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Abstract

The transition towards a sustainable energy system in the built environment is commonly referred to the
incremental adoption of a variety of available technologies, practices and policies that may contribute to
decrease the environmental impact, at reasonable costs and adequate quality standards. The complexity of
the transition requires a sound information provision in order to make decisions which are future proof and
optimal in the context of the system dependencies by both public and private parties. This information provision
is lacking maturity, and in the era of Big and Open Data, it is believed that data has a significant role to play
in the improvement of the information provision towards all stakeholders. This paper presents a study on the
information provision in the Dutch energy transition with the focus on the thermal urban transition away from
natural-gas. The study adopts the DE approach to answer the following research question: What are the
necessary elements, roles and context in an DE to enable the data-driven support of the local heat transition, by
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1. Background and problem definition

The challenge posed by climate change upon humanity can
only be adequately addressed by drastically reducing human-
induced greenhouse gas (GHG) Emissions to the point of
zero-emissions [1]. The Netherlands is on the verge of imple-
menting a new framework which should accelerate the energy
transition, namely the Klimaatakkoord or Climate Agreement.
The goal of the Climate Agreement is to propose and en-
able the realisation of measures to reduce GHG emission by
49% in 2030, relative to 1990, among the built environment,
the electricity sector, industry, agriculture and land-use, and
mobility [2].

For households in the Netherlands, the generation of heat
for a variety of purposes such as space heating, warm water
and cooking, contributes for over 82% in the final energy con-
sumption [3]. This situation where the heating provision is
dominated by natural-gas, over 87% in 2015 [4], is unique
for the Netherlands since other countries have more diverse
heating systems in terms of the energy carrier, technology for
energy conversion and the location of heat generation [5]. In
the Netherlands national policy is targeting the disconnection
of buildings from the use of natural gas for heating purposes.

To establish the disconnection from natural gas and the tran-
sition of the building stock, local governments will have a
pivotal role together with the building owners and citizens. In
the planning and realisation of the sustainable urban heating
systems for all neighbourhoods, the technical aspects of the
buildings, are not the only decisive factors. In addition, the
inclusion of citizens and other stakeholders with regards to
their interests and resources is decisive.

Because of this great share of energy consumption for
heat in the urban setting, this study will focus on the pro-
vision of sustainable heat at low cost and in a reliable and
natural-gas-free manner for households. Here, the increasing
decentralisation in the generation of energy, and the increas-
ing diversity in the energy system to fit the local technical and
social conditions are taken into account [6].

To successfully fill in the novel responsibilities and tasks
to kick-off the energy transition at the pace as desired in
the Klimaatakkoord [2, 7], the local governments and stake-
holders will need to innovate and be creative with the existing
decision-making mechanisms. However, this decision-making
requires a sound knowledge base to result in effective, sup-
ported and future-proof or robust decisions. Among the actors
in the heat transition there is common consensus that the
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current information provision is lacking and that knowledge
gaps are left unaddressed by the current information provision.
However, there is little known about what these knowledge
gaps are and how that differs over the various actors. A recent
study on the knowledge gaps in the Netherlands for policy
issues in the Energy transition, yielded knowledge gaps which
are predominantly on the supply side of energy [8]. Subse-
quently an approach is proposed to establish a data strategy
which targets the supply side.

This is acknowledged by the Climate Agreement, and in
the program on the Improvement of the Information Provision
in the Energy Transition, these knowledge gaps are mapped
for the policy decisions and a plan is proposed to target these
knowledge gaps with data of all kinds [2, 8]. However, the
knowledge needs and subsequent knowledge provision and
support to citizens, is not yet addressed.

However, a study by [9], on the local level in the Nether-
lands, surfaced that on the local level it is predominantly the
demand side which prevails the most knowledge gaps. The
public authorities require detailed, accurate and topical infor-
mation on the citizens regarding their consumption behaviour,
but also the attitude and willingness to participate in the heat
transition, and the preferences towards technologies and so-
lutions [10, 11, 12, 13]. This need for citizen information is
met by a lack of knowledge on how to effectively, reliably and
frequently capture this data and subsequently process the data
to determine appropriate strategies of citizen engagement in
the heat transition. To target this knowledge gap, this paper
aims to answer the following research question:

What are the necessary elements, roles and context in
an DE to enable the data-driven support of the local heat
transition, by capturing citizen preferences, willingness to
participate, and attitude?

Big Data and Open Data have been carrying great promise
as technologies to enhance society, affecting all aspects of
human activity, by incentivising citizen participation, trans-
parency, economic growth and innovation [14]. The techno-
logical advances achieved in the last decades in particularly
the ICT domain, such as the use of social media, smart phones
and the Internet of Things is driving the exponential increase
in the volume of data, leading to the so called Big Data. Ac-
cordingly to the immense growth in Big and Open Data, the
infrastructure and technology to enable these technologies,
such as Big data storage and processing facilities, Open data
portals and platforms and tools and instruments, have been
introduced and developed at an unprecedented pace to exploit
the potential behind Big and Open Data. [14] and [15] argue
that these facilities and infrastructure are utilised by many
users, and also developed and maintained by many parties.
Hence it is proposed to view them as part of a wider open
Data Ecosystem (DE) in which each instrument or tool can
add value as part of the puzzle. This is the main reason why in
this research DE theory plays an important role to understand
the involved stakeholders and the interaction between them in
generating and utilising Open and Big Data for an inclusive

heat transition. The Heat-transition will be addressed from the
perspective of its current and future DE which should form
the foundation for the provision of knowledge for decision
making among all actors and stakeholders involved.

1.1 Structure of the paper

After introducing the problem and the intended approach in
section 1, section 2 will proceed with the literature background
on Big and Open data in energy systems and DE theory. Sec-
tion 3 addresses the methods used briefly and the case of
Utrecht, subsequently section 4 will address the results, and
section 5 presents the proposed DE 2.0. Finally, section 6
discusses the findings, and the paper is concluded in section
7.

2. Literature background

2.1 The concepts of Big and Open data

Data is increasingly gaining value as an economic asset, how-
ever, this is not yet the case for policy making and public
decision making in general. Data utilisation, among others,
offers new insights into behaviours and patterns, with less
dependence on surveying. However, it requires major efforts
to bring together multiple actors from various disciplines and
practices to study the under-explored relationship between
data types [16].

2.1.1 Big Data

Big data, the first concept to be discussed in this section, and
its role in both public and private decision-making has at-
tracted significant research in the past decade [17, 18]. The
technological advances achieved in the last decades, in partic-
ular the ICT domain, such as the use of social media, smart
phones and Internet of Things, is driving the exponential in-
crease in the volume of data leading to the so called Big Data.
Hereby literature is quite diverse in the definition of Big Data,
among others due to the strong developments. A commonly
found definition is that big data means data-sets that are too
large for traditional processing systems and require new tech-
nologies [19]. A more comprehensive definition, which also
emphasises the increase in scale and scope of data is as fol-
lows: “Big Data is a step change in the scale and scope of
the sources of materials (and tools for manipulating these
sources) available in relation to a given object of interest”
[20, p. 349]. This working definition will be applied for the
remainder of the thesis, due to its comprehensiveness and
it being more specific than the more common definition of
Big Data in industry, where Big Data is defined by means
of its 5 characteristics of Volume (e.g. a large number of
objects or time series), Variety (Large variety among data
types e.g. statistics, sensors, social media), Velocity (high
speed of data generation, e.g. real-time data) and Veracity
(the trustworthiness or validity of the data) [21]. With the
increasing application of sensors, wireless network communi-
cation, advanced metering, and cloud computing technologies,
large amounts of data are continuously being accumulated
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in the energy sector. These applications have predominantly
been utilised in the context of Smart Grid research and power
systems to enable generation side and demand side manage-
ment, asset management and collaboration, and micro-grid
and renewable energy generation [22].

2.1.2 Open Data

In addition to Big Data, this research addresses Open Data as
a means or source to knowledge and decision support. The
Open Knowledge Foundation, an international non-profit or-
ganisation, promotes Open Data as part of the their Open
Knowledge campaign and define Open Data as “a piece of
data or content that is free to be used, reused, and redis-
tributed - subject only, at most, to the requirement to attribute
and/or share-alike” [23, p. 6]. Other characteristics, included
by alternative definitions, include: standard formats, no re-
strictions from copy rights or patents, interoperable, digital
and machine readable format, and Public Sector information
[24].

For data to be classified as Open Data, the data should
comply to the 10 criteria established in 2010 by the Sunlight
Foundation, a NGO aiming to make governments and politics
more accountable and transparent by means of among others
open data, namely: complete, primary, timely, accessible, ma-
chine processable, non-discriminatory, non-proprietary, per-
manent, licence-free, and preferably free of charge [25].

Open Data is being increasingly considered as a major
enabler of public service innovation [26]. The open access
to data-sets, without any predefined financial and regulatory
restrictions or conditions of use, and advanced analytical meth-
ods and tools have opened up endless possibilities to generate
new knowledge to drive data-driven solutions. In the next sub-
section these applications of Big and Open data for energy
and climate policy will the addressed.

2.1.3 Big and Open Data in Climate and Energy Policy
Big and Open Data can be sourced from both the energy in-
frastructure for generation [27] and distribution [24], as from
the demand, influenced by end-user behaviour and building
characteristics [28, 29]. In the heat transition, climate pol-
icy has a significant role to enable and guide the transition.
For Evidence-based Policy-Making, the data-driven approach
utilises data on energy, the environment and the economy,
to establish a knowledge base and subsequently recognise
problems, set priorities, establish and implement policy, and
finally monitor and assess the efficacy of policy and the need
for adaptive response [30, 31, 32]. Although this relevance
and necessity for open data of adequate quality, integrity and
detail is acknowledged by the sector and studied over a wide
field of applications in the energy sector, energy policy re-
search is lacking behind other sectors in promoting open and
reproducible data and methods [33, 20].

2.1.4 Energy demand estimation and mapping
[34, 35, 36] study spatial mapping of energy potential and
demand. [36] addresses how publicly available data-sets, or

open data, on housing and energy can be used to map and plan
mass retrofit and propose targeted low carbon measures across
a city, in order to address the challenges of having: incomplete
data and the inability to aggregate and consolidate private
sector housing retrofit activities to minimise installation costs.

2.1.5 Dwelling retrofit or renovation

On the end-user side, dwelling retrofit is considered an effec-
tive mean to drastically reduce energy use and enable more in-
novative, sustainable and energy efficient heating and cooling
solutions. [37] applies data-analytics and energy modelling on
the building technical and consumption aspects to determine
the effectiveness of non-structural retrofit strategies on energy
efficiency in a residential building. A more data-driven ap-
proach is applied by [38], where smart meter and retrofit data
from 1,600 non-residential buildings is collected and merged
with data from previous energy saving retrofit measures to pre-
dict the success of energy saving measures based on the type
of building and the industry type. No comparable research
applied on residential buildings could be found.

2.1.6 Challenges and barriers for Big and Open Data

The work by [39] provides a overview of recurring challenges
and barriers occurring in the application of open data and
open data portals worldwide after a systemic review on pa-
pers discussing these challenges and barriers. The challenges.
complemented with challenges found in other work, are as
follows:

Inconvenient data access, availability and findability
Clarity of data purpose

Inadequate or poor data collection

Data license complications

Difficult to understand the data

Incomplete data

Inadequate meta-data

Poor data life-cycle management

Poor data traceability

High paced technological development [40].
Inconsistent data [28].

Lack of data standards [29, 41, 42]
Communication of results [43].

After introducing the concepts of Big and Open Data in
this sub-section, and the encountered challenges and barriers,
the following sub-section elaborates on the DE as presented
in literature with the relevant theories

2.2 The DE Approach

After the discussion on the role of Big and Open Data in en-
ergy policy and in particular, urban thermal systems, in section
2, this section proceeds with the elaboration of the DE ap-
proach and the relevant theories. The section is subsequently
concluded with a DE framework consisting of elements which
encompass the roles, activities, and environment in DEs. This
framework forms the means to recommend the suitable DE
for the heat transition.
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2.2.1 DE theory

The technological advances achieved in the last decades, in
particular the ICT domain, such as the use of social media,
smart phones and the Internet of Things is driving the expo-
nential increase in the volume of data leading to the so called
Big Data which is previously discussed in sub-section 2.1,
together with Open Data. Accordingly to the immense growth
in Big and Open Data, the infrastructure and technology to
enable these technologies, such as Big data storage and pro-
cessing facilities, Open data portals and platforms, and tools
and instruments, have been introduced and developed at an
unprecedented pace to exploit the potential behind Big and
Open Data. [14] and [15] argue that these facilities and in-
frastructure are utilised by many users, and also developed
and maintained by many parties. Hence it is proposed to view
them as part of a wider open DE in which each instrument
or tool can add value as part of the puzzle. Subsequently, in
this research DE theory plays an important role to understand
the involved stakeholders and the interaction between them in
generating and utilising Open and Big Data for an inclusive
heat transition. The Heat-transition will be addressed from the
perspective of its current and future DE which should form
the foundation for the provision of knowledge and support, to
decision making among all actors and stakeholders involved.

Moreover, the literature review on DEs by [44] derived the
following potential benefits of the DE approach: 1) improved
political and social aspects, 2) improved economic aspects, 3)
convenient data generation and utilisation, 4) improved com-
munication and interaction between actors and 5) improved
quality of data and services. These are thus benefits which are
in line with the needs of modern day governance of complex
challenges, such as the heat transition.

The term ecosystem is derived from its use in biology
where an ecosystem represents a natural unit, functioning as
a whole, consisting of plants, animals and microorganisms
together with the non-living physical resources in the envi-
ronment [44]. For Open Data, the Ecosystem metaphor is
used to refer to the interdependent social system consisting of
individuals, organisations, infrastructures, and resources that
can be created in technology-enabled, information-intensive
social systems [14, 44, 45]. In the study with the focus on
the architectural elements of Big DEs by [15], the ecosystem
metaphor is used to state that the Big Data challenge is not
only that of its core technological components, but it is rather
a complex whole of components to store, process, visualise,
and deliver results. This whole of interrelated components is
what is defined as the Big DE which deals with the evolving
data, models, and supporting infrastructure over the entire Big
Data Life-cycle.

2.2.2 DEs: Definitions

The term DEs is commonly used in studies, however there is
little agreement on the definition of the term. The literature
review by [44] surfaced 15 different definitions of DEs. In that
literature review the work by [46, 47, 45] and [48] is presented
as the most cited among the selected 29 primary studies pub-

lished in the period between 2011 and 2016. The first work
on DEs, according to the review by [44], is published in 2011
by [49] and [50].

[46] states that a DE consists of data cycles, and within
these, intermediate data consumers, such as app developers
and data wranglers process the data and share the cleaned,
integrated and packaged data back into the ecosystem to be
utilised by the end-consumers.

In the work by [51], DEs are generally defined as “all
activities for releasing and publishing data on the Internet,
where data users can conduct activities such as searching,
finding, evaluating, and viewing data and their related li-
censes, cleansing, analysing, enriching, combining, linking,
and visualising data, and interpreting and discussing data
and providing feedback to the data provider and other stake-
holders”[51, p. 3].

Alternatively, [49] look at a DE for linked data and pro-
vide the following definition: “a data-based system where
stakeholders of different sizes and roles find, manage, archive,
publish, reuse, integrate, mash up, and consume data in con-
nection with online tools, services, and societies.” [49, p. 326].

Although there is a large variety in definitions for DEs, cer-
tain characteristics of these ecosystems are common over the
definitions. It can be observed that all mentioned definitions
share the following components: 1) stakeholders and roles,
2) relationships and interactions, and 3) (digital) resources.
In the proceeding sub-section these elements will be further
elaborated on.

2.2.3 DEs: Characteristics and Elements

From the review study on DEs by [44], one of the main find-
ings is that the various views on DEs, commonly identify
these ecosystems as socio-technical systems with a large va-
riety of technical and social elements involved and a high
degree of inter-dependencies. Hence, the study and design
of DEs requires thorough contextual understanding of human
interactions, in relation to the technological, cultural, political,
and economic context.

[52] argues that the context of DEs can be characterised in
at least three different categories. First, the regulatory context
entails laws, policies, standards, and agreements, and guides
the structure of the DE and the relation between the actors.
Second, the institutional context, where the actors operate
under certain values, rules, and norms. This context is also
called the environmental context by [51]. Third, [52] proposes
the technological context, encompassing the IT resources and
operators, but also other enabling technologies that contribute
in connecting the DE elements.

Moreover, the review by [44] reports on characteristics
of DEs, proposed by [48], that relate to the cyclical nature of
processing resources, sustainability to maintain continuity of
the ecosystem, user-centricity and demand-drivenness, and
self-organisation.

Finally, [44] reports on the organisational structure of the
DEs as relevant category of characteristics. This entails the
actors and the type of role they take in the ecosystem, but
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also the interest and business models connecting these actors.
Hereby the most common organisational structures found in
the reviewed work are: 1) Keystone-centric, where stakehold-
ers are organised around the Keystone actor responsible to
directly or indirectly provide data, 2) Intermediary-based,
where the data intermediaries are accountable to add value
to the data, 3) Platform-centric, where a platform shapes the
organisation of the DE, and 4) Marketplace-based, where the
market provides the infrastructure, business-models, rules,
and services for the exchange of data between actors.

After addressing the characteristics of DEs, the elements
of DEs can be considered as the next operationalisation of
the characteristics in the Ecosystem design. Several studies
propose DE elements or components, in order to interact and
achieve the functionality of the ecosystem. In table 1 it is
presented which elements for both Open and big DEs are
proposed by the work from [14, 53, 15] and [54].

In the first study to address these elements in this section,
[14] propose a set of four core elements and three additional
elements for DEs with the focus on Open Government Data
(OGD). Next, three categories of ecosystem elements are
proposed by [53]. Here it can be noticed that [53] is placing
more emphasis on the social and regulatory aspects within
the ecosystem. On the contrary, the set of elements proposed
by [14] encompasses a broader set of aspects and particularly
places the emphasis on the activities which are or can be
carried out in DEs.

[15] and [54] study the Big DEs and propose different
sets of elements. Compared to [15], [54] takes a broader
approach in proposing the key elements of a Big DE where
also the social aspects are taken into account, in addition to
the technological aspects as previously presented by [15].

Finally, among these studies, it can be observed that none
address both Big and Open DE:s as the focus is on either Big or
Open Data. Hence, this study will take an integrated approach
for the DE, addressing both Big and Open Data.

Given the characteristics and elements of DEs, [50] pro-
poses a set of steps to facilitate the development of an DE.
However, with the focus on an Open Government Ecosystem.
These steps are as follows:

1. identify the people and organisations that can take a
role as essential component of the ecosystem

2. comprehend the nature of the transactions and interac-
tions that occur between those entities

3. identify what resources are needed by each entity to
engage with each other in transactions and interactions

4. observe the indicators to measure the health and perfor-
mance of the ecosystem as a whole

These steps will be taken into account when the stakeholder
map will be derived for the heat transition in the Netherlands.
This, to comprehend the current DE and use it a foundation
for the design of a proposed DE. The following sub-section
elaborates further on the theoretical background behind the
novel DEs.

Table 1. An overview of DE elements derived from literature

Ecosystem
type

Element or Component Source

1) Releasing and publishing open data
on the internet
2) Searching, finding, assessing and viewing
data and the associated licenses
3) Cleansing, analysing, enriching, combining,
Open Data linking and visualising data
Ecosystems 4) Interpreting and discussing the data and providing
feedback to stakeholders and the data providers
5) User pathways to inspire users on how data can
be used
6) A quality management system
7) Meta-data to connect the elements

[14]

1) Government policies and practices
Open Data  2) Innovators as a combination of technology,
Ecosystems business and the government

3) Users, civil society, and business

[53]

1) Data models, Structures and Types, this concerns
Data formats, file systems etc.

2) Big Data Management on e.g. Big Data Life-cycle,
Big Data transformation and staging, and sourcing,
curating, and archiving

3) Big Data analytics and tools, e.g. Big Data appli-  [15]
cations, the target use, presentation, and visualisation
4) Big Data Infrastructure for e.g. storage, compu-
tation, exchange, and Big Data operational support

5) Big Data Security, on in-rest and in-move data, and
through trusted processing environments

Big Data
Ecosystems

1) Infrastructure
2) Software and Technology
3) Service and Applications
Big Data  4) Standards
Ecosystems 5) Users
6) Social and Cultural factors
7) Government
8) Industry

[54]

2.3 DEs: theoretical foundation

According to [44] the theoretical basis for the DEs has been
slow to develop as there is no common agreement on how the-
ories should look like. When considering the work carried out
in the field of DEs and as reviewed by [44], a final selection of
29 articles, a large variety of theories is applied to study and
understand DEs. The main theoretical foundations adopted
by DE studies are: Socio-technical systems theory, Resource
dependency theory, Value chain theory, Business ecosystems,
and Software ecosystems.

As was presented in sub-section 2.2.3, DEs, among others,
include elements such as activities and processes, databases,
work-flows, people, market parties, the government, and in-
frastructure. With these elements, DEs need to combine and
integrate components from various ecosystems and domains
[44]. It could be derived from the previous list of theoreti-
cal foundations, that alternative Ecosystem theories are com-
monly applied to study the novel DEs. [14] relates the DE to
Business Ecosystems, Innovation Ecosystems, Digital Ecosys-
tems, and Open Government Ecosystems.
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The body of literature on DEs is thus growing, and applica-
tions are wide-spreading over various sectors and stakeholders.
However, no application of DE research has been found on
the energy sector. As other sectors, the energy sector is ever
increasing in digitisation with the introduction of smart meter-
ing and control technology to promote energy efficiency and
demand side management, but also to cope with the increas-
ing diversity and share of (intermittent) energy sources which
pose challenges to balance the grid. This is one reason why
this study on the realisation of an inclusive and sustainable
urban heat supply can build upon the DE approach. In this
DE approach, the system as a whole needs to combine com-
ponents from different domains in order to be a functioning
whole, taking into account the dynamic interaction between
the different factors and components.

With the theoretical background on the DE approach in the
previous sub-sections, the following sub-section establishes
an DE framework which will be utilised for the remainder of
this research.

2.4 The DE framework: elements and roles
Building forward on the literature reviewed on DEs in the
previous sub-sections, this section derives a DE framework to
assess the case of the heat transition.

For DEs, in general, three types of actors or roles can be
defined, according to [55, 56] these three roles are:

e Data producers and providers: the organisations or
entities which produce and provide the data, whereby
the data can be acquired over a myriad of technologies
and the produced data can be categorised according to
the various data types.

e Data users or consumers: the organisations or entities
which can use the data and derive valuable insights.
Categories of data users are: Academic, Commercial,
Governmental or public, Non-profit and Citizens,

e Data intermediaries: Organisations or entities which
organise and facilitate the exchange of data, and coor-
dinate the participation of users and providers. These
are the organisational functions of the intermediary.
Additionally, the intermediaries may or may not have
data-related functions, e.g. data pre-processing and the
provision of technology for data sharing.

In figure 1, see the lower part referenced ”data-stakeholder
context” in blue, it is depicted how these roles relate to each
other and to the DE. For each role it is stated which challenges
commonly occur in the DE.

The elements of the DE are derived from the work by [14],
focusing on Open Government Data, and [15], focusing on
Big Data, whereby the elements proposed by these studies
complement each other to cover the most important character-
istics and interactions in DEs. The included elements come
down to:

1. Data capturing and pre-processing to desired format
2. Data release or sharing

3. Searching, finding, viewing and assessing data and data
licenses

Cleansing, linking, analysing and visualising data
Discussing data and providing feedback to providers
Meta-data to connect elements

Use-case promotion

Quality management

e

These elements capture the data life-cycle management or
value chain where various approaches propose steps on how
to gather data and add value to the data as it passes through
the different steps. [57] elaborates on the following steps in
the data value chain: 1) Data acquisition, 2) Data analysis, 3)
Data curation, 4) Data storage, and 5) Data usage. In the DE
for Big Data [15] propose a Big Data Life-cycle Management
model consisting of the following steps: 1) Data Collection
and Registration, 2) Data Filtering, 3) Enrichment and Clas-
sification, 4) Data Analytics, Modelling and Prediction, 5)
Data delivery and Visualisation, and 6) a parallel step of 6a)
Data re-purposing, 6b) Analytics re-factoring and 6c) Sec-
ondary processing. What these approaches commonly show
is that the steps are organised in a linear way, whereby often
feedback-loops occur towards earlier steps. The activities
proposed as part of the steps in the Data Value Chain are thus
taken into account in the DE elements depicted in figure 1 and
surrounded by the Regulatory, Institutional or Environmental,
and Technical context [52].

3. Research Methodology

3.1 Research design

This research uses a case study method, in particular an em-
bedded single-case study design in applied according to the
case-study design definition by [58]. The case study design en-
compasses the Netherlands as the main case, the stage where
the heat transition has to be realised on a national level, and
the municipality of Utrecht as the embedded case. The case
study is executed as a qualitative case study, where the main
mean of data collection are interviews. The benefit of the
qualitative case study is that rich information can be derived
from the interviews on the local issues regarding the heat
transition, and the associated DE, via the critical interactions
of complex social phenomena [59]. Hence, the case study
meets in the necessity to derive the real-life context on the
heat transition with regards to the actors involved, the current
and future decision-making processes, the knowledge gaps
based on the actual technological, social and economic con-
text, and the data available. In addition, the case study enables
the derivation and assessment of the Data Ecosystem as can
be found in Utrecht.

3.2 Case description: the municipality of Utrecht

For this study, in order include as much as possible of the local
heating system and to grasp the actual challenges regarding
the heat transition and the associated knowledge gaps, the
focus is placed on the Municipality of Utrecht in the case
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Figure 1. The DE according to [14], complemented with the social layer consisting of the corresponding roles

study. The municipality of Utrecht is located in the Utrecht
province in the Netherlands and covers a surface area of 99.21
km?. With the ambition to be climate neutral by 2030, Utrecht
has its work cut out to make drastic changes to its energy
landscape in the coming years [60]. In 2018, Utrecht counted
347,483 inhabitants, divided over 178,186 households, in
150,831 dwellings [61].

The building stock in Utrecht is dominated by the flat
buildings and row houses with a total share of around 96%.
When looking at the building period of the residential building
stock in Utrecht, there is a relative over representation of the
dwellings originating before 1945, also known as the pre-war
dwellings.

In 2017, the residential dwellings in Utrecht consumed a
total of 6.39 PJ, of which around 80% of the energy is used
as heat for spatial heating, cooking and warm water. The re-
maining 20% of the energy use entails the electricity to power
appliances and lighting. The heat supply is predominantly
provided by natural gas, 3.6 PJ - 71%, while District heating
accounts for the remaining 1.4 PJ - 29% [62]. Over 58% of
the dwellings has energy label C or better.

In the Netherlands, after Rotterdam, Utrecht is the leader

in terms of the installed district heating capacity. In 2015 this
amounted to 52,800 dwellings connected to DHN developed
and exploited by Eneco, and this is expected to increase to
58,000 connected dwellings in 2020 [4]. The most impor-
tant source of heat for this DHN in Utrecht are the gas fired
electricity plants of Lage Weide and Merwedekanaal [4].

Regarding the citizens of Utrecht and their motivation to
have a positive contribution in the sustainability of the mu-
nicipality, a survey in 2016 yielded that, when looking at the
measured related to the heat demand, 85% of the respondents
have some sort of window insulation method implemented
such as double glass. Furthermore, 47% have their walls
(partially) insulated, 43% have their roof (partially) insulated,
36% have their floor (partially) insulated, 33% have a water
saving shower head and/or tap, 9% have a energy-manager
e.g. TOON, 35% have a smart meter, 4% have a heat pump
installed, and 1% have PVT panels installed for heating water
[63].

3.3 Interview approach
For this study, both open and semi-structured interviews are
utilised over two phases of the study as the main means of
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data collection. In the first phase of problem orientation, open
interviews are conducted, to gather empirical information on
the perception of the problem, the possible solutions, and
the stakeholder field involved. In the phase of the problem
analysis and the DE design, semi-structured interviews were
conducted to derive the information necessary to answer the
research questions. The set of stakeholders resulting from the
first round of interviews represent the various elements in an
urban thermal energy system and form the pool of entities to
be interviewed in the second round. From this stakeholder
set, a structured method is applied to select and approach
the interviewees for the second round, these interviewees are
presented in table A2, while table A1 presents the interviewees
from the first round.

3.4 Method of coding and Data analysis
It should be noted that the processing and analysis is aided
by the NVivo software package [64]. The data treatment
consisted of two coding iterations where the simultaneous
coding, or co-occurrence coding method is applied, initially
on a predefined code-set based on literature, and second by a
code-set enriched with the codes that can be derived from the
empirical data. Each iteration is followed by a filtering round
to clean up the codes used very rarely, and by merging codes
which show significant similarity or a strong correlation.
After the date was coded, the analysis consisted mainly
of a hierarchical cluster analysis, operationalised through a
coding matrix, for the definition of themes and interrelations
between themes [65, 66]. In addition to the definition of
themes, the cluster analysis aids the classification of the data,
by grouping data together in classes related to various char-
acteristics of the respondents [66]. This enables to say some-
thing about how respondent characteristics relate to the data,
for instance which challenge or knowledge gaps is commonly
mentioned by a certain category of respondents. By doing so,
the complexity and variation in the perceptions and attitudes
of various actors and stakeholders can be better understood
when studying the socio-technical system behind the heat
transition.

4. Results

4.1 The socio-technical system

The socio-technical system around the heat transition can
be described as very extensive, actors and stakeholders can
be divided over roughly 7 categories: citizens, government,
government authorities, market (construction, technical instal-
lation, energy utility and service, etc.), Intelligence (research
and advisory), Real-Estate (developers, intermediates, and
housing corporations), and Other (from network operators
to financial institutions and local citizen initiatives). This
extensive field of actors and stakeholders evolves around an
equally extensive field of technologies at different states of
maturity, sustainability and affordability, and with different
characteristics on the energy source, temperature, and being
an individual or collective system. The actor and stakeholder

field now comes together with the technological field to make
decisions, invest and adopt alternatives for natural gas in the
heat supply. This is met with challenges on the uncertainty
in the performance of technology and the allocation of cost
among public and private parties.

In the actor and stakeholder field, one of the most interest-
ing findings is that many of the actors and stakeholders are still
in the process of comprehending the problem of natural-gas
in the built environment and searching for their role to realise
this. Given that these stakeholders are not yet aware of their
role, it is also unclear what resources they have available for
the heat transition, while their attitude towards the transition
is broadly varying and unstable over the field. It is commonly
mentioned that the government should be establishing the
facilitating conditions, this will provide the stakeholders of
clarity on their role, after which they can proceed to decision-
making in the heat transition.

From the DE perspective some clear roles can be distin-
guished, for instance Stedin as network operator is taking the
role as data supplier because their legal status forbids them to
add value to the data. The municipality with the heat transi-
tion vision, and utility companies are taking the role as data
user in supporting the planning and development activities in
the heat transition. Kadaster and CBS are establishing them-
selves as true Data intermediates, whereby the role entails,
on the one, hand DE organisational aspects regarding the es-
tablishment and maintenance of databases and the facilitation
of the stakeholders involved in that process. On the other
hand, there are the data aspects where they add value to data
and release data for users to process. The role of standards
organisations is an important one in DE to ensure data quality
and interoperability, however such an authority only exists
for government geo-data. For other data types this role is still
vacant, yet badly needed.

4.2 The knowledge gaps and data needs

From the empirical data it can be concluded that the stakehold-
ers often address challenges in co-occurrence with knowledge
gaps. In other words, many of the challenges in the heat tran-
sition are a consequence of lacking or sub-optimal knowledge,
entailing inadequate information provision to the decision-
makers responsible and accountable for decision-making in
the heat transition, and stakeholders affected by these deci-
sions. The identified knowledge gaps can be defined over five
main themes: 1) the energy system and environment, 2) the
data ecosystem, 3) dwellings and end-users, 4) market and
economic aspects, and 5) the decision-making process.

Of these categories, the most knowledge gaps, measured
by the variety that can be derived from the empirical data, fall
under the themes of 1) the energy system and environment,
and 2) the dwellings and end-users. In particular, very little
is known about 1) the detailed characteristics of dwellings
that impact the potential and costs of retrofit and thermal
installation upgrades, 2) the perceptions and attitude, leading
to the willingness to participate by the citizens and building
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owners, and 3) the preferences of stakeholders for natural-gas
alternatives and their role in the heat transition.

4.3 Data-base and Data platform inventory

This study produced an extensive, but not exhaustive, inven-
tory of data-bases currently available, with relevance for heat
transition decision making. A total of 24 data-bases are pre-
sented in this inventory, categorised over: supply side data,
demand side data, building stock data and energy statistics
data, see figure 3 for a schematic presentation of these data-
bases. It can be concluded that the majority of the data openly
available nowadays is on the supply side. The infrastruc-
ture data for distribution and storage is also openly available.
However, on the demand side, including the dwelling charac-
teristics and the end-user characteristics and behaviour, there
is little data captured and released as open data. A significant
share of the demand data thus remains to be released, while
there also is data with great potential which remains to be
captured, namely: 1) citizen preferences and attitudes towards
the alternatives for natural-gas and retrofit measures, and 2)
data on dwelling envelope retrofit and thermal installation
measures already conducted in dwellings.

Besides the data-bases, an inventory is produced on the
data platforms or portals targeting energy, and in particular
heat. This inventory yielded 9 platforms with varying func-
tionality and data feed. See table A3 and A4 for a description
on these platforms. It could be concluded that when placing
these platforms and data-bases in the context of an ecosys-
tem, there already is a very rich ecosystem. However there
is very little known on the links and interaction between the
platforms and data-bases. This means that several platforms
have redundant functionality, while other platforms comple-
ment each other with their functionality. However, because
the overview of the ecosystem is poor, opportunities to jointly
utilise platforms are left unexploited.

Data-driven strategies have the potential to address these
knowledge gaps, however significant barriers are experienced
by the stakeholders in the development and execution of ef-
fective data-driven strategies in the current DE. The design
of the DE2.0, needs to take into account barriers regarding:
1) restricting (privacy) legislation, 2) data ecosystem barriers
e.g. difficult and cumbersome data search and acquisition and
poor data quality and detail level, 3) stakeholder barriers, e.g.
lacking willingness to share data, and 4) high perceived costs.

4.4 Barriers to data-driven approaches in the heat
transition
There is a large amount of data currently available or data
that could become available in the foreseeable future through,
among others, the data platforms [9]. However, at the current
stage of data and platform applications for the heat transition,
reoccurring challenges and barriers are encountered. In the
interviews with stakeholders in the Dutch heat transition, ques-
tions addressed the extent to which these stakeholders work
with data and data portals or platforms and which challenges

and barriers they encounter. The following challenges are
encountered in practice:

The interviews with stakeholders in the Dutch heat tran-
sition, included questions which address how familiar these
stakeholders are with data and data portals or platforms and
which challenges and barriers they encounter during the de-
velopment and execution of the data-driven strategy. From
this overview it can be observed that many encountered barri-
ers, overlap with the barriers mentioned in literature as was
presented in sub-section 2.1.6. The following barriers are
encountered in practice:

e Privacy legislation, namely the ”Algemene Verordening
Gegevensbeheer” (AVG) as the Dutch implementation
of the EU General Data Protection Regulation (GDPR),
and the unfamiliarity on how to deal with this AVG
and privacy sensitive data of consumers is the most
recurring barrier stated by the interviewees, namely 11
out of the 18 interviewees. Privacy legislation is not
only impacting the release of data, but also the analysis
of data and technologies such as Big and Open Linked
Data (BOLD). The application of BOLD, by linking
general data to derive individual and richer information
is perceived as illegal and thus limits these activities
(Business Developer, Eneco, 2018).

o Difficult and lengthy processes to find and access the
necessary data via the appropriate platforms or portals is
the second most mentioned barrier. There is a lot of time
and expertise required to get access to the data and to
utilise the data effectively, among others, this is caused
by the dispersed distribution of data and inconvenient
interfaces. This process is experienced as inconvenient,
devious, and complex by several interviewees and for
instance HoogravenDuurzaam questions whether the
added value of the data and platforms outweighs the
hassle (Chairman, HoogravenDuurzaam, 2018). In ad-
dition, the data may be subject to restrictions and costs
and this is experienced as a barrier (Strategic Adviser,
Kadaster, 2018).

e On the data ecosystem, other barriers include the imma-
ture state of organisations with regards to data-driven
strategies. Organisations such as the municipality of
Utrecht, Heijmans and the citizen initiatives are strug-
gling to comprehend the technological complexity and
lack the facilitating data ecosystem to support them in
developing and executing the data-driven strategies. In
the commercial sector, businesses lack the skills and do
not have a clear business case with the added value of
utilising and sharing data, hence this is a barrier towards
the participation of the commercial sector in the Data
Ecosystem (Project Director, Heijmans, 2019).

e Poor data quality and incomplete data, e.g. missing
entries in the BAG, and poor data-base compatibility
when combining data are a significant barrier (Business
Developer, Eneco, 2018).

e The most detailed data available as Open Data on plat-
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forms and portals are on the regional and municipality
level, there is little outreach to the neighbourhood level
or lower. The lack of detailed data is thus a barrier.

e Distrust under citizens leads to hesitation and a low
willingness to share data, for instance citizens opt to
turn off the smart meter or not register PV panels. This
is enforced by the fact that it is not always clear what the
purpose is of the data, and if citizens are not convinced
by the purpose, the willingness to share data is low
(Business Developer, Stedin, 2018; Statistical Officer,
CBS, 2018). The poor inclusion of the citizens as data
source in the data ecosystem is considered a barrier
towards fostering the willingness and awareness.

e Legislation vs. policy instruments, there is a mismatch
between, on the one hand, what policy instruments are
imposing on actors in terms of the data and services they
need to deliver, and on the other hand, the restriction
posed by legislation such as privacy legislation. Due
to the legal position of the network operators they are
not allowed to add value to the data they own, e.g.
visualising the data is not allowed. However, adding
value to data is expected from the network operators
in for instance the Regional Energy Strategies. The
network operators are thus limited to release only raw
open data (Business Developer, Stedin, 2018).

e For organisations looking to organise the Data Ecosytem
and improve the release of data, a barrier mentioned
is the lack of cooperation by data-owners such as the
energy providers (Statistical Officer, CBS, 2018).

e Finally, the high perceived costs of the data-driven
strategies necessary for the training and acquisition of
skilled labour and the acquisition of the IT infrastruc-
ture and software, is commonly mentioned as a barrier
withholding the large scale roll-out of data-driven strate-
gies.

With the insights gained in this section on the socio-
technical system, the knowledge gaps and the barriers, the
following section presents the DE proposed for the heat tran-
sition.

5. The proposed DE: elements and roles

In this section the DE is proposed which aims to improve
on the current DE, by taking into account the three building
blocks: 1) the information needs in the heat transition, 2)
the existing and potential data-bases and platforms with the
encountered challenges and barriers, and 3) potential technolo-
gies to improve on the data capturing, exchange and utilisation.
The proposed DE is exhibited in figure 2.

5.1 The DE Elements 2.0

The following paragraphs each elaborate on the DE elements
which are added to or adjusted from the DE sketched for
Utrecht and to meet in the needs for the heat transition in
the Netherlands. This proposal is made subject to an expert

validation in which Dr. Anneke M.G. Zuiderwijk-van Eijk,
Assistant Professor at the TU Delft and a leading researcher in
the field of Open Data and DEs, participated. This validation
session yielded issues on the initial design regarding: overlap
between elements, lacking visualisations and the ambiguity
among terms in the design.

5.1.1 Quality management system

Poor data quality and incomplete data is explicitly stated by
several data-users interviewed, as challenge when utilising
open data. Furthermore, the quality of insights gained from
the current data platforms, is also stated as a challenge, in
particular by the Citizen Initiatives. The existence of a qual-
ity management system is thus critical for stakeholders to
have confidence in the decision support provided by open data
driven applications and platforms. In the current Ecosystem,
geo-data standards are established by Geonovum, while other
data-types lack standards when compared to geo-data. For
an overall effective DE, reaching further than geo-data, this
quality system should be expanded to all other types of data.
Relevant for the heat transition are thus energy potential data,
data on technology performance and costs, and data on the
consumer’s demand and behaviour. A fair share of this data is
not geo-data, leaving a significant share of the data without
quality standards. Moreover, the data-management system
should not be limited to the development of standards, but
also to communicate these standards towards the DE partici-
pants and, moreover, to monitor and enforce the compliance
to these quality standards. For the provision of data to the
energy transition the following criteria should be included
in the quality management system: reliability, completeness,
topicality, continuity, independence, veracity (source integrity
and quality), and interoperable data formats [8]. By ensuring
these quality factors for the DE, the barriers and challenges
encountered in the current ecosystem, as presented in section
4.4, can be taken away.

5.1.2 Meta-data

Meta-data is important for users to gain a thorough understand-
ing on the data and assess whether the data suits their needs.
In addition, meta-data may benefit the DE in improved storing,
preservation, accessibility, visualisation and interoperability
of open data [14]. The three type of meta-data necessary are
[67]: 1) descriptive meta-data on the characteristics of the
data, enabling convenient data identification and discovery,
2) structural meta-data on the composition of the data-base,
enabling transparency and architecture improvement, and 3)
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