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Executive Summary
Linked Data as an economic asset
This report investigates the asset creation and commercialization of interlinked data. It builds on
the thesis that we are experiencing a “metadata turn” in IT, in which interlinked metadata plays a
crucial role to improve enterprise IT in the following areas:


Workgroup efficiency focuses on reducing cycle time for individuals or complete functions
within a workgroup. Metadata commonly supports workgroup efficiency via simple
interfaces that make it quick and easy for functional stakeholders to find and access the
data they need to do their jobs.



Workgroup effectiveness is all about enabling business processes that yield superior
results because the work can be accomplished in a radical new way. Workgroup
effectiveness typically optimizes efficiency, too. Metadata enables quick access to data and
data resources for—in most cases—more customized functional responses to customers,
partners and suppliers.



Enterprise agility is about enabling cross-functional business processes that detect
changes in the competitive environment and support rapid adjustment of functional
activities or entire business processes in next-to-no-time. In this case, metadata primarily
cuts time out of the transition from old to new by maximizing reuse of data, code and
infrastructure resources without sacrificing quality or traceability. It is integrated into the life
cycles’ process data, systems development, application development, budgeting, etc.

Linked Data creates an ecosystem in which data and metadata become a network good. By
sharing RDF as the mutual data model, Linked Data allows various data traffic patterns in the
provision and reutilization of data. Thus it generates significant benefits in the integration and
processing of internal and external data, fulfilling specific economic functions at each step of the
content value chain (see table 1).

Figure 1: Linked Data in the Content Value Chain (Source: Pellegrini 2012)
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During the processing of Linked Data various assets occur. These can be generally identified as
instance data, metadata, ontologies, content and services. Each asset adds value to the
ecosystem and can be protected by various intellectual property rights. The following table
provides an overview over Linked Data assets and related property rights.1
Copyright

Database Right

Comp. Law / Unfair Practice

Patents

Instance Data

NO

YES

PARTLY

NO

Metadata

NO

YES

YES

NO

Ontology

YES

YES

YES

NO

Content

YES

NO

YES

NO

Service

YES

NO

YES

PARTLY

Technology

YES

NO

YES

PARTLY

Table 1: Linked Data assets and related property rights

Strong property rights can be complemented by open licensing tool sets.2 Creative Commons3
allows the definition of tiered licensing policies for the reuse of work protected by copyright. Open
Data Commons4 does the same thing for assets protected by database rights. And open source
licenses complement the patent regime as an alternative form of resource allocation and value
generation in the production of software and services.5 Developing licensing policies that combine
the benefits of open and closed linked datasets poses a major challenge in the in the development
of Linked Data business models. The Linked Data Business Cube provides a systematic approach
to map Linked Data assets to stakeholders and revenue models.

Linked Data Business Cube
The Linked Data Business Cube provides an integrated view on a Linked Data business model.
The X-axis lists the stakeholders involved in a business transaction. The Y-axis lists potential
revenue models for Linked Data assets. And the Z-axis lists various Linked Data assets that occur
along the value chain (see figure 2).
Brinkner (2010) distinguishes between direct and indirect revenue models, depending on
compensation principles associated with each revenue model. Hence direct compensation takes
place where assets are directly being paid for, wherein indirect compensation takes place, where
assets are being used as a vehicle to generate revenue at a later stage in the consumption
process.

1

The issue of Linked Data licensing has been discussed in more detail in deliverable D7.4. of the LOD2 project. See also
Pellegrini & Ermilov (2013).
2 A detailed discussion of licensing issues related to Linked Open Data is provided by Pellegrini & Ermilov (2013).
3 See also http://creativecommons.org/, accessed May 21, 2014
4 See also http://opendatacommons.org/, accessed May 21, 2014
5 See also Ghosh (2006)
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Figure 2: Linked Data Business Cube

Looking at the various stakeholders involved in the creation and re-utilization of Linked Data,
several business models become possible. But the commercialization of Linked Data is very
context specific. Revenue models change in accordance to the various assets involved and the
stakeholders who make use of them.

Figure 3: Mapping Stakeholders to Revenue Models
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Knowing these circumstances is crucial in establishing successful business models, but to do so it
requires a holistic and interconnected understanding of the value creation process and the specific
benefits and limitations Linked Data generates at each step of the value chain. This is sometimes
difficult to achieve. The economic viability of Linked Data is not so much a matter of technological
feasibility, but a matter of organisational adaptability to new forms of enterprise data management.
This becomes especially obvious when licensing issues are concerned not just in the reutilization
of third-party datasets but also in the provision of Linked Data to the public or a specific business
community be it for profit or for altruistic reasons.
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1. Introduction
One of the major economic characteristics of Linked Data is that it turns data into a network good.
This results from the increasing interconnectedness of production and consumption processes and
the need for increased data portability and interoperability between IT systems. Additionally, the
adoption of the World Wide Web design principles (Berners-Lee 1998) – shortly summed up with
simplicity, modularity, decentralization and tolerance – for organisational purposes leverage the
emergence of Linked Data as an integration principle for heterogeneous resources, user groups
and purposes.
Linked Data marks a transition from hierarchies to networks as an organisational principle for
knowledge (Halford et al. 2012). This opens up opportunities for new modes of value creation, but
also challenges established organisational philosophies and practices to capture its full potential
i.e. from the large amount of information produced every day just about 5% is “structured” (The
Economist 2010, p. 3). But 92% of all analytical activities are exercised on top of structured data
(Russom 2011, p. 18). The remaining data is currently hardly utilized or discarded as a whole.
Hence new approaches are being developed to improve the machine-processability of available
data ideally by not just creating more structured data, but also by applying structural principles that
support interoperability at an infrastructural level.
One of these approaches is called Linked Data.
Anecdotal evidence supports the hypothesis that Linked Data is an enabling technology to improve
workflow efficiency and trigger business diversification (Vafopoulos 2011).6 According Linked Data
strategies can be very diverse and context-specific, covering the spectrum from improving access
to open data provided by governmental bodies to improvements of workflow efficiency in various
industrial sectors like automotive, media & publishing or the life sciences.
In all cases, Linked Data fits neatly into the incremental IT development practices of enterprises
and public organisations, but additionally comes along with disruptive technological effects that
pose significant challenges to appropriate business development (Archer et al. 2013). This
includes foremost a proper licensing strategy for Linked Data that takes account of the various
asset specificities of Linked Data as intellectual property.7 Additional reasons are delaying the
broad adoption of Linked Data for business purposes. First, there is still little experience with
Linked Data technologies from an engineering point of view, thus hindering the transition from silobased systems to networked databases, repositories and services. And second, the Linked Data
infrastructure in terms of quality-approved and commercializable datasets, tools and services has
not yet reached a critical mass.
But the increasing number of Linked Data implementations, the maturing vendor market for
semantic technologies and the policy-backed data initiatives especially in the area of public sector
information encourages stakeholders to take a closer look at the business model implications of
Linked Data and the added value derived from it.
To do so, this report is structured as follows:

6

See i.e. Rayfield (2012) for a BBC use case or Dodds & Davis (2009) for guardian.co.uk. Additional use cases can be
found in Cardoso et al. (2008), Wood (2010), Wood (2011). See also the collection of use cases of the W3C:
http://www.w3.org/2001/sw/sweo/public/UseCases/, accessed February 22, 2014
7 A detailed discussion of the licensing issues associated with Linked Data can be found at Pellegrini & Ermilov (2013) or
Pellegrini (2014).
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Chapter 2 discusses Linked Data as an economic asset under special consideration of semantic
interoperability. This includes a closer look at the network characteristics of Linked Data and the
positive externalities generated by it in terms of characteristic traffic patterns. Various stakeholders
are involved in the corresponding value creation process, in which raw data is being transformed
into Linked Data to support specific stages in the content value chain. By discussing the
fundamentals of service marketing, we try to carve out the value proposition of Linked Data under
circumstances of co-creation among interconnected stakeholders.
Chapter 3 introduces the Linked Data Business Cube, which is a model to visualize the
interdependencies between Linked Data assets, revenue models and stakeholders. Various Linked
data assets are being identified in dependence to their protection by various property rights
instruments. We discuss direct and indirect revenue models for Linked Data assets. By mapping
stakeholders to revenue models, we discuss various scenarios in which Linked Data assets are
being commercialized.
Chapter 4 provides a practical case study of the publishing house and information service provider
Wolters Kluwer describing the utilization of Linked Data as an enabler of service diversification.
Chapter 5 provides a conclusion and reflection on the commercial aspects of Linked Data assets.
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2. Linked Data as an Economic Asset
2.1

The Metadata-Turn in Enterprise IT

Metadata has become a key enabler in the creation of controllable and exploitable information
ecosystems under highly networked circumstances (The Economist 2010). This coincides with
findings from Saumure & Shiri (2008), who revealed that with the emergence of the World Wide
Web as a universal platform for the creation and distribution of information, the nature and
importance of metadata has changed significantly. To illustrate this, they conducted a survey on
research topics in the Library and Information Sciences by analyzing publications from the LISTA
Database (Library, Information Science, and Technology Abstracts)8 with the year 1993 as a
demarcation line of a pre-web and a post-web era. Table 2 shows their research results.
Research Area

Pre-Web

Post-Web

Metadata Applications / Uses

--

16 %

Cataloging / Classification

14 %

15 %

Classifying Web Information

--

14 %

Interoperability

--

13 %

Machine Assisted Knowledge Organization

14 %

12 %

Education

7%

7%

Digital Preservation/ Libraries

--

7%

Thesauri Initiatives

7%

5%

Indexing / Abstracting

29 %

4%

Organizing Corporate or Business Information

--

4%

Librarians as Knowledge Organizers of the Web

--

2%

Cognitive Models

29 %

1%

Table 2: Research Areas in Library and Information Science (Source: Saumure & Shiri 2008)

The survey illustrates three trends: 1) the spectrum of research areas has broadened significantly
from originally complex and labour-intensive methodologies to more light-weight, applicationoriented approaches; 2) while certain areas have kept their status over the years (i.e. Cataloguing
& Classification or Machine Assisted Knowledge Organization), new areas of research have gained
importance (i.e. Metadata Applications & Uses, Classifying Web Information, Interoperability
Issues) while other areas have declined or dissolved into other areas; and 3) metadata issues have
significantly increased in popularity in terms of the quantity of papers that are explicitly and
implicitly dealing with such topics.
These findings coincide with results from an econometric survey by Haase (2004), who points to
the fact that from a certain point in time the economic value of metadata is rising faster than the
actual instance data that is being managed by it. In other words a controlled metadata strategy is a
necessary means to preserve and leverage the value of data for information management
purposes like aggregation, processing and bundling of data as well as for corresponding business
processes like strategic planning, designing and selling of goods and services.9

8

See also http://www.ebscohost.com/academic/library-information-science-technology-abstracts-lista, as of April 4, 2013
The concrete economic impact of an integrated metadata strategy is illustrated by the retail giant Walmart. They
announced that improved semantic interoperability in their e-commerce system has increased sales up to 15% since its
deployment in 2012. See:
9

Page 12

D7.5 – v1.0

The following description of three maturation levels of metadata as defined by McHugh (2009)
provides us with an impression how controlled metadata can add value to business activities from
a knowledge-based point of view.


Definitional metadata is descriptive and typically captured in a data dictionary that
documents business terminology, data definitions and attributes, data sourcing, mapping
and models. Over time, as metadata capabilities grow, the “dictionary” may expand to
include policies and standards. Although definitional metadata may be developed and
maintained by an individual or workgroup - over time - companies tend to consolidate
definitional metadata across the enterprise and manage it centrally to optimize consistency
and reuse.



Actionable metadata includes the business rules, transformation strategy and technical
rules, code, executable standards, and even business process information that can be
reused in ways that minimize the efforts to generate new applications, products and
services.



Intelligent metadata includes sophisticated knowledge capture and management
capabilities that automate the acquisition and organization of context around transaction
data, and via business rules execute high-value business processes; for example, supply
fulfillment or dynamic customer segmentation and campaign deployment. It is important to
note that few companies today have the data, management infrastructure and skills to
execute at this level.

These layers add value to various enterprise-related application areas. At a higher abstraction level
these are:


Workgroup efficiency focuses on reducing cycle time for individuals or complete functions
within a workgroup. Metadata commonly supports workgroup efficiency via simple
interfaces that make it quick and easy for functional stakeholders to find and access the
data they need to do their jobs.



Workgroup effectiveness is all about enabling business processes that yield superior
results, because the work can be accomplished in a radical new way. Workgroup
effectiveness typically optimizes efficiency, too. Metadata enables quick access to data and
data resources for—in most cases—more customized functional responses to customers,
partners and suppliers.



Enterprise agility is about enabling cross-functional business processes that detect
changes in the competitive environment and support rapid adjustments of functional
activities or entire business processes in next-to-no-time. In this case, metadata primarily
cuts time out from the transition from old to new by maximizing reuse of data, code and
infrastructure resources without sacrificing quality or traceability. It is integrated into
lifecycles’ process data, systems development, application development, budgeting, etc.

Summing up, the business value of an incrementally maturing metadata strategy can be visualized
as follows (McHugh 2009):

M
e
t http://www.computerworld.com/s/article/9230801/Walmart_rolls_out_semantic_search_engine_sees_business_boost,
accessed April 10, 2013
a
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Value
Intelligent
Metadata

Actionable
Metadata

Real-time Business Modeling
Business Models & Rules
Capture & Management of
(un)structured Data
Integrated Partner/Supplier
Data
Process Maps, Standards and Procedures

Metadata Applications

Enterprise Data Management Function
Data Management Standards & Procedures

Integrated Enterprise Data & Metadata (Structured)

Definitional
Metadata

Data Stewardship: Business & Technical
Enterprise Data Model
Common Data Dictionary

Workgroup
Efficiency

Workgroup
Effectiveness

Enterprise
Agility

Value Proposition
Figure 4: Maturity and value proposition in metadata investments (Source: McHugh 2009)

Figure 4 illustrates the interdependence between metadata maturity and various factors of value
creation within an enterprise. Each maturation level provides new resources and opens up
opportunities for organisational, behavioural or marketing diversification.
In the following section, we discuss the benefits of semantic interoperability of metadata as
illustrated with Linked Data.

2.2

Semantic Interoperability and the Benefits of Linked Data

2.2.1 Linked Data Traffic Patterns
The primary value proposition of Linked Data is rooted in its network character. By sharing a
unified data model, Linked Data provides the infrastructure and generates positive externalities by
reducing the costs of distributing and repurposing data (Vafopoulos 2011).
Taking the network characteristics of Linked Data into account, it is possible to identify three
prototypical usage scenarios that leverage the potential of increased semantic interoperability.
Figure 5 illustrates these scenarios also known as Linked Data Traffic Patterns.
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Scenario 1

Scenario 3

Scenario 2

Figure 5: Linked Data traffic Patterns (Source: Blumauer 2014)

Scenario 1: Internal Perspective: From an internal perspective, enterprises can make use of Linked
Data principles to organize their information within their closed organizational settings. This is
especially relevant for organizations that have to deal with an increasing amount of dispersed
databases, federated repositories and the legacy issues deriving from it. Linked Data is bearing a
high potential in consolidating these infrastructures without necessarily disrupting existing systems
and workflows.
Scenario 2: Inbound Perspective: In the second scenario, organizations use external data sources
for purposes like content pooling or content enrichment. This trend is basically backed by the
increasing availability of open data, i.e. provided by governmental bodies, community projects like
Wikipedia10, Musicbrainz11 or Geonames12 and an increasing amount of commercial data providers
like Socrata13, Factual14 or Datamarket15. Instead of creating these resources on their own,
organizations can use this data either free of charge (according to the Terms of Trade) or as a paid
service according to the service levels of an application programming interface (API).
Scenario 3: Outbound Perspective: In the third scenario, organizations apply Linked Data
principles to publish data on the web either as open data or via an API that allows the fine granular
10

See also www.wikipedia.org, accessed May 20, 2014
See also http://classic.musicbrainz.org/, accessed May 20, 2014
12 See also http://www.geonames.org/, accessed May 20, 2014
13 See also http://www.socrata.com/, accessed May 20, 2014
14 See also http://www.factual.com/, accessed May 20, 2014
15 See also https://datamarket.com/, accessed May 20, 2014
11
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retrieval of data according to a user’s needs. This process – often called Linked Data Publishing –
is basically a diversification of the data distributions strategy of an organization and allows an
organization to become part of a Linked Data Cloud. Data publishing strategies often go hand in
hand with the diversification of business models and require a good understanding of the licensing
issues associated with it. Few enterprises have yet started to engage in such practices. But
business-wise, it is key to leverage the full potential of Linked Data for purposes like e-commerce
and e-procurement.

2.2.2 Stakeholders in Linked Data Processing
Latif et al. (2009) propose a model that describes various stakeholder roles in the creation of
Linked Data assets.16

Figure 6: Linked Value Chain (Source: Latif et al. 2009)

The model distinguishes between various stakeholder roles that an economic actor can take in the
creation of Linked Data assets and various types of data and applications that are being created
along the data transformation process. Along the value creation process, Raw Data – which is
provided in any kind of Non-RDF format (i.e. XML, CSV, PDF, HTML etc.) – is being transformed
into Linked Data.
In the next step, this data is being consumed by a Linked Data provider and transformed into RDF,
thus gaining compliance with Linked Data principles. This step is crucial in enhancing the semantic
16

A similar model has been proposed by Kinnari (2013) in his work on open data strategies of the Finnish media
industry.
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interoperability of data. The transformation process can vary significantly in technological
complexity, ranging from simple mapping procedures (i.e. with tools like Google Refine) to heavyweight XSLT-transformations. The complexity basically depends on the underlying schema’s
complexity and sometimes requires highly skilled professionals to manage this task properly.
In the next step, Linked Data is being consumed and processed by a Linked Data application that
also provides the interface to the human user. These applications usually do not differ in look and
feel from existing ones, but they use Linked Data for functional extensions for reasoning and
filtering purposes.
Finally, the end user consumes the human readable data via functionally extended applications
and services.
Kinnari (2013, p. 64) extends this view with an orthogonal layer called “support services and
consultation”, stressing the fact that apart from the value creation process itself, Linked Data also
creates an environment for added value services that transcends the pure transformation and
consumption of data. Such services are usually provided by data brokers, who collect, clean,
visualize and resell available data for further processing and consumption.17
As illustrated in Figure 6, the process of Linked Data creation can be covered in its entirety by one
actor or might require several economic actors depending on the technological complexity of the
data transformation process. Existing use cases (i.e. from BBC or NY Times) reveal that Linked
Data transformations are usually being outsourced rather than handled inhouse. For the time
being, it is also difficult to estimate the cost-effectiveness of Linked Data applications; but modelbased calculations (McHugh 2009) indicate that depending on scale and scope of a Linked Data
project, the saving potential can be significant. This is due to the network effect Linked Data
generates as an integration layer across various components and workflows in complex IT
systems. Herein, Linked data can help to reduce technological redundancies thus reducing
maintenance costs, improving information access in terms of reduced search and discovery efforts
and provide opportunities for business diversification due to the higher granularity and increased
connectivity of content.

2.2.3 Technological Benefits of Semantic Interoperability
Since 2009, the Linked Data paradigm has emerged as a light weight approach to improve data
portability among systems. According to this approach, the web is being perceived as “an immense
database that can be mined to link to data, rather than document-based resources” (Mitchell &
Wilson 2012, p. 11). This is especially relevant in environments that are characterized by
heterogeneous data formats and sources that are spread across various locations and time zones.
By building on Semantic Web standards, the Linked Data approach offers significant benefits
compared to conventional data integration approaches. These are according to Auer (2011):


De-referencability. International Resource Identifiers (IRIs) are not just used for identifying
entities, but since they can be used in the same way as URLs, they also enable locating
and retrieving resources describing and representing these entities on the Web.



Coherence. When an RDF triple contains IRIs from different namespaces in subject and
object position, this triple basically establishes a link between the entity identified by the
subject (and described in the source dataset using namespace A) with the entity identified

17

See also Archer et al. (2013, p. 13) who carried out a study on business models for Linked Open Government Data. A
discussion of the data broker industry is provided by US Committee on Commerce, Science and Transportation (2013).
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by the object (described in the target dataset using namespace B). Through these typed
RDF links, data items are effectively interlinked.


Integrability. Since all Linked Data sources share the RDF data model, which is based on
a single mechanism for representing information, it is very easy to attain a syntactic and
simple semantic integration of different Linked Data datasets. A higher-level semantic
integration can be achieved by employing schema and instance matching techniques and
expressing found matches again as alignments of RDF vocabularies and ontologies in
terms of additional triple facts.



Timeliness. Publishing and updating Linked Data is relatively simple thus facilitating a
timely availability. In addition, once a Linked Data source is updated, it is straightforward to
access and use the updated data source, since time consuming and error prone extraction,
transformation and loading is not required.

On top of these technological principles, Linked Data promises to lower the costs of data
integration (Cranford 2009), thus improving the reusability and richness of information (in terms of
depth and broadness). According to Mitchell & Wilson (2012, p. 14), Linked Data provides an
efficient means for “brokering, mapping, interconnecting, indexing and feeding real-time
information from a variety of sources. [It allows to] infer relationships from big data analysis that
might otherwise have been discarded.”
Along this line of argument, the following section will elaborate on how these characteristics
contribute to the content value chain.

2.3

Linked Data in the Content Value Chain – Achievements and
Challenges

The concept of value chain is rooted in competition theory, where it is used to provide an analytical
framework for business management processes and competition strategies. According to this
notion, a company’s value chain comprises its value activities (as primary and supportive activities)
together with the profit margin (as the difference between return on investment and operating
costs). The concept of value chain has been first introduced by Michael Porter (1985) and since
then been adopted in a variety of ways to describe the structure of sector specific value creation
mechanisms and sequential production logics.18
According to Cisco (2012), communication within electronic networks has become increasingly
content-centric in terms of growing amounts of unstructured information that is produced and
transmitted electronically.19 Thus, the concept of value chain has gained popularity in the discipline
of information and media economics, where it has been used to describe value creation process in
the commercialization of information (Zerdick et al. 1999). Herein, the content production process
consists of five sequential steps: 1) content acquisition, 2) content editing, 3) content bundling, 4)
content distribution and 5) content consumption. As illustrated in Figure 7, Linked Data can
contribute to each step by supporting the associated intrinsic production function. The following
18

Although often criticized for its rigid and reductionist abstraction level that does not reflect the dynamic and intertwined
nature of contemporary production practices, newer approaches prefer to talk about value or connectivity networks (i.e.
Winter 2006). Although these newer approaches are better suited to capture the real-world circumstances of value
creation, they also increase the analytical complexity and therefore are difficult to operationalize, which is why the
authors stick to the metaphor of the value chain.
19 Cisco (2012) reports for the time period from 2011 to 2016 an increase of 90% of video content, 76% of gaming
content, 36% VoIP, 36% file sharing being transmitted electronically.
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sections will discuss achievements and challenges in the application of Linked Data to the
management of unstructured and semi-structured content.

Figure 7: Linked Data in the Content Value Chain (Source: Pellegrini 2012)

2.3.1 Content Acquisition
Content acquisition is mainly concerned with collection, storage and integration of relevant
information necessary to produce a content item. In the course of this process, information is being
pooled from internal or external sources for further processing.
At the time of writing, limited attention is being paid to issues of data pooling for business purposes
from a content-perspective. While “immature integration capabilities” have already been subject to
criticism several years ago (i.e. Goth 2006), modest approaches exist that address the topic of
data acquisition from a general perspective (i.e. Hausenblas 2009; Graube 2011; Heino 2011) and
for multimedia content (i.e. Kobilarov et al. 2009; Messina et al. 2011; Schandl et al. 2011).
Most work dealing with syndication, acquisition and integration issues of Linked Data concentrates
on the technological feasibility, but little attention is so far being paid to aspects of data quality like
provenance, reliability, validity or completeness of data sources. But data quality as well as the
explorative and narrative value of data sources within the triangle of “objectivity vs. selectivity vs.
validity” are crucial factors in the content production process and should be targeted carefully when
integration issues for analytical purposes are concerned. Hence more research is needed to
develop machine-readable quality metrics for Linked Datasets with respect to their syntactic and
semantic attributes.

2.3.2 Content Editing
The editing process entails all necessary steps that deal with the semantic adaptation, interlinking
and enrichment of data. Adaptation can be understood as a process in which acquired data is
provided in a way that it can be reused within editorial processes. Interlinking and enrichment are
often performed via processes like annotation and/or referencing to enrich documents either by
disambiguation of existing concepts or by providing background knowledge for deeper insights.
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Especially the enrichment of documents in the editorial workflow has been subject to numerous
works and is probably the most elaborated area in the utilization of semantic metadata. Earlier
work (i.e. Kosch et al. 2005; Ohtsuki et al. 2006; Smith & Schirling 2006) provides design principles
for a metadata life cycle management and demonstrates the value of well-structured metadata for
indexing and compiling unstructured content across various modalities like text, speech and video.
Hu et al. (2009) present an ontology-based reasoning system that supports the automated analysis
and aggregation of content items from very large corpora. Their system is capable of extracting
names, terms, temporals (i.e. time stamps and durations) and locations incorporating metadata
from third party sources (like OpenCyc20 and IPTC21) and reason over these elements to detect
semantic similarities between content items. Kim et al. (2008) discuss the benefits of domain
ontologies as integration layers for tagging purposes in collaborative environments. They
demonstrate that shared knowledge models can help to improve the reuse of descriptors from
various systems and increase flexibility in the editorial process without disrupting it. Yu et al. (2010)
describe a system that uses a two-staged service-oriented approach for semantically annotating
and brokering TV-related services in Electronic Program Guides. By utilizing the light-weight
semantics available from Linked Data, they were able to significantly lower the integration
complexity of external data and improve the maintenance of the system for developers. And
Mannens et al. (2009) propose a system for automated metadata enrichment and indexing to
improve customized delivery of news items based on the IPTC NewsML-G2 standard. They enrich
the IPTC news model with extracted entities from DBpedia22 and generate facets that help the user
to fuzzily browse a knowledge base thus improving content discovery.
As content editing is highly time- and cost-intensive, the work discussed in this section is of high
importance in editorial processes. Unfortunately, most research is not taking account of the
technological preconditions (infrastructure, skills) in organisations and structural constraints in
editorial workflows (i.e. time constraints, underdeveloped metadata culture). The work discussed
above builds on the premise that a sufficient amount of quality approved metadata is already
available. As this is rarely the case, further research is necessary on the (semi-)automatic
generation of high quality metadata on the one side and its reuse for the semantic adaptation,
interlinking and enrichment of documents on the other.

2.3.3 Content Bundling
The bundling process is mainly concerned with the contextualisation and personalisation of
information products. It can be used to provide customized access to information and services, i.e.
by using metadata for the device-sensitive delivery of content, or to compile thematically relevant
material into Landing Pages or dossiers, thus improving the navigability, findability and reuse of
information.
In the area of content bundling, we find a large amount of work that is dealing with the role of
semantic metadata in the development of new products and delivery services. Back in 2001,
Jokela et al. (2001) have proposed a system called “SmartPush” that adapts to personal
preferences of users by linking user feedback to a well-structured set of metadata used to annotate
news items. They applied a Mixed-Initiative-Approach which has outperformed purely algorithmic
recommendation services, but suffers from a cold-start problem. A similar approach has been

20

See http://www.opencyc.org/doc (accessed October 10, 2012)
The IPTC (International Press & Telecommunications Codes) NewsCodes consist of the following subsets: EventsMLG2, NewsML-G2, SportsML-G2, rNews, IIM, NewsML 1, IPTC 7901, NITF. See: http://www.iptc.org/site/Home/, visited
April 4, 2012
22 See http://dbpedia.org/About (accessed September 20, 2012)
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proposed by Bomhart (2004), Zhou et al. (2007) and Gao et al. (2009), who utilize behavioural data
(i.e. browsing history) to match personal reading preferences with structural similarities between
content items. And Knauf et al. (2011) present a system that uses a rich set of metadata derived
from manual and automated video annotations to discover semantic links and similarities between
multimedia files and they use this for personalized delivery, especially on mobile devices.
But excessive collection and reuse of behavioural data poses threats to user privacy and can
cause adverse effects among the targeted users (McKinsey 2011; Cebr 2012). As an alternative to
approaches that match content items to user profiles, Liu et al. (2007), Bouras & Tsogkas (2009)
and Schouten et al. (2010) illustrate how the extraction of metadata from documents can be used
to calculate similarities between files and thus improve the relevance of automated content
selection and recommendation services. They achieve this by combining rule-based natural
language processing techniques with domain ontologies, thus providing fuzzy-search mechanisms
to explore document stores. This approach is also followed by Ijntema et al. (2010), who propose a
framework to build content personalization services by combining domain ontologies with text
analytics from GATE23 and WordNet24. This work is extended by Goosen et al. (2011), who use a
Concept Frequency – Inverse Document Frequency algorithm for personalized content services on
top of the same framework.
What the latter approaches have in common is that they utilize domain ontologies to organize
metadata and pull reasonable information from linked vocabularies. This allows new forms of
knowledge discovery and delivery services that go beyond the established search and retrieval
paradigms and provide the users with a richer interaction experience without necessarily intruding
their privacy. But the availability and costs of qualitatively sufficient ontologies are a significant
barrier to the deployment of Linked Data techniques in this area. Additionally, the quality of
recommendations is difficult to evaluate and can be accompanied by reactance effects on the user
side.

2.3.4 Content Distribution
In a Linked Data environment, the process of content distribution mainly deals with the provision of
machine-readable and semantically interoperable (meta-) data via Application Programming
Interfaces (APIs) or SPARQL Endpoints (Zimmermann et al. 2011). These can be designed either
to serve internal purposes, so that data can be reused within controlled environments (i.e. within or
between organizational units) or for external purposes, so that data can be shared between
anonymous users (i.e. as open SPARQL endpoints on the Web).
Over the past years, we have seen several examples where (mainly media) companies have
started to offer news-relevant data as Linked Data. Since 2009, BBC is offering public SPARQL
endpoints for their program, music and sports data (i.e. Kobilarov et al. 2009; Smethhurst 2009;
Rayfield 2012); and in the same year, the New York Times has started to offer large amounts of
subject headings as SKOS25 via their Article Search API26 (Larson & Sandhaus 2009). The Reuters
Open Calais API27 supports SOAP, REST and HTTP requests, providing data in RDF. And The
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See also https://gate.ac.uk/, accessed December 12, 2013
See also http://wordnet.princeton.edu/, accessed December 12, 2013
25 SKOS (Simple Knowledge Organization System) is a set of specifications and standards to support the use of
knowledge organization systems (KOS) such as thesauri, classification schemes, subject heading systems and
taxonomies within the framework of the Semantic Web. See http://www.w3.org/2004/02/skos/, accessed October 3, 2012
26 See http://developer.nytimes.com/docs (accessed September 20, 2012)
27 See http://www.opencalais.com/documentation/calais-web-service-api, accessed September 20, 2012
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Guardian is offering an MP Data SPARQL Editor,28 from which data about British politicians can be
retrieved in RDF.
Despite these encouraging examples, companies have not yet embraced the logic and culture of
open publishing – especially when data assets are concerned. Here we face a typical chicken-andegg-problem, where the willingness of opening up data sources heavily depends on the
quantifiable added value that can be derived from such a strategy. Economic gains derived from an
open data strategy heavily vary by industry sector as well as structural factors like revenue
portfolio, licensing constraints and competition strategy. Nevertheless – as the following section on
Big Data Licensing will argue – a diversification of the licensing strategy might also foster new
business and revenue opportunities within networked environments.

2.3.5 Content Consumption
The last step in the content value chain is dealing with content consumption. This entails any
means that enable a human user to search for and interact with content items in a pleasant and
purposeful way. So according to this view, this step mainly deals with end user applications that
make use of Linked Data to provide access to content items (i.e. via search or recommendation
engines) and generate deeper insights (i.e. by providing reasonable visualizations).
Increasing attention has been paid to visualization and interaction issues associated with Linked
Data although most of it is research still in an experimental phase. A comprehensive overview is
given by Paulheim (2011), who developed a tool called Semantic Data Explorer. And Freitas et al.
(2012) discuss recent challenges, approaches and trends in querying and visualizing
heterogeneous datasets on the Linked Data web. Böhm et al. (2011) present a tool called GovWild
that integrates and cleanses open government data at a large scale, thus providing easy access to
linked government data via a simple search interface. A similar approach is followed by Hoxha et
al. (2011), who provide a research tool to visualize Albanian Government Data using the Google
Visualization API to process RDF data retrieved via an easy to use SPARQL endpoint.
Research on and the improvement of interface design for the handling of semantic data services
will be one of the crucial success factors in the broad adaptation of Linked Data for Big Data
analytics. Tools and functionalities need to be designed to meet the requirements and skills of
technology lay persons. Technology should be harboured from them as good as possible, but still
accessible, documented and transparent for personal scrutiny. This is important as filtering
mechanisms deprive users from their informational autonomy and consumers of sovereignty.
Hence the “tyranny of the algorithms” and the “technological unconscious” might outweigh
expected benefits due reactance as an effect of insufficient functional and editorial transparency.

28

See http://api.talis.com/stores/guardian, accessed September 20, 2012
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3. Business Model Perspective of Linked
Data – The Linked Data Business Cube
In the following sections, we will discuss various business model issues associated with Linked
Data. Therefore, we will identify assets, stakeholders and revenue models that occur in the
process of Linked Data value creation. The Linked Data Business Cube shall provide a systematic
approach to map Linked Data assets to stakeholders and revenue models.

Figure 8: Linked Data Business Cube

The Linked Data Business Cube provides an integrated view on a Linked Data business model.
The X-axis lists the stakeholders involved in a business transaction. The Y-axis lists potential
revenue models for Linked Data assets. And the Z-axis lists various Linked Data assets that occur
along the value chain.
In the following sections we will discuss these aspects in more detail and illustrate how the Linked
Data Business Cube changes its shape according to various stakeholders.
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3.1

Linked Data Assets - From Instance Data to Technology

Linked Data is comprised of various asset types that emerge during semantic processing of data.
Each asset type contributes its special way to the value creation process and thus can be
protected by appropriate licensing instruments like copyright, database rights or patents. The
following table provides an overview over Linked Data assets and related property rights.29
Copyright

Database Right

Comp. Law / Unfair Practice

Patents

Instance Data

NO

YES

PARTLY

NO

Metadata

NO

YES

YES

NO

Ontology

YES

YES

YES

NO

Content

YES

NO

YES

NO

Service

YES

NO

YES

PARTLY

Technology

YES

NO

YES

PARTLY

Table 3: Linked Data Assets and related Property Rights

According to European legislation30, Copyright protects the creative value of a literary, artistic or
scientific work. It is also applicable to computer programs and databases (for the latter case only
as long as they are electronically accessible). Copyright grants the rights holder exclusive rights to
its use and distribution for a limited time period.
Special protection issues with respect to databases are covered by Database Rights. According to
Article 1 of the European Directive on the Protection of Databases31, a database is defined as “a
collection of independent works, data or other materials arranged in a systematic or methodical
way and individually accessible by electronic or other means.” The protection may also apply to the
materials necessary for the operation or consultation of certain databases such as thesaurus and
indexation systems. While Copyright protects the creative value of a literary work, Database Rights
protects the technical and financial investment to build and maintain a database. This investment
must be “significant” to discriminate against trivial collections of data. Hence, databases must
reach a certain level of intellectual sophistication.
European competition law is comprised of various norms and directives related to Article 101-109
of the Treaty on the Functioning of the European Union.32 This legal framework regulates
behavioural aspects of entrepreneurial and corporate conduct under special consideration of
anticompetitive behaviour and the misuse of dominant market power. Among these aspects falls
the issue of unfair business practices like the uncredited appropriation of third party resources.
A fourth pillar in the protection of Linked Data assets is patent law. Patents protect technological
inventions and are increasingly applied to computer programs. Hence, any kind of technology that
comes along as executable software code and that reaches a certain intellectual sophistication
29

The issue of Linked Data licensing has been discussed in more detail in deliverable 7.4. of the LOD2 project. See also
Pellegrini & Ermilov (2013).
30 See also Directive 2001/29/EC of the European Parliament and of the Council of 22 May 2001 on the harmonisation of
certain aspects of copyright and related rights in the information society. See also http://eur-lex.europa.eu/legalcontent/EN/ALL/?uri=CELEX:32001L0029, accessed April 20, 2014
31 See also Directive 96/9/EC of the European Parliament and of the Council of 11 March 1996 on the legal protection of
databases. See also http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=CELEX:31996L0009:EN:HTML, accessed
April 20, 2014
32 See also Consolidated versions of the Treaty on European Union and the Treaty on the Functioning of the European
Union - Official Journal C 326, 26/10/2012 P. 0001 – 0390. See also http://eur-lex.europa.eu/legalcontent/EN/TXT/HTML/?uri=CELEX:12012E/TXT&from=EN, accessed April 20, 2014
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according to the patenting criteria can be protected by patent law. There exist regional differences
in jurisdictions concerning software patents and patents of business models. Patents on software
and business models are allowed in the USA and Japan but not under Article 52 of the European
Patent Treaty.33
These regimes are being complemented by open licensing tool sets.34 Creative Commons35 allows
the definition of tiered licensing policies for the reuse of work protected by copyright. Open Data
Commons36 does the same thing for assets protected by database rights. And open source
licenses complement the patent regime as an alternative form of resource allocation and value
generation in the production of software and services.37
Developing licensing policies for Linked Data and reusing Linked Data according to the various
involved licensing policies, poses a major challenge in the commercialization of Linked Data
assets. Automatic clearing of differing, dataset-specific usage rights (in terms of permission,
prohibitions and obligations) in the compilation and marketing of new, federated datasets will be a
necessary precondition, if the network dynamics of Linked Data gain economic relevance. Under
such circumstances, licensing information needs to be represented in a machine-readable way to
allow a new kind of rights clearance and brokering services that keep transaction costs low.38
Now let’s look at the various Linked Data assets in more detail.
Instance Data: Instance Data are the concrete values that comprise a dataset. Instance Data are
basically all kinds of facts that can be represented in digital code and made available via technical
means for further machine processing. Data can be qualitative or quantitative in nature. It can be
encoded and delivered in various formats; and you can perform symbolic or mathematical
operations on top of it. In the context of Linked Data, assets usually provide the concrete values or
instances for a distinct symbolic class, category, schema or array.
Instance Data has no intrinsic intellectual value and thus can’t be protected. The effort to collect
the data is partly covered by Competition Law under the Unfair Practices clause.
Metadata: Metadata assets are basically all kinds of symbolic artefacts that provide information
about data, i.e. data models, schemas or vocabularies. This information can be descriptive,
structural or administrative. Metadata adds value to datasets by providing structure and meaning.
This usually requires an intellectual and technical effort.
In case metadata is represented in digital code and made available via technical means for further
machine processing, it is protected by Database Rights and Competition Law.

Ontology: Ontologies add structure and meaning to metadata. They provide rich syntactic,
semantic and pragmatic information about a dataset (comprised of instance data and metadata) or
an entity for further machine processing. Ontologies are an integration layer for various metadata
formats and the technical precondition to leverage interoperability from a purely syntactic to a

33

See also http://www.epo.org/law-practice/legal-texts/html/epc/1973/e/ar52.html, accessed April 20, 2014
A detailed discussion of licensing issues related to Linked Open Data is provided by Pellegrini & Ermilov (2013).
35 See also http://creativecommons.org/, accessed May 21, 2014
36 See also http://opendatacommons.org/, accessed May 21, 2014
37 See also Ghosh (2006)
38 The Ontology Engineering Group at the Computer Science School at Universidad Politécnica de Madrid has nicely
illustrated this challenge in the following presentation http://oeg-dev.dia.fi.upm.es/licensius/static/observatory/#/step-1.
They provide further information on licensing issues under http://oeg-dev.dia.fi.upm.es/licensius/.
34
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semantic level, especially under conditions of highly distributed and heterogeneous data sources.39
De-referenceable ontologies leverage network effects for datasets.
In case ontologies are represented in digital code and made available via technical means for
further machine processing, it is protected by Copyright, Database Rights and Competition Law.
The creation and maintenance of ontologies requires a significant amount of technical and
intellectual effort. Hence ontologies are protected by Database Rights and Competition Law.
Additionally, ontologies are protected via Copyright for their creative value as literary work.
Content: Content is usually the output of an editorial workflow, in which information is being
compiled into a technically consumable format. Hence, content is all kind of bundled information for
consumption purposes. It is usually encoded as a document for asynchronous use or provided via
a service for immediate use (i.e. as stream or API call). Applications Programming Interfaces (API)
gain importance in the re-use of content. According to Knowles (2002, p. 26) “APIs enable the
automated re-use of a given resource thus making it easier to interface to the proprietary sources
of structured information.”
Content is generally protected under Copyright for the creative value of a literary work.
Service: A service is a technical means to provide access to a resource. It usually adds value to
the resource itself by reducing the transaction costs for the consumption of the resource. Hence, a
service always carries an intrinsic value independent of the resource it grants access to. A service
can address an end user (i.e. via a search engine or a recommendation service) or it can address
an intermediate user that uses the service to add value to another resource (which can be a
service too) i.e. via an API.
In case a service is represented in digital code and electronically accessible, it is protected by
Copyright and Competition Law. A service can also be protected under Patent Law, in case it fulfils
the specific territorial requirements of the according patenting regime.
Technology: For reasons of completeness, technology in terms of executable software code,
frameworks or developments kits should be considered as another Linked Data asset. These tools
support the creation, manipulation and consumption of Linked Data and are a valuable resource in
nurturing a lively Linked Data ecosystem.
Software is usually protected by Copyright and Competition Law. In certain cases it is also
protected by Patent Law.

3.2

Revenue Models for Linked Data Assets

In the following section, we will look at various revenue models in the capitalisation of Linked Data
assets. To do so, we will refer to a reduced classification of Brinkner (2010). 40 This is in so far
possible as some revenue models listed by Brinkner basically serve a similar (if not identical)
business and transaction logic and therefore can be clustered. Brinkner distinguishes between
direct and indirect revenue models, depending on compensation principles associated with each
„Ontologies are being considered valuable to classifying web information in that they aid in enhancing interoperability –
bringing together resources from multiple sources.“ (Saumure & Shiri 2008, S. 657).
40 In 2010 Scott Brinkner addressed the issue of Linked Data business models on his private blog chiefmartec.com. In
his post, he lists a handful of revenue models and discusses their relevance for various stakeholders. Brinkner’s view is
strongly marketing-oriented, laying an emphasis on indirect revenue streams as a result of new marketing practices on
top of Linked Data. Brinkner approaches the problem from a purely heuristic perspective. His classification lacks an
empirical backing. Nevertheless it has been widely cited, i.e. by Kinnari (2013), Vafopoulos (2011) or Cobden et al.
(2011), and discussed in the Linked Data community.
39
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revenue model. Hence direct compensation takes place where assets are directly being paid for,
wherein indirect compensation takes place, where assets are being used as vehicles to generate
revenue at a later stage in the consumption process.

Figure 9: Revenue Models for Linked Data

Figure 9 indicates that with increasing business value of a resource the opportunities to derive
direct revenues rise. In other words, the higher the sophistication of an asset – in terms of
added value – the higher the willingness to pay. Hence, the chance to generate direct
revenue from an asset increases with its value proposition. Assets that are easily substitutable
generate little incentives for direct revenues, but can be used to trigger indirect revenues. This
basically applies to instance data and metadata. On the other side, assets that are unique and
difficult to imitate and substitute, i.e. in terms of competence and investments necessary to provide
the service, carry the highest potential for direct revenues. This applies to assets like content,
service and technology.
It is interesting to observe that ontologies function as a “mediating layer” between “low-incentive
assets” and “high-intensive assets”. This means that ontologies as a precondition for the provision
and utilization of Linked Data can be capitalized in a variety of ways, depending on the business
strategy of the Linked Data provider.
By mapping revenue models to Linked Data assets, we can modify the Linked Data Business Cube
in the following way.41 It is important to note that each revenue model has specific merits and flaws

41

The following argumentation shall help to reduce complexity and is open to debate.
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and requires certain preconditions to work properly. Additionally, they often occur in combination
as they are functionally complementary.

3.2.1 Direct Revenue Models
Subsidized model
An organization might be funded by the government, an NGO or by regulatory mandate to
generate and publish Linked Data, e.g. for reuse in the public domain. Some of the open
government data publishing efforts and Linked Data from publicly funded organizations (i.e. the
BBC), fall into this category. As Brinkner argues, this revenue model might be more about cost
recovery for service provision rather than a market-based business model, but large amounts of
Linked Data are currently being funded this way.
Licensing model
Licensing is a common revenue model in information markets. Access to a resource is usually
coupled to a fee that a rights holder charges to third parties. Licensing as a revenue model
addresses corporate reuse of resources for commercial purposes. Hence it is usually applied in a
B2B (business to business) or a B2G (business to government) context.
With the increasing importance of community-driven value creation, i.e. as part of a developer
program or open innovation policy, dual licensing has become an important strategy in the
customer-centric provision of Linked Data assets. Dual licensing basically means that different user
groups are being provided with different licenses, depending on the scale, scope and purpose of
the assets’ utilization. Hence the reasonable combination of open and closed licenses becomes a
core competence in the development of Linked Data business models.
Subscription model (incl. micropayments & Freemium)
Some data will be valuable enough so that a provider charges its customers a subscription to
access it for a limited period of time. This is a common revenue model in B2B and B2C markets.
Access can be tiered along a various levels, usually institutionalized with service level agreements
and corresponding pricing schemes. Herein the value proposition of the service lies not in the
uniqueness of the retrieved data itself, but in the convenience of accessing and reusing the data
for the customer’s purposes.
In various cases, subscription models come along in combination with Freemium models and/or
micropayment models. In a Freemium model a Linked Dataset is versioned along various levels of
value added, wherein basic versions of a dataset are being provided for free, while added value
versions are being provided via paid premium services. Micropayments are usually applied to allow
occasional use of premium services without necessarily subscribing to with a flat rate.
Nevertheless, it might be necessary to buy a defined contingent of transactions that define the
actual fees charged within a micropayment model.
Advertising model (incl. paid inclusion & sponsorship)
Advertising is a common model to finance information products. Herein the provider sells the
contact frequency of an information channel, i.e. a portal or a service; or of a typical kind of
transaction, i.e. a search query whose results are being enriched with ads, to an advertiser.
According to Brinkner, data-driven applications will have plenty of opportunity for contextual ads
and sponsorships, i.e. advertisers could include (marked) ads in data feeds and/or query results.
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According to this, the advertising model is most likely to be relevant for the assets content and
service, that are accessible via public interfaces, but it is less likely for ontologies and technology.
Embedding advertising information within ontologies or software poses serious challenges with
respect to trustworthiness, hence reducing the customer’s expected value of the resource. Hence
advertising as a revenue model for Linked Data has to be treated cautiously.
The same also holds true for paid or sponsored inclusion of third party information in other
sources, even if they are not necessarily advertising information. Here it is crucial to provide
detailed information on provenance and usage rights of the affected third party information.

3.2.2 Indirect Revenue Models
Commission model (incl. affiliate model & added value model)
Under the commission model, a data provider charges for being included in the dataset or service
of another provider. The data provider then is being compensated in exchange for commissions on
related transactions (i.e. sales fees, usage fees).
Commission models are of mutual relevance for data providers and service providers alike,
wherein data providers can use the service providers brand reputation to signal that their data is
trustworthy and/or of high quality, and service providers will benefit from the quality of the data they
offer to their customers. This can be achieved by offering compliance and certification services to
data providers.
An affiliate program can be seen as a typical expression of a commission model, where affiliate
companies combine product links with data to earn commissions on related sales. Affiliates can
also use each other’s data to provide value added products, i.e. by incorporating free or bonus
data as an enhanced feature to win customers for another product or service. In such a case,
various assets are being bundled to make the overall solution more valuable.
Traffic model
In the traffic model, a data provider publishes data to earn favourable positions in search engines
and other directories to generate traffic, thus boosting visibility and ranking of sites in horizontal
and vertical search engines. Additionally, this strategy might have a positive impact on advertising
revenues due to increased click rates. Brinkner refers to this as “data-enhanced search engine
optimization”. Initiatives like http://schema.org support such revenue models by providing
normalized metadata schemas for the description of datasets and data entities.
Branding model
In the branding model, a data provider publishes data free of charge on a friendly website to build
his brand. This can be either proprietary data that has been opened up via an open license or third
party data that is already available for syndication purposes. According to Brinkner “data branding
can use data — and the vocabularies that define and structure data — to position and promote a
company’s worldview and differentiation strategy.”

3.3

Mapping Stakeholders to Revenue Models – A Proposal

A Linked Data environment is usually comprised of several stakeholders. This is an effect of the
transitive characteristics of interoperable metadata and the network effects derived from it.
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Figure 10: Mapping Stakeholders to Revenue Models

3.3.1 Internal Use
In an information industry environment, the use of Linked Data in an internal (editorial) environment
is the most obvious scenario. The more information is available and the higher the degree of
interlinking of this information is, the higher the added value potential of this information for
products and applications is as well. Linked Data can be used to enrich existing assets with
external knowledge sources as well as create whole new assets by acquiring external ontologies,
which are not existing internally due to resource or complexity issues. Acquisition of content
metadata in machine-readable form highly reduces manual effort and makes content enrichment
processes leaner and therefore more cost effective. Inclusion of standard ontologies, e.g. in the
area of health and pharmacy makes domain knowledge model building and adaptation easier and
faster.
In most cases the internal use of Linked Data assets is not relevant to generate a business.
Nevertheless, in certain cases it might be necessary to set up an internal licensing agreement or a
subsidization policy, if Linked Data assets are being shared between profit centres of the same
enterprise or corporation.

3.3.2 Strategic Partnerships
In strategic partnerships, the consistent and permanent exchange of business relevant information
is critical. Very rarely, the schemas used in one company are the same as in another company.
This leads to enormous alignment efforts or to incomplete mappings that can easily lead to
business issues and risks. Linked Data can help to find a proper balance by implementing a
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mapping on a semantic, i.e. ‘meaning’ level instead of a format/instance level.
Using a semantic layer as a mapping mechanism between different data and content sources
throughout the partner network offers the opportunity to integrate information where necessary,
without disrupting existing technical infrastructures. Storing these semantics in a standard format
can help to automatically feed information back into the different data silos of each partner and can
therefore create added value locally.
By sharing resources, strategic partners can theoretically apply all revenue models to capitalize
their Linked Data assets. They can use each other’s data to improve branding and traffic along
their online channels. In a more advanced manner, commissioning can be used to leverage each
other’s revenues. More sophisticated resources – like ontologies, content, services or technology –
are then open to generate direct revenues i.e. partners can combine their assets to leverage
advertising revenues within their ontologies, content or services. Partners can offer mutual
products based on a subscription or licensing model, which is especially relevant for services or
technology. And partners can contribute unique products to the public domain by subsidizing them.

3.3.3 The B2B View
Linked Data can support business with professionals in many respects. It can help to integrate
standard metadata and ontologies in the business processes, which leads to better interoperability
with the customer, but also throughout internal processes in the value creation chain. It can help as
with strategic partnerships to better align with existing schemas at the customer’s side. And it can
be used to establish new domain standards using standard formats, where no accepted domain
standards exist yet. And last but not least, it facilitates cross-language and therefore also crossborder offerings.
Customization and personalization of content and data in software applications is gaining more
and more importance, but 1:1 customized products are very expensive and prone to become
proprietary during their life cycle. Therefore, Linked Data approaches as well as standard
vocabularies can help to achieve these goals without disrupting the business models.
Similar to the partnership scenario, the B2B scenario allows a capitalization of Linked data assets
along all types of revenue models. But there exists a significant difference between these two
scenarios: while in the partnership scenario the focus of cooperation will most likely be on nonmonetary forms of cooperation, in a B2B scenario partners will be eager to generate more direct
revenues than indirect ones. Hence revenue models like advertising, subscription and licensing will
be more relevant under such circumstances, whereas subsidies as a financing model appears to
be irrelevant (at least for the time the asset itself can claim exclusivity).

3.3.4 The B2G View
The specific mandate of governmental bodies to use standards and to participate in open data
initiatives make them a perfect partner for the implementation of Linked Data strategies in general.
Any new relevant dataset published by governmental bodies has the potential to create new
business opportunities. And the more the publication adheres to machine readable standards, the
more likely it is that industry will use this information. Based on the fact that the biggest users of

Page 31

D7.5 – v1.0

governmental data are again governmental bodies shows the potential efficiency gain that can be
achieved for the governmental bodies themselves.42
Linked Data can help to establish new partnerships between industry and governments by
supporting the governments to publish data in a standardized form, which can in turn significantly
reduce processing costs in the industry, which will in turn broaden the usage of this data.
The statements made in general to B2B also hold true in B2G environments. But differences exist
with respect to authority-based revenue models like commissioning and advertising. These
revenue models can cause conflicts with respect to credibility and integrity of their Linked Data
assets, in case third party content (like ads or proprietary data) is being added to a government’s
original dataset – even if marked as such. Besides that all, other revenue models can easily be
applied to build direct and indirect revenue on top pf governmental datasets as long as they are
dedicated to the public domain. In case of limited access and reuse, the revenue model has to
adhere to the license conditions of the dataset.

3.3.5 The B2C View
For these stakeholders, a capability of Linked Data gains specific importance: the possibility to
translate professional domain vocabulary (i.e. legalese) in everyday language. This can massively
enhance the usefulness of professional information for citizens in a non-professional environment,
which again is a good basis for new business opportunities.
Professional language is very specific and in parts contradictory to the expectations of a layperson.
Semantically enhanced search engines can provide better legal information to citizens by bridging
this major gap in understanding each other.
Under B2C circumstances a variety of revenue models can be applied to generate value.
Customers could use Linked Data assets to improve branding and traffic of their own sites. Herein
companies could place advertising information within their ontologies, content or services or give
these resources away for free by subsidizing certain assets as part of a freemium model.
Additionally, customers can subscribe to Linked Data assets, which might be a reasonable revenue
model for unique assets that are difficult to substitute. Licensing of assets that go beyond
obligatory terms of trade and that include direct payments between two parties, is of minor
importance in a B2C environment, as end customers usually do not consume assets for further
commercial purposes.

3.3.6 The B2Co View
The last view addresses the scenario of open innovation and shall be coined “community to
community”. These stakeholders are quite often ignored when talking about Linked Data in
professional environments. Still, phenomena like crowdsourcing or app development show a lot of
existing resources in Linked Data topics that can be leveraged by companies. In addition,
dedicated sponsoring of events and actions can drive the efforts in a more focused direction.
Instance data quality and the need for further development of metadata are prevalent phenomenon
when using Linked Data. Data acquisition and cleansing often need human expertise and
crowdsourcing initiatives can help to create added value on important data with low data
42

For a detailed analysis of Linked Open Government Data see Archer et al. (2013).
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consistency. Additionally, communities are often influential forces in establishing de-facto
standards by generating a critical mass for certain assets.
Hence communities can apply a variety of revenue models to their Linked Data assets. By sharing
each other’s data, they can improve branding and traffic. They can apply advertising, licensing and
subsidization techniques to refinance their community activities. Anyway, it is less likely to see
subscription of commission models for community-derived assets, as these revenue models
usually require a large amount of administrative effort.
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4. The Wolters Kluwer Case Study
The role of publishers in the Linked Data domain is still quite reluctant. Reasons like uncertainty of
the scope of data that should be published, the follow-up such as technical issues and the overall
required effort - to name only some - are still inhibiting Linked Data deployment on a large scale.
Benefits from publishing vocabularies still seem to be below the invested effort. However,
advantages like ‘improved transparency of processes’, ‘support of marketing activities’ and ‘high
visibility within the network’ are detectable and were exposed repeatedly in several surveys (i.e.
Cranford 2009, Gruman 2010, Mitchell 2012). The following case study describes how Linked Data
contributes to the content value chain of Wolters Kluwer Germany (WKG), one of the biggest
publishers of legal information in the market.

4.1

The Business Model

Applying the Linked Data Business Cube to the current business model of Wolters Kluwer looks as
follows (Table 4):
Instance Data

Metadata

Ontology

Content

Service

Inhouse

x

x

x

x

x

Inbound

x

x

x

Outbound

x

x

x

x

x

Acquisition

x

x

x

Editing

x

x

x

Bundling

x

x

x

x

x

Technology

Traffic Patterns

Value Chain

Distribution
Consumption

x
x

x

x

x

x

Stakeholders
Internal

x

x

x

x

x

x

Partners

x

x

x

x

x

x

x

x

x

x

x

x

B2B
B2G

x

x

x

B2C
B2Co

x

x

x

x

x

x

Revenue Model
Branding

x

Traffic

x

Commission

x
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Advertising

x

Subscription
Licensing
Subsidy

x
x

x

x

x

x
x

Table 4: The Linked Data Business Model of Wolters Kluwer

The following sections will discuss the business model and its value propositions in more detail.

4.2

Linked Data in the Content Value Chain of Wolters Kluwer

Content Acquisition: In the current situation, a typical editor is spending most of his time
collecting information from various sources and selecting relevant information. These sources can
be either 1) registered public/commercial sources containing quality certificates, provenance
metadata & licensing agreements, secured connections (normally) and precise & business specific
sources, or 2) unregistered sources that require filtering and specific workflows to gather specific
knowledge and secure a certain quality.
As can be seen, information is most of the time provided in a wide variety of non-interoperable
formats, which poses specific challenges to integration issues (including conversion and
normalization) and demands a high level of manual work. Hence the costs for content acquisition
are relatively high. Any measure or technique that can help to reduce costs and ensure the current
quality level, are of high interest to WKG. Thus applying techniques that help to lower the effort
needed in identifying relevant sources and selecting the right information is a crucial step in the
cost-oriented optimization of the content acquisition process. The content acquisition process is
well defined and rather difficult to modify as most effort is paid to acquiring and linking content
produced by authors. The following aspects need close consideration:
 Precision is key! Selected information should not just be relevant in a broad sense, but first
of all precise.
 Costs are crucial! The applied methodologies & technologies should lead to a cost
reduction in the content acquisition workflow, especially when it comes to integration
aspects.
 Intellectual property safety & security! Content editors need precise information on
intellectual property rights related usage aspects - especially when contents of third parties
are being used and i.e. contents with differing licenses are being mashed up.
 Overview! Editors need to be able to easily find new sources and find out about
technological integration issues, thematic relevance and usage rights.
Purposes of Linked Data in Content Acquisition:
 Identification of relevant RDF-formatted Linked Data sources and acquisition of data from
Linked Data sources
 Reduce the amount of time needed in acquiring and selecting relevant information
 Reduce costs and effort of data integration
 Reduce effort of first stage (shallow) content enrichment (i.e. court, date, docket number)
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Content Editing: Current activities of content enrichment include (semi-)automatic topical
classification of court cases and manual enrichment of all document types executed by authors,
technical editors and product managers in various stages of the value chain. Some basic mark-up
is also executed by external service providers, normally being responsible for the conversion of
data into XML. These processes are labour and cost intensive and scattered over the entire
editorial and production process.
It is desirable to provide authors and content engineers with tools that help them in generating high
quality metadata, which support workflows and semantic enrichment of documents, which could
then also be included into software applications due to their quality and high granularity.
A currently completely undiscovered field is using collaborative principles, so that customers could
tag content and add value to it. Due to the professional nature of the environment within WKG, the
value of this tagging is obvious and could cover all kind of metadata on the one hand, and most
document types on the other hand. Since the target groups are different and their potential
willingness to participate in such an environment is probably too, services must meet the specific
demands of the stakeholders. Hence, targeting specific approaches following the vertical strategy
of WKG will have the highest impact. One could also think of a phased approach, where automatic
content enrichment creates some rough schematic basis for the content and more fine-grained
enrichment within that environment could be done by the users - or internal editors or a
combination of both.
One aspect of tagging by customers could be to use that information as a quality assurance
mechanism, so that it is clear whether some enrichments meet the needs of the customers or not.
Another such mechanism could be the systematic analysis of user queries and their success in
retrieving useful information. This is currently done in a rather limited fashion. Doing this on a
broad and systematic basis would also enhance the proper enrichment of data in the context of
search.
Content enrichment covers also different levels of enrichment. Core data or new data on the one
end of the continuum need immediate attention and very deep and at least partly manual
enrichment. Legacy content, e.g. journal archives could be processed in a batch mode and
enriched by using merely automatic processes. But both processes could equally benefit from
enrichment fostered by Linked Data, although with different aims and results.
The current content sources cover legal content from official content sources like laws and
regulations as well as court cases. Other content sources are proprietary authored content
published in books and magazines and news applications. A lot of potentially interesting official
content is not included in the offerings, because it is not available. This covers information like
event calendars, news from ministries and public administrations, address information, protocols of
plenary meetings, etc. In addition, a lot of factual data like statistics on legal matters would be
highly beneficial for the customers, but is also not available at all or not on the granularity needed.
The last statements point to an important additional aspect when talking about availability of
content. The content as such can only be made properly accessible for the user, when the relevant
portion can be found and displayed. Information overkill is not desirable at all and focusing on clear
target groups is a reaction to that.
Purposes of Linked Data in Content Editing:
 Semantic content enrichment is expected to harmonize the editorial and production
processes and efforts including tools that support various actors in the value chain to serve
the needs of the semantic based production logic.
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Additionally, it is expected that the streamlined processes will have a positive effect on
quantity and quality of available metadata.
Another benefit would arise from the fact that users could to a certain degree "create" their
own search environment by adding information themselves, which they find important and
valuable. This would on the one hand enhance the efficiency of the product for them and
would as well strengthen their interconnection with the application.
Since all the efforts taken are monitored technically and by the user community, a better
and more efficient development path for the applications can be initiated, which supports
time to market as well as cost effectiveness.

Content Bundling & Cloud Publishing: At this step, we address users inside of WKG in contrast
to external users which will be dealt with in the next section.
Currently, first vocabularies like the labour law thesaurus and the courts thesaurus were published
during the project. It became quite clear, that without an according publishing strategy it is not
possible to participate in the Linked Open Data (LOD) ecosystem and to leverage network effects
on top of interoperable metadata. Additionally, the lack of semantic metadata and knowledge
structures prohibit the reasonable contextualization and integration of existing WKG content
sources, which is crucial for the improvement of existing infrastructure and services. So, further
investigation is necessary.
Another current issue is still that the connection between working on the web and working with
WKG internal applications is not properly established. This means that when someone is working
in a WKG application and wants to query web content, one has to leave the application and
change the environment, leading very often to the situation that one stays outside for the rest of
the session. On the other hand, working in a web environment very often means that the user is
not entering the WKG application, because one is not pointed to the fact that valuable information
is already available. A proper interaction or even integration of these two worlds could boost the
user's professional processes. However, a lot of high value information - both in structured and
unstructured form - is available in the content repositories of WKG. First steps to address this issue
are available with the JURION eFolder application, which is capable of processing WKG and web
content in one single integrated environment. Still, the consequences of this integration approach
require further tests and user feedback.
There are several opportunities to publish data into the cloud, which could help to solve several
issues within the WKG content supply chain. On the one hand, there is structured content like
journal archives, e.g. from construction law, which could be published. Second, there are
knowledge structures like a lexicon on construction law and others, which could form a nucleus for
a public service like "WKpedia"43, based on LOD principles. This could be used for
contextualization purposes, and also for supporting marketing and image building activities. Being
active in the LOD cloud could also strengthen the connection between publicly available and paid
content of WKG, e.g. by adding links between them. Tracking the popularity and usage of some
parts of the publicly available data could give hints on future product development for WKG and
enhance as well the direct contact to its customers.
Purposes of Linked Data in Content Bundling and Content Publishing:

43

WKG is planning to release a knowledge base called “WKpedia”, providing Linked Open Data to the public.
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Develop a harmonized and consistent metadata infrastructure that supports interoperability
for internal and external data integration, navigation and repurposing.
Instantiating a "WKpedia" platform for WKD users, so that they're able to participate in
enhancing the LOD cloud. This “WKpedia” could also be the infrastructure for WKG's future
collaboration and partnership efforts within the LOD cloud.
Using the implemented tracking mechanism for future free and paid applications within
WKG.
Clear impact on the previously mentioned value chain step “Content Editing”, where the
contextualization can be used for internal content enrichment efforts as well.

Content Consumption: Currently, the application infrastructure at WKG is still very diverse and no
standardized connections between applications are established across all dimensions. There is a
wide range of applications out there, starting from marketing websites and shops, over small
community portals via digital libraries to software applications supporting a customer's core
processes.
As internal data is not yet linked / connected, the customer is forced to jump between these various
platforms and sites to find and process information. All data is stored in silos leading to according
problems. Thus it is difficult to explore all available content assets and find all relevant content.
There is definitely a need to open up internal sources for internal purposes, e.g. WKG internal
similarity search. But a lot of manual effort is initially needed to build the integration layer and
provide the data with connectors / widgets / apps for various platforms.
Lessons from LOD2 have led to the implementation of PoolParty as the central spot for developing
and maintaining controlled vocabularies as well as the usage of Virtuoso as the central metadata
database. Other supporting tools are already and will be further added to this core parts. This is a
sound basis for further integration tasks in the future.
Purposes of Linked Data in Content Consumption:
 The aim is to create a single point of access as some kind of a mutual experience for
searching over WKG data.
 Existing enterprise applications should be enhanced with Linked Data and Linked Data
principles should be applied to the management of internal data, improve search
functionalities, ease of publishing and contextualizing information.

4.3

The Collaborative Environment as Source of Mutual Benefits

The business value of Linked Data is widely understood as an effect of collaborative efforts, in
which different types of publishers and users engage in complementary activities of value creation
(Latif et al. 2009, Frischmuth et al. 2012). From the perspective of WKG, this collaborative
environment is composed of the following actors:
B2G: Public Bodies have large amounts of data that could be made publicly available. Depending
on the respective institution, this covers forms, regulations, statistical data, as well as geographical
data and much more. In addition, they have a very stable organizational environment with
dedicated responsibilities and tasks they are handling. Current discussions around the Public
Service Information (PSI) directive (2003/98/EC) within the European Union seem to support the
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future publication of public data. Direct contacts with the Publication Office of the European Union
and the German National Library have shown that win-win scenarios can easily be developed.
B2B: Publishers have a major asset in editorial products and services, requiring a significant level
of domain expertise, meaning the professional domain their customers work in. With domain
experts at hand, they can not only create content and data, but also knowledge models or directly
enrich content for added value applications. Requests for training and consulting in this area show
that there is a concrete need for supporting these developments.
Enterprises can contribute in various forms to the Linked Data value chain acting in various roles.
This can be:
 as content experts in the role of content providers.
 as technical experts in the role of technical supporters.
 as customers of content and technologies, who want to create internal added value or value
for their customers.
B2Co: Finally, the Linked Data Community plays a role in developing standards and best
practices, such as giving technical support for application developments, collaboratively maturing
technical components to create and process Linked Data, and make new sources accessible as
Linked Data (especially by transforming open data into Linked Open Data).
Derived from practical experience, the matrix below illustrates the perspective of Wolters Kluwer on
the competencies of the various actors in a linked open data strategy.
B2G
(Public
Bodies)

B2B
(Publisher)

Trustable data quality

++

++

Updated/ maintained data

++

++

Content expertise

++

++

+

Knowledge about the user

++

+

User Requirements

++

+

Resources to create applications

++

+

++

++

++

+

++

++

Player Assets

Use cases with added value / need

++

Technical know how

B2B
(Enterprises)

B2Co
(Linked Data
Community)

++

++

Benefits
Enhanced data structure
Marketing purposes

++

++

++

+

Visibility within the community

++

++

+

++

Transparency

++

++

++

Legend: “++” indicates strong competence; “+” indicates weak competence; fields left blank indicate no competence

Table 5: Matrix of actors’ complementary competencies in a Linked Data environment

The matrix illustrates that the skills of the various actors are quite diverse. But this diversity also
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shows the potential for complementing each other. By working together, it is therefore important to
achieve synergies, i.e. by collaboratively defining de-facto standards for controlled vocabularies
that support the semantic interoperability of datasets. I.e. actors could agree on domain ontologies
they would like to use in order to ease cooperation and strengthen the ontology. Linking each
other’s content can improve the coherence of federated datasets, leverage the visibility of each
contributing actor in the Linked Data network and create business opportunities through intense
competition like strategic alliances, open or closed competitions and creating a network effect that
will lead to a critical mass in available and exploitable linked content assets.

4.4

Implications for a Service-Oriented Business Model

As it already became obvious by the descriptions above, there are many reasons to jump on the
Linked Data (vocabulary) bandwagon, also and especially for publishers. Known advantages of
controlled vocabularies are already mentioned in section 2. But besides using Linked Data for
one’s enterprise purposes, another business model is to support customers with their domain
expertise, both in implicit as well as explicit activities.
Publishers, who have installed Linked Data on their internal processes and technical
infrastructures have also the background to support their own customers in implementing
controlled vocabularies in the form of Linked Data. They are experienced in questions around
creating, managing and using controlled vocabularies for their processes. With their engagement in
the Linked Data development, they gain expertise in the early stage of the developments and are
capable of shaping tools and functionalities based on their specific requirements. Additional to
figure 1, which describes a publisher’s content supply chain, we also want to describe the service
supply chain of controlled vocabularies. The graphic below shows the different steps in creating,
managing and using hierarchical models.

Domain
Expertise

Process
Planning

Information
Creation

Enrichment

Curation

Realizing
Values

Maintenance

Figure 11: A publisher’s functions in the value creation process

Experienced publishers can provide support in each of these steps:
1. Publishers have expertise in their specific domain and can support others with this knowledge
about adequate concepts and its usage.
2. Publishers can consult partners or customers concerning the different processes that come up
with creating standardized data or transforming existing data in the desired format.
3. Publishers can take over the creation of taxonomies or thesauri by using existing resources or
engaging their internal domain experts’ network.
4. Enrichment can be supported by publishers in the form of planning and executing the linking
with external (cloud) or internal (publisher’s) resources and quality management of the linking.
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5. Also curating can be executed manually or automatically by specialized tools. Publishers might
have better experience in quality improvement of data and appropriate tools at hand.
6. Values of controlled vocabularies lie in the internal structural processes. They can improve
functionalities of applications or enable additional services and even completely new applications.
7. Maintenance is also an important topic that has to be taken into account as language, data and
information change over time. This service can be offered by publishers.

4.5

Summary on Wolters Kluwer Use Case

Linked Data is an ideal area for publishers to further develop their business. On the other hand, it
requires over time radical changes in any existing processes and organisational structures. So on
the one hand, Linked Data is an enabler for change, but it is also a driver for that.
First collaborations with other stakeholders have proven that the creation of win-win situations are
possible and that all players directly and indirectly involved will benefit from that. Still, many
publishing houses in Europe are simply too small to make use of these opportunities themselves.
Further public funding and the willingness of the big players to collaborate also with competitors is
required in order to make moves forward on a broad basis.
Once the foundation is laid, further investments in the interoperability and integration of assets are
necessary. Only a high degree of integration ensures that the full potential can finally be exploited
and new business on a large scale can be generated.
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5. Conclusion
This report investigated the asset creation and commercialization of interlinked data. After a
general introduction, chapter 2 described how Linked Data contributes to the content value chain
by allowing various information traffic patterns. Chapter 3 introduced the Linked Data Business
Cube, which provides a holistic view on Linked Data assets, stakeholders and revenue models.
Chapter 4 concludes this report by applying the theoretical assumptions of the previous two
chapters to the Germany division of the global publishing house Wolters Kluwer.
Summing up, Linked Data generates new business opportunities, but the commercialization of
Linked Data is very context specific. Revenue models change in accordance to the various assets
involved and the stakeholders who make use of them. Knowing these circumstances, is crucial in
establishing successful business models - but to do so, it requires a holistic and interconnected
understanding of the value creation process and the specific benefits and limitations Linked Data
generates at each step of the value chain. This is sometimes difficult to achieve. Fragmented IT
landscapes, division of labour among specialized business units, institutional arrangements that
foster intra-company competition and last but not least the reactance to change in established
organisational structures hinder the adoption of new business models.
Hence, the economic viability of Linked Data is not so much a matter of technological feasibility,
but a matter of organisational adaptability to new forms of enterprise data management. This
becomes especially obvious when licensing issues are concerned; not just in the reutilization of
third-party datasets, but also in the provision of Linked Data to the public or a specific business
community - be it for profit or for altruistic reasons.
This report tried to illustrate the whole spectrum of the commercializability of Linked Data. It is just
a first step in understanding the economic benefits and obstacles that occur when data becomes a
network good. If and how Linked Data can gain economic importance as a driver of service
diversification and new business opportunities is open to observation and future empirical
research.
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