of an ordoliberal framework that safe-

guards competition and digital sovereignty.

Building on this conceptual groundwork, Chap-

ter 5 presents two case studies: mobile communica-

tions standardization through GSM and the European 

Health Data Space (EHDS). Assessing these interop-

erability communities through the criteria developed 

earlier shows how they can serve as blueprints for an 

ordoliberal digital environment.

Chapter 6 translates these findings into concrete pol-

icy recommendations for governments, standardiza-

tion bodies and industry.

Finally, Chapter 7 offers an outlook on the evolution 

toward a third generation of interoperability – the in-

teroperability-by-design network.

The Standard of Standards as a unified 
methodology for interoperability

This study develops concrete policy recommenda-

tions for European and global standardization gover-

nance. The analysis rests on three core propositions: 

1.	� Standards function like law in the digital realm:  

Principles such as digital sovereignty and compe-

tition must be embedded from the outset – in the 

design of standards, in the governance of stan-

dardization processes and in the target architec-

ture and governance of digital systems.

2.	� Technical standardization alone is insufficient: 

Achieving interoperability at the application layer 

– the world of software applications we use every 

day – requires a holistic methodology that inte-

grates not only technical specifications but also 

legal, organizational and semantic dimensions.

3.	� Methodological consistency is necessary: Only a 

shared methodology can ensure lasting interoper-

ability across sectors and jurisdictions.

Building on these propositions, the study proposes a 

Standard of Standards: a unified methodology for de-

veloping interoperability standards that systemat-

ically addresses all four layers of the European In-

teroperability Framework – legal, organizational, 

semantic and technical.
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devices, communication tools, operating systems and 

application programs coexisted. 

The designers of TCP/IP therefore sought a way to en-

sure communication despite this diversity and uncer-

tainty. This search led to the groundbreaking idea of 

defining a communication principle that treated vari-

ation in hardware and software not as an obstacle but 

as the norm. The TCP/IP principle is organized into 

several layers (see Table 1).

What makes this concept distinctive is its division of 

tasks and modular design: Each layer serves exactly 

one function. The concrete implementation of any 

layer – in hardware or software – can vary freely. As 

long as the specifications are met, communication re-

mains possible.

The modern Internet would be unthinkable with-

out standards. When we send an email, we rely on 

the Simple Mail Transfer Protocol (SMTP), a stan-

dard introduced in 1981. When we open a website in 

a browser, we use the Hypertext Transfer Protocol 

(HTTP) to enable the necessary data exchange. Both 

protocols define the precise mechanics of data trans-

mission and establish a shared language that allows 

computers to communicate reliably.

Both protocols build on the same foundational stan-

dard: the Transmission Control Protocol/Internet 

Protocol (TCP/IP). Published in 19813 – at a time 

when the precursor to the Internet consisted of only 

a few hundred computers4 – TCP/IP emerged when it 

was still unclear which technical architecture would 

ultimately underpin the Internet. A wide range of end 

3	 RFC 793 (Postel 1981a), RFC 791 (ISI, USC and Postel 1981) 
and RFC 792 (Postel 1981b).

4	 Living Internet 1981.

2 | Standards and ordoliberal digital spaces

Table 1 | The four-layer TCP/IP model

Layer Standards: Function/Role Interoperability example:*  
Browsing the Internet

Application HTTP, SMTP and others Application-specific data 
exchange

Different browsers render websites in a  
consistent way 

      • Transport Transmission Control 
Protocol (TCP)

Ensures reliable data 
transmission

Successful data exchange across different 
operating systems

      • Internet Internet protocol (IP) Transfers individual data 
“packets”

Heterogeneous computer systems at different 
locations communicate using different 
Communication technologies (e.g., 5G, Wi-Fi)

      • Network access Ethernet and others Physical data transmission

* The example is illustrative and therefore highly simplified from a technical perspective.
Source: Authors’ own illustration
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Standards and ordoliberal digital spaces

The following discussion illustrates how technical 

standards influence market formation, using the de-

sign decisions behind TCP/IP as an example.

Interoperability as a precondition for 
competition and innovation

One of TCP/IP’s most consequential design choices 

was shifting greater functionality into the two middle 

layers – the Internet and transport layers (see Table 

1). This generated three effects:

1.	� Cheaper hardware: Functions necessary for reli-

able data exchange became software-based rather 

than hardware-based (in the network access layer). 

This dramatically lowered hardware requirements. 

Where complex and expensive communication sys-

tems had once been necessary, simpler and more 

affordable devices now sufficed8 – catalyzing the 

emergence of a broader network-equipment mar-

ket.

2.	� More competition: Interoperability makes com-

ponents interchangeable – in this case, hardware 

components. Buyers can choose among multiple 

vendors, and vendor lock-in becomes harder to en-

force, strengthening competitive dynamics. 

3.	� Greater innovation: Interoperability allows inno-

vative and specialized network equipment to inte-

grate easily into existing systems. Such innovation 

often comes from new entrants. Lower barriers to 

entry support more open innovation ecosystems 

populated by highly specialized producers.

End-to-End communication as the foundation of 
digital markets

A second, equally important aspect of TCP/IP is the 

principle of end-to-end communication. Once a com-

puter system is connected to the Internet, it can com-

municate freely with any other connected system.

8	 In particular Ethernet technology, which was technically infe-
rior to competing approaches but significantly more cost-effec-
tive.

The network access layer illustrates this well. In the 

early days of the Internet, communication within an 

office complex often relied on Token Ring or Ethernet 

technologies. Communication between remote sites 

or data centers, by contrast, still depended on the 

telephone network. TCP/IP ensured that data could 

move between these fundamentally different systems 

– a capability we now call interoperability.5

The Internet continues to rely on this technical in-

teroperability. It allows different browsers (appli-

cation layer – for example, Chrome, Edge, Safari) 

running on different operating systems (Windows, 

macOS, Linux, Android, iOS) and different devices 

(desktops, laptops, smartphones) using different con-

nectivity technologies (DSL, fiber or 5G mobile net-

works) to communicate seamlessly and consistently.

A central feature of TCP/IP is the end-to-end princi-

ple – also known as end-to-end communication.6 This 

principle holds that every computer connected to the 

Internet can communicate directly with any other. 

What appears to be a mere technical detail carries 

profound economic implications, as the next section 

demonstrates.

How standards enable markets

Standards are more than technical specifications – 

they constitute essential market infrastructure. 

They can foster or stifle competition, open or close 

markets and encourage or impede innovation. 

In the digital realm, standards exert a quasi-regula-

tory force,7 shaping market structures much as law 

does. Designing these standards is therefore a core 

task of economic governance.

5	 More precisely: technical interoperability, as discussed in  
Chapter 3.

6	 Saltzer, Reed and Clark 1984.

7	 “Code is law”; see Lessig 1999.
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Standards and ordoliberal digital spaces

At the same time, the end-to-end principle exposes a 

regulatory dilemma: it also enables network effects 

and winner-takes-all dynamics that can lead to mo-

nopoly formation.14 We return to this issue in Section 

2.3.

Markets enabled by open standards: An 
economic overview

Four decades after the publication of TCP/IP, its eco-

nomic impact can be quantified. Table 2 highlights se-

lected digital markets that emerged as a direct result of 

the Internet’s capabilities.

The four selected markets together represent a vol-

ume of nearly €27 trillion as of 2023.

Although TCP/IP is not sufficient on its own, the de-

sign decisions outlined above were necessary for the 

emergence – and especially the rapid growth – of 

markets and economic value creation on the Inter-

net. This economic record underscores the regulatory 

relevance of how standards in the digital realm are 

shaped. Those who set standards determine access, 

dependencies and room for maneuver – and therefore 

also influence core questions of digital sovereignty.

14	 Katz and Shapiro 1985.

The end-to-end principle9 is not a technical footnote 

but a fundamental design choice that shapes mar-

ket architecture. The freedom to communicate over 

the Internet creates the freedom to conduct business 

over the Internet. A company in Berlin can transact di-

rectly with a customer in Shenzhen without interme-

diaries. A startup in Aschaffenburg10 can market its 

innovative services worldwide.

End-to-end communication has been – and contin-

ues to be – a core driver of large-scale software mar-

kets. Because end devices can communicate with one 

another without restriction, the physical “location” of 

providers and users no longer matters. This decou-

pling of service delivery from geography, combined 

with the resulting economies of scale, has fueled sig-

nificant growth.11 The cloud computing market, for 

example, has expanded from its early days in 200212 

to more than $600 billion today13 – just one illustra-

tion among many.

9	 Saltzer, Reed and Clark 1984.

10	 A mid sized city in Germany.

11	 Katz and Shapiro 1985; OECD 2022.

12	 Assuming the official launch of Amazon Web Services (AWS) in 
2002 as the baseline.

13	 Back End News 2024.

Table 2 | Internet-enabled markets

Market Size (2023) Link to TCP/IP

E-Commerce (B2B & B2C) €25.93 trillion* Direct commercial relationships without intermediaries enabled by 
end-to-end communication

Cloud computing and 
Software-as-a-Service (SaaS)

€669 billion** Innovation and location-independent service delivery enabled by end-
to-end communication

Network equipment €147 billion*** Competition driven by the interchangeability of hardware components; 
economies of scale enabled by standardization

Video-on-demand €104 billion**** Global reach without reliance on local distribution channels or 
intermediaries

* Grand View Research 2024a.
** Back End News 2024.
*** Grand View Research 2024b.
**** Polaris Market Research 2024.
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Standards and ordoliberal digital spaces

can emerge in which users retain control over their 

data without sacrificing functionality compared with 

proprietary or centralized systems.

Choice: Competition enabled by open standards

The third dimension concerns the ability to choose 

freely among providers, technologies and operat-

ing models. A lack of interoperability, by contrast, cre-

ates lock-in effects – as today’s messaging apps demon-

strate. Users cannot switch between WhatsApp, Signal 

or Telegram without losing access to their contacts. 

Such technological lock-in limits individual choice and 

stifles competition and innovation.

Standards, in turn, allow products and services to 

be substituted. They create markets in which differ-

ent providers can compete without requiring users to 

abandon their existing networks or data.

Taken together, these examples illustrate the signifi-

cant impact ofmissing standards and missing interop-

erability – both on digital sovereignty and on the 

structure of digital markets. This effect is especially 

pronounced in areas with strong lock-in or network 

effects.17 These include not only messaging services 

and social networks, but also e-commerce platforms, 

supply-chain management systems and much more.

In these domains, the limits of purely technical stan-

dards also become apparent: the openness and tech-

nical interoperability of the network layer (TCP/IP) 

do not automatically extend to the application lay-

er.18 Even where competition exists at the network 

layer, the absence of standards and interoperability 

at the application layer produces network effects and 

first-mover advantages.19 This discrepancy between 

the two layers is a central challenge in today’s digital 

environment.

17	 Katz and Shapiro 1985; European Commission 2022b: Recital 
64.

18	 See Table 1.

19	 European Commission 2023b: Recitals 1, 2, 79.

Digital sovereignty as an economic and 
political priority

Digital sovereignty has become a central concept in 

political and economic debates – yet its meaning is 

multifaceted and often diffuse. This section focuses 

on those dimensions of digital sovereignty that are di-

rectly linked to standards. To make this relationship 

more concrete, we examine digital sovereignty from 

three perspectives: availability, confidentiality and 

choice.15

Availability: Resilience through interoperability and 

data portability

The availability of digital services depends heavily 

on the ability to substitute components and provid-

ers. Standards create a critical business prerequisite: 

when software and devices are interoperable, un-

available components can be replaced with alterna-

tive solutions without rebuilding an entire infrastruc-

ture or system from scratch.

Interoperability also enables data portability by al-

lowing data to be moved and exchanged automatically 

across different systems. This reduces dependencies 

and lock-in effects, which often characterize propri-

etary platforms and systems.

Confidentiality: Standards as the basis for privacy 

and distributed ecosystems

Open standards enable transparency: When encryp-

tion methods, security standards or data formats are 

openly documented, security researchers can iden-

tify vulnerabilities and users can assess actual lev-

els of protection. Proprietary or closed systems, by 

contrast, rely on “security through obscurity” – trust 

without the ability to verify.

Open standards can also support decentralized data 

storage.16 On the basis of interoperability, ecosystems 

15	 Adapted from Swiss Data Alliance 2024

16	 The social media networks Mastodon and Bluesky are good ex-
amples. For podcasts, decentralized distribution via the HTTP 
protocol in combination with open file formats (web feeds or 
RSS feeds) is well established.
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Standards and ordoliberal digital spaces

Digital sovereignty is achievable only through me-

aningful choice.

Sovereignty in the digital realm depends on free-

dom of choice: individuals, companies and institutions 

must be able to switch between providers and sys-

tems without losing access to data, core functional-

ities or networks. This level of freedom is attainable 

only through interoperability standards.

Regulatory lessons

The historical experience that openness and interop-

erability at the Internet’s foundational infrastructure 

layer do not automatically extend to the application 

layer yields several regulatory lessons:

Standards directly shape sovereignty in the  

digital realm.

Missing standards or insufficient interoperability  

create the risk of sovereignty loss in the digital space. 

This becomes especially apparent at the application 

layer, where network effects often lead to monopolies 

and winner-takes-all dynamics.

Decisions for or against standardization and interop-

erability – as well as how they are designed – are 

therefore not merely technical choices; they are fun-

damental decisions about economic governance and 

digital sovereignty.

Enabling competition, market openness  

and sovereignty requires more than technical  

standardization.

The technical interoperability and openness of stan-

dards like TCP/IP do not automatically translate to 

the application layer. Ensuring competition, interop-

erability and sovereignty requires a broader, actively 

shaped standardization process that extends beyond 

purely technical considerations.

Network effects require regulatory  

safeguards.

The end-to-end principle enables network effects that 

can foster innovation but also promote monopoly for-

mation. The regulatory response is mandatory in-

teroperability at the application layer – a mechanism 

to safeguard competition and reduce constraints on 

digital sovereignty.
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3 | �From technical standards to 
interoperability standards

What is striking about the EIF, as the quotation 

underscores, is its explicit linkage of legal frame-

works with technical elements such as interoper-

able systems and networks. The framework rec-

ognizes that interoperability cannot be achieved 

through technical specifications alone; it requires 

a holistic approach. This approach is reflected in a 

four-layer model of interoperability (see Figure 1).

The EIF four-layer model of 
interoperability

At the core of the EIF is a four-layer framework that 

understands interoperability as a multidimensional 

concept. Each layer addresses a distinct aspect of col-

laboration between digital systems and organizations:

Legal interoperability provides the foundation, en-

suring that organizations and individuals can coop-

erate effectively across national legal systems. This 

includes harmonizing legal norms that govern data ex-

change and digital collaboration.

Organizational interoperability concerns the align-

ment of business processes, responsibilities and ex-

pectations across organizations. It ensures that dif-

ferences in organizational cultures, workflows and 

governance structures do not become barriers to co-

operation.

The historical review shows that while technical stan-

dards such as TCP/IP can create digital markets and 

enable digital sovereignty, openness and interoper-

ability at the technical level do not automatically ex-

tend to the application layer. The resulting question 

– how interoperability can be achieved at the applica-

tion layer – is examined below through the lens of the 

European Interoperability Framework (EIF). 

EIF European Interoperability Framework

In 2017, the European Commission introduced the 

EIF,20 a systematic approach designed to achieve in-

teroperability at the application layer and, in turn, to 

support deeper collaboration among organizations 

through digital services. The primary aim is to inte-

grate EU member states, their public administrations 

and the digital services that underpin essential public 

functions.

The Commission describes this objective as follows:

As stipulated in the Treaties of the European 

Union (EU), the EU’s internal market guarantees 

four ‘freedoms’ - the free movement of goods,  

capital, services and people between the 28 Mem-

ber States. These freedoms are assured by com-

mon policies supported by interconnected, inter-

operable networks and systems.21 

20	 European Commission, New European Interoperability Frame-
work (2017).

21	 European Commission 2017b: Annex 2, page 4. In the German 
version of Annex 2, the adjective “interoperable” is unfortu-
nately missing here. Emphasis added.
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Organizational interoperability: In Germany, 

establishing a business requires filings with 

several bodies, including the local trade office, 

the chamber of crafts, the statutory accident 

insurance association and the tax authorities.

Semantic interoperability: Italian professional 

qualifications cannot be mapped automatically to 

German occupational titles or master craftsman 

certifications.

Technical interoperability: The tradesperson 

cannot use their Italian digital ID within the 

German systems operated by chambers of crafts 

and accident insurance associations.

Semantic interoperability ensures that exchanged 

data is interpreted consistently by all parties. It in-

cludes the standardization of data models, ontologies 

and semantic relationships so that the same informa-

tion carries the same meaning across systems.

Technical interoperability enables the actual ex-

change of data between computer systems. It encom-

passes protocols, interfaces and technical standards 

that make communication possible. This is the layer 

where standards such as TCP/IP are situated.

These four layers are not independent; rather, they 

form an integrated whole. 

Illustration:

Example 1: An Italian tradesperson seeks to 

register a business in Germany 

Legal interoperability: Germany has specific 

regulations, including distinctions regarding 

false self-employment and the requirement for 

authorization by the chamber of crafts. 

Figure 1 | European Interoperability Framework – Four-level model of interoperability

* European Commission 2025b.
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The EIF as a framework for 
interoperability standards

The EIF treats interoperability as a multidimen-

sional concept. Standardization processes that aim to 

achieve interoperability at the application layer must 

therefore be designed with this multidimensionality in 

mind. The goal is to develop sustainable interoperabil-

ity standards that span and integrate all four layers of 

the EIF model – going far beyond the technical stan-

dards discussed earlier.

The EIF model also provides a framework for analyz-

ing existing interoperability standards and developing 

new ones. This can be illustrated through the example 

of the Digital Product Passport (DPP) for batteries.  

Example 2: Digital Battery Passport

Beginning in February 2027, the Digital Battery 

Passport will become mandatory across the EU.22 

The regulation aims to improve comparability, 

CO2transparency and the recycling and reuse of 

batteries. Accordingly, the passport will need to 

include mandatory information on material com-

position, carbon footprint and other attributes.23 

The regulation requires all actors in the battery 

value chain – suppliers, manufacturers and retai-

lers – to make the relevant information available. 

Meeting these requirements demands extensive 

standardization processes across all four intero-

perability layers (see Table 3).

22	 European Commission 2023a: Article 77.

23	 Ibid: Articles 7 and 8.

Example 1 demonstrates why all four layers of the 

EIF model must be considered simultaneously. Se-

mantic interoperability is of limited use if organiza-

tional processes are not aligned. Even fully harmo-

nized organizational and semantic standards will fail if 

the legal framework is missing, for example when ex-

changed data does not meet national compliance re-

quirements.

Whether used as an analytical tool or as a design 

framework, the EIF model offers high practical rel-

evance. It helps identify interoperability gaps and 

supports the selection and evaluation of standards 

needed to achieve interoperability. In addition, the 

EIF model can serve as a blueprint for designing in-

teroperability standards themselves.

Infobox 1 | Technical standards vs. 
interoperability standards

Technical standards such as TCP/IP define 

specific technical dimensions of the digital realm: 

protocols for data exchange between computer 

systems, data formats and interfaces. These 

standards typically address the technical and, in 

some cases, the semantic layer of the EIF. 

Interoperability standards go further by 

integrating all four EIF layers: 

They address the legal layer by harmonizing legal 

norms and compliance requirements; the organi-

zational layer by defining business processes, res-

ponsibilities and workflows; the semantic layer by 

establishing shared data models and common me-

aning structures; and the technical layer by stan-

dardizing protocols, interfaces and data formats.
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Use cases enable gap analyses that assess whether ex-

isting standards, norms and legal frameworks are suit-

able and can be reused. This is essential for reducing 

effort and ensuring interoperability. 

Where adequate standards do not yet exist, or where 

existing ones need refinement, the use-case perspec-

tive can guide the standards’ design and development 

phases. Even if a new standard covers only part of the 

four interoperability layers, its design must reflect the 

requirements of all layers, as they directly shape the 

feasibility of the solution.

From the EIF model, three core governance require-

ments for interoperability standards follow:

1.	� Governance must ensure that all relevant interop-

erability dimensions are addressed systematically 

during standard development. This includes the 

active involvement of relevant stakeholders in the 

standardization process. 

2.	� Standardization processes must be able to trans-

late use cases into interoperability standards that 

cover all four layers – legal, organizational, seman-

tic and technical. 

The DPP example illustrates that an interoperabil-

ity standard cannot be derived from examining indi-

vidual data formats or legal rules in isolation. Instead, 

it requires a multidimensional analysis of a concrete 

use case – one that incorporates all relevant technical 

and non-technical standards, regulations and require-

ments across all four interoperability layers. 

Such a complex process demands effective and com-

prehensive governance. Whenever elements of the 

EIF model – or entire layers – are overlooked, market 

participants must compensate with custom solutions. 

This typically results in higher costs, fragmented ap-

proaches and, ultimately, limited interoperability at 

the application layer.

Requirements for the governance and 
structure of interoperability standards

The EIF model, with its four interdependent in-

teroperability layers, underscores the importance 

of managing use cases with clear, outcome-oriented 

objectives. Concrete, well-defined use cases make in-

teroperability measurable – and therefore achievable 

– throughout the standardization process. 

Table 3 | Digital Battery Passport – exemplary interoperability analysis based on the EIF four-layer model

Provision of the Digital Product Passport (DPP) for batteries across the value chain

What does the standard define? Impact of missing standards and interoperability

Legal interoperability Verified compliance with EU norms and Chinese 
battery regulations

Higher costs and legal uncertainty across the entire 
value chain; market entry barriers, especially for 
small and mid-sized enterprises.

Organizational 
interoperability

Standardized data access management for 
stakeholders (owners, producers, recycling firms, 
etc.); template contracts governing data use and 
access

Higher costs for all participants and reduced data 
availability; lock-in effects for market actors; 
negative secondary effects such as lost economies 
of scale and lower recycling rates.

Semantic 
interoperability

Scope of voluntary and mandatory product 
information; calculation of CO2emissions; learly 
defined recycling information

Market entry barriers, particularly due to higher 
development and compliance costs. 

Technical 
interoperability

Data exchange between computer systems Market entry barriers; generally higher costs due 
to manual processes, reduced data availability and 
related inefficiencies.

Source: Authors’ elaboration 
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3.	� Partial or standalone standards used to achieve 

interoperability cannot be considered in isola-

tion. They must always be assessed and integrated 

within the context of concrete use cases and 

across all four interoperability layers. 

What happens, however, when different sectors do 

not use comparable methodologies to achieve in-

teroperability? How can we avoid a situation in which 

every community reinvents the basic principles of in-

teroperability from scratch? 

The following chapter develops the answer to these 

questions with the concept of a unified standardiza-

tion methodology: a Standard of Standards.
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The Standard of Standards as a 
technology- and sector-neutral framework

We use the term “Standard of Standards” to describe 

a unified methodology that systematically defines and 

governs the entire process of developing interopera-

bility standards. The Standard of Standards specifies 

how interoperability can be achieved, tested and con-

tinuously improved. It provides an overarching frame-

work that ensures diverse actors, industries and gov-

ernance structures follow the same methodological 

principles – regardless of their legal, organizational, 

semantic or technical starting points.

We define the Standard of Standards as a technol-

ogy- and sector-neutral framework that secures in-

teroperability across all four layers of the EIF.25 It en-

ables the development of sector-specific and national 

standards along a shared logic, ensuring compatibil-

ity from the outset. Whether in public administration, 

health care, the energy sector or mobility, each use 

case is modeled, tested and certified according to the 

same methodological principles.

The Standard of Standards spans the interfaces be-

tween governance, methodology and technology, en-

suring that interoperability is not treated as an inte-

gration task to be solved after the fact but as a built-in 

property of any digital system. This marks the second 

generation of interoperability – the foundation for an 

open, scalable and trusted ecosystem in which inno-

vation and standardization reinforce rather than con-

strain one another.

25	 European Commission 2017a.

Experience from numerous initiatives – including the 

rollout of electronic health records and the devel-

opment of sectoral smart-grid infrastructures – has 

shown that interoperability built on divergent meth-

odological foundations is nearly impossible to har-

monize after the fact. Technical translators or inter-

faces may be able to connect individual data flows, 

but they typically fail in the face of deep semantic, or-

ganizational and legal incompatibilities.24 The result 

has been high integration costs, functional losses and 

a lack of trust among actors and systems. We refer to 

such implementations as the first generation of in-

teroperability.

Differences in sectoral and national structures – and, 

by extension, the use of different methodologies – in-

evitably produce incompatibilities at the architec-

tural and governance levels. Divergent approaches to 

defining semantics, managing processes or certifying 

compliance create a “methodology lock-in” that, much 

like a technology lock-in, constrains the scalability and 

long-term viability of interoperability.

Advancing to the second generation of interopera-

bility therefore requires a unified methodology – one 

that makes sectoral and national differences manage-

able in a standardized way and supports cross-sector 

and cross-border cooperation from the outset.

To this end, we propose a unified methodology: the 

Standard of Standards for interoperability.

24	 A vivid example is the cross-border exchange of health data 
within the EU; see European Commission 2022a.

4 | �The Standard of Standards as a 
unified methodology for developing 
interoperability
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ization activity across the various layers must align 

with this jointly defined use case. At the method-

ological level, defining a use case (e.g., “standardized 

cross-border exchange of health data”) directly de-

termines the ontologies to be applied (semantics), the 

mandatory workflows (organization) and the techni-

cal protocols, with each supported by their respective 

standardization communities and organizations.

The choice of use cases is the most critical decision, 

as it determines the scope and complexity of all sub-

sequent standards across the EIF layers. By address-

ing all four layers – legal, organizational, semantic and 

technical – during the definition phase, the result-

ing interoperability standards are ensured to be not 

only technically feasible and semantically consistent 

but also legally compliant and organizationally imple-

mentable from the outset. 

Furthermore, the methodology must remain strictly 

independent of any underlying technologies. Much 

like a mobile phone call, which functions seamlessly 

across multiple generations of network technologies 

from 2G to 5G, the methodology must preserve a use 

case across many technological cycles, even as the un-

derlying components – such as technical standards – 

evolve. This guarantees long-term sustainability and 

investment security.

Sectoral validation and global adoption

The methodology must already have demonstrated 

its practical viability. In concrete terms, it must have 

been successfully applied in at least one complex sec-

tor to establish interoperability standards aligned 

with the EIF’s four-layer model. This sectoral valida-

tion – combined with global adoption – provides es-

sential evidence of the methodology’s robustness and 

its ability to address demanding challenges, particu-

larly in identity management, data protection and se-

curity.

Cross-sector applicability

Building on proven success in a complex sector, the 

methodology must also demonstrate that it can be 

applied across sectors. It has to be transferable effi-

Selection criteria for the methodology 
underpinning the Standard of Standards 

Selecting an appropriate methodology for the Stan-

dard of Standards must meet a range of require-

ments. Any existing methodology considered for 

adoption must demonstrate technological agility, or-

ganizational feasibility, governance robustness and 

cross-sector applicability. For the European legal and 

regulatory environment, we propose evaluating and 

selecting such a methodology on the basis of five cri-

teria. 

Global, or at least European, community support and 

robust governance

The methodology must already be backed by a broad 

and established global – or at minimum, European – 

community. It must also be capable of ensuring incor-

ruptible governance. For this reason, the methodol-

ogy should be actively supported and safeguarded by 

EU institutions and national governments.

Use case stability and technology independence

At the core of the Standard of Standards lies a shared 

use case. Interoperability communities involved in 

standardization across the four EIF layers should be 

invited to participate in defining this use case.

The definition at the legal level is primarily shaped by 

governments, regulators and standardization orga-

nizations. Successful implementation, however, re-

quires essential contributions from IT architects (e.g., 

reference architectures) and system vendors (e.g., 

technical standards) for the technical and semantic 

layers, as well as input from data and subject-matter 

experts within each sector for the semantic and orga-

nizational layers. Only through this collaborative dia-

logue, which must also incorporate the needs of end 

users such as small and mid-sized enterprises, as well 

as civil society, can true end-to-end interoperability 

be ensured in practice.

The use case forms the foundation for all subsequent 

standardization activities. From semantic modeling 

to the data transport layer, every required standard-
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position. To prevent this, the Standard of Standards 

must be embedded in an ordoliberal framework.

First, the Standard of Standards itself must be imple-

mented as an open standard: vendor-neutral, univer-

sally accessible, free of charge and available under 

fair, reasonable and non-discriminatory conditions.26 

Second, the governance of conformance testing is 

crucial. This includes the existence, evolution and 

accessibility of test suites and the supporting in-

frastructure. Access to and use of these tests and in-

frastructures must be clearly defined, and the confor-

mance process as a whole must not create barriers 

to entry. Ideally, the tests and related infrastructure 

should be made available as digital public goods.27

Third, governance structures must regulate how use-

case definitions are created, managed and validated. 

This includes determining who is eligible to partici-

pate and how consensus is reached. Governance mod-

els used by standardization bodies offer potential 

templates.

This also extends to agenda-setting – the process of 

selecting and prioritizing use cases. In many standard-

ization communities,28 division of labor has proven ef-

fective, with domain experts, particularly non-tech-

nical experts, playing a central role in identifying use 

cases. 

Because the Standard of Standards is intended for 

cross-sector use, its ordoliberal framework and its 

standardization governance must reflect that broad 

scope. Particular emphasis should be placed on ensur-

ing access for stakeholder groups that have tradition-

ally been under-represented in technical standardiza-

tion, including small-and-medium-sized enterprises 

and civil society actors.

26	 FRAND – fair, reasonable and non-discriminatory.

27	 For the definition, see DPGA 2025.

28	 For example, IHE International (2025); WBCSD (2025); iLEAP 
(2025).

ciently and reliably to new domains. This cross-sec-

tor validation is critical to preventing “methodology 

lock-in” and to enabling collaboration across indus-

tries. Whether the use case concerns health care, 

public administration or the energy sector, the meth-

odology must provide a shared foundation for devel-

oping interoperability standards.

Mandatory testing

Mandatory, automated conformance testing is essen-

tial for ensuring quality on the path to interoperabil-

ity. It forms the foundation for compliance, trust and 

operational reliability.

For this reason, the methodology behind the Stan-

dard of Standards must require the definition of rig-

orous testing protocols. Only then can we ensure that 

jointly defined use cases and the resulting interopera-

bility standards are implemented correctly and repro-

ducibly in real-world environments.

Equally indispensable is transparency around the con-

formance tests performed – tests that verify whether 

software correctly implements the designated use 

case and achieves interoperability. Transparency is 

the basis for trust: users need assurance that soft-

ware has been validated for compliance, and manu-

facturers introducing new products or services must 

know that other market actors are adhering to the 

same interoperability standards. Such shared trust is 

the prerequisite for a dynamic, competitive market.

Meeting these criteria ensures that the selected 

methodology is sufficiently robust to serve as the 

foundation for the Standard of Standards – and to 

support true end-to-end interoperability.

The ordoliberal framework: Safeguarding 
competition and market structure

Even the most technically refined methodology for 

achieving interoperability carries the risk that mas-

tery of that methodology – or restricted access to it – 

could allow a single actor to gain a dominant market 



26

The Standard of Standards as a unified methodology for developing interoperability

Conclusion

The Standard of Standards defines a unified method-

ology for achieving digital interoperability. Its defining 

feature is its sector-neutral and technology-neutral 

design, a necessary foundation for achieving scalable 

and sustainable interoperability. It establishes the 

processes that must be embedded within an ordolib-

eral governance framework.

At the core of the Standard of Standards are focused 

use cases that span all four layers of the European In-

teroperability Framework (legal, organizational, se-

mantic and technical). Mandatory automated con-

formance testing provides a technical basis for trust, 

which is essential for the reliable deployment of com-

pliant software.

Agreeing on a shared methodology for standardiza-

tion also creates the conditions for legal interopera-

bility across jurisdictions – a principle that will be in-

dispensable as digital systems become increasingly 

interconnected across Europe and beyond. 
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Building on the concept of a Standard of Standards, 

this section examines two European communities that 

have successfully established interoperability across 

all four layers of the EIF. The focus is on the method-

ologies these communities employ – specifically in re-

lation to the selection criteria defined in Chapter 4. In 

both cases, we already see a strong reliance on shared 

use cases, mandatory testing and robust governance 

structures. The section concludes by outlining initial 

approaches for applying a community’s methodology 

across sectors.

5 | �Brief analysis of two successful 
interoperability communities 

EHDS: European Health Data Space

Description

The EHDS regulation is designed to establish a com-

mon framework for the use and exchange of elec-

tronic health data across the European Union. Its goal 

is twofold: first, to improve individuals’ access to and 

control over their personal electronic health data; and 

second, to enable the reuse of certain data for pur-

poses of public interest, policymaking and scientific 

research. The regulation also creates a harmonized 

Figure 2 | �The four levels of the EIF illustrated by the European Health Data Space (EHDS)

Source: European Commission
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Cross-sector applicability: he transferability of the 

IHE methodology used in the EHDS has already been 

demonstrated in the energy35 and mobility36 sectors.

Mandatory testing focus: IHE’s testing methods – in-

cluding Connectathon and Projectathon – are sup-

ported by an open-source platform and ensure neu-

tral monitoring of test outcomes through robust 

governance structures.37 

Summary: EHDS

Technically, the interoperability of the European 

Health Data Space is built on use-case–based IHE pro-

filing and its integration of global standards developed 

by leading technical and semantic communities such as 

HL7, FHIR and SNOMED CT. The underlying method-

ology is fully compatible with the European Interopera-

bility Framework.

The four EIF layers are reflected, for example, in the 

EHDS regulation (legal), the data-retrieval process de-

fined through IHE profiles (organizational), the shared 

medical terminology SNOMED CT (semantic) and se-

cure technical data formats and protocols such as HL7/

FHIR (technical).

Key principles include transparency and openness: in-

teroperability standards must not be proprietary or 

subject to exclusive ownership, a prerequisite for com-

petition and broad adoption. Automated testing tools 

developed within the IHE community ensure reliable 

implementation of the standards. Through pilot proj-

ects, the EHDS approach is emerging as a potential 

blueprint for cross-sector interoperability across the 

European Union.

35	 https://www.smartgrids.at/interoperabilitaet/ies-initiative/.

36	 https://www.bahnindustrie.at/download/303/Whitepaper_In-
teroperability_V1.0.pdf.

37	 https://www.ihe-europe.net/testing-IHE/connectathon.

legal and technical framework for electronic health 

record (EHR) systems, promoting interoperability, in-

novation and the smooth functioning of the single 

market.29

EHDS in the context of the European 
Interoperability Framework

Assessment based on the selection criteria in  

Chapter 4:

Global – or at least European – community and ro-

bust governance: Overall coordination of the EHDS 

lies with the European Commission, particularly DG 

SANTE and DG CONNECT. The semantic and tech-

nical foundations of the EHDS draw on the work of 

leading global communities and standards such as 

HL7 (Health Level Seven),30 FHIR (Fast Healthcare In-

teroperability Resources),31 SNOMED CT (System-

atized Nomenclature of Medicine)32 and IHE (Inte-

grating the Healthcare Enterprise).33

Use case stability and technology independence: In-

teroperability is built on IHE profiling,34 a use-case-

driven methodology consistent with the EIF. It is sup-

ported by extensive documentation and is in the 

process of seeking ISO standardization. The method-

ology is technologically neutral.

Sectoral validation and global adoption: Although 

the EHDS is an EU regulation, its approach can be ad-

opted beyond the EU, provided countries or organiza-

tions obtain the appropriate EHDS certification.

29	 European Commission 2025a.

30	 https://www.hl7.org/.

31	 https://www.fhir.org/.

32	 https://www.snomed.org/.

33	 https://www.ihe.net/.

34	 https://www.ihe.net/resources/profiles/.

Community Use-case 
orientation

Sectoral  
validation

Cross-sector 
applicability

Mandatory  
testing

EHDS/IHE +++ +++ +++ ++ +++

https://www.smartgrids.at/interoperabilitaet/ies-initiative/
https://www.bahnindustrie.at/download/303/Whitepaper_Interoperability_V1.0.pdf
https://www.bahnindustrie.at/download/303/Whitepaper_Interoperability_V1.0.pdf
https://www.ihe-europe.net/testing-IHE/connectathon
https://www.hl7.org/
https://www.fhir.org/
https://www.snomed.org/
https://www.ihe.net/
https://www.ihe.net/resources/profiles/
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network operators, or MVNOs). The interoperable 

collaboration among GSM stakeholders spans all four 

layers of the EIF.40 

GSM in the context of the European 
Interoperability Framework 

With reference to the selection criteria defined in 

Chapter 4, several points stand out:

Global – or at least European – community and ro-

bust governance: Governance of GSM was initially 

handled by CEPT, and later by ETSI and 3GPP. The 

original community emerged in Europe and subse-

quently expanded to a global scale.

Use case stability and technology independence: 

The FRAND (fair, reasonable and non-discrimina-

tory) licensing obligation ensures that all market par-

ticipants have equitable access to the standardized 

technology and prevents technology lock-in. GSM in-

40	 https://www.gsma.com/about-us/who-we-are/our-history/.

GSM: Global System for Mobile 
Communications

Description

GSM was launched in the 1980s as a pan-European 

open mobile communications standard initiated by 

the Conférence Européenne des Administrations des 

Postes et des Télécommunications (CEPT). It later be-

came the foundation that ETSI (European Telecom-

munications Standards Institute)38 and the 3rd Gen-

eration Partnership Project (3GPP)39 extended into 

subsequent generations – 3G, 4G and 5G. 

From the outset, the GSM ecosystem comprised far 

more than radio interfaces. It required rules for spec-

trum allocation, roaming agreements and billing prac-

tices; protocols for interconnecting networks; and 

operational and business processes – including for 

providers without their own networks (mobile virtual 

38	 https://www.etsi.org/.

39	 https://www.3gpp.org/.

Figure 3 | �The four levels of the EIF illustrated by the Global System for Mobile Communications 
(GSM)
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Brief analysis of two successful interoperability communities 

Summary: GSM

The GSM standard (Global System for Mobile Com-

munications) is widely regarded as the first large-

scale, globally successful model of multilayer interop-

erability developed in Europe and adopted worldwide.

Its success rested on far more than technical specifi-

cations. GSM established a coherent ecosystem that 

anticipated and integrated all four layers of the EIF: 

•	� legal interoperability through harmonized licens-

ing regimes and spectrum allocations across mem-

ber states;

•	� organizational interoperability through clear 

roaming agreements among network operators;

•	� semantic interoperability through standardized 

message and data structures (for example SMS and 

subscriber data); and

•	� technical interoperability through the radio access 

specifications and transmission protocols them-

selves.

This holistic architecture was carried forward by the 

3GPP standardization model (3rd Generation Part-

nership Project) and has been continuously main-

tained through successive generations – including 5G 

and the forthcoming 6G – underscoring the sustain-

ability and resilience of this interoperability approach.

troduced a comprehensive and formally documented 

methodology for standard development and specifica-

tion, ensuring consistency and long-term viability. 

Sectoral validation and global adoption: The GSM 

standardization effort has been supported – and is 

still supported – by a global community, later formal-

ized within 3GPP. This structure guarantees contin-

uous evolution and maintains interoperability across 

generations of mobile technology.

Cross-sector and international applicability: 

Through standardized technical and organizational 

roaming protocols, GSM made cross-border interop-

erability across national and commercial mobile net-

works a core feature from the outset.

Focus on mandatory testing: The GSM ecosystem in-

corporated specified conformance tests that made 

it possible to systematically and automatically ver-

ify whether devices and networks complied with the 

standard. This ensured that third-party manufactur-

ers and service providers could enter the GSM mar-

ketplace. 

Community Use-case 
orientation

Sectoral  
validation

International 
applicability

Mandatory  
testing

GSM/3GPP +++ +++ +++ +++ +++
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Brief analysis of two successful interoperability communities 

Blueprints for an ordoliberal digital space

The analysis of successful infrastructure models such 

as GSM, alongside forward-looking EU regulations 

such as the European Health Data Space (EHDS), 

demonstrates that functioning digital ecosystems can 

be built in Europe. 

Both cases illustrate open, ordoliberal-protected 

communication infrastructures whose success rests 

not only on technical specifications but on a compre-

hensive methodology that integrates all four layers 

of the EIF – legal, organizational, semantic and tech-

nical. In both examples, Europe ensured early-stage 

protection and scale through sound governance – ET-

SI/3GPP in the case of GSM, and EHDS/IHE for health 

data – until a global community could assume stew-

ardship and ensure the continuous evolution and im-

plementation of the standards. 

To achieve true end-to-end interoperability across 

sectors – and avoid a fragmented landscape defined 

by methodological lock-ins – a consistent and proven 

approach must be applied. This underscores the need 

for a sector-neutral Standard of Standards: a unified, 

field-tested methodology that serves as a binding 

blueprint across domains. Only through such a frame-

work can Europe prevent the fragmentation of digi-

tal spaces and, through mandatory automated testing, 

establish a reliable technical foundation for innova-

tion, competition and digital sovereignty.
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ological lock-ins that impede or prevent interoperabil-

ity. A unified approach is therefore essential to enable 

cross-sector and cross-border interoperability.

Recommendation 2: Establish a 
governance forum for the Standard of 
Standards and its technical advancement  

 

Recommendation: Methodological consistency re-

quires a dedicated community, that is, a forum that 

serves as the central governance body. This forum 

should function as the primary institution responsi-

ble for developing, implementing and overseeing the 

methodology used to create interoperability stan-

dards. It would monitor governance practices and en-

sure the consistent application of the Standard of 

Standards across sectors and interoperability initia-

tives. 

The forum would also be responsible for advancing  

the technical tools that support the methodology, 

such as test-automation frameworks, and for guiding 

the broader evolution of the Standard of Standards  

toward an interoperability-by-design network. It is es-

sential that, all relevant stakeholders are represented 

within the forum’s governance structures.

Rationale: Sustained and effective interoperabil-

ity requires a central governance entity that does 

not merely define the Standard of Standards, but 

also steers its continuous development. Such a forum 

would coordinate governance across all relevant ini-

tiatives and ensure that the resulting interoperability 

The analysis of GSM and the European Health Data 

Space demonstrates that end-to-end interoperabil-

ity is not only technically feasible but can be success-

fully scaled through a comprehensive and coherent 

methodology. The central remaining challenge is to 

establish this Standard of Standards as a binding, sec-

tor-neutral framework. To that end, we offer two stra-

tegic recommendations: first, on the structural re-

quirements of such a framework (Recommendations 

1 and 2), and second, on the values that should under-

pin a constitutional foundation41 for the digital space 

(Recommendation 2).  

Recommendation 1: Establish a Standard 
of Standards as the methodology for 
developing interoperability standards at 
national, European and global levels

 

Recommendation: All relevant stakeholders – includ-

ing national governments, the European Union and 

key industry bodies and standardization organiza-

tions – should commit to a shared methodology for 

developing and implementing interoperability. This 

framework, the Standard of Standards, should en-

sure interoperability within sectors, across sectors 

and across borders, covering all four layers of the Eu-

ropean Interoperability Framework: legal, organiza-

tional, semantic and technical.

Rationale: The absence of a shared methodology, or 

the use of incompatible approaches, leads to method-

41	 Lessig 1999: 5 ff.

6 | Recommendations
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Recommendations

standards remain consistent and compatible, regard-

less of sector or jurisdiction. In addition, the forum 

must select and maintain the technical infrastructure 

needed to implement the standards, including test 

methods and tools, thereby creating the foundation 

for long-term, stable interoperability. Ensuring access 

for small and mid-sized enterprises is particularly im-

portant. The forum should therefore guarantee an in-

clusive standardization process that allows all actors 

to participate meaningfully in the development and 

refinement of interoperability standards.

Over the medium term, this approach would establish 

the governance structures, ecosystem and technical 

foundations required for an interoperability-by-de-

sign network.

Recommendations for a phased 
implementation

As a first concrete step, a coordinated search and as-

sessment process should be launched at the Euro-

pean and global levels to systematically evaluate 

existing interoperability communities against the se-

lection criteria defined under the Standard of Stan-

dards. The aim of this process should be to iden-

tify which communities – based on their governance 

structures, methodological approaches and poten-

tial for cross-sector alignment – are suited to serve as 

the anchor or nucleus of a future governance forum. 

In parallel, the process should examine which sec-

tor-specific communities already possess proven in-

teroperability mechanisms that could be expanded 

into cross-sector forums. Mapping the existing gover-

nance and standardization landscape in this way cre-

ates the foundation for identifying synergies, avoid-

ing duplicative structures and strategically engaging 

those actors who are positioned to help steer the 

transition toward European and global end-to-end in-

teroperability.
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Third generation of interoperability: 
interoperability-by-design

Against this backdrop, the following outlook illus-

trates why the full potential of interoperable digital  

ecosystems can only be realized by extending the 

Standard of Standards into an Interoperability-by- 

Design network (IbD network).

The Standard of Standards, with its unified methodol-

ogy grounded in the EIF model and a standardized use 

case, provides the essential foundation. It is designed 

to overcome sectoral fragmentation while enabling 

coordination across diverse interoperability commu-

nities. Yet this foundation alone is not sufficient for in-

teroperability to fully unfold its impact. What is still 

missing is a shift away from today’s largely manual 

and resource-intensive processes for developing in-

teroperable solutions – toward an automated interop-

erability infrastructure.

From a unified methodology to an 
interoperability-by-design network

Interoperability has evolved across several stages 

over the past decades. The first generation – ad hoc 

interoperability – relied on reactive integrations  

between systems, resulting in a patchwork of propri-

etary solutions and high maintenance burdens.

The second generation, defined by sector-neutral and 

structured interoperability, represents a significant 

advance: interoperability is now recognized as a stra-

tegic systems objective. Yet the process of develop-

ing interoperability standards remains largely manual, 

complex and resource-intensive.

7 | Outlook

Infobox 2 | Three generations of interoperability

First generation:  
ad hoc-interoperability

Interoperability is treated reactively, typically to connect specific IT systems. This 
phase is characterized by the absence of structured governance, a proliferation of 
proprietary solutions with custom interface agreements and high maintenance costs.

Second generation:  
structured interoperability

Interoperability is understood strategically as a system-level objective aimed at 
achieving end-to-end integration across all four layers – legal, organizational, semantic 
and technical. This generation is marked by the introduction of formal processes, 
shared standards, systematic documentation of use cases, conformance testing and 
reusable components.

Third generation: 
interoperability-by-design (IbD)

Interoperability is systematically and automatically embedded into system design, 
architecture and governance. The goal is end-to-end interoperability across all layers 
– technical, semantic, organizational and legal – through model-driven specifications 
and real-time verification.
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Outlook

AI can help democratize standardization processes 

by making deliberative procedures scalable both in 

breadth and in depth. (1) Scalable in breadth: More di-

verse actors can participate when access barriers are 

reduced – for example, through automatic summari-

zation, translation or clarification of technical termi-

nology. At the same time, AI enables more efficient 

and effective deliberation in large groups. Early re-

search suggests that language models can help mod-

erate contentious discussions and support groups in 

articulating shared positions.43 This makes it possible 

to scale deliberation processes significantly. (2) Scal-

able in depth: AI-supported tools can also enhance 

the internal quality of standardization processes. Lan-

guage models can help structure discussions, organize 

arguments and evidence, cluster contributions and 

highlight lines of disagreement.44

That said, standard-setting remains a political negoti-

ation process; AI cannot replace that. But it can make 

the technical side of the process more inclusive, open-

ing up participation to a broader set of stakeholders 

who have historically been left out.

43	 Tessler et al. 2024

44	 Small et al. 2023.

For this reason, an IbD network should be viewed as 

the third generation of interoperability. While the Stan-

dard of Standards defines a methodology, an IbD net-

work would represent the next technological and orga-

nizational evolution by systematizing and automating 

its application. Instead of relying primarily on down-

stream conformance testing, as in the second gener-

ation, an IbD network could support model-driven 

specifications of use cases, real-time verification and 

automated integration testing. All users would be able 

to incorporate use cases into their local systems with-

out any need for programming expertise. This would 

lower development costs and ensure end-to-end in-

teroperability across all layers from the outset.

The governance structure created for the Standard 

of Standards should therefore be designed with the 

long-term evolution toward this third generation in 

mind. Ultimately, such an IbD network would enable 

citizens and businesses – including in particular small 

and mid-sized enterprises – to use digital services 

seamlessly, securely and autonomously across sec-

toral and national boundaries, thereby strengthening 

digital sovereignty.

Making standardization processes more 
democratic with AI

Artificial intelligence is opening new possibilities for 

the development of interoperability standards. The 

aim is not to automate standard-setting entirely, but 

to make the process more efficient, transparent and 

inclusive. Historically, standard-setting environments 

have been shaped by high barriers to entry, special-

ized expertise, resource constraints and exclusive for-

mats. These conditions have favored the structural 

dominance of a small number of actors and have con-

tributed to the underrepresentation of many groups, 

including small and mid-sized enterprises and civil so-

ciety. As a result, many stakeholders remain excluded 

from shaping standards that directly affect them, both 

normatively and practically.42

42	 Baron et al. 2019.



36

Acknowledgments

We would like to thank Aurel Stenzel, Matthias 

Niebuhr, Julia Schöpp, Tobias Bacherle, Steve Capell, 

Florin Hasler, Christian Hudson, Angela Berger, Mi-

chael Hack and Alexander Markowetz for their con-

structive feedback and for the valuable support they 

provided during the analysis and drafting of this study. 

We also extend our sincere thanks to Iris Engemann, 

Rudolf Jan Gajdacz and Barbara Serfozo for their ex-

cellent editorial work and translation, and to Nicole 

Meyerholz for designing the graphics and layout. We 

are further grateful to Hendrik Baumann, Franziska 

Damerow and Carina Wegener for their support in 

disseminating this publication.



37

ETSI (European Telecommunications Standards 

Institute). Homepage. 2025. https://www.etsi.org/; 

see also https://www.3gpp.org/about-us (accessed 

November 28, 2025).

European Commission. “European Health Data 

Space Regulation (EHDS).” 2025a. https://health.

ec.europa.eu/ehealth-digital-health-and-care/

european-health-data-space-regulation-ehds_en 

(accessed November 28, 2025).

European Commission. “European Interoperability 

Framework (EIF) Toolbox: Levels of Interoperability.” 

2025b. https://interoperable-europe.ec.europa.eu/

collection/iopeu-monitoring/solution/european-

interoperability-framework-eif-toolbox/levels-

interoperability (accessed October 22, 2025).

European Commission. “Regulation (EU) 2023/1542 

of the European Parliament and of the Council of 

12 July 2023.” 2023a. https://eur-lex.europa.eu/eli/

reg/2023/1542/oj

European Commission. “Regulation (EU) 2023/2854 of 

the European Parliament and of the Council of 13 

December 2023.” 2023b. https://eur-lex.europa.eu/

legal-content/EN/TXT/PDF/?uri=OJ:L_202302854 

(accessed November 28, 2025).

European Commission. 2022a. Impact Assessment 

Report. Strasbourg. https://health.ec.europa.eu/

system/files/2022-05/ehealth_ehds_2022ia_4_

en.pdf (accessed October 20, 2025).

European Commission. 2022b. “Regulation (EU) 

2022/1925 of the European Parliament 

and of the Council of 14 September 2022.” 

https://eur-lex.europa.eu/legal-content/DE/

TXT/?uri=CELEX:32022R1925 (accessed 

November 28, 2025).

3GPP. About 3GPP. 2024. https://www.3gpp.org/ 

(accessed November 28, 2025).

Back End News. “IDC: Public Cloud Services Market 

Grows to $669.2 Billion in 2023.” June 17, 2024. 

https://backendnews.net/idc-public-cloud-services-

market-grows-to-669-2-billion-in-2023/ (accessed 

November 6, 2025).

Baron, Justus, Jorge L. Contreras, Martin Husovec, and 

Pierre Larouche. Making the Rules: The Governance 

of Standard Development Organizations and 

Their Policies on Intellectual Property Rights. 

Luxembourg: Publications Office of the European 

Union, 2019. https://doi.org/10.2760/48536 

(accessed November 28, 2025).

Bolt Beranek and Newman Inc. A History of the 

ARPANET: The First Decade. Arlington, VA, 1981. 

https://apps.dtic.mil/sti/html/tr/ADA115440/index.

html (accessed November 28, 2025).

Bundesnetzagentur für Elektrizität, Gas, Telekommuni

kation, Post und Eisenbahnen. Jahresbericht 

Telekommunikation 2024. Bonn, 2024. https://

data.bundesnetzagentur.de/Bundesnetzagentur/

SharedDocs/Mediathek/Jahresberichte/JB2024TK.

pdf (accessed November 5, 2025).

CIO Bund. “Stärkung der Digitalen Souveränität der 

Öffentlichen Verwaltung: Eckpunkte – Ziel- und 

Handlungsfelder.” 2020. https://www.cio.bund.de/

SharedDocs/downloads/Webs/CIO/DE/digitale-

loesungen/eckpunktpapier-digitale-souveraenitaet.

pdf?__blob=publicationFile&v=1 (accessed October 

25, 2025).

Digital Public Goods Alliance (DPGA). “Digital 

Public Goods Standard.” The American Economic 

Review 75, no. 3 (2025): 424–40. https://www.

digitalpublicgoods.net/standard (accessed 

November 28, 2025).

Bibliography

https://www.etsi.org/; see also https://www.3gpp.org/about-us
https://www.etsi.org/; see also https://www.3gpp.org/about-us
https://health.ec.europa.eu/ehealth-digital-health-and-care/european-health-data-space-regulation-ehds_en
https://health.ec.europa.eu/ehealth-digital-health-and-care/european-health-data-space-regulation-ehds_en
https://health.ec.europa.eu/ehealth-digital-health-and-care/european-health-data-space-regulation-ehds_en
https://interoperable-europe.ec.europa.eu/collection/iopeu-monitoring/solution/european-interoperability-framework-eif-toolbox/levels-interoperability
https://interoperable-europe.ec.europa.eu/collection/iopeu-monitoring/solution/european-interoperability-framework-eif-toolbox/levels-interoperability
https://interoperable-europe.ec.europa.eu/collection/iopeu-monitoring/solution/european-interoperability-framework-eif-toolbox/levels-interoperability
https://interoperable-europe.ec.europa.eu/collection/iopeu-monitoring/solution/european-interoperability-framework-eif-toolbox/levels-interoperability
https://eur-lex.europa.eu/eli/reg/2023/1542/oj
https://eur-lex.europa.eu/eli/reg/2023/1542/oj
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202302854
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=OJ:L_202302854
https://health.ec.europa.eu/system/files/2022-05/ehealth_ehds_2022ia_4_en.pdf
https://health.ec.europa.eu/system/files/2022-05/ehealth_ehds_2022ia_4_en.pdf
https://health.ec.europa.eu/system/files/2022-05/ehealth_ehds_2022ia_4_en.pdf
https://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX:32022R1925
https://eur-lex.europa.eu/legal-content/DE/TXT/?uri=CELEX:32022R1925
https://www.3gpp.org/
https://backendnews.net/idc-public-cloud-services-market-grows-to-669-2-billion-in-2023/
https://backendnews.net/idc-public-cloud-services-market-grows-to-669-2-billion-in-2023/
https://doi.org/10.2760/48536
https://apps.dtic.mil/sti/html/tr/ADA115440/index.html
https://apps.dtic.mil/sti/html/tr/ADA115440/index.html
https://data.bundesnetzagentur.de/Bundesnetzagentur/SharedDocs/Mediathek/Jahresberichte/JB2024TK.pdf
https://data.bundesnetzagentur.de/Bundesnetzagentur/SharedDocs/Mediathek/Jahresberichte/JB2024TK.pdf
https://data.bundesnetzagentur.de/Bundesnetzagentur/SharedDocs/Mediathek/Jahresberichte/JB2024TK.pdf
https://data.bundesnetzagentur.de/Bundesnetzagentur/SharedDocs/Mediathek/Jahresberichte/JB2024TK.pdf
https://www.cio.bund.de/SharedDocs/downloads/Webs/CIO/DE/digitale-loesungen/eckpunktpapier-digitale-souveraenitaet.pdf?__blob=publicationFile&v=1
https://www.cio.bund.de/SharedDocs/downloads/Webs/CIO/DE/digitale-loesungen/eckpunktpapier-digitale-souveraenitaet.pdf?__blob=publicationFile&v=1
https://www.cio.bund.de/SharedDocs/downloads/Webs/CIO/DE/digitale-loesungen/eckpunktpapier-digitale-souveraenitaet.pdf?__blob=publicationFile&v=1
https://www.cio.bund.de/SharedDocs/downloads/Webs/CIO/DE/digitale-loesungen/eckpunktpapier-digitale-souveraenitaet.pdf?__blob=publicationFile&v=1
https://www.digitalpublicgoods.net/standard
https://www.digitalpublicgoods.net/standard


38

Bibliography

Integrating the Healthcare Enterprise (IHE) 

International. 2025a. “About IHE.” https://www.ihe.

net/about_ihe/ (accessed October 31, 2025).

Integrating the Healthcare Enterprise (IHE) 

International. 2025b. “Making Healthcare 

Interoperable.” https://www.ihe.net/ (accessed 

November 28, 2025).

Integrating the Healthcare Enterprise (IHE) 

International. 2025c. Homepage. https://www.

ihe.net/resources/profiles/ (accessed October 31, 

2025).

Integrating the Healthcare Enterprise (IHE) 

International. 2023. “Connectathon.” https://www.

ihe-europe.net/testing-IHE/connectathon (accessed 

October 31, 2025).

International Organization for Standardization (ISO). 

2010. “ISO/IEC/IEEE 24765 (2010). Systems and 

Software Engineering — Vocabulary.” https://www.

iso.org/standard/50518.html (accessed November 

26, 2025).

Katz, Michael L., and Carl Shapiro. 1985. “Network 

Externalities, Competition, and Compatibility.” 

https://www.econbiz.de/Record/-/10002194316 

(accessed November 26, 2025).

Lessig, Lawrence. Code: Version 2.0. New York: 

Basic Books, 1999. https://upload.wikimedia.org/

wikipedia/commons/f/fd/Code_v2.pdf (accessed 

November 28, 2025).

Living Internet. 1981. “ARPANET – The First Internet.” 

https://www.livinginternet.com/i/ii_arpanet.htm 

(accessed October 22, 2025).

Maciel, Rita S. P., Pedro H. Valle, Kecia S. Santos, and 

Elisa Y. Nakagawa. n.d. “Systems Interoperability 

Types: A Tertiary Study.” https://arxiv.org/

pdf/2310.19999 (accessed October 29, 2025).

OECD. 2022. The Evolving Concept of Market Power 

in the Digital Economy. OECD Competition Policy 

Roundtable Background Note. Paris. https://www.

oecd.org/content/dam/oecd/en/publications/

reports/2022/05/the-evolving-concept-of-market-

power-in-the-digital-economy_c384e80f/2cfcb4a8-

en.pdf (accessed October 31, 2025).

Polaris Market Research. 2024. “Video Streaming 

Market.” https://www.polarismarketresearch.

com/industry-analysis/video-streaming-market 

(accessed November 6, 2025).

European Commission. 2017a. New European 

Interoperability Framework. Luxembourg: 

Publications Office of the European Union. https://

ec.europa.eu/isa2/sites/default/files/eif_brochure_

final.pdf (accessed October 10, 2025).

European Commission. 2017b. “Communication 

from the Commission to the European Parliament, 

the Council, the European Economic and 

Social Committee and the Committee of the 

Regions: European Interoperability Framework 

– Implementation Strategy.” Document 

52017DC0134, March 23. https://eur-lex.europa.

eu/legal-content/EN/TXT/?uri=COM:2017:134:FIN 

(accessed November 28, 2025).

Fast Health Interoperability Resources (FHIR). 

2025. Homepage. https://www.fhir.org/ (accessed 

November 28, 2025).

Gaia-X Hub Germany. 2024. “Entwicklung der Gaia-X-

Förderprojekte. Aktivitäten und Meilensteine des 

Jahres 2023.” Munich. https://gaia-x-hub.de/wp-

content/uploads/2024/07/Zwischenbericht-Stand-

Gaia-X-Foerderprojekte.pdf (accessed October 30, 

2025).

Global System for Mobile Communications Association 

(GSMA). 2025. “Our History.” https://www.gsma.

com (accessed November 28, 2025).

Grand View Research. 2024a. “E-commerce Market 

(2024–2030).” https://www.grandviewresearch.

com/industry-analysis/e-commerce-market 

(accessed November 6, 2025).

Grand View Research. 2024b. “Global Network 

Equipment Market Size & Outlook, 2023–2030.” 

https://www.grandviewresearch.com/horizon/

outlook/network-equipment-market-size/global 

(accessed November 6, 2025).

HL7 International. 2025. Homepage. https://www.hl7.

org/ (accessed November 28, 2025).

Information Sciences Institute (ISI), University of 

Southern California, and Jon Postel. 1981. “Darpa 

Internet Program. Protocol Specification.” Internet 

Protocol, RFC 791. https://www.rfc-editor.org/rfc/

rfc791 (accessed November 28, 2025).

Integrating Logistics Emissions and PCFs (iLEAP). 

2025. “Leveraging Digitalization to Decarbonize 

Logistics at Scale.” https://ileap.global/ (accessed 

October 31, 2025).

https://www.ihe.net/about_ihe/
https://www.ihe.net/about_ihe/
https://www.ihe.net/
https://www.ihe.net/resources/profiles/
https://www.ihe.net/resources/profiles/
https://www.ihe-europe.net/testing-IHE/connectathon
https://www.ihe-europe.net/testing-IHE/connectathon
https://www.iso.org/standard/50518.html
https://www.iso.org/standard/50518.html
https://www.econbiz.de/Record/-/10002194316
https://upload.wikimedia.org/wikipedia/commons/f/fd/Code_v2.pdf
https://upload.wikimedia.org/wikipedia/commons/f/fd/Code_v2.pdf
https://www.livinginternet.com/i/ii_arpanet.htm
https://arxiv.org/pdf/2310.19999
https://arxiv.org/pdf/2310.19999
https://www.oecd.org/content/dam/oecd/en/publications/reports/2022/05/the-evolving-concept-of-market-power-in-the-digital-economy_c384e80f/2cfcb4a8-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2022/05/the-evolving-concept-of-market-power-in-the-digital-economy_c384e80f/2cfcb4a8-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2022/05/the-evolving-concept-of-market-power-in-the-digital-economy_c384e80f/2cfcb4a8-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2022/05/the-evolving-concept-of-market-power-in-the-digital-economy_c384e80f/2cfcb4a8-en.pdf
https://www.oecd.org/content/dam/oecd/en/publications/reports/2022/05/the-evolving-concept-of-market-power-in-the-digital-economy_c384e80f/2cfcb4a8-en.pdf
https://www.polarismarketresearch.com/industry-analysis/video-streaming-market
https://www.polarismarketresearch.com/industry-analysis/video-streaming-market
https://ec.europa.eu/isa2/sites/default/files/eif_brochure_final.pdf
https://ec.europa.eu/isa2/sites/default/files/eif_brochure_final.pdf
https://ec.europa.eu/isa2/sites/default/files/eif_brochure_final.pdf
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2017:134:FIN
https://eur-lex.europa.eu/legal-content/EN/TXT/?uri=COM:2017:134:FIN
https://www.fhir.org/
https://gaia-x-hub.de/wp-content/uploads/2024/07/Zwischenbericht-Stand-Gaia-X-Foerderprojekte.pdf
https://gaia-x-hub.de/wp-content/uploads/2024/07/Zwischenbericht-Stand-Gaia-X-Foerderprojekte.pdf
https://gaia-x-hub.de/wp-content/uploads/2024/07/Zwischenbericht-Stand-Gaia-X-Foerderprojekte.pdf
https://www.gsma.com
https://www.gsma.com
https://www.grandviewresearch.com/industry-analysis/e-commerce-market
https://www.grandviewresearch.com/industry-analysis/e-commerce-market
https://www.grandviewresearch.com/horizon/outlook/network-equipment-market-size/global
https://www.grandviewresearch.com/horizon/outlook/network-equipment-market-size/global
https://www.hl7.org/
https://www.hl7.org/
https://www.rfc-editor.org/rfc/rfc791
https://www.rfc-editor.org/rfc/rfc791
https://ileap.global/


39

Bibliography

The Institute of Electrical and Electronics Engineers 

(IEEE). 1992. IEEE Standard Glossary of Software 

Engineering Terminology (IEEE Std 610.12-1990). 

New York: IEEE. https://ieeexplore.ieee.org/

document/159342 (accessed November 26, 2025).

Verband der Bahnindustrie. 2022. “White Paper for a 

Sector Neutral Interoperability Process.” https://

www.bahnindustrie.at/download/303/Whitepaper_

Interoperability_V1.0.pdf (accessed November 28, 

2025).

Wong, Denny. 2024. “Eight Lessons from Building Data 

Spaces.” Sitra, June 28, 2024. https://web.archive.

org/web/20250524222204/https://www.sitra.

fi/en/articles/eight-lessons-from-building-data-

spaces/ (accessed October 24, 2025).

World Business Council for Sustainable Development 

(WBCSD). 2025. “Partnership for Carbon 

Transparency (PACT).” https://www.wbcsd.org/

actions/partnership-for-carbon-transparency-pact/ 

(accessed October 27, 2025).

Postel, Jon. 1981a. “Transmission Control Protocol.” 

RFC 793. https://www.rfc-editor.org/rfc/rfc793 

(accessed November 28, 2025).

Postel, Jon. 1981b. “Internet Control Message 

Protocol.” RFC 792. https://www.rfc-editor.org/rfc/

rfc792 (accessed November 28, 2025).

Saltzer, Jerome A., David P. Reed, and David D. Clark. 

1984. “End-to-End Arguments in System Design.” 

ACM Transactions on Computer Systems 2 (4): 

277–288. https://doi.org/10.1145/357401.357402.

Schaaf, Hylke van der, Philipp Hertweck, and Jürgen 

Moßgraber. 2022. Gaia-X Use Cases. Final Report. 

Edited by Fraunhofer IOSB. https://wikis.ec.europa.

eu/download/attachments/90279353/INSPIRE-

GaiaX-Use%20Cases%20Final%20Report_

v1.1.pdf?api=v2 (accessed October 25, 2025).

Small, Christopher T., Ivan Vendrov, Esin Durmus, 

Hadjar Homaei, Elizabeth Barry, Julien Cornebise, 

Ted Suzman, Deep Ganguli, and Colin Megill. 2023. 

“Opportunities and Risks of LLMs for Scalable 

Deliberation with Polis.” arXiv:2306.11932. https://

arxiv.org/abs/2306.11932 (accessed November 28, 

2025).

Smart Grids Austria. 2025. “Welcome to the IESA – 

Integrating the Energy System Initiative!” https://

www.smartgrids.at/interoperabilitaet/ies-initiative/ 

(accessed October 29, 2025).

SNOMED International. 2025. Homepage. https://

www.snomed.org/ (accessed November 28, 2025).

Swiss Data Alliance. 2024. “Digitale Souveränität. 

Grundlagen.” https://www.swissdataalliance.ch/s/

Grundlagenpapier-Digitale-Souveraenitaet.pdf 

(accessed October 31, 2025).

Tessler, Michael Henry, Michiel A. Bakker, Daniel 

Jarrett, Hannah Sheahan, Martin J. Chadwick, 

Raphael Koster, Georgina Evans, Lucy Campbell-

Gillingham, Tantum Collins, David C. Parkes, 

Matthew Botvinick, and Christopher Summerfield. 

2024. “AI Can Help Humans Find Common Ground 

in Democratic Deliberation.” Science 386 (6719). 

https://www.science.org/doi/10.1126/science.

adq2852 (accessed November 28, 2025).

https://ieeexplore.ieee.org/
https://www.bahnindustrie.at/download/303/Whitepaper_Interoperability_V1.0.pdf
https://www.bahnindustrie.at/download/303/Whitepaper_Interoperability_V1.0.pdf
https://www.bahnindustrie.at/download/303/Whitepaper_Interoperability_V1.0.pdf
https://web.archive.org/web/20250524222204/https://www.sitra.fi/en/articles/eight-lessons-from-building-data-spaces/
https://web.archive.org/web/20250524222204/https://www.sitra.fi/en/articles/eight-lessons-from-building-data-spaces/
https://web.archive.org/web/20250524222204/https://www.sitra.fi/en/articles/eight-lessons-from-building-data-spaces/
https://web.archive.org/web/20250524222204/https://www.sitra.fi/en/articles/eight-lessons-from-building-data-spaces/
https://www.wbcsd.org/actions/partnership-for-carbon-transparency-pact/
https://www.wbcsd.org/actions/partnership-for-carbon-transparency-pact/
https://www.rfc-editor.org/rfc/rfc793
https://www.rfc-editor.org/rfc/rfc792
https://www.rfc-editor.org/rfc/rfc792
https://doi.org/10.1145/357401.357402
https://wikis.ec.europa.eu/download/attachments/90279353/INSPIRE-GaiaX-Use%20Cases%20Final%20Report_v1.1.pdf?api=v2
https://wikis.ec.europa.eu/download/attachments/90279353/INSPIRE-GaiaX-Use%20Cases%20Final%20Report_v1.1.pdf?api=v2
https://wikis.ec.europa.eu/download/attachments/90279353/INSPIRE-GaiaX-Use%20Cases%20Final%20Report_v1.1.pdf?api=v2
https://wikis.ec.europa.eu/download/attachments/90279353/INSPIRE-GaiaX-Use%20Cases%20Final%20Report_v1.1.pdf?api=v2
https://arxiv.org/abs/2306.11932
https://arxiv.org/abs/2306.11932
https://www.smartgrids.at/interoperabilitaet/ies-initiative/
https://www.smartgrids.at/interoperabilitaet/ies-initiative/
https://www.snomed.org/
https://www.snomed.org/
https://www.swissdataalliance.ch/s/Grundlagenpapier-Digitale-Souveraenitaet.pdf
https://www.swissdataalliance.ch/s/Grundlagenpapier-Digitale-Souveraenitaet.pdf
https://www.science.org/doi/10.1126/science.adq2852
https://www.science.org/doi/10.1126/science.adq2852


Address | Contact 

Bertelsmann Stiftung
Carl-Bertelsmann-Straße 256
33311 Gütersloh
Phone +49 5241 81-0
www.bertelsmann-stiftung.de

Dr. Felix Sieker 
Project Manager 

Digitalization and the Common Good
Phone +49 30 275788-156
felix.sieker@bertelsmann-stiftung.de


	Executive summary
	Glossary
	Acronyms
	Preface
	1 | Introduction
	Problem statement
	Structure of the study

	2 | Standards and ordoliberal digital spaces
	How standards enable markets
	Digital sovereignty as an economic and political priority
	Regulatory lessons

	3 | �From technical standards to interoperability standards
	EIF European Interoperability Framework
	The EIF four-layer model of interoperability
	The EIF as a framework for interoperability standards
	Requirements for the governance and structure of interoperability standards

	4 | �The Standard of Standards as a unified methodology for developing interoperability
	The Standard of Standards as a technology- and sector-neutral framework
	Selection criteria for the methodology underpinning the Standard of Standards 
	The ordoliberal framework: Safeguarding competition and market structure
	Conclusion

	5 | �Brief analysis of two successful interoperability communities 
	EHDS: EHDS European Health Data Space
	GSM: Global System for Mobile Communications
	Blueprints for an ordoliberal digital space

	6 | Recommendations
	Recommendation 1: Establish a Standard of Standards as the methodology for developing interoperability standards at national, European and global levels
	Recommendation 2: Establish a governance forum for the Standard of Standards and its technical advancement  
	Recommendations for a phased implementation

	7 | Outlook
	From a unified methodology to an interoperability-by-design network
	Third generation of interoperability: Interoperability-by- Design
	Making standardization processes more democratic with AI

	Acknowledgments
	Bibliography

