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BUSINESS MODELS

Data Ecosystem Business Models: Value and control in Data
Ecosystems

Ruben D'Hauwers', Nils Walravens?, and Pieter Ballon?®

Abstract

Purpose: Organizations evolve from using and governing data internally towards the exchange of data in multi-or-
ganizational data ecosystems. The purpose of this research is to determine a business model framework for actors
operating in and/or entering a data ecosystem.

Methodology: To determine a business model framework in data ecosystems. an analysis was made based on how
the research fields of “business models”, “data governance”, “data ecosystems”, “data sharing”, “business ecosystem”
complement each other. A business model framework was created, which was applied to three use case studies in
the field of Smart Cities and Urban Digital Twins: The Helsinki Digital Twin, the Rotterdam Digital Twin, and the Smart

Retail Dashboard in Flanders.

Findings: The business model of actors in a data ecosystem is determined by value and control factors. Value is
determined by the capability to create value through the exchange of data in the ecosystem, and to capture value
through revenue (sharing) models and cost (sharing) models. Control is determined by ecosystem control. Gover-
nance models on the ecosystem level are required to enable the collaboration and to ensure trust to allow for the will-
ingness to share data. Additionally, data governance on an ecosystem level is required, enabling the data exchange
between the actors.

Research Limitations: The model was applied to three use cases in Smart Cities and Urban Digital Twins. Conse-
quently, the data ecosystems concern a high presence of public actors, yet also includes private companies. The
applicability needs to be identified in other sectors in further research. Additionally, as the scope of the study was
on business maodels, data governance, data-sharing and data ecosystems, abstraction was made of fields of study
beyond these topics.

Value and practical implications: The Data Ecosystem Business Model framework can serve as a quideline for orga-
nizations entering a data ecosystem, as well as for actors aiming to establish novel data ecosystems. Additionally, the
framework can serve as a high-level overview for further research into the field of business models in data ecosystems.
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Purpose

In different sectors, players are searching for ways
to do more with data. The re-use of datain data eco-
systems could help create value worth USD 3 trillion
per year worldwide (McKinsey,2013) and the OECD
estimates that(governmental and private) data shar-
ing can help generate social and economic benefits
worth between 1% and 2.5% of GDP (OECD, 2019).
Furthermore, the European data strategy aims to
create a single market for data that will allow it to
flow freely within the EU and across sectors for the
benefit of businesses, researchers, and public ad-
ministrations(European Commission, 2019) and they
put forward the proposal of the Data Governance Act
to increase the re-use of data. Exchanging data pos-
es different opportunities for companies to create
new business models and services as data collabo-
rations can facilitate the discovery of new insights,
faster decision making, and increase innovation
(Naslund, et al., 2017). For example, in port ecosys-
tems, the sharing of data through the organization
NxtPort can optimize the supply chain by matching
industrial processes of manufacturers to shipments
of logistical companies (NxtPort, 2020). In the medi-
cal sector, the exchange of data and equitable ben-
efit sharing of genomic data through the platform
LunaDNA can advance medical research (Fox, 2020).
For governments and smart cities, it can lead the
way to evidence-based policymaking, which is the
process of using (big) data in the policymaking pro-
cess and improving services (Thilo & Verhulst, 2017).
The use of commercial data can be utilized to make
policy decisions on safety measures during the COV-
ID pandemic, and ultimately also for the economic
recovery after the COVID pandemic (Muthukumara-
na & Perricos, 2020).

Data governance and business models in data
ecosystems

Data exchange can occur on an ‘intra-organizational
scope’onaproject-orfirmlevel, forexample between
departments, or on an ‘inter-organizational scope’,
which encompasses different firms or an ecosystem
of firms (Konsynski & Tiwana, 2010). The use of data
within an organization is mainly covered within the
data governance literature (Khatri & Brown, 2010;
Panian, 2010). On an intra-organizational level, data

sharing in a data ecosystem results in complexities
regarding data ownership and who has decision
rights, whichresultsin the need for data sharing poli-
ciesand agreements(Eckartz, et al., 2014). Addition-
ally, the more actors involved in the ecosystem, the
more the creation and allocation of value become
difficult, topped with complexities to ensure control
of the data(Abraham, et al., 2019). When companies
aim to price the data, the valuation remains a daunt-
ing task, resulting in complex negotiations(Li, et al.,
2019). Besides, when data is shared, different risks
occur, such as re-identification risk of anonymized
data (Sanderson, et al., 2015) and commercial risk
of losing data control or business value. Complying
with legal requirements such as the General Data
Protection Regulation (GDPR) discourages compa-
nies from sharing data(Khuruna, et al., 2011; Sayogo,
et al., 2014). Abraham et al. (2019) formulated several
further research questions concerning inter-organi-
zational data exchange: How do organizations retain
control over their data and design governance in in-
ter-organizational relationships while deconstruct-
ing data silos? How are value and trust created in
data collaborations?

A novel term utilized in the scope of inter-organiza-
tional data sharing and data exchange is “data eco-
systems”. A data ecosystem is a complex network
between different actors (Olivieira & Loscio, 2018)
where actors use and re-use data for a monetary
and/or non-monetary returns between the actors. It
is a similar concept to business ecosystems (Adner,
2016) where the main goal is to create a focal value
proposition and alignment in the ecosystem. Thus,
in the case of data ecosystems the focal value prop-
osition is based on the exchange of data.

In this work, the researchers focused on the follow-
ing research questions which relate to the business
model of data ecosystems:

e "Which factors determine the business models
of organizations operating in a data ecosystem?”

e "How is the business model of real-life data eco-
systems constructed?”

The methodology section below describes the lit-
erature review and use case application. Next, the
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Analysis of literature of
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Figure 1: Methodological process

framework, which is based on the literature review,
to identify business models in data ecosystems is
described. The Business Models for Data Ecosys-
tems Framework is applied in a multiple-case study
analysis on two Urban Digital Twins use cases and
the Smart Retail Dashboard use case. A discussion
on the business model implications of data ecosys-
temsisincluded. We conclude with the maininsights
of this work and suggested further research.

Methodology

Figure T shows the methodological process followed
to answer the research questions below. Based on
a literature review (Kitchenham & Charters, 2007)
the authors identified gaps in the current research
to provide a new framework. An initial search fo-
cused on the keywords ‘data governance’, ‘business

)

model, 'data sharing’, data exchange’, “data market-
place’, “data ecosystem” and “business ecosystem”.
The search was performed in July and August 2020
and was limited to work in between the year 2000
and 2021 and to academic conference and journal
papers. Papers were added when they were men-
tioned in impactful reviews and papers according
to the Snowball Sampling method (Morgan, 2008)
and based on their impact on the literature. After
identifying referenced papers, they were looked up
on ResearchGate'. The papers were selected based
on whether a taxonomy with determining factors
was included in the research. The literature on data

"An overview of the reviewed papers can be found in the Ap-
pendix

sharing, data ecosystems and data marketplac-
es showed much resemblance and was grouped as
terms were used interchangeably. In total, 50 aca-
demic works were reviewed (9 in data governance, 19
in business model and business ecosystem and 22 in
data sharing, data ecosystem, data marketplace and
platform ecosystem literature).

In the analysis phase, the literature was coded
based on factors determining the ‘intra-organiza-
tional scope’ on a project- or firm level (Konsynski &
Tiwana, 2010) and the ‘inter-organizational scope’,
which encompasses different firms or an ecosys-
tem of firms (Konsynski & Tiwana, 2010). The Theory
Development phase is based on merging and relat-
ing key factors in literature (Miles & Huberman, 1994)
and resulted in a framework which was developed by
applying the division between value and control as
proposed by (Ballon, 2007; Walravens & Ballon, 2013).
This resulted in the first version of the Data Ecosys-
tem Business model framework (initially named the
Data Sharing Business Model Framework), which
was published in (D'Hauwers et al., 2020).

After the Data Ecosystem Business Model Frame-
work was applied to two case studies in the DUET?
project as described in (D'Hauwers, et al., 2021) and

2 DUET (Digital Urban European Twins)is a European innovation
initiative which leverages the advanced capabilities of cloud, sensor
data and analytics in the form of Digital Twins, to help public sector
decision-making become more democratic and effective.
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the Smart Retail Dashboard? project as described in
(D'Hauwers, etal., 2021)using the multiple case study
analysis approach. The scope of a case study is “an
empirical inquiry that investigates a contemporary
phenomenon within its real-life context, especially
when the boundaries between phenomenon and
context are not evident”(Yin, 2014). A multiple case
study approach was chosen, as it gives the chance
to analyze data within different situations (Yin,
2014). In total 16 semi-structured interviews and 3
workshops were conducted with different players in
the distinct ecosystems. The Data Ecosystem Busi-
ness Model Framework was utilized to create a top-
ic guide for the case studies, and some parameters
were selected to develop business model scenarios.
In this work, the researchers chose to illustrate the
Data Ecosystem Business Model Framework appli-
cation with the Urban Digital Twin use case and the
Smart Retail Dashboard use case. Based on the use
case studies, an iteration of the Data Ecosystem
Business Model Framework was done in September
2021 to include insights on data ecosystems of re-
al-life use cases.

Towards a framework for Data Eco-

system Business Models

This study aims to answer the question "Which fac-
tors determine the business models of organizations
operating in a data ecosystem?’. To come to the
model, an overview was made of all relevant fields
of literature, and which factors they cover to move
beyond the boundaries of the organization. The au-
thors aim to link the data governance, data sharing,
and data ecosystem literature with the business
model literature. Within the business model litera-
ture, a distinction can be made between authors
that define a business model mostly on the level of
the firm(Rappa, 2000; Osterwalder, 2004) while oth-
ers define it at the network level (Weil & Vitale, 2001;
Al-Debei & Avison, 2010; Timmers, 1998). On the net-
work level of the organization, the main questions to
be solved are connected with shifting organization

5 Smart Retail Dashboard is a project funded by the Flemish government
to create a public-private data partnership to develop a dashboard to
support local economy policymakers.

boundaries, exploring the relationships that exist
between actors in complex value networks and the
roles they may play (Walravens & Ballon, 2013).

Thus, the overarching themes in network-level busi-
ness model thinking are: “Who controls the value net-
work and the overall system design”and “Is substantial
value being produced by this model (Ballon, 2007).
Given the focus on data sharing in inter-organization-
al settings, the network-level approach of business
modeling provides new insights into the data gover-
nance, data sharing, and data ecosystem literature.
This led to a framework based on the parameters of
value and control(Ballon, 2009) which shows the evo-
lution companies face, and which business model
factors need to be identified. The underlying factors
which are utilized for this analysis are:

e Value

e Value creation: How can a differentiated
customer value proposition be created? (Ka-
plan & Norton, 2004)

e Revenue and cost model: How is value cap-
tured based on the use of revenue (sharing)
models and cost (sharing) models? (Ballon,
2007)

e Control

e \alue network: How can organizations con-
trol the relationships that generate both
tangible and intangible value through com-
plex dynamic exchanges between two or
more individuals, groups, or organizations
(Allee, 2003)

e [ata governance: How is ensured that data
meets the needs of the organization? (Pa-
nian, 2010)

The data ecosystem literature was grouped on dif-
ferent keywords: data marketplace, data ecosys-
tems, and the platform ecosystem. Business model
research which concerns multiple firms (Al-Debei &
Avison, 2010) and business ecosystems (Adner, 2016)
literature is also covered in the literature review.
Data ecosystems are ecosystems in which several
actors interact with each other to exchange, pro-
duce, and consume data (Qlivieira & Loscio, 2018).
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Thus, data ecosystems are a type of business eco-
system, where the exchanged value proposition is
based on data. Actors in a data ecosystem can be
private as well as public. "Ecosystems-as-struc-
ture” is defined as a business ecosystem where the
actors’ interactions serve the fulfillment of a core
value proposition (Adner, 2016) or co-created value
(Turetken, et al., 2019). A business ecosystem strate-
gy is defined as the alignment structure of the mul-
tilateral set of partners that need to interact for a
focal value proposition to materialize (Adner, 2017).
Each organization aims to position itself in the eco-
system and seeks to capture value, while trading
of cooperation with competition. The distribution
of value is very complex in the data ecosystem due
to the possibility to recombine data (Li, et al., 2019)
and due to the intangibility of data (Koutroumpis, et
al., 2017). Additionally, a revenue model and pricing
model need to be identified, and this needs to be
balanced with a cost model to ensure profit (Ballon,
2006; Spiekerman 2019). The value of data is not al-
ways recognized between companies, which makes
the pricing of data challenging (Spiekermann, 2019;
Spiekermann, et al., 2018; Khatri & Brown, 2010).
Thus, revenue-sharing models (Fox, 2020; Kembro
& Selviaridis, 2015) are challenges in many data eco-
systems.

The control of the ecosystem on a value network lev-
elis based to alarge extent on the power asymmetry
(Mason-dones & Towill, 1999) between companies,
as more powerful companies might enforce smaller
companiestoshare data(Kembro & Selviaridis, 2015).
To find alignment in the ecosystem and to agree on
common standards of interoperability or value-shar-
ing models, the ecosystem is highly dependent
on the power dynamics within the ecosystem, as

powerful actors aim to protect their data resources
(Kembro & Selviaridis, 2015). Additionally, the control
within the data ecosystem depends on the market
dynamics, thus the collaborative or competitive na-
ture of the value network(Dahlberg & Nokkala, 2019).
The data ownership rights describe who owns and
uses the data (Konsynski & Tiwana, 2010; Schreieck,
et al., 2016; Lee, et al., 2018). Additionally, the open-
ness of the data-sharing model determines which
new entrants can enter the ecosystem, and thus also
link to the power dynamics in the ecosystem. Differ-
ent models of data sharing occur, such as in open
closed or hybrid models (Spiekermann, 2019). Cus-
tomer ownership concerns which players hold direct
relations with end customers (Ballon, 2006), which
in the case of data could be intermediated through
a data intermediary or data could be exchanged di-
rectly (Wernick, et al., 2020).

On the data governance level, besides ensuring the
quality of data such as in single organization and bi-
lateral data use, the provenance plays an important
role, as it enables to trace the history of the datalife
cycle transparently (Lee, et al., 2018; Koutroumpis,
et al., 2017). Data licenses can ensure control over
the quality of data by describing whether data can
be reused, remixed, adapted, or built upon (Cre-
ative Commons , 2019) Thus, it can determine the
data rights companies and data subjects may have.
Further, Interoperability ensures machine readabil-
ity (Wimmer, et al., 2018). Data control refers to the
control of the essential data resources in the data
ecosystem (Curry & Sheth, 2018) which can be con-
trolled by a central actor, or can be decentralized
and therefore spread across the multiple actors in
the data ecosystem (Guggenberger, et al., 2020;
Gelhaar, et al., 2021).

VALUE CONTROL
VALUE PROPOSITION VALUE CAPTURING VALUE NETWORK DATA GOVERNANCE

How is value created in an
ecosystem

DATA
ECOSYSTEM

*  VALUE PROPOSITION
* CO-CREATED VALUE

How is value captured and
distributed in an ecosystem?

* REVENUE MODEL/PRICING
* REVENUE SHARING MODEL

Who controls the
ecosystem?

How is data controlled and
exchanged in the ecosystem?

* STANDARDS, POLICIES
* PROCESSES, ORGANIZATION,

+ COLLABORATION
DATA SHARING AGREEMENT

+ COST MODEL
* COST-SHARING MODEL

*  MARKET & POWER
DYNAMICS

* DATA & CUSTOMER
OWNERSHIP

* OPENESS ECOSYSTEM

Figure 2: Value and control in Data Ecosystem Business Models
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* INTEROPERABILITY
* PROVENANCE
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Multiple Case Study analysis: Value

and control in data ecosystems
Toanswer the research question "How is the business
model of real-life data ecosystems constructed”, the
Data Ecosystem Business Model Framework, based
on Value and Control (figure 2) was applied to per-
form a multiple case study analysis of 3 case studies
involving cities and private companies:

e A government offering data to engage an eco-
system of co-innovation for companies (Digital
Twin Helsinki data ecosystem)

e A government developing a data ecosystem of
private and governmental data sources with
use cases involving citizens (Digital Twin Rot-
terdam data ecosystem)

e Private companies developing a data solution
for cities (Smart Retail Dashboard Flanders
data ecosystem)

Each case study has their own ways of creating, cap-
turing, and distributing value in the ecosystem, which
are discussed in the case studies. Each use case also
provided an opportunity to zoom into a specific as-
pect related to the control of the value network and
controlling the data exchange in the ecosystem.

Case Study 1: The Helsinki Digital Twin data
ecosystem

The Helsinki Digital Twin data ecosystem provides
an example of a data ecosystem where a govern-
mental actor provides access to governmental data
to enable an ecosystem. Value is created for the city
and for the actors in the ecosystem. The model is fi-
nanced by the city as it helps to reach policy goals.

On the control side, it provides insights on the need
for data governance in a data ecosystem.

Value creation and capturing

The purpose and value creation of the Helsinki Urban
Digital Twin is twofold. A first purpose of the Helsinki
Urban Digital Twin is to support the policy making of
the government by including the citizens and eco-
system in the policy process. One application of the
Digital Twin is the Helsinki Energy and Climate Atlas,
which is an open web service, built on a semantic
Digital Twin model, which can be accessed, used, and
shared by citizens and the overall ecosystem. It has
four service modules: energy data, solar energy, heat
demand, and geo-energy. It can be used by compa-
nies, real estate developers, city planners, and build-
ingusers. Example given, the toolis used by an energy
advisory agency that advises people whether to install
solar panels or not. Additionally, the tool is used as an
information source for energy, heating, and cooling
companies to provide a better service.

The added value of the Digital Twin is to gather data
from different governmental sources, process data
in order to structure the data into a city data model
and visualize the data in a real-world environment.
The value is captured by the ecosystem, as it enables
improved service provision for companies and bet-
ter decision making. For the city it leads to better
services of the city and enables the city to reach cli-
mate goals. The service is free for citizens and ac-
tors, as the cost is covered by governmental funds.

Additionally, another purpose of the Helsinki Digital
Twin is to drive co-innovation, which is oriented to
engaging the ecosystem to innovate with the data

VALUE CONTROL

VALUE PROPOSITION VALUE CAPTURING VALUE NETWORK DATA GOVERNANCE

Who controls the
ecosystem?
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ECOSYSTEM ecosystem
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How is value captured and
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Figure 3: Value and control in the Helsinki Digital Twin
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of the urban Digital Twin. This was showcased in a
Hackaton where companies could use open data and
5G mobile networks provided by the city, in an aug-
mented reality challenge. The value for the govern-
ment is mainly to reach policy goals and to engage
the ecosystem to innovate. The value is captured
as one of the main policy goals of the city is to drive
innovation, and they operate under the “open by de-
fault’ principle. The costs are covered by govern-
mental funds. Startups capture the value as they
have access to data and can create new innovations.

Control of the Data governance

In this use case, a major focus of the city concerns
the data governance regarding policies and data
control. The data source is mainly governmentally
owned data. The data is often generated and col-
lected by the government, and when needed pur-
chased from private companies. In this case, the
government also needs to decide on which data can
be open, and which data cannot be shared with the

Table 1.

wider public. Reasons for not sharing the data can
be because the data is sensitive, can pose nega-
tive effects on society when it comes into the wrong
hands or simply because there are no use cases. To
open data, a classification of data is required which
determines which data can be opened, and which
data needs to remain closed. This depends on the
confidentiality, correctness, and availability of the
data. This depends also on the type of data, as gov-
ernmental data is often seen as data which needs
to be ‘as open as it can be’, whilst some data can be
too sensitive to share (e.qg. in the case of water pip-
ing data this can only be shared on a certain level). In
the case of commercial data, the sharing of the data
depends on the conditions of the company. In the
case of personal, privacy-sensitive data this needs
to comply with the GDPR, and some cities even re-
quire to set up an ethical commission which needs
to determine whether the data can be shared based
on what will happen with the data and which data is
required.

E.g., Solar panels: give

Energy & )
. 9y Real estate advice by real estate
Climate Atlas . ; .
companies, companies to improve
(energy data, .
researchers, renovations
solar panels, . . .
co2 city planning,  E.g., Information for
. . citizens... energy, heating, and
emissions...) . .
cooling companies
Access to datatoin-
. . novate
Hackathon Universities,
e.g. open data and
and startups,
. . L 5G challenge, to use
co-innovation citizens

geodata to build an AR
application

External: Improved
service provision for
companies, better
decision making
Internal: Improved
services of the city,
reach climate goals

External: access to
data, create new in-
novations

Internal: Provide
data, create in-
novation, “open by
default’ principle

Table 1: Value creation and capturing in the Helsinki Digital Twin

Free for citizens
and actors

Cost covered by
governmental funds

Free for users

City provides a prize
for challenges

Cost covered by
governmental funds
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Case Study 2: The Rotterdam Digital Twin data
ecosystem

The Rotterdam Digital Twin data ecosystem pro-
vides an example of a data ecosystem where a gov-
ernmental actor aims to create an infrastructure for
data exchange between private and governmental
actors. Value is created for the city and for the actors
in the ecosystem. The model is initially financed by
the city as it helps to reach the policy goals. On the
control side, thus use case provides insights on the
need for ecosystem governance in a data ecosystem.

Value creation and capturing

The Rotterdam (Netherlands) Digital Twin is in the
process of setting up the digital infrastructure for a
data ecosystem in Rotterdam to bring different ac-
tors together through the Digital Twin and the Open
Urban Platform by sharing data within the ecosystem.
The Digital Twin is mainly used to engage the eco-
system, with different use cases. There are use cas-
es where the city provides data, and other use cases
where the city provides a platform for data exchange.

The data sources for the Rotterdam Digital Twin are
based on both governmental data and data from the
ecosystem. Therefore, Rotterdam aims to set up a
data ecosystem called the Open Urban Platform. In
this data ecosystem, the role of the city is to connect
different actors, to develop the platform, to own the
platform, and to invest in the initial stages. Once the
platformis operational, the city and the data ecosys-
tem will be able to act as a data provider, developer,
user, and customer of the digital data ecosystem.
Thus, the data sources of the urban Digital Twin will
be governmental data, as well as private data from
the data ecosystem gathered from the open urban

How is value created in an
ecosystem

DATA
ECOSYSTEM

¢ VALUE PROPOSITION
¢ CO-CREATED VALUE
+ COST MODEL

+ COST-SHARING MODEL

How is value captured and
distributed in an ecosystem?

* REVENUE MODEL/PRICING
+ REVENUE SHARING MODEL

platform. The added value for the data providers will
be to sell their data, and for the data consumers that
they will have access to data they previously do not
have access to.

The initial use cases of the Rotterdam Digital Twin
engages with the ecosystem, as it provides data in-
sights for different players in the ecosystem to make
their own decisions (e.g., information on building
permits...), and to engage citizens in participation in
urban construction processes (an AR application on
construction sites, citizen participation by allowing
to give feedback). The added value of the Digital Twin
is to gather data from different governmental and
private sources, process data to structure the data
into a city data model and visualize the data in a real-
world environment. The value is created externally to
the citizens, as the citizen can provide feedback and
receive feedback on projects in the city, and they can
also engage more with the digital twin. For the gov-
ernment, this can improve decision making, improves
processes and reduces cost for future use cases. For
companies, this canimprove processes. For data pro-
viders, this can become a novel revenue source. As
the use is primarily provided for free to the citizens,
the revenue model is initially based on creating in-
ternal value and use without a direct financial ex-
change. The costs are covered from the Digital Twin
department paid from governmental funds.

In the long run, the financing and revenue model of
the Rotterdam Digital Twin will probably change. Ini-
tially, the city pays for the technological infrastruc-
ture and for the structuring and gathering of data. As
it concerns public value, the Digital Twin could use
governmental funding for the opening of the Digital

VALUE CONTROL
VALUE PROPOSITION VALUE CAPTURING VALUE NETWORK DATA GOVERNANCE

Who controls the
ecosystem?

How is data controlled and
exchanged in the ecosystem?

* STANDARDS, POLICIES

*  PROCESSES, ORGANIZATION,
LEGAL COMPLIANCE

* INTEROPERABILITY

¢ PROVENANCE

* DATA CONTROL

¢ COLLABORATION
DATA SHARING AGREEMENT

* MARKET & POWER
DYNAMICS

* DATA & CUSTOMER
OWNERSHIP

* OPENESS ECOSYSTEM

Figure 4 Value and control in the Rotterdam Digital Twin
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Citizens who
want to re-
quest a permit

Building Permits

Citizens who
want to give
feedback on
urban project

Participation

Quick feedback on
whether a citizen
will receive a permit

Informing citizens
about urban devel-
opment projects

Citizen: quick feedback
Government: reduced
governmental time spent,
better service

Free for city
Costs covered
by Digital Twin
department

Citizen: Better visualisa-
tion of the city project
Government: Improved
decision making, receive
feedback from the citizens

Free for citizen
Costs covered

by Digital Twin

department

Table 2: Value creation and capturing in the Rotterdam Digital Twin

Twin and the Open Urban Platform to the ecosystem.
In the future and for some use cases, the ecosystem
could also be paid for data by other actorsin the eco-
system if the value mainly returns to them.

Control of the Open Urban Platform

In setting up the Open Urban Platform, the city takes
an active role in the the first phase of setting up the
platform. Afterwards, the city will need to identify
whether the governance of the Open Urban Platform
might need to be transferred to the ecosystem itself.
Working with a completely different model which
gives more control to the ecosystem, requires a
drastically changing role of the government. It needs
to move from a more passive role towards taking an
activerole inthe ecosystem and positioning the gov-
ernment and the data ecosystem actively. It requires
agovernance modelfor the ecosystemandarole def-
inition for the government. Different activities will
be required to facilitate the supply and demand of
data in a marketplace, and additional services (such
as data storage, geocoding...). Additionally, there is
a role for marketplace governance who guards the
balance between the commercial exploitation and
the societally responsible behaviour of actors in the
ecosystem. If the Urban Digital Twin is offered to the
ecosystem as an infrastructure for the end users,
guestions arise on who gains value, who adds value

and who owns the results of the outcome of the Ur-
ban Digital Twin. Therefore, when opening the Digi-
tal Twin to the ecosystem there can be questions on
what the role of the city government, beneficiaries
and contributors of the Urban Digital Twin are.
Additionally, an Urban Digital Twin with a surround-
ing data ecosystem needs a governance model
which ensures trust in the ecosystem. The data eco-
system needs to be willing to open the data, require
clear data ownership rules, which ensure control
over the data resources, and to set up conditions
based on which the data can be shared. To set this
up, collaboration models need to be set up regard-
ing the ownership of data, access to data, and open
standards adoption by the ecosystem.

Case Study 3: The business model of the Smart
Retail Dashboard data ecosystem

The Smart Retail Dashboard data ecosystem provides
an example of a data ecosystem where a consortium
of private actors aims to create an offering for data
exchange from private actors towards governmental
actors. Value is thus created for the cities in the retail
sector. Thisuse case providesinsightsonthe need for
developing a sustainable revenue and cost (sharing)
model in a data ecosystem, and on the control side, it
provides insights on the need for ecosystem govern-
ance related to the openness of the data ecosystem.
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How is value created in an
ecosystem

DATA
ECOSYSTEM
+ VALUE PROPOSITION
+  CO-CREATED VALUE
MODEL
- COST MODEL

¢ COST-SHARING MODEL

VALUE
VALUE PROPOSITION VALUE CAPTURING

How is value captured and
distributed in an ecosystem?

*  REVENUE MODEL/PRICING
* REVENUE SHARING

CONTROL

VALUE NETWORK

DATA GOVERNANCE

Who controls the How is data controlled and
ecosystem? exchanged in the ecosystem?
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* OPENESS ECOSYSTEM
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Figure 5: Value and control in the Smart Retail Dashboard

Value creation and Capturing

The aim of the Smart Retail Dashboard is to sup-
port policy makers in Flemish cities to make deci-
sions based on urban data sources. The Smart Retail
Dashboard is a collaboration of private companies
which offers a data platform with combines and vi-
sualizes governmental and private data of telecom
providers, financial data providers.

The primary focus will be on four use cases (attract
retailers to the city, develop a retail strategy, event
management and City Marketing). The value of the
Smart Retail Dashboard comprises of ensuring that
public authorities can make decisions based on ac-
tual data. To provide this value, the different actors
combine smart city information and data such as
transaction data, passer-by, visitor profiles...

Table 3.

Identify the ROI of an

Policy Maker event organized by
Event . -
responsible for  the city (impact on
Management .
city events purchases at local
retailers)
Policy Maker IQe.nUfy.proflIes. of
City Marketin responsible for visitors in the city to
y g . P . adapt the City Market-
City Marketing e

Adapt the retail strat-

Policy Maker .
Retail Strategy responsible for egy of the city based
. on data of purchases
Retail Strategy .
and visitors

Government: Able to
assess ROl on events
Retailers: Events lead
to higher purchases

Government: Assess
ROl on City Marketing
Retailers: Increased

number of visitorsin
the city

Government: Develop
a Retail Strategy
based on data
Retailer: Retail
Strategy leads to
higher profitability

Table 3: Value creation and capturing in the Smart Retail Dashboard

Different mod-
els are possible:
freemium, sub-
scription model,
cost-sharing
model

Paid in a cost
sharing model
by cities and by
Flemish govern-
ment
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Revenue and cost (sharing) models:

In the case of the Smart Retail Dashboard, the rev-
enue madel of the Smart Retail Dashboard is of a
major concern to enable a sustainable business
model, as cities have limited budgets and the total
addressable market is reasonably small. The model
will be based on a basic data offering in a subscrip-
tion model, with additional possible services of con-
sulting, additional in-depth data, and standardized
additional reports.

Three different models were developed to provide
an answer to this challenge (a license model, a cost-
sharingmodel, and a freemium model). Inthelicense
model, the cities pay 100% of the license cost for ac-
cesstothe dashboardwith accessto basic standard-
ised reports. Due to the limited budgets of the cities,
this model may not be realistic. In the cost-sharing
model, the cities pay a percentage of the access to
the dashboard and the use cases. Given the societal
value of the Smart Retail Dashboard, governmental
support of higher governments (on the Flemish lev-
el)is included in this model. In the freemium model,
the users receive free access to the dashboard and
the license cost would be paid by the higher govern-
ments. Cities would pay for additional services such
as reports, additional data, and consulting.

Data provider
(external)

\\\V\\

An example of the revenue model and value network
of the Smart Retail Dashboard is shown below. The
cities receive access to a basic offering (including
the license, access to platform and standardized re-
port). If desired, the city can receive an additional of-
fering in depth data, for which it will pay a premium.
The fee will be paid to the platform provider of the
Smart Retail Dashboard, who redistributes the fee
within the consortium. The redistribution between
the different data providers is based on the amount
of data it provided based on a contribution percent-
age of each partner. If insufficient data is available,
data providers from outside of the consortium can
be added, and they receive a fee per provided data.

Control: Openness of the ecosystem

The market conditions show that many data pro-
viding actors of the Smart Retail Dashboard oper-
ateinthe ecosysteminacompetitive environment.
Thus, different players may not trust to share data
with each other. To overcome this lack of trust in
the ecosystem, an ecosystem governance model
is required for who can enter the collaboration. To
develop a governance model for the ecosystem,
three different scenarios arose based on ‘open,
hybrid or closed’ (Spiekerman et al, 2019) collab-
oration models.

Data provider
(internal)

N Ra
N w data
Raw data \\\\fee per data %raw data fee

\\\\\\ % license fee

O\
Ny
\§
T LTt TTT Tt [ |
" Premium . !
1 1 1 1
[ data . . ffer '
' Off Additional Data ! ! [jcense Basic access platform i
| er Raw usage | | fee Standardized report |
| data fee | | !
I 1 1 1
1 1 1 1
1 1 1 1
I 1 1 1
1 1 1 1
N\ ) SR Voo o ) A ;
City

Figure 6: Value network of the Smart Retail Dashboard data offering
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In the open model, all data owners can join, and re-
ceiveafeebasedonthe percentage of theirdatacon-
tribution to the final offering. In the closed model, a
limited amount of data providers creates a consorti-
um. The consortium is composed of complementary
players, who do not compete but collaborate. The
data providers receive a fee based on the percent-
age of their data contribution to the final offering to
the cities, as is negotiated in the beginning of the
collaboration model. In the hybrid model, a limited
amount of data providers creates a consortium. The
consortium is composed of complementary players,
who do not compete but collaborate. The data pro-
vidersreceive afee based on the percentage of their
data contribution to the final offering to the cities,
as is negotiated in the beginning of the collaboration
model. Yet, through subcontracting additional data
providers could be added to the consortium, either
on a short term - or long-term basis.

Implications on Business Models of

actors entering data ecosystems

If value through data cannot be created and captured
sufficiently within organizations, one may need to
move beyond the borders of single organizations.
Thus, the need for a data ecosystem arises. The busi-
ness models for entering data ecosystems have impli-
cations on different actors: either actors who aim to
establish a data ecosystem (such as the Rotterdam
government use case) or actors who want to deter-
mine whether they want to enter an existing data
ecosystem. This could be as an actor providing data
or receiving data, depending on the use case. This
may concern governmental and/or private players.

To enter data ecosystems, actors will need to ask
questions which can be guided by the Data Ecosys-
tem Business Model Framework. One needs to es-
tablish whether value can be created when entering
or setting up a data ecosystem: Can the internal data
of the individual actors be utilized to create value of
data internally within the organization? Or is there a
value for exchanging data in a data ecosystem? Will
the company require to receive data from other ac-
tors, or will it be able to share data? It could be ob-
served that all case studies initially created value

through the definition of use cases involving gov-
ernments, companies, and citizens to kick start the
ecosystem. Within these use cases, value needs to
be created for all different actors. If there is no val-
ue created for one actor in the data ecosystem, the
use case will not materialize as no alignment can be
found between the actors for a common focal value
proposition of the ecosystem.

The actor will need to establish whether value can
be captured by entering a data ecosystem. Are there
revenue (sharing) and cost (sharing) models which
are applicable? In the different use cases, govern-
mentally funded use cases for creating a data eco-
system were required to build a sustainable model
(Helsinki, Rotterdam) to kick start the ecosystem.
Value can be captured in monetary terms (paying
a fee for data in the case of the Smart Retail Dash-
board) or non-monetary(e.qg., free access to data). In
the latter, as value is captured by the government for
reaching policy requirements, the governments pay
for the development of the use cases in the cities of
Helsinki and Rotterdam. The example of the Smart
Retail Dashboard and in the future Rotterdam show
that there is a need for developing revenue sharing
models and cost sharing models between private
and public actors. The distribution of value within
the ecosystem is a major field of further research,
as could be observed in the Smart Retail Dashboard
use case.

When the value creation and capturing questions
are answered, an actor needs to determine whether
it can control its current position in the market by
entering a data ecosystem. Additionally, actors aim-
ing to establish a data ecosystem, will need to con-
sider questions regarding ecosystem governance.
Can the other actors in the ecosystem be trusted?
What are the power dynamics, customer owner-
ship and data ownership tendencies in the ecosys-
tems? Can data be shared with the partners in the
ecosystems, or are there competitors with whom
data cannot be shared? Is there a need for develop-
ing ecosystem governance models in the data eco-
system, and is the company willing to abide to the
existing governance models? In the Rotterdam and
Smart Retail Dashboard use cases, it became clear
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that trust within the ecosystem will need to be cre-
ated. Companies or governments may not want to
share the data with competitors and/or will not want
the data to be reshared. Additionally, when setting
up a data ecosystem, new roles for the government
and private actors arise, requiring novel governance
models. One aspect within the governance models is
the openness of the ecosystem, which has major im-
plication on the models to collaborate as the Smart
Retail Dashboard use case has shown. In closed
ecosystems the actors choose with whom the data
is shared, while in open ecosystems this creates ad-
ditional challenges for data sharing governance.

Last, the control over the data resources will need to
be ensured as well as the efficient exchange of data.
Can agreements be made within the data ecosystem
regarding the usage of data? Is the data sufficient-
ly structured and shareable or are interoperability
standards required within the ecosystem? If there
are existing agreements, is the company willing to
adopt the standards, and what are the implications
on the existing data governance within the compa-
ny? This has business model implications, as it may
require actors to change their current way of han-
dling data. The example of Helsinki has shown that
looking into with whom the data can be sharedis of a
high importance, as some data may be sensitive due
to privacy, competition, or security reasons. Thus,
the sharing of data in data ecosystems requires the
acceptance of agreements and standards within the
ecosystem, which may result into changing certain
internal policies of actors.

Conclusions

To define the ongoing evolution towards data eco-
systems, a literature review in the fields of data gov-
ernance, data sharing, business models, and data
ecosystems was performed, describing the interde-
pendencies between the different streams of liter-
ature. This led to a Data Ecosystem Business Model
Framework based on value and control, which in-
cludes the parameters of value (how is value created
and captured)and control (controlling the value net-
work/ecosystem and data governance). The multiple

13

case study analysis provides empirical analysis of
business models of data ecosystems showcasing
the factors in three use cases in the Rotterdam Dig-
ital Twin, the Helsinki Digital Twin and the Smart Re-
tail Dashboard.

The Data Ecosystem Business Model Framework can
be utilized to help to define an alignment strategy
between the actors to go towards the same direction
by providing an overview of the factors that need to
be considered. It shows the need for creating indi-
vidual business models with value proposition & rev-
enue (sharing) models for each organization that fits
the overall ecosystem strategy. Value needs to be
created and captured within use cases for the data
ecosystem to materialize and for alignment to occur.
Additionally, it shows the need for control of the data
ecosystem, as governance models are required to
develop organizational models in the ecosystems,
as well as to develop trust among the partners in the
ecosystem to be willing to share data. Lastly, data
governance models are required to ensure data can
be controlled and exchanged within the ecosystem.

A limitation of this study is that it is applied to case
studies in the fields of smart cities and digital twins.
As a result, the use cases all deal with ecosystems
where governments play an important role. Further
research will need to investigate whether these find-
ings can be extrapolated to other data ecosystem
with a higher presence of private actors. Another
limitation concerns the fields of literature that have
been covered. This work concerns data governance,
data ecosystem, business models, data sharing lit-
erature, and makes abstraction of legal and techni-
cal challenges.

Furtherresearchisrequiredto determine the under-
lying business model implications of data ecosys-
tems. Examples of important areas of study are the
value of data, the willingness to share data in data
ecosystems, revenue sharing models and value dis-
tribution models, governance models for enabling
trust, the openness of data ecosystems, ... The Data
Ecosystem Business Model Framework can serve to
further scope this ongoing research.
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