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Abstract Digital transformation, data ecosystems, and Data Spaces are inevitable
parts of our future. The book aims to educate the reader on data sharing and
exchange techniques using Data Spaces. It will address and explore the cutting-
edge theory, technologies, methodologies, and best practices for Data Spaces for
both industrial and personal data. The book provides the reader with a basis for
understanding the scientific foundation of Data Spaces, how they can be designed
and deployed, and future directions.
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1 Introduction

Digital transformation creates a data ecosystem with data on every aspect of our
world. The rapidly increasing volumes of diverse data from distributed sources
create significant opportunities for extracting valuable knowledge. Data ecosystems
can create the conditions for a marketplace competition among participants or
enable collaboration among diverse, interconnected participants that depend on
each other for their mutual benefit. A data space can provide a clear framework to
support data sharing within a data ecosystem. For example, industrial Data Spaces
can support the trusted and secure sharing and trading of commercial data assets
with automated and robust controls on legal compliance and remuneration of data
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owners. Personal Data Spaces enforce legislation and allow data subjects and data
owners to control their data and its subsequent use.

Many fundamental technical, organizational, legal, and commercial challenges
exist in developing and deploying Data Spaces to support data ecosystems. For
example, how do we create trusted and secure Data Spaces and privacy-aware
analytics methods for secure sharing of personal data and industrial data? How can
small- and medium-sized enterprises get access to Data Spaces and technology?
How can we support the utility trade-offs between data analysis and privacy?
What are user-friendly privacy metrics for end-users? What are the standardization
challenges for Data Spaces, including interoperability? How do Data Spaces ensure
secure and controlled sharing of proprietary or personal data? What are the
necessary technical, organizational, legal, and commercial best practices for data
sharing, brokerage, and trading?

The book aims to educate the reader on data sharing and exchange techniques
using Data Spaces. The book will address and explore the cutting-edge theory,
technologies, methodologies, and best practices for Data Spaces for both industrial
and personal data. In addition, the book provides the reader with a basis for
understanding the scientific foundation of Data Spaces, how they can be designed
and deployed, and future directions.

The chapter is structured as follows: Sect. 2 defines the notion of data ecosys-
tems. Section 3 introduces the concepts of Data Spaces and their role as a platform
and their role for sharing industrial and personal data. Section 4 discusses common
European Data Spaces and outlines how their foundations have been established by
the Big Data Value Public-Private Partnership (PPP) with the data platform projects.
Section 5 details the book’s structure in the three key areas of design, deployment,
and future directions, together with an analysis of the contribution of the chapter’s
Data Spaces in terms of value, data, technology, organization people, governance,
and trust. Finally, Sect. 6 provides a summary.

2 Data Ecosystems

A data ecosystem is a sociotechnical system enabling value to be extracted from
data value chains supported by interacting organizations and individuals [1]. Data
value chains are oriented to business and societal purposes within an ecosystem.
The ecosystem can create the conditions for a marketplace competition among
participants or enable collaboration among diverse, interconnected participants that
depend on each other for their mutual benefit.

Digital transformation is creating a data ecosystem with data on every aspect
of our world, spread across a range of intelligent systems, with structured and
unstructured data (e.g., images, video, audio, and text) that can be exploited by
data-driven intelligent systems to deliver value.

There is a need to bring together data from multiple sources within the data
ecosystem. For example, smart cities show how different systems within the city
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(e.g., energy and transport) can collaborate to maximize the potential to optimize
overall city operations. At the level of an individual, digital services can deliver a
personalized and seamless user experience by bringing together relevant user data
from multiple systems [2]. This requires a system of systems (SoS) approach to
connect systems that cross organizational boundaries, come from various domains
(e.g., finance, manufacturing, facilities, IT, water, traffic, and waste), and operate
at different levels (e.g., region, district, neighborhood, building, business function,
individual).

Data ecosystems present new challenges to the design of data sharing that require
a rethink in howwe should deal with the needs of large-scale data-rich environments
with multiple participants. There is a clear need to support knowledge sharing
among participants within data ecosystems. Meeting these challenges is critical to
maximizing the potential of data-intensive intelligent systems [3].

3 Data Spaces

The term “dataspace” or “data space” can now be seen as an umbrella term
categorizing several closely related concepts. First introduced by Franklin, Halvey,
and Maier in 2005 [4] within the data management community, a data space can
contain all the data sources for an organization regardless of its format, location,
or model. Each data source (e.g., database, CSV, web service) in the data space is
known as a participant. The Franklin et al. data space can model the relations (or
associations) between data in different participants. In its purest form, a data space
is a set of participants and the inter-relations between them [4]. The modeling of the
data space can capture different types of relations among participants, frommapping
the schemas between two participants to capturing that Participant A is a replica of
Participant B.

The data space concept has gained traction with several groups exploring its
usefulness for managing data from different domains and regions within a global
data ecosystem. These works have provided many definitions for a data space,
as captured in Table 1. For example, the Big Data Value Association (BDVA)
view of Data Spaces is any ecosystem of data models, datasets, ontologies, data
sharing contracts, and specialized management services (i.e., as often provided
by data centers, stores, repositories, individually, or within “data lakes”), together
with soft competencies around it (i.e., governance, social interactions, business
processes) [16]. These competencies follow a data engineering approach to optimize
data storage and exchange mechanisms, preserving, generating, and sharing new
knowledge.
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Table 1 Definitions of a “dataspace” from literature (Adapted from Curry [5])

Definition Source

“Dataspaces are not a data integration approach; rather, they
are more of a data co-existence approach. The goal of
dataspace support is to provide base functionality over all data
sources, regardless of how integrated they are.”

Halevy et al. [6]

“A data space is defined as a decentralised infrastructure for
trustworthy data sharing and exchange in data ecosystems
based in commonly agreed principles.”

Nagel [7]

“A dataspace system manages the large-scale heterogeneous
collection of data distributed over various data sources in
different formats. It addresses the structured, semi-structured,
and unstructured data in coordinated manner without
presuming the semantic integration among them.”

Singh [8]

“to provide various of the benefits of classical data integration,
but with reduced up-front costs, combined with opportunities
for incremental refinement, enabling a “pay-as-you-go”
approach.”

Hedeler et al. [9]

“enable agile data integration with much lower upfront and
maintenance costs.”

Hedeler et al. [10]

“A dataspace system processes data, with various formats,
accessible through many systems with different interfaces,
such as relational, sequential, XML, RDF, etc. Unlike data
integration over DBMS, a dataspace system does not have full
control on its data, and gradually integrates data as necessary.”

Wang et al. [11]

“Dataspace Support Platforms envision data integration
systems where the amount of upfront effort is much smaller.
The system should be able to bootstrap itself and provide
some useful services with no human intervention. Over time,
through user feedback or as sources are added and the data
management needs become clearer, the system evolves in a
pay-as-you-go fashion.”

Das Sarma et al. [12]

“Dataspace is defined as a set of participants and a set of
relationships among them.”

Singh and Jain [13]

“Real-time Linked Dataspace combines the pay-as-you-go
paradigm of dataspaces with Linked Data, Knowledge Graphs,
and real-time stream and event processing capabilities to
support the large-scale distributed heterogeneous collection of
streams, events, and data sources.”

Curry [14], Curry et al. [15]

“any ecosystem of data models, datasets, ontologies, data
sharing contracts and specialised management services (i.e., as
often provided by data centres, stores, repositories,
individually or within ‘data lakes’), together with soft
competencies around it (i.e., governance, social interactions,
business processes).”

Scerri et al. [16]
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3.1 Data Spaces: A Platform for Data Sharing

Data-driven Artificial Intelligence is revolutionizing many industries, including
transportation and logistics, security, manufacturing, energy, healthcare, and agri-
culture, by providing intelligence to improve efficiency, quality, and flexibility. Data
sharing is a critical enabler for competitive AI solutions. Data for AI is recognized
as an innovation ecosystem in the European AI, data, and robotics framework [17].
In addition, data sharing and trading are enablers in the data economy, although
closed and personal data present particular challenges for the free flow of data.

Platform approaches have proved successful in many areas of technology [18],
from supporting transactions among buyers and sellers in marketplaces (e.g.,
Amazon), innovation platforms that provide a foundation on top of which to develop
complementary products or services (e.g., Windows), to integrated platforms which
are a combined transaction and innovation platform (e.g., Android and the Play
Store).

The idea of large-scale “data” platforms has been touted as a possible next step
to support data ecosystems [3]. An ecosystem data platform would have to support
continuous, coordinated data flows, seamlessly moving data among intelligent
systems. The design of infrastructure to support data sharing and reuse is still an
active area of research [19]. The following two conceptual solutions—Industrial
Data Spaces (IDS) and Personal Data Spaces (PDS)—introduce new approaches to
addressing this particular need to regulate closed proprietary and personal data.

3.1.1 Industrial Data Spaces (IDS)

IDS has increasingly been touted as potential catalysts for advancing the European
data economy as solutions for emerging data markets, focusing on the need to
offer secure and trusted data sharing to interested parties, primarily from the
private sector (industrial implementations). The IDS conceptual solution is oriented
toward proprietary (or closed) data. Its realization should guarantee a trusted, secure
environment where participants can safely and legally monetize and exchange their
data assets within a clear legal framework. A functional realization of a continent-
wide IDS promises to significantly reduce the existing barriers to a free flow of
data within an advanced European data economy. Furthermore, the establishment
of a trusted data sharing environment will have a substantial impact on the data
economy by incentivizing the marketing and sharing of proprietary data assets
(currently widely considered by the private sector as out of bounds) through
guarantees for fair and safe financial compensations set out in black-and-white
legal terms and obligations for both data owners and users. The “opening up” of
previously guarded private data can thus vastly increase its value by several orders of
magnitude, boosting the data economy and enabling cross-sectoral applications that
were previously unattainable or only possible following one-off bilateral agreements
between parties over specific data assets.
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Notable advances in IDS include the highly relevant white paper and the refer-
ence architecture1 provided by the International Data Spaces Association (IDSA).
In addition, the layered databus, introduced by the Industrial Internet Consortium,2

and the MindSphere Open Industrial Cloud Platform3 are all examples of the need
for data-centric information-sharing technology that enables data market players to
exchange data within a virtual and global data space.

The implementation of Data Spaces needs to be approached on a European level,
and existing and planned EU-wide, national, and regional platform development
activities could contribute to these efforts as recognized by the European data
strategy (Communication: A European Strategy for Data, 2020).

3.1.2 Personal Data Spaces (PDS)

So far, consumers have trusted, including companies like Google, Amazon, Face-
book, Apple, and Microsoft, to aggregate and use their personal data in return for
free services. While EU legislation, through directives such as the Data Protection
Directive (1995) and the ePrivacy Directive (1998), has ensured that personal
data can only be processed lawfully and for legitimate use, the limited user
control offered by such companies and their abuse of a lack of transparency have
undermined the consumer’s trust. In particular, consumers experience everyday
leakage of their data, traded by giant aggregators in the marketing networks for value
only returned to consumers in the form of often unwanted digital advertisements.
This has recently led to a growth in the number of consumers adopting adblockers
to protect their digital life. At the same time, they are becoming more conscious of
and suspicious about their personal data trail.

In order to address this growing distrust, the concept of personal Data Spaces
(PDS) has emerged as a possible solution that could allow data subjects and data
owners to remain in control of their data and its subsequent use.4 PDS leverages
“the concept of user-controlled cloud-based technologies for storage and use of
personal data.” However, consumers have only been able to store and control
access to a limited set of personal data, mainly by connecting their social media

1 Reference Architecture Model for the Industrial Data Space, April 2017, https://www.fraunhofer.
de/content/dam/zv/de/Forschungsfelder/industrial-data-space/Industrial-Data-Space_Reference-
Architecture-Model-2017.pdf
2 The Industrial Internet of Things, Volume G1: Reference Architecture, January 2017, https://
www.iiconsortium.org/IIC_PUB_G1_V1.80_2017-01-31.pdf
3 MindSphere: The cloud-based, open IoT operating system for digital transformation, Siemens,
2017, https://www.plm.automation.siemens.com/media/global/en/Siemens_MindSphere_
Whitepaper_tcm27-9395.pdf
4 See a Commission paper on “Personal information management services—current state of
service offers and challenges” analyzing feedback from public consultation: https://ec.europa.
eu/digital-single-market/en/news/emerging-offer-personal-information-management-services-
current-state-service-offers-and

https://www.fraunhofer.de/content/dam/zv/de/Forschungsfelder/industrial-data-space/Industrial-Data-Space_Reference-Architecture-Model-2017.pdf
https://www.fraunhofer.de/content/dam/zv/de/Forschungsfelder/industrial-data-space/Industrial-Data-Space_Reference-Architecture-Model-2017.pdf
https://www.fraunhofer.de/content/dam/zv/de/Forschungsfelder/industrial-data-space/Industrial-Data-Space_Reference-Architecture-Model-2017.pdf
https://www.iiconsortium.org/IIC_PUB_G1_V1.80_2017-01-31.pdf
https://www.iiconsortium.org/IIC_PUB_G1_V1.80_2017-01-31.pdf
https://www.plm.automation.siemens.com/media/global/en/Siemens_MindSphere_Whitepaper_tcm27-9395.pdf
https://www.plm.automation.siemens.com/media/global/en/Siemens_MindSphere_Whitepaper_tcm27-9395.pdf
https://ec.europa.eu/digital-single-market/en/news/emerging-offer-personal-information-management-services-current-state-service-offers-and
https://ec.europa.eu/digital-single-market/en/news/emerging-offer-personal-information-management-services-current-state-service-offers-and
https://ec.europa.eu/digital-single-market/en/news/emerging-offer-personal-information-management-services-current-state-service-offers-and
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profiles to various emerging Personal Information Management Systems (PIMS).
More successful (but limited in number) uses of PDS have involved the support
of large organizations in agreeing to their customers accumulating data in their
own self-controlled spaces. The expectation here is the reduction of their liability
in securing such data and the opportunity to access and combine them with other
data that individuals will import and accumulate from other aggregators. However,
a degree of friction and the lack of a successful business model are still hindering
the potential of the PDS approach.

A recent driver behind such a self-managed personal data economy is the General
Data Protection Regulation (GDPR), which constitutes the single pan-European law
on data protection, which requires companies dealing with European consumers to
(1) increase transparency, (2) provide users with granular control for data access
and sharing, and (3) guarantee consumers a set of fundamental individual digital
rights (including the right to rectification, erasure, and data portability and to
restrict processing). This creates new opportunities for PDS to emerge. Furthermore,
the rise of PDS and the creation of more decentralized personal datasets will
also open up new opportunities for SMEs that might benefit from and investigate
new secondary uses of such data by gaining access to them from user-controlled
personal data stores – a privilege so far available only to large data aggregators.
However, further debate is required to understand the best business models (for
demand and supply) to develop a marketplace for personal data donors and the
mechanisms required to demonstrate transparency and distribute rewards to personal
data donors. Finally, questions around data portability and interoperability also have
to be addressed.

4 Common European Data Spaces

The European strategy for data aims at creating a single market for data that will
ensure Europe’s global competitiveness and data sovereignty. The strategy aims to
ensure:

• Data can flow within the EU and across sectors.
• Availability of high-quality data to create and innovate.
• European rules and values are fully respected.
• Rules for access and use of data are fair, practical, and clear and precise Data

Governance mechanisms are in place.

Common European Data Spaces will ensure that more data becomes available in
the economy and society while keeping companies and individuals who generate the
data in control (Communication: A European Strategy for Data, 2020). Furthermore,
as illustrated in Fig. 1, common European Data Spaces will be central to enabling
AI techniques and supporting the marketplace for cloud and edge-based services.

As the first concrete steps toward implementing common European Data Spaces,
a set of research and innovation actions for data platforms have been funded as part
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of the Big Data Value PPP. Data platforms refer to architectures and repositories of
interoperable hardware/software components, which follow a software engineering
approach to enable the creation, transformation, evolution, curation, and exploita-
tion of static and dynamic data in Data Spaces. In the remainder of this section,
we describe the Big Data Value PPP, the Big Data Value Association, and the data
platform project portfolio of the PPP.

4.1 The Big Data Value PPP (BDV PPP)

The European contractual Public-Private Partnership on Big Data Value (BDV
PPP) commenced in 2015. It was operationalized with the Leadership in Enabling
and Industrial Technologies (LEIT) work program of Horizon 2020. The BDV PPP
activities addressed the development of technology and applications, business model
discovery, ecosystem validation, skills profiling, regulatory and IPR environments,
and many social aspects.

With an initial indicative budget from the European Union of AC534M by 2020,
the BDV PPP had projects covering a spectrum of data-driven innovations in sectors
including advanced manufacturing, transport and logistics, health, and bioeconomy
[20]. These projects have advanced state of the art in key enabling technologies
for Big Data value and non-technological aspects such as providing solutions,
platforms, tools, frameworks, best practices, and invaluable general innovations,
setting up firm foundations for a data-driven economy and the future European
competitiveness in data and AI [21].

4.2 Big Data Value Association

The Big Data Value Association (BDVA) is an industry-driven international not-for-
profit organization that grew over the years to over 220 members all over Europe,
with a well-balanced composition of large-, small-, and medium-sized industries
as well as research and user organizations. BDVA has over 25 working groups
organized in Task Forces and subgroups, tackling all the technical and nontechnical
challenges of Big Data value.
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BDVA served as the private counterpart to the European Commission to imple-
ment the Big Data Value PPP program. BDVA and the Big Data Value PPP pursued
a common shared vision of positioning Europe as the world leader in creating Big
Data value. BDVA is also a private member of the EuroHPC Joint Undertaking
and one of the leading promoters and driving forces of the AI, Data, and Robotics
Partnership planned for the next framework programMFF 2021–2027.

The mission of the BDVA was “to develop the Innovation Ecosystem that
will enable the data-driven digital transformation in Europe delivering maximum
economic and societal benefit, and, to achieve and to sustain Europe’s leadership
on Big Data Value creation and Artificial Intelligence.” BDVA enabled existing
regional multi-partner cooperation to collaborate at the European level by providing
tools and knowledge to support the co-creation, development, and experimentation
of pan-European data-driven applications and services and knowledge exchange.
The BDVA developed a joint Strategic Research and Innovation Agenda (SRIA)
on Big Data Value [22]. Initially, it was fed by a collection of technical papers
and roadmaps [23] and extended with a public consultation that included hundreds
of additional stakeholders representing the supply and demand sides. The BDV
SRIA defined the overall goals, main technical and non-technical priorities, and a
research and innovation roadmap for the BDV PPP. In addition, the SRIA set out the
strategic importance of Big Data; described the data value chain and the central role
of ecosystems; detailed a vision for Big Data value in Europe in 2020; analyzed
the associated strengths, weaknesses, opportunities, and threats; and set out the
objectives and goals to be accomplished by the BDV PPP within the European
research and innovation landscape of Horizon 2020 and at national and regional
levels.

4.3 Data Platform Project Portfolio

The data platform projects running under the Big Data Value PPP umbrella
develop integrated technology solutions for data collection, sharing, integration, and
exploitation to create such a European data market and economy [22]. The Big Data
Value PPP portfolio covers the data platform projects shown in Table 2. This table
gives an overview of these projects, the type of data platform they develop and
the domain, respectively, and the use cases they address. These projects are briefly
summarized below based on open data from https://cordis.europa.eu/.

https://cordis.europa.eu/
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Table 2 Portfolio of the Big Data Value PPP covering data platforms

Chapter Project name Type Domains/use cases

BD4NRG: Big Data for Next Generation
Energy

Industrial Energy

BD4OPEM: Big Data for OPen
innovation Energy Marketplace

Industrial and
personal

Energy

Ch 3 DataPorts: A Data Platform for the
Cognitive Ports of the Future

Industrial Transport and
logistics

Ch 3 DataVaults: Persistent Personal Data
Vaults Empowering a Secure and
Privacy-Preserving Data Storage,
Analysis, Sharing and Monetisation
Platform

Personal Sports
Mobility
Healthcare
Smart home
Tourism

Ch 3, Ch 7 i3-Market: Intelligent, Interoperable,
Integrative and deployable open-source
marketplace with trusted and secure
software tools for incentivising the
industry data economy

Industrial Automotive
Manufacturing
Healthcare

Ch 3, Ch 6 KRAKEN: Brokerage and market
platform for personal data

Personal Education
Health

MOSAICROWN: Multi-Owner data
Sharing for Analytics and Integration
respecting Confidentiality and Owner
control

Personal Connected
vehicles, finance,
marketing

Ch 5 MUSKETEER: Machine learning to
augment shared knowledge in federated
privacy-preserving scenarios

Industrial and
personal

Smart
manufacturing
Healthcare

Ch 3 OpertusMundi: A Single Digital Market
for Industrial Geospatial Data Assets

Industrial Geospatial

Ch 3 PIMCITY: Building the next generation
personal data platforms

Personal Generic

PLATOON: Digital PLAtform and
analytic TOOls for eNergy

Industrial and
personal

Energy

Safe-DEED: Safe Data-Enabled
Economic Development

Industrial and
personal

Marketing
Manufacturing

Ch 3 SmashHit: Smart dispatcher for secure
and controlled sharing of distributed
personal and industrial data

Industrial and
personal

Connected cars
Smart cities

Ch 12 SYNERGY: Big Energy Data Value
Creation within SYNergetic
enERGY-as-a-service Applications
through trusted multi-party data sharing
over an AI Big Data analytics
marketplace.

Industrial Energy

Ch 3, Ch 10 TheFSM: The Food Safety Market: an
SME-powered industrial data platform to
boost the competitiveness of European
food certification

Industrial Food supply chain

Ch 3 TRUSTS: Trusted Secure Data Sharing
Space

Industrial and
personal

Finance
Telecom
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5 Book Overview

This book captures the early lessons and experience in creating Data Spaces. The
book arranges these contributions into three parts (see Fig. 2) covering Part I) design,
Part II) deployment, and Part III) future directions.

• The first part of the book explores the design space of Data Spaces. Then,
the chapters detail organizational design for Data Spaces, data platforms, Data
Governance federated learning, personal data sharing, data marketplaces, and
hybrid AI for Data Spaces.

• The second part of the book explores the use of Data Spaces within real-
world deployments. The chapters include case studies of Data Spaces in sectors
including Industry 4.0, food safety, FinTech, health care, and energy.

• The third and final part of the book details future directions for Data Spaces,
including challenges and opportunities for common European Data Spaces and
privacy-preserving techniques for trustworthy data sharing.

5.1 Chapter Analysis

As depicted in Fig. 3, the success of widespread data sharing activities revolves
around the central key concept of trust: in the validity of the data itself and the
algorithms operating on it, in the entities governing the data space, in its enabling
technologies, as well as in and among its wide variety of users (organizations and
private individuals as data producers, consumers, or intermediaries). To achieve the
required levels of trust, each of the following five pillars must meet some of the
necessary conditions:

• Organizations—More organizations (including business, research, and govern-
mental) need to rethink their strategy to fully embrace a data culture that places
data at the center of their value proposition, exploring new data-driven business
models and exploiting new data value flows.

• Data—As a touted fifth European fundamental freedom, free movement of
data relies on organizational data strategies that embed methodologies for data
sharing by-design (e.g., interoperability) and clear standard guidelines that help
determine the market value of data assets.

• Technology—Safer experimentation environments are needed to catalyze the
maturation of relevant technology behind trustworthy data, data access, and
algorithms (privacy, interoperability, security, and quality). In addition, standard-
ization activities need to adjust for faster reaction times to emerging standards
and the identification of new ones.

• People—Data sharing needs to guarantee individual privacy and offer fair value
or compensation of shared personal data. For Europe to drive data sharing
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⦿ Open, democratic, compliant 
⦿ Common rules, guidelines 
⦿ European governed

GOVERNANCE

TRUST

Fig. 3 The data sharing value “wheel”—core pillars and principles of the envisioned European-
governed data sharing space that generate value for all sectors of society

activities, the European workforce needs appropriate reskilling and upskilling
to meet the evolving needs of the labor market.

• Governance—A European-governed data sharing space can inspire trust by
adhering to the more advanced European rules, guidelines, and regulations and
promoting European values. Participation should be equally open to all and
subject to transparent and fair rules of conduct.

Table 3 gives an overview to which extent the contributions described in the
different chapters of this book contribute to the different dimensions of the data
sharing wheel.

As this table indicates, the chapters in this book provide broad coverage of the
pillars of the data sharing wheel, reinforcing the relevance of these concerns.

The majority of the chapters cover the value, data, and technology pillars of
the wheel which illustrate the data-driven focus of the works in Data Spaces.
Governance and trust are also well covered, highlighting the importance of these
pillars to the deployment and operation of Data Spaces. While organization aspects
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Table 3 Coverage of the pillars of the data sharing wheel by the book chapters

Chapter Value Data Technology Organization People Governance Trust

Part I: Design
Ch 2 X X X X X X X
Ch 3 X X X X X X
Ch 4 X X X X X
Ch 5 X X X X X
Ch 6 X X X X X
Ch 7 X X X X
Ch 8 X X X X X
Part II: Deployment
Ch 9 X X X X
Ch 10 X X X X X
Ch 11 X X X X
Ch 12 X X X
Ch 13 X X X X
Ch 14 X X X X X
Part III: Future directions
Ch 15 X X X X X
Ch 16 X X X X X X

are well covered with an understanding of how organizations can leverage the
benefits of Data Spaces to transform their business models and operations, there
is a paucity of work in the area of the people pillar. Skills, reskilling, and upskilling
to meet the emerging needs of Data Spaces and society.

6 Summary

We are now seeing digital transformation toward global digital markets and Data
Spaces. However, this will not be a fast transition and may take a decade before we
understand the methods and the means of mature Data Spaces. In comparison, the
World Wide Web as a mature platform for trade took from the mid-1990s to well
beyond 2000 before it became an everyday tool to search for information and order
weekly groceries.

As this development is systemic, it requires scientific, technical, and social
foundations. This book addresses and crystallizes the developments of many efforts
to establish Data Spaces and learnings from the efforts. Data Spaces are feature-
rich technical constructs within a social and regulation framework that support
data ecosystems with fair and trusted approaches to share data. It is an ambitious
goal, and therefore data ecosystems present new challenges to the design of data
sharing. We need to rethink how we should deal with the needs of these large-
scale data-rich environments with multiple participants. This chapter gave the
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foundations of the concepts, but obviously, many challenges exist. A data space
can provide a clear framework to support data sharing within a data ecosystem.
This book is a step toward such a framework by delineating real experiences from
pilots and experiments. The book addresses and explores the cutting-edge theory,
technologies, methodologies, and best practices for Data Spaces for both industrial
and personal data. It provides the reader with a basis for understanding the scientific
foundation of Data Spaces, how they can be designed and deployed, and future
directions.

The development of data space technology is societal. For example, the devel-
opment of electricity networks required agreements on a common approach for the
electricity grid. In the same manner, common agreements are needed from large and
small industry, policymakers, educators, researchers, and society at large to create
the basis of the data economy and common European Data Spaces. The BDV PPP
has advanced the value of Big Data and AI, laying the basis for new combinations
of technologies that will go beyond the digital market toward a new and productive
Digital Society.
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