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Abstract

Purpose — This paper analyses the open data business models (ODBMs) as a source of
knowledge and innovation to generate economic value. A framework for understanding
open data business models (ODBMs) is presented. Firstly, the knowledge structure of the
ODBMs literature is identified. Secondly, a conceptual model for analysing the ODBMs
is proposed. And, finally, the future trends in ODBMs research are discussed.

Design/methodology/approach — A co-word analysis is performed to identify the topics
related with ODBMs.

Findings —The ODBMs structure of knowledge is articulated in five themes: business
model, smart city, business ecosystem, decision making and innovation. Based on these
results, a five-step model for analysing ODBMs is proposed. Finally, a discussion of the
future trends of ODBMs focused on a knowledge management perspective, open data
ecosystems, and business intelligence is presented.

Originality —The paper proposes to apply the principles and models of knowledge
management and business intelligence to ODBMs in order to transfer and transform open
data into valuable knowledge that can be used for developing apps. In that context, the
importance of encouraging collaboration between different agents in the so-called open
data ecosystem is presented.

Keywords: Open data business models (ODBMs), Co-word analysis, Innovation,
Knowledge management, Open data ecosystem, Business intelligence
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1. Introduction

Business models have been studied for a long time. Exploitation of business opportunities
for creating value can be achieved through the development of business models (Yu,
2016). Business models allow creating value for society and/or revenue for companies.
In recent years, their impact has been broadened considering the business model
innovation theory (e.g., Foss and Saebi, 2017). This has led researchers to ask new
questions such as: Which are the drivers, enablers and barriers to business model
innovation? Where can business model innovation be originated? In that context, there
are several interesting fields of application such as open innovation and dynamic
capabilities (Foss and Saebi, 2017).

Business models can be studied from an open innovation perspective. Indeed, open
business models facilitate the integration and commercialisation of external resources and
present a new form of value capture. Firms that are increasingly dependent on external
resources and capabilities need to adopt an open system perspective (Foss and Saebi,
2017). In this context, open data and social business models are “a phenomenon based on
a collaborative-based system of governance characterized by an interplay between public
and private elements” (Janssen and Zuiderwijk, 2014, p. 707). Although public data are
the more frequent, considering the private data in hybrid models can contribute to increase
the value creation (Janssen and Zuiderwijk, 2014).

Nevertheless, Kitsios et al. (2017) found that there is a limited knowledge about the open
data ecosystem from the business perspective. Magalhaes et al. (2014) highlight that there
is a gap in the literature concerning how data create value for firms, and there are few
academic papers in the context of open government data (OGD) that analyse the
phenomenon of business models. Corrales-Garay et al. (2020b, p. 12) state that “new
studies on the generation of new open data business models via the collaborative
development of specific applications and services in open innovation processes are
necessary”. In the same way, Zeleti (2014) aftirms that there is a need for further research
on business models in the context of open data.

This paper is focused on the study of the open data business models (ODBMs). The first
objective of this paper is to analyse the ODBMs structure of knowledge. For this purpose,
the following research questions were posed: (1) What are the main topics on ODBMs
research? (2) Is there any conceptual model for analysing ODBMs? The second objective
is to offer some recommendations for understanding ODBMs and to identify future
trends. The following research question is proposed: (3) What are the future trends in the
ODBMs research?

After this introduction, the theoretical framework presenting the context of ODBMs from
business model innovation theory is explained. In the following section, a co-word
analysis is performed to identify different topics. The results and discussion section deals
firstly with the identification and analysis of the main topics, that is, business model,
smart city, business ecosystem, decision making and innovation, and secondly presents a
discussion of each topic based on a five-step model: context, inputs, process, outputs and
impact. In section five, future trends in the study of ODBMs are identified: knowledge
management, open data ecosystems, and business intelligence. Finally, conclusions,
limitations, and future research directions are presented.

After accomplishing these two objectives, the contributions of that paper are to (a)
identify the main topics and the relationship in that research stream; (b) present a model
for analysing ODBMs; and (c) guide the new research in that topic.



2. Theoretical background
2.1. Business model innovation

The “business logic” is represented by a business model (Casadesus-Masanell and Ricart,
2010). In that sense, “A business model articulates the logic, the data, and other evidence
that support a value proposition for the customer, and a viable structure of revenues and
costs for the enterprise delivering that value” (Teece, 2010, p. 179). Other authors have
defined business models as “the process of capturing, creating and delivering value”
(Johnson et al., 2008; Massa and Tucci, 2013; Bashir and Farooq, 2019).

Foss and Saebi (2017) define business model innovation (BMI) as “designed, novel and
non-trivial changes to the key elements of a firm's business model and/or the architecture
linking these elements”. This is a more holistic view of business models that has
positively influenced the performance of entrepreneurial and innovative firms. The
literature recognises that business model innovation can be undertaken due to different
reasons, such as cost reduction, new product introduction, process optimisation, access to
new markets and performance improvement (Foss and Saebi, 2017). In addition, Foss and
Saebi (2017) found that there are several interesting fields of application of business
model innovation such as sustainability, servitisation, open innovation and dynamic
capabilities.

Moreover, there are still significant gaps in understanding the drivers of business model
innovation (Foss and Saebi, 2017). Some theoretical frameworks are useful for
developing new insights such as innovation theory (Henderson and Clark, 1990), dynamic
capabilities theory (Teece et al., 1997) and open innovation theory (Chesbrough, 2010;
Chesbrough and Crowther, 2006).

Thus, the ability to innovate the business models in response to major changes in the
external environment may be a key dynamic capability (Zott ef al., 2011). In addition, the
literature on open innovation shows that specific types of open innovation require specific
business models (Saebi and Foss, 2015). In that context, open business models facilitate
the integration and commercialisation of external resources (Chesbrough and Crowther,
2006; Laursen and Salter, 2006) and present a new way to create value. Some authors
highlight that it is important to understand how firms can align open business models with
value creation (Randhawa et al., 2016). Firms that increasingly rely on external resources
and capabilities need to adopt an open system perspective (Berglund and Sandstrom,
2013).

Although there are many literature reviews about business model innovation, we have
only found one study, Zeleti (2014), which analyses the business models from an open
data perspective. This is the reason why we’ve focused on the open data perspective. A
summary of the most relevant and recent literature reviews on business model innovation
and open data business models is shown in Table .

INSERT TABLE I ABOUT HERE

2.2. Open data business models

From an open system perspective of ODBMs, there is an interesting phenomenon that is
the Open Data Government. The economic, political, and social importance of open data
has increased exponentially in recent years (Corrales-Garay et al., 2019a). The use of
open data allows for the creation of new digital services, particularly applications (Abella
et al., 2015; 2017), sometimes in an open innovation process that fosters stakeholder
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collaboration (Corrales-Garay et al., 2019b; 2020a). Therefore, open data serves as a
viable base from which entrepreneurs may generate new business models. Corrales-Garay
et al. (2020b, p. 1) found that “open data sources, innovation, and business models are
studied as critical factors for analysing entrepreneurship through open data”.

Open data increases transparency, the accountability, the involvement and self-
empowerment of citizens to economic growth and can stimulate the competitiveness and
innovation of firms. Open data is beneficial for researchers, governments, businesses and
society (Kitsios et al., 2017). There are three domains of interdependencies of open data:
1) government policies and practices, 2) innovators for combination of technology,
business and government and 3) business, users and civil society (Harrison ef al., 2012;
Zuiderwijk et al., 2014).

Open data serves as a viable base from which entrepreneurs may generate new business
models thought the generation of new digital services by reusing open data (Kitsios et al.,
2017; Lindman, 2014; Lindman et al., 2014; 2016; Zimmermann and Pucihar, 2015). But
despite the existence of studies that identify types of business models that can be created
from open data, some authors point out the lack of business models and value network as
main challenges in open data reuse (Kitsios and Kamariotou, 2019). Reinforcing this idea,
Zeleti et al. (2014) establish that more rigorous academic studies of the different ODBMs
are necessary.

Otherwise, in the academic literature, there are different perspectives to analyse the
ODBMs. One of the most used approaches is the application of the Business Model
Canvas, which includes the following elements: key partnerships, key activities, key
resources, value proposition, relationship with customers, customer groups, channels,
revenue stream, and cost structure (Immonen et al., 2014; Kitsios et al., 2017;
Zimmermann and Pucihar, 2015). Janssen and Zuiderwijk (2014) present six types of
infomediary business models. Other previous studies have highlighted the importance of
assessing the role of the actors in the open data ecosystem (Immonen ef al., 2014; Kitsios
et al., 2017) or present the archetypes or models such as Duval and Brasse (2014), Feller
et al. (2011), Ferro and Osella (2013), Hammell et al. (2012), Janssen and Zuiderwijk
(2014), Kitsios et al. (2017), Magalhaes et al. (2014), Zeleti et al. (2014), Yu (2016) and
Zimmermann and Pucihar (2015). Other studies should thoroughly analyse the generation
of value and new business models that emerge from the collaborative development of
different products or services as applications in the open data ecosystem (Yu, 2016).
Zeleti and Ojo (2017) present a model for synthetizing the value elements in ODBMs.

3. Methodology
3.1. Sample selection process

ODBMs literature was studied following a systematic method. The article follows a three-
stage approach -planning stage, conducting stage and reporting stage- as applied by
Marikyan et al. (2019) and previously suggested by Tranfield et al. (2003). The entire
process can be observed in Figure 1.

INSERT FIGURE 1 ABOUT HERE

The final number of documents to review (56) is classified by year in Figure 2. 2016, with
11 documents, can be highlighted, followed by 2014 and 2017 with 10 studies
respectively.

INSERT FIGURE 2 ABOUT HERE
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3.2. Co-word analysis

The bibliometric technique of co-word analysis was used to identify different
themes/topics in the literature related with ODBMs. Science mapping uses co-
occurrences among keywords to obtain thematic clusters (Cobo et al., 2011). Co-word
analysis identifies relationships between ideas using models of co-occurrence of term
pairs from a set of documents. Therefore, the relationships between the topics represented
by the terms can be established (He, 1999). Then, to determine the knowledge structure
of this field, we performed an analysis of the keywords.

SciMAT software has been used for a co-word analysis and to identify the main topics
(Cobo et al., 2012). Co-occurrence matrix and equivalence index calculations were
carried out (Callon et al., 1991). Thematic networks with a maximum network size of 12
and a minimum size of 3 were then created. Following Callon et al. (1991), based on their
measures of centrality and density, a strategic diagram was created to classify each
thematic network into different groups: well-developed and isolated topics; emerging or
disappearing topics; basic and cross-sectional topics; and central topics.

4. Results and discussion
4.1. Results

Based on the strategic diagram presented (Figure 3), “Smart Cities” and “Business
Ecosystem” are the central themes, characterized by a high degree of internal
development and strong ties with other concepts of the field of research. The well-
developed and isolated theme is “Decision Making”, that has a high degree of internal
development. “Business Model” is the basic and cross-sectional theme. It shows strong
ties with other issues and is very relevant to the area of knowledge considered. And the
emerging or disappearing theme is “Innovation”. For each theme, a subnetwork (Figures
4-6), that contains keywords that are related with it is presented. Each subnetwork forms
a theme/topic.

INSERT FIGURE 3 ABOUT HERE

-“Business Model”: This basic and cross-sectional theme contains the highest number of
documents (37) and shows the highest h-index (8). The analysis of the term subnetwork
(Figure 4) indicated that, in addition to the main term, the keyword “Open Data” was
highly relevant considering the number of documents and the significance of the
relationship between both terms.

INSERT FIGURE 4 ABOUT HERE

-“Smart City”: This theme is central, with three documents and an h-index of 3. An
examination of the term subnetwork (Figure 5) reveals a strong relationship between the
main term “Mobile Telecommunication Systems” and “Economics”.

-“Business Ecosystem”: This is a central theme, with two documents and an h-index of
2. The evaluation of the term subnetwork (Figure 5) shows a strong relationship between
the main term, “Ecosystem” and “Collaborative Environments”.

INSERT FIGURE 5 ABOUT HERE

-“Innovation”: This is an emerging theme with three documents and an h-index of 2. The
analysis of the term subnetwork (Figure 6) points out a relation of certain intensity
between the main term, “Entrepreneurship” and “European Union”.



-“Decision Making”: This theme is well-developed and isolated with three documents
and h-index of 1. An examination of the term subnetwork (Figure 6) shows considerable
relations between the main term “Design” and “Government Data Processing”.

INSERT FIGURE 6 ABOUT HERE

4.2. Discussion
4.2.1. The knowledge structure of open data business models

Figure 7 shows the logic of the knowledge structure on ODBMs to answer the first
research question: What are the main topics of study on ODBMs research? We observe
that the previous studies have analysed ODBMs from the perspective of the business
ecosystem and their application in smart cities. Additionally, the main utility observed in
the studies is its application for decision-making. However, innovation is the emerging
topic on which attention is currently being focused. Therefore, we can see how ODBMs
are starting to be studied from the perspective of innovative business models as defined
by Foss and Saebi (2017).

INSERT FIGURE 7 ABOUT HERE
Topic 1. Open data business models

The main topic is ODBMs. The increase of the access and use of data in an “Open Data”
format fosters the generation of new “Business Models” (e.g., Eskelinen et al., 2017).
There were significant connections between subnetwork terms and with the main term
and “Open Data” (Figure 4). Data and information exchange may involve an “Open
Innovation” process that generates value for many agents, including companies, public
organizations, and consumers. In that sense, “Open Data” are usually released by the
public sector (“Open Government Data”) (e.g., Zimmermann and Pucihar, 2015) as part
of the trend toward openness and “Open Government” (Janssen and Zuiderwijk, 2014),
generating new “Open Data Business Models” (e.g., Zeleti et al., 2016; Zeleti and Ojo,
2017), such as the creation of new ODBMs associated with OGD platforms. Therefore,
barriers related to the data and “Metadata” format should be overcome (Duval and Brasse,
2014). Likewise, open data generate new “Business Opportunities” for agents that use
and produce data through the business ecosystem like the development of new products
and services (e.g., Immonen et al, 2014; Kitsios et al., 2017), especially mobile
applications (“Mobile App”) based on new business models (e.g., Guesmi, 2014;
Walravens, 2015). In that regard, concepts as open data “Value Network™ and business
models are key elements in order to develop innovative applications (e.g., Kitsios and
Kamariotou, 2019) that can have plausible commercial opportunities (“Electronic
Commerce”) (e.g., Walravens, 2015; Walravens et al., 2016).

We find some interesting studies regarding to ODBMs. Ferro and Osella (2012; 2013),
considering private sector enterprises, present eight archetypal business models for the
public data reuse: premium, freemium, open source like, infrastructural razor and blades,
demand-oriented platform, supply-oriented platform, free as branded advertising, and
white label development. Zeleti et al. (2014) present a classification into five categories:
premium, freemium, razor-blade, indirect benefit and cost saving. In that line, Duval and
Brasse (2014), in the context of OGD platform, consider three business models: free,
freemium and premium. In that sense, it can be observed that discussions on ODBMs are
predominantly in the practitioners’ community (Zeleti et al., 2014), for example, the
analyses by McKinsey, in the US (Manyika et al., 2013) and Deloitte, in UK (Hammell
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et al., 2011). Deloitte’s research identifies five business model archetypes in the open
data “marketplace”: suppliers, aggregators, developers, enrichers, and enablers. And,
Gurin (2014) classifies OGD business into two groups: business models that use open
data to improve service -from sectors such as healthcare, energy, education, and finance-
called better business through open data; and business models that would not exist without
open data, that is, open data pure plays.

Topic 2. Open data business models in a business ecosystem

ODBMs can be developed in a business ecosystem. In that context, open data can foster
business opportunities for agents that produce or use data through “Business Ecosystem”.
This benefits all the agents in the open data “Ecosystem” through the generation of a
“Collaborative Environment” (e.g., Immonen ef al., 2014; Kitsios et al., 2017) (Figure 5).

Kampars et al. (2020) consider the capability-driven development approach, which
allows modelling of open data processing ecosystems, facilitates knowledge exchange
about open data usage among members of the ecosystem, and supports configuring
information systems for open data processing. In that line, Zuiderwijk et al. (2014)
consider the view of ecosystem of open data and explain that open data ecosystem could
be seen as the combination of different types of ecosystems: 1) government ecosystems -
open data are mainly published by the government-; 2) business ecosystems -open data
can also be provided by the private sector-; 3) innovation ecosystems -for the
collaborative arrangements between agents-; 4) information ecosystem -interconnection
of people, work, value supported by technology-; 5) software ecosystems -a networked
community of organizations based on software technology-; and 6) digital ecosystem -
interconnected, interrelated and interdependent digital species enabling the service co-
innovation and co-creation among members utilizing and sharing common assets and
knowledge-.

In that context, actors in the open data ecosystem -data providers, service providers,
application developers, application users, and infrastructure and tool providers- and
models based on the Business Model Canvas are considered in previous literature (e.g.,
Immonen et al., 2014; Kitsios et al., 2017; Zimmermann and Pucihar, 2015). Magalhaes
et al. (2014) identify three archetypes for ODBMs: enablers, facilitators and integrators.
But Hammell ez al. (2012) identify five archetypes: suppliers, aggregators, developers,
enrichers and enablers. In addition, Janssen and Zuiderwijk (2014) present infomediary
business models considering four value-based aspects (value proposition, value
architecture, value network, public value/value finance) and identify six types of business
models: single-purpose apps; interactive apps; information aggregators; comparison
models; open data repositories; and service platforms.

Topic 3. Open data business models and smart cities

Modern cities are increasingly responding to the concept of “Smart City,” which is
characterized by data interconnection and information exchange. In this context, open
data play a key role, generating economic activity (“Economics”) through new business
models based on the digital economy, such as mobile applications (“Mobile App”). The
smart city ecosystem has been developed using information and communication
technologies through new platforms and telecommunication systems (“Mobile
Telecommunication System”) (e.g., Mrazovic et al., 2016; Walravens, 2015). In addition,
there is a strong relationship between “Smart City” and “Brussels” because of the
existence of academic works focused in the study of the smart city ecosystem of Brussels
Capital Region (e.g., Walravens, 2015; Zotano and Bersini, 2017) (Figure 5).



Topic 4. Open data business models for decision making

One of the applications of ODBMs is “Decision Making”. Whereas the public sector
seeks to create public value, the private sector pursues business benefit, generating new
business models. Therefore, it is necessary to implement specific mechanisms to
coordinate these objectives, improving the processing of the released information
(“Government Data Processing”) (e.g., Overbeek and Janssen, 2015). Private
organizations are not very active opening up their datasets. There is a lack of guidelines
on the “Decision Making” process of private organizations in order to open and share
their datasets. In that sense, there are certain works that generate a decision support
framework that involves this process using a “Design” science approach in the study (e.g.,
Buda et al. 2016) (Figure 6).

In that line, Zimmermann and Pucihar (2015, p. 1) highlight that ODBMs “‘support
entrepreneurs in reusing and combining available open data sources to provide value-
added services”. Saxena (2014) explains the re-use of open data can be used to solve
problems.

Topic 5. Open data business models for innovation

Finally, the emerging topic is innovation. In that sense, OGD promote “Entrepreneurship”
and business “Innovation”, especially within the area of information technology, creating
new business models (Figure 6). In that regard, the studies carried out in the context of
countries within the “European Union” are noteworthy (e.g., Lakomaa and Kallberg,
2013; Wieczorkowski, 2019). The study of innovation in ODBMs is a subject of study
that is beginning to develop. In that sense, in the work of Kitsios et al. (2017), the
innovation in business models in the open data ecosystem is proposed. However, it would
be interesting to analyse the different types of innovation existing to create new ODBMs
within this ecosystem, since the existing literature is not focused on that.

4.2.2. A five-step model for analysing open data business models

This literature review stresses the importance of studying ODBMs, but this subject needs
to be investigated thoroughly. Then, to answer the second research question -Is there any
conceptual model for analysing ODBMs?-, we have proposed a five-step conceptual
model to identify the main elements in order to study ODBMs. In addition, some
emerging themes are presented.

Based on the results obtained, a classification of the topics identified in the subnetworks
has been made. The elements considered in the conceptual model for analysing
entrepreneurship through open data by Corrales-Garay et al. (2020b) have been taken as
a reference: context, inputs, process, outputs and impact (Table II).

INSERT TABLE II ABOUT HERE

The model proposed in Table II shows the different aspects to be considered for analysing
ODBMs, grouped by key elements. The first element, context, is determined by the
theories, principles and systems applying to ODBMs -open government and information
management, mobile telecom systems, and electronic commerce- and by the business
ecosystems and their applications to the smart cities.

Additionally, we have to consider the necessary inputs for the business model process,
which in this case are OGD, open data, and metadata. Various processes are then applied
to these data to carry out business models. Entities must manage the information to turn
it into knowledge that can be reused (government data processing), that is, innovation
processes into open and collaborative environments. In that sense, a value network can
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be created. Then, some outputs can be obtained, such as apps that allow companies to
define their business models and entrepreneurship activities. Finally, the phenomenon of
ODBMs has an impact in the development of business opportunities and in the economic
sphere.

5. What comes next in open data business models research?

Finally, to answer the third research question -What are the future trends in the ODBMs
research?-, we have conducted a qualitative analysis of the previous literature and we
have identified several factors that affect ODBMs and can be considered new or future
themes (Figure 8).

INSERT FIGURE 8 ABOUT HERE

5.1. Open data business model from a knowledge management perspective

We have observed that no ODBMs from a knowledge management perspective have been
developed. Then, a future theme is the study of ODBMs from a knowledge management
perspective. One of the elements of the context in Table II is information management.
In that sense, as we observed that ODBMs use data as input and need to transform data
into knowledge to be reused, the knowledge management perspective can be considered.

New business environments, characterized by dynamically discontinuous change, claim
for the sense-making model of knowledge management (Malhotra, 2000). Palacios et al.
(2009, p. 292) state that “knowledge management has gained popularity as a consequence
of the emergent need to incorporate the dynamics of change to the information
architecture and the business model, as well as to develop and encourage the growth of
systems that are useful in adapting to a turbulent environment inherent to a knowledge-
based economy”. In that sense, Malhotra (2005) studies the combination of knowledge
management technologies with company business processes in order to improve business
performance.

Knowledge management is a framework to learn, share and codify the knowledge to
create value and provides a coordinating mechanism for transforming data and knowledge
into products and services (Bashir and Farooq, 2019). To develop a good business model,
knowledge management capabilities can be used considering the knowledge acquisition,
conversion, dissemination, application and knowledge reuse. Bashir and Farooq (2019,
p. 362) found that “the integration of knowledge management and business model
innovation (value proposition, assets and capabilities, revenue and cost architecture and
actors in business networks) leads to a sustainable competitive advantage”.

Nielsen (2018, p. 48) highlights that there is an interesting relationship between the fields
of business models and knowledge management: “Sometimes the improvement of
knowledge management practices creates improvements in business models, and at other
times this relationship may be swapped around”. In this sense, knowledge management
practices affect the transformation of business models (Li et al., 2021). Nielsen (2018)
found that for all business models, intellectual capital and knowledge are important but,
there are some business model configurations where knowledge management is the key
value driver. In that context, some authors (Hussinki ez al., 2017; Marr et al., 2003; Seleim
and Khalil, 2011; Wiig, 1997) highlight the relationship between knowledge management
and intellectual capital. Marr and Schiuma (2001) explain that for obtaining, growing and
sustaining intellectual capital is fundamental the knowledge management. Other authors
as Alvino et al. (2020, p. 76) deepened this relation stating “that knowledge management
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(KM) and the implementation of intellectual capital (IC) can contribute to improving
competitiveness and trust of stakeholders, favouring innovation and sustainable growth”,
which is connected with the creation of sustainable business models.

Knowledge management is multidisciplinary, with contributions originating from the
Computer Science, Information Science, Organization Science and Cognitive Science
disciplines (Wiig, 2002; Dalkir, 2011). The American vision of Knowledge Management,
has contributions from Information Sciences and Computer Sciences and is based on the
coding of elements of knowledge using technologies (Waltz, 2003). From this
perspective, the use of knowledge management instruments such as corporate portals,
content management systems, knowledge-based systems and decision support systems is
analysed. From this perspective, knowledge management involves a process that, as a
value chain, starts from the raw material (data) to the products (knowledge). The process
involves the acquisition of data, classification, filtering, indexing and organization
(information), reasoning (analysis and synthesis) for the creation and dissemination of
knowledge (Rautenberg et al., 2017). Klaila (2000, p. 138) explains “how a knowledge-
driven business model identifies the critical behaviours, competencies, market conditions,
finances and other resources needed to make change happen”. This perspective can be
applied to the ODBMs case, helping to understand how the outputs can be reached from
the inputs, in this case, the development of knowledge that can be used to create apps.

Following Mohamed et al. (2020, p. 498) “the transformation from data to knowledge
takes place through the addition of faithful context and semantics to data through tactics,
techniques and procedures of acquisition, nurturing, and sharing”. Mohamed et al. (2020)
define a conceptual framework called “knowledge iterative value network™ for the
synthesis of knowledge from OGD that identifies five phases applied to data to extract
knowledge and then create data from that knowledge: acquisition, dissemination,
analysis, synthesis and implementation. In particular, in the last phase it is possible to see
the effect of this process on companies and their business models. Mohamed et al. (2020,
505) state that “the implementation of OGD involves activities that transform data into
services and products or knowledge that can be leveraged for decision-making and
problem solving” and leads to a value network, that is, “any set of roles and interactions
in which people engage in both tangible and intangible exchanges to achieve economic
or social good” (Allee, 2008, p. 6). This model can be considered in the definition of
ODBMs since it helps to understand the process and the outputs that can be generated
with open data.

Knowledge management has a connection with the concept of intellectual capital that can
be considered. Following Stewart (1997, p. 10): “Intellectual capital is intellectual
material — knowledge, information, intellectual property, experience — that can be put to
use to create wealth”. From this perspective, knowledge constitutes the core of intellectual
capital, so it can be considered a key activity for creating, enhancing and sustaining
intellectual capital inside organizations (Marr and Schiuma, 2001). Hussinki ez al. (2017)
demonstrate that companies with high use of knowledge management practices and high
levels of intellectual capital are generally related with an improvement in market and
innovation performance in contrast with those firms with low levels. In that sense,
innovation performance can be improved through openness strategies inside open
innovation paradigm, while integrating intellectual capital (Lo er al., 2020). So,
intellectual capital can be considered a source of open innovation. Likewise, open
innovation processes can generate open data and open data can create open innovation
(Corrales-Garay et al., 2019b). Following that, future contributions may broaden the
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knowledge management perspective, taking into account the influence of intellectual
capital in the ODBMs.

In that regard, open innovation processes that foster collaboration between different
agents can constitute an interesting opportunity for service development. Thus, Bican et
al. (2017) establish in their study how companies can manage knowledge through
intellectual property rights in this kind of processes. In this sense, knowledge
management practices can support collaborative innovation (An et al., 2014). Immonen
et al. (2018, p. 1257) state that “the utilization of open data in digital services requires
new innovation practices, service development models, and a collaboration
environment”.

5.2. Open data business models in an open data ecosystem

The perspective of the open data ecosystem for analysing ODBM s is an interesting future
theme. Open data ecosystems can stimulate innovation and citizen participation. To form
an ecosystem, various applications, tools and portals are available to be used by open data
providers and users (Zuiderwijk et al., 2014). Zuiderwijk et al. (2014) present the main
elements of open data ecosystems: 1) to release and publish open data, 2) to search, find,
evaluate and view data and their licenses, 3) to clean, analyse, enrich, combine, link and
visualize data; 4) to interpret and discuss data and to provide feedback to the data agents;
5) to show directions for using and reusing open; 6) to apply a quality management
system; and 7) to provide different types of metadata to connect the elements. Immonen
et al. (2014) analysed the open data ecosystem from a business perspective and stressed
that more studies on the open data ecosystem are necessary. Although studies like that of
Kitsios et al. (2017) have taken that approach, showing the collaboration and generation
of value among various agents in the open data ecosystem, more studies should be
conducted along this research stream.

Business models from an ecosystem perspective can be considered, following Timmers
(1998), as “the architecture of products, services, and information flows, including the
descriptions of various business actors and their roles, the potential benefits for various
actors, and the sources of revenues”. Future studies should develop essential concepts not
addressed in the literature, including the identification of the primary agents responsible
for developing each type of business model and the effect of different agents and types of
ODBMs on the main elements of the business model process. Specifically, the literature
should answer questions like “in what kind of format(s) is/are data released by data
publishers?”. This topic is important for developing different types of business models,
especially for information aggregators and comparison models; these data, collected from
different sources, must be in an open linked format that favours their reuse. Another
question that should be answered is “what are the main barriers to the reuse of data by
different agents?”. These barriers can be effectively addressed by classifying and studying
them. Moreover, considering the above questions, the literature should address “how do
the format of data and the barriers to their reuse affect factors, such as the value network
and value architecture?”

In addition, it is essential to increase the public value or value finance factor of open data
repositories and service platforms, which are frequently connected to open data
repositories, by classifying the open data most commonly used by agents reusing data on
these platforms, as this information is useful for entrepreneurs who try to develop
business models based on new applications. In addition, answering questions, such as
“what types of users or reusing agents -social reusers or professional reusers and users,
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academic users, or citizens (Abella ef al., 2019) access the data on these platforms?” is
critical for evaluating new business models based on open data.

Research should develop a classification system based on the type of platform,
considering characteristics such as the degree of availability of datasets and the
differences in the value finance factor. This is especially critical for service platforms.
There are platforms that already offer their services to users for free; these are mainly
focused on providing public value, whereas other platforms work with different payment
systems in order to obtain economic benefit.

5.3. Open data business models and business intelligence

Finally, the third future theme is the study of ODBMs considering the tools of business
intelligence. Other element of the model proposed in Table II are inputs. We observed
that ODBMs can use business intelligence to search, storage and manage data.

In that sense, Negash (2004, p. 178) state that “business intelligence systems combine
data gathering, data storage, and knowledge management with analytical tools to present
complex internal and competitive information to planners and decision makers”.
“Business intelligence assists in strategic and operational decision making” (Negash,
2004, p. 179). Mazébn et al. (2012) explain that “Open Business Intelligence” facilitates
non-expert users to analyse and visualize linked open data, thus generating actionable
information by means of reporting, OLAP analysis, dashboards or data mining; and to
share the new acquired information as linked open data to be reused by anyone. This is
an excellent mechanism to allow citizens to understand and analyse linked open data in a
user-friendly manner (Mazon et al., 2012). Following the philosophy of business
intelligence (Trieu, 2017), to learn what we know, how well we know, and what we need
to know about the processes of organizations obtaining business value from ODBMs are
an important issue. In that sense, ODBMs should analyse their economic impact (Table
IT). Magalhaes and Roseira (2020) state that “the release of government data in an open
format is broadly expected to generate innovation and economic value. However, despite
the emerging public notoriety of this issue, literature is still scarce regarding the
commercial application of OGD”. Then, it is necessary to understand how firms use
ODBMs to create value.

Zeleti and Ojo (2017) develop the six-value business models to facilitate the explanation
and detailed analysis of existing ODBMs in practice: 1) value proposition -offer, value
and channel-; 2) value adding process -knowledge management, strategic and
operational-; 3) value network -actors and support infrastructure-; 4) value capture -profit
model and market size-; 5) value in return -value of sale, future opportunity and income-
, and 6) value management -structure, administration, discipline and governance-. Feller
et al. (2011), in turn, consider the value proposition (product), the customer interface
(target customer, distribution channel, relationship), the infrastructure management
(value configuration, core competency, partner network) and the financial aspects (cost
structure, revenue model).

6. Conclusions

This paper studies the ODBMs as a source of knowledge and innovation to generate
economic value. Relevant topics (first research question) are identified, a five-step model
for analysing ODBMs is proposed (second research question) and a discussion of some
future trends (third research question) is made.

We have observed that the consideration of business model innovation theory is a more
recent phenomenon that has highlighted the interest in developing business models in
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open contexts, aligned with open innovation and OGD. However, there is little work that
has analysed ODBMs. In that sense, there are three academic contributions of the paper.
Firstly, the analysis carried out in this paper has allowed us to provide a picture of the
main topics that have been studied in ODBMs: business model, smart city, business
ecosystem, decision making and innovation. Secondly, a five-step model for analysing
ODBMs has been proposed. Our suggestion is that in order to develop ODBMs, a
strategic decision-making process can be followed considering the following aspects:
context, inputs, process, outputs and impact.

Finally, the third theoretical contribution of this work is the identification of the future
trends in the study of ODBMs. Particularly, it is noted that knowledge management is a
complementary theoretical framework to underpin studies on ODBMSs. Furthermore, the
application of business intelligence and the understanding of the open data business
ecosystem are fundamentals for creating value.

Regarding the practical implications for those intending to develop new business models
based on applications, we emphasize the importance of encouraging collaboration
between different agents in the so-called open data ecosystem (Kassen, 2018).

This research has some limitations derived from the use of a bibliometric analysis. Further
studies can also apply complementary methodologies, such as content analysis or case
studies.

Future research can consider some questions that still need to be addressed, such as: 1)
What are the main sources of open data used in business models? 2) How do open
innovation processes affect the development of business models for open data-driven
organizations? 3) What are the determining agents and factors that are presented in
business models based on open data? Future studies could also address some case studies
in order to the five-step model for analysing ODBMs, and propose some key performance
indicators (KPIs) to measure the economic impact of ODBMs.
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