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Abstract: Energy transition deals with and starts from data and information, which are relevant
for decision making and strategy implementation. Several stakeholders who deal with planning,
energy management, and policy-making processes need findable, accessible, interoperable, and
reusable (FAIR) data to solve professional issues. The Horizon 2020 (H2020) EnerMaps project
contributes to providing FAIR data management. It aims to improve data availability, data quality,
and data management for industry (especially renewable technology industry), energy planners,
energy utilities, energy managers, energy consultants, public administration officers operating in the
energy sector, policy decision makers, and social innovation experts. We apply a flow of methods to
engage stakeholders for designing and operating a data management tool in the energy field—the
EnerMaps Data Management Tool (EDMT). The methodologies applied include: stakeholder analysis,
social network investigation, and semi-structured interviews to assemble user stories and needs. Far
from being obvious, this type of analysis is capable of addressing the needs and challenges in the
data sector, proposing an innovative tool. In this case, the main issues emerging are data quality
(inclusive data normalization), the acquisition of datasets, and the deep understanding of data tools
operation. In contrast, concerning the user needs inquiry, a number of topics emerge, such as the
need to access datasets related to energy consumption and production, and several software-related
needs, such as the possibility of normalizing and harmonizing the data.

Keywords: FAIR data management; energy planning; stakeholder analysis; user needs; user stories

1. Introduction

The Conference of the Parties 26 (COP26) brought together numerous countries and
actors in the global context to discuss how to achieve climate neutrality or zero-emission
systems by the mid-century. Strategies, actions, and funding were defined to accelerate
the transition from coal to clean energy, to protect and restore nature for the benefit of
the people and the climate, and to accelerate the transition to zero-emission vehicles. At
the end of the conference, the scientific community and social environmental movements
strongly emphasized the need for immediate and individual action, involving individuals
changing their daily practices and regions defining concrete and immediate actions [1].
For individuals and regions to act immediately and concretely to ensure the achievement
of climate and energy targets, there is an extensive need for access to findable, accessible,
interoperable, and reusable (FAIR) data on which effective decisions on how to act can be
based [2].

Individuals and regions can achieve climate neutrality through, e.g., actions that
require technological, economic, and social innovations to increase energy efficiency and
savings and renewable energy production [3]. FAIR data are essential to ensure effective
decision making in the climate and energy sector for the interaction among technology,
economy, and society [4].
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When deciding how to act and make policies, stakeholders and citizens need to have
access to information, data, and tools to enable the effectiveness of their decisions and
actions. One of the supporting elements for making effective and efficient decisions for
the climate and transition to low-carbon and sustainable future is the availability of clear,
rigorous, and comparable data. However, data are currently often difficult to find, mixed
in various repositories, and fragmented. Thus, further efforts are needed for improvement
toward FAIR data and energy data sharing systems. There are a number of tools, datasets,
and web platforms related to energy data. However, these resources are not always freely
accessible, user friendly, or provide quality-controlled data. Stakeholders and citizens find
it difficult to access and use existing energy data effectively, and the access itself creates
new vulnerabilities and issues [5].

Data and the use of data are becoming increasingly pervasive in the contemporary
society [6]. The enormous creation and availability of data are a key resource for the
society and economies that can thus make relevant and effective choices and decisions [6,7].
However, the accessibility and openness of data have not been guaranteed so far, and we
are often faced with the inaccessibility of datasets (e.g., because of the economic value of
the data) [8,9] or the inability of the citizen or stakeholder to access understandable data.
On the one hand, this can be used to promote energy transition and enhance stakeholder
participation in the climate and energy transition. On the other hand, certain individual
rights and collective values related to data use, such as privacy, fairness, security, inclu-
siveness, accountability, and democratic control, need to be ensured [6,7]. Citizens and
stakeholders are both a resource for improving the use and management of energy data
and an actor to whom the freedom and opportunities to make decisions are guaranteed.
The accessibility, creation, and ability to use data are part of today’s society and provide a
new and growing aspect of justice, namely data justice [7]. However, this is not always the
case, and the ever-increasing amount of data is not available to citizens, stakeholders, or
society [7]. There is a huge need to work on the interaction between data, societies, and
economies [7] while decreasing profit-oriented data practices to ensure accessibility and
usability for everybody [7] to achieve sustainable and just climate and energy goals [10,11].
For this reason, this paper provides an approach that aims to engage stakeholders to design,
collect, and use datasets and tools to share FAIR energy data, which is missing in the
literature so far. To our knowledge, the integration of content analysis from interviews that
identify the main challenges and needs of lead and end users with the analysis of networks
of relationships—where stakeholders have shared or contrasting interests and perspectives
within the energy sector—is an innovation performed in the present work. Indeed, the
European Green Deal states that all actions aimed at energy transition must “bring together
a wide range of stakeholders including regions and citizens”, and data are fundamental for
promoting effective and ad hoc decisions and actions. “Accessible and interoperable data
are at the heart of data-driven innovation”, and data support evidenced-based decisions
for energy transition [12].

Based on these considerations, the Horizon 2020 (H2020) EnerMaps project—Open
Source Tools to Share, Compare, and Reuse Low-Carbon Energy Data—helps improve the
accessibility of energy data and is developing a tool that collects and organizes existing
datasets related to the energy sector (the EnerMaps Data Management Tool—EDMT [13]).
The EDMT was designed based on the engagement of stakeholders and promotes the en-
gagement of stakeholders and citizens in the collection, management, and use of FAIR data.

The EnerMaps project is a Horizon 2020 Coordination and Support Action (CSA)
project that aims to improve data management for energy research. Currently, energy
data are often hard to find, heavily fragmented, and distributed in various repositories.
This reality complicates research tasks that necessitate the application of these data, which
inevitably leads to financial and schedule setbacks, as well as an overall reduced effi-
ciency in energy research. EnerMaps seeks to resolve these issues and support the energy
research community by offering a quality-checked database of critical energy data that
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connects researchers and provides data using methods to make the data findable, accessible,
interoperable, and re-usable (FAIR).

The primary output of the EnerMaps project is the EnerMaps Data Management Tool
(EDMT). This tool provides a user-friendly graphical user interface (GUI) that enables users
to easily navigate the included datasets and display them from their browser. The GUI
itself includes a number of key features of the EDMT, including the ability for users to
select data layers, zoom in on different parts of the map, and make selections for use in
calculation modules, which perform various energy-related analyses. Finally, the EDMT
also links with other tools of the EnerMaps project, including a dashboard of scientific
publications related to the data used in the EDMT, Wiki pages describing various aspects
of the EDMT, and a social network containing a community focused on the EDMT.

To develop an effective data management tool and, at the same time, promote the
engagement of stakeholders in utilizing data for their professional challenges in the energy
field, EnerMaps tested a method for involving stakeholders in the design and management
of the tool. Coupling the relevance of FAIR energy data and the importance of making
the transition a social issue, starting from engaging the stakeholders [14], this paper aims
at defining a methodology, which is relevant and can be replicated in the case of creating
effective community online tools for climate and energy transition. In order to avoid
making the same mistake that has been made so far and that has led to a confusing world
of energy data, this article proposes a methodology to engage relevant stakeholders in
the design of an important tool that can support the energy transition in Europe. To the
knowledge of the authors, it is the first time such a mix of methods has been applied in the
energy sector. The methodology was tested in the EnerMaps project and elaborated a list of
challenges and needs of the involved stakeholders to be considered in the development
of the EDMT. This research collected information on the main challenges and needs of
stakeholders and citizens in terms of energy data for transition that addresses the design
and development of the EDMT to make it effective in supporting decisions for energy
transition issues. Therefore, this work also reports the results of one case study concerning
the following questions:

1. What are the existing energy-related datasets?
2. How is it possible to promote an effective interaction between these different datasets?
3. How can energy datasets be disseminated, so that all actors involved in energy

transition can use them?

To answer these questions, this research aims to use stakeholder analysis for iden-
tifying the relevant stakeholders of the energy and data fields and understanding their
needs and requirements to make the EnerMaps tool effective and attractive. Even if the
stakeholder analysis methods are used in several fields [13,15–17] they are underused in
the energy data field, where, usually, only the concept of stakeholders is introduced but
not the stakeholder analysis approach [16,18,19]. Based on the activities carried out for
the EnerMaps project [13,20] this article highlights the limitations and challenges in its
implementation, provides insights into how this methodology can foster the involvement
of those who use these data on a daily basis, and specifically, how this information can be
collected to foster the design of the web platform for the presentation of FAIR data.

The paper is structured as follows. The first part describes the use of stakeholder
analysis in the energy field. The second part explores the EnerMaps project and proposes
the methodological approach used in the project for mapping the relevant stakeholders
and analyzing their stories and needs concerning data in the energy field. Subsequently,
the paper includes the results based on the application of the proposed methodology
within the EnerMaps project and the main challenges and needs to be addressed in the
development of the EDMT. The last part highlights the merits and limitations of this
research. The conclusions state the relevance of this study for supporting a deeper climate
and energy transition.
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2. Stakeholder Analysis in Energy Field

Stakeholder analysis has become an increasingly efficient tool to manage, develop,
and improve projects where different stakeholder categories are present [21,22]. In recent
decades, it has been used to improve the performance of different fields, such as economic,
political, and social ones [22]. Stakeholder analysis has been defined as a decision support
tool [23] to improve decision making. Involving societal actors in decision-making pro-
cesses can be beneficial from many points of view, e.g., facilitating the decision making
or increasing the inclusion of citizens [24], e.g., in the design or implementation of a new
renewable energy plant or the uptake of a new technology. This kind of action can increase
the acceptance of the decisions [25] and the uptake of technological and other kinds of
innovations [26]. There are a variety of studies that have used this methodology to investi-
gate certain fields, such as business management [27–30], forest management [22,23], and
even energy management [24,25]. There are different ways in which stakeholders can be
included in the project. In particular, Wilcox [31] identifies five different levels: informative
participation; consultative participation; deciding together; acting together; supporting
local initiatives.

In the energy field, stakeholder engagement and analysis have their own peculiarities
and applications. In a number of cases, stakeholders are considered in the initial phase of
a project that involves the community. Stakeholder analysis in the research by Pelyukh
et al. [28] allows researchers to understand the advantages and disadvantages involved
in the participatory approach of different types of stakeholders. Fu et al. [27] give rele-
vance to social relationships and networks for facilitating communication in stakeholder
engagement processes and therefore improving decision making in energy management
and increasing transparency. In the case study of Dutta and Das [32], which considers
the adoption of rooftop solar panels, stakeholder engagement has the simple purpose of
providing information on the perception of those directly or indirectly involved in the use
and application of new technologies. Stakeholder analysis was also used in Martin and
Rice’s [33] contribution on a renewable energy project to improve project design and imple-
mentation. The use of stakeholder analysis also allows researchers to collect information on
key stakeholders, project users, and project risks. In the analysis by Elgin and Weible [34],
stakeholder analysis is conducted to understand the strategies used by political actors to
transform their ideas and beliefs into policy projects within the climate and energy subsys-
tem. The involvement of stakeholders allows for the collection of information on different
climate solutions of interest to politicians, such as carbon taxation or renewable energy
policies. In the approach used by White et al. [30] on the relevance of food–energy–water
contexts and their nexus, stakeholder analysis aims to engage a diverse set of stakeholders
in a collaborative environment. Through this methodology, stakeholders are encouraged to
work together to share expertise and contribute to a constructive exchange of ideas. This
short review is not intended to be exhaustive of all the uses of stakeholder analysis in the
energy field but only to summarize a number of studies that have used this methodology
to achieve the objectives of various projects.

In the studies cited above, stakeholder engagement based on a stakeholder analysis is
linked to the five levels of participation: informational participation; consultative participa-
tion; deciding together; acting together; and supporting local initiatives. In our research,
we consider an additional level of participation, where stakeholders are directly involved
in the creation of the data platform through stakeholder analysis. In this way, adding to
the general use of stakeholder analysis, we use stakeholder engagement and analysis [23]
to improve the planning and management of a decision support tool in the energy field,
called the EDMT. Using the stakeholder engagement and analysis described in this paper,
stakeholders play a key role in the creation of the web platform or the EDMT, thanks to the
collection of user stories and needs, and the understanding of who the real users of these
data are.
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3. Materials and Methods
3.1. Methodology

Given that climate and energy transition is a social, economic, and technological issue,
the initiatives and decisions take place through accessibility to FAIR data, which support
the opportunity to make sustainable and just decisions for energy transition. The EnerMaps
project is developing a platform that is able to guarantee the FAIR principles for data
management [33–35]. However, in order to counter the main challenges that currently exist
in the world of energy data, our choice is to involve stakeholders operating in the energy
field to identify the main challenges and needs. To achieve this, this paper synthesizes
a mixed-methods approach based on the use of quantitative data (stakeholder analysis
and social network analysis), with a qualitative investigation for a deeper understanding
of the user stories and needs, to better interpret the relationship between the main social
and economic actors and the data sector and to better involve stakeholders in the common
design and sharing of data and data tools.

Indeed, once stakeholders and citizens are involved in the design of the FAIR energy
data platform, it is easier to develop an effective online community for improving and
disseminating a relevant platform for strengthening the transition in Europe (Figure 1).

Figure 1. Flow of methods used to engage stakeholders in the design and management of the EDMT.

3.2. Stakeholder Analysis in Three Steps

The first activity to be carried out in this context is to identify the relevant actors
to define the design aspects of the FAIR data and the related web platform. There are
several methods usually used for identifying and analyzing stakeholders based on their
characteristics and interest in participating in the design of the web platform for presenting
FAIR data [36].

The technique used to select the relevant stakeholders is stakeholder analysis (SA). SA
is used in different methodological fields, such as economics and sociology, and, since each
field uses a different approach to SA, identifying a common method is challenging [37]. For
this reason, several contributions try to make this technique more unambiguous through
the identification of a shared and operationalized methodology [38], such as Reed et al. [36].
Reed et al. [39] define SA as a process that serves to define the social and natural aspects
of a phenomenon, to identify groups or people who may be affected or influenced by this
decision, and to allow these people to participate in the decision-making process [30,33].
Stakeholder analysis is a research method used to define who has a certain level of influence
in each context [16]. The fact that it is a standardized, operationalized, and easy-to-use
method makes the SA proposed by Reed a useful method for gathering all relevant per-
spectives that can be useful in designing the EDMT and the web platform.

Stakeholder analysis consists of three steps: the identification of stakeholders, the
differentiation and categorization of stakeholders, and the investigation of the relationships
between stakeholders. There are different techniques that can be used for each step, as
reported in Figure 2.
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Figure 2. Typology and methods for stakeholder analysis [22].

3.2.1. The Identification of Stakeholders

Stakeholder identification consists of identifying all the actors that are interested in or
affected by the object of the study, namely the planning, management, and future use of the
EDMT. It is a process in which additional stakeholders are included as the analysis proceeds,
using focus groups, semi-structured interviews, and snowball sampling, separately or using
more than one tool at the same time. Identifying stakeholders can be especially easy when
the focus of the project is clear and well defined [17,25].

Before using a technique to identify the stakeholders who would later be interviewed,
a brainstorming session was carried out with ten researchers and partners of the EnerMaps
project, leading to the identification of a number of categories for lead users and end users.
Lead users include advanced users (e.g., programmers, dataset providers), while end users
are persons or institutions who will ultimately use or intend to use the EDMT.

After identifying the categories, the first list of stakeholders was prepared, and snow-
ball sampling was applied. A table was created and forwarded to 23 contacts belonging to
the EnerMaps consortium, who were asked to identify one or more people to involve in the
project, referring to each of the above categories of lead and end users. Snowball sampling
was then used to identify further stakeholders to ensure the identification of a wider range
of perspectives. Snowball sampling consists of asking project partners to identify the
stakeholders or the actors who are interested or can affect the design, development, and
use of the EDMT. The stakeholder identification method includes a clear provision for
privacy issues, in the sense that the indicated stakeholders agree to be contacted for being
interviewed or consulted within the project. Stakeholder identification was useful to be
able to select the stakeholders to be interviewed.

3.2.2. The Differentiation and Categorization of Stakeholders

The second step of stakeholder analysis consists of differentiating and categorizing
the listed stakeholders in order to investigate the stakeholders’ capacity to affect the
development of the EDMT and to assess the stakeholders’ interest in using the EDMT in
the future [39,40]. There are two different approaches for achieving that. The first approach,
namely “analytical categorization”, consists of a top-down classification of stakeholders
and uses interest–influence matrices, while the second approach, namely “reconstructive
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categorization”, includes a bottom-up categorization, which involves a classification guided
by the stakeholders themselves [13,17].

In the EnerMaps project, the bottom-up categorization was used to understand
whether and which categories of lead and end users are more important to involve in
the creation of the EDMT and the platform. In the EnerMaps project, the stakeholder
analysis is based on a number of characteristics of the stakeholders, such as the country of
origin or stay, gender, and the disciplinary expertise.

3.2.3. The Differentiation and Categorization of Stakeholders

Social network analysis (SNA) was used to investigate the relationship among the
stakeholders in this study. The SNA is defined as an approach that, referring to techniques
related to the mathematical theory of graphs and using the algebra of matrices, analyzes
the relationships among actors (e.g., institutions, individuals) who are linked together
through socially significant relationships. The SNA uses both qualitative and quantitative
methods [13,35] and defines and analyzes the relationships that organizations or individuals
(stakeholders in general) have with each other [29]. The SNA is based on a set of two
postulates related to the social field. First, actor behavior is analyzed with reference to
the structural and social constraints on action and not on the basis of the freedom to
choose among several possible alternatives [41]. This means that the actor is not strictly
rational but that the actor is led to act in a certain way on the basis of relational and
social constraints. Second, social phenomena, such as energy transition, are considered
in a context of relationships between different social actors rather than on the basis of the
characteristics of individuals [41]. Therefore, individuals act based on their relationships
and not on the basis of the individual characteristics. Based on these two postulates—which,
of course, simplify the reality—SNA aims at integrating the results of classical statistics
into a relational framework, helping us to investigate what the relationships are between
the identified stakeholders and how this can affect the planning, management, and use of
the EDMT. For example, we focused on the exchange of information among the identified
stakeholders using degree centrality.

Degree centrality is defined as the number of actors to which each individual is directly
linked, which indicates the ability to communicate directly with others [42]. We focused
on the exchange of information within the network and how each person is connected or
disconnected from the existing relationships. Importantly, only individual stakeholders
were considered in the analysis. The information useful to assess the degree of centrality
was collected through the same table used for identifying the stakeholders. In this research,
the strengths of the ties within the network were not considered because, since stakeholders
are professionally connected, their relationship tends to be driven by weak ties, where
communication is generally work related, and emotional intensity is low.

Stakeholder analysis and the SNA were used to select the stakeholders to be inter-
viewed to ensure a wide range of perspectives on energy data issues.

3.3. Semi-Structured Interviews

Based on the characteristics of the stakeholders and the professional relationships
among them, 10 stakeholders were selected to be interviewed in depth about the needs
related to FAIR data and the EDMT. The methodology that was used was the semi-
structured interview, which consists of a qualitative methodology based on open-ended
questions [42,43]. The interview track—composed of a general introduction to the En-
erMaps project and a list of open-ended questions—was designed based on the guidelines
related to expert interviews [37,40]. This kind of interview has a flexible track divided
into thematic guidelines rather than a rigid list of questions, and the interviewee and
interviewer have the possibility to decide together how to address the dialog. The second
relevant point relates to the wording of questions, which concerns a supra-personal level of
knowledge and relates to the institution rather than to the interviewee, with a focus on the
job environment. These aspects of the interview address the understanding of, for example,
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the official and institutionalized reality of the industry or organization, the collectively
shared experiences, the incorporated knowledge, rules, routines, and informal norms. All
this information is relevant to understand how the EDMT can be taken up and used in the
future.

Given the objective of this exploratory research to support the design of the EDMT, the
interviews were focused on two main aspects: user stories and user needs. The user stories
consist of narratives about the work process that engage stakeholders in using energy
data, while the user needs consist of specific requirements that can be transformed into
functionalities of the EDMT.

The interviews were recorded to ensure a higher objectivity of the analysis. The
recording of the interviews was carried out according to the General Data Protection
Regulation [44,45] and respecting the intellectual property rights (IPRs) and transcribed
in order to make them anonymous and respect all the privacy rights of the interviewed
stakeholders. The transcribed texts of the interviews were analyzed according to the
content analysis method in order to define a list of user stories and needs and consequently
transform them into functionalities or recommendations for the design of the EDMT and
creation of an online community.

4. Results and Discussion

The proposed methodology consists of defining the stakeholders to be engaged in the
development of the EDMT, i.e., the collection of user stories and needs for the design of the
EDMT. Thanks to the semi-structured interviews (please find the questionnaire in Annex A;
the names and surnames of the interviewees were not disclosed for privacy reasons) with
the stakeholders, the design of the EDMT was addressed. In this section, the application of
the methodology is presented to show its contribution to the design of relevant online tools
for deepening the climate and energy transition.

4.1. Stakeholders: Identification, Categorization, and Social Network Analysis

Based on the brainstorming session, the following types of lead users were identified:

• Energy researchers (staff in universities and non-university research organizations
working in the field of energy) will be one of the main beneficiaries of the EDMT
because of the elaboration of more effective tools to share energy-related data and the
possibility of easy access to quality-controlled energy data.

• Industry (especially renewable technology industry), energy utilities, energy managers,
and energy planners will have free and easy access to datasets and related insights
that they selected as crucial for the development of their activities.

• Energy consultants have large data needs, which evolve very rapidly, since the subject
of consulting projects varies. It is central for them to access a large range of open
data, which have been checked for their quality, as it saves precious time on collecting
respective data/information. For them, the EDMT will be a common gateway to find
and access energy data, as well as understand related insights.

• Public administrations (officers of public administrations operating within the energy
sector). Reliable energy data are central to the development of a coherent energy policy.
Indeed, public authorities have a strong need for energy data to develop and imple-
ment efficient policies and instruments, which support the energy transition. Hence,
public administration officers were identified as lead users and will benefit from the
availability of a European-wide curated database of energy data and related insights.

Moreover, the following end users of the project were identified during the brain-
storming session:

• Civil society: non-professionals, i.e., citizens interested in retrieving valuable data
and information for energy interventions on their property (e.g., thermal insulation
of owned households) or concerning communities they belong to (e.g., creation of an
energy community).
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• Data providers: for data providers, the EDMT is an opportunity to promote the use of
the data they share. Data usage is central to data providers, and the tools to increase it
are necessary.

• Energy research communities (data providers), which need to disseminate the data
created during the implementation of their scientific projects.

• Policymakers will profit from the EDMT indirectly. Officers of public administration
working in the energy field will support policymakers in gaining a better under-
standing of the EDMT and its functionalities, providing ad hoc insights, as well as
facilitating the translation into policies.

Figure 3 shows the interaction among the lead users and end users, as discussed in
the brainstorming session.

Figure 3. Lead and end users of the EnerMaps project and related interactions.

As seen in Figure 3, there are interactions among all the listed lead and end users.
Specifically, the graph shows the role of public officers operating in the energy field and
social innovation experts in amplifying the impacts of the H2020 EnerMaps project by
transferring the knowledge created by the EDMT to policy decision makers and civil society
as well.

We contacted 23 persons among the EnerMaps project partners (Centre de
Recherche—CREM, Fondation de l’institut de Recherche—IDIAP, Accademia Europea
di Bolzano—EURAC, Zentrum für Energiewirtschaft und Umwelt—e-think, Technische
Universität Wien—TUW, Revolve Water, and OpenAire Make) to create a list of stakehold-
ers. Eight of the contacted persons returned a completed file, which included four men
and four women from six different countries. This led to 57 social network nodes and a
maximum registered relationship of 228. A summary of the general data can be found in
Table 1.

The criteria used to identify and categorize the stakeholders are: (a.) the relevance
of the institution in the field of energy-related data collection; (b.) the interest in being
involved in the planning of the EDMT; (c.) the potential future use (in terms of timing)
of the EDMT. The table for the stakeholder analysis includes the indication to compile “a
list of people and/or organizations who could be users of the EDMT or who have wide
knowledge and competences for addressing an effective development of the EDMT” and
to indicate the importance of involving each indicated stakeholder in the EDMT design, in
a range from 1 to 10, where 1 is the lowest value, and 10 is the highest value.
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Table 1. General data for synthesizing the main results.

General Data

Type of Data Number Details

Stakeholder Mapping 23

Interviewees 8 Women: 4; men: 4

Germany: 2; Switzerland: 2; Bulgaria: 1;
France: 1; Italy: 1; Belgium: 1

Social networks—nodes or actors 57

Social networks—number of maximum
registered relationships 228

User stories—minutes of recorded
interviews 200

In addition, respondents were asked to indicate whether they were partners in the
project and the geographic location of their organization. This information was useful to
understand who was included in our SA at a spatial level, so as to avoid the exclusion of a
number of geographically marginal locations.

The project partners identified 49 experts (Table 2) among the lead and end users. The
following table represents the differentiation and categorization of stakeholders indicated
by the project partners.

Table 2. Number and type of stakeholders differentiated and categorized by project partners.

Target Group

Lead User Absolute Values Relative Values

Research (staff in universities and non-university
research organizations working in the field of energy)
and scientific projects

11 22.44%

Industry (in particular, renewable technology industry) 3 6.13%

Energy managers 2 4.08%

Energy planners 2 4.08%

Energy utilities 4 8.16%

Energy consultants 3 6.13%

Public administration officers operating in the energy
field (those encompass policy decision
makers—end users)

6 12.25%

End Users Absolute Values Relative Values

Civil society (addressed by social innovation
experts—lead users): civil society associations, energy
communities, and energy cooperatives

4 8.16%

Data providers 3 6.13%

Policymakers 11 22.44%

The categorization and differentiation of stakeholders through the bottom-up tech-
nique makes it possible to understand which target groups are considered most when
designing an energy-related platform or management tool. Looking at Table 2, it is interest-
ing to note that the categories previously identified as energy researchers and policymakers
have the highest values (22.44% and 12.25%, respectively). This indicates that these two
categories are considered very relevant for the EDMT partners and that they may have a
higher influence in the design of the tool. Through this categorization, it was possible to
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know how many stakeholders were important in each category and to use this information
to manage the number of interviews. However, if we had continued snowball sampling,
we would now have a wider list of stakeholders. This highlights that there are stakeholders
who could be further identified and further user stories and needs, which could be collected.
In any case, we analyzed a core network of stakeholders who addressed the EDMT design.

The graph of the SNA consists of 57 nodes concerning the actors in the community
platform. The type of relationship is a professional tie. The number of total degree is
228, and the ties are 115 (Figure 4). The confounders in this research are the expertise
energy data and energy data platforms that have a professional relationship with a partner
involved in the EnerMaps project. Using the data at our disposal collected through the
identification of stakeholders, a descriptive analysis of the social network was carried out
using the RStudio Team [46]. The findings of the SNA are relevant to identify the best
communication channels that are used to design the EDMT software. Additionally, the
results of the SNA could be very important at this stage of the project, as they could allow
learning more about the existing relationships and improving the relationships between
the different stakeholders for ensuring a wide uptake and an effective use of the EDMT
and the launch of the online community—the EnerMaps community.

Figure 4. Relationships in the EnerMaps project.

Interestingly, B0 and C0 only indicated people who work in the same country. As
can be seen by the color, B0 and C0 work in the same location (Table 3). One explanation
could be that the bonds within the work environment that start out as precise (“boss of”;
“colleague of”) then tend to develop differently, creating similarities between colleagues
in the work environment. Individuals who are often in close contact may have developed
strong ties of friendship, which even leads them to share the same ideas about certain
viewpoints—in this specific case, about whom it is important to involve in creating the
platform. These characteristics of the ties can develop a kind of common vision on a number
of work aspects. Similarly, the relationships we establish with people in specific cases,
called the “relational event”, are related to the achievement of a specific goal. In this case,
as can be seen in Figure 4, C0 and B0 indicated the same people, which indicates that the
relationship with the indicated people could be related to a specific event, such as a previous
job that involved exactly the same people indicated in this case. With the information we
have, it is not possible to know that specific information about the relation, but it does show
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us that there is a foundation enabling the creation of a good network between the different
parties that could facilitate the creation and implementation of the platform. Unlike B0 and
C0, F0 and G0 indicated only people working on continents other than their own. It is not
easy to understand why they only indicated actors from other states, but it is very useful
because it allows us to understand that there is an exchange of information in the energy
field between different continents, therefore, in realities that present a different legislation
in the energy field, a different background, a different knowledge that could enrich our
research. This relationship allows us researchers to be able to gather information and points
of view that arise and develop in very different realities.

Table 3. Distribution of stakeholders by work area relative to the corresponding experts. The label
column indicates the partner of the project who compiled the list of stakeholders.

Label Stakeholders Working in the Same
Country (%)

Stakeholders Working in Another
Country (%)

A0 30 60

B0 100 0

C0 100 0

D0 7.7 92.3

E0 100 0

F0 0 100

G0 0 100

H0 87.5 12.5

Figure 4 shows that within the stakeholder categories, there are distinct relationships.
It is important to note the marginal role of a number of stakeholders, such as F0, compared
to others who have a much higher number of relationships. In contrast, other stakeholders
indicated many more ties, ranging from 2 to 26 ties to other stakeholders. This information
allows us to understand that, in the context of our research, there are many links between
our stakeholders, which could facilitate the exchange of information and thus more help in
the implementation of the platform. In particular, it emerges that D0 is the stakeholder with
the highest outdegree value (outdegree = 26), which indicates that this stakeholder has a
good disposition toward others and a high degree of belonging to the group [47]. However,
this aspect could be negative when this person is not a good leader because she/he would
have to manage the relationship with the other actors, which is not always easy. Moreover,
when the type of communication is not equally distributed, the satisfaction of various
actors that are actively participating in the project decreases because the information and
the roles are not distributed equally. One of the limitations that is important to emphasize
is privacy (see F0 indicating only a relationship), which, in a number of cases, did not allow
us to indicate the contact of a person considered important.

In summary, the stakeholders indicated several people who were important to involve
in this project. In a number of cases, the referenced persons are the same, and there are
actors who have more central roles than others. In fact, the relationships are not evenly
distributed, but there are actors who have very different roles within a relationship.

4.2. User Stories and Needs

Starting from the list of experts that resulted from the SA, we highlighted ten relevant
stakeholders to interview, eight of whom were interviewed (Ten stakeholders were chosen
to compile each category highlighted during the stakeholder analysis; two out of ten
stakeholders were not available to be interviewed. Other stakeholders from our list who
matched the criteria for selection were contacted without success). The criteria used to
choose these experts were:
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• Geographic distribution: six different European nationalities (Germany, Switzerland,
Bulgaria, France, Italy, Belgium).

• Gender inclusiveness: 50% women.
• Interdisciplinary expertise: lead and end users.

These criteria were considered valid because, at the base of these features, there is a
lot of transversal information to consider, such as the different cultural background that
characterizes each geographical area, and therefore, the different use of the instrument
by people from different locations. We chose to select experienced interviewees to avoid
the risk of excluding part of the society that might be more difficult to reach. Ultimately,
having different points of view can bring important information, which is why the third
parameter considers interdisciplinary expertise. However, it should be noted that out of an
already low interview pool of 10 individuals, only 8 of those individuals were interviewed.
Despite the diversity of the interviewees, the low number of total interviews undoubtedly
hinders the validity of the results.

4.2.1. User Stories

This section considers the narratives of the experts expressed during the interviews
concerning the main and common problems in data management and the experiences of the
experts in using software that aggregate and process data (Figure 5). These narratives are
relevant to understand the usual problems and challenges to be avoided while designing
the EDMT.

Figure 5. Number of interviewees and number of times that interviewees cited common problems in
data handling.

A number of the most relevant problems are the availability, acquisition, and access of
datasets in a safe and secure manner, namely data handling. The sources of this problem
are multiple and concern, e.g., legal regulation of databases, market reasons, the costs of
acquisition, and the data quality/organization.

In most of the performed interviews, the first reported problem regarding data han-
dling was linked to the acquisition of datasets. This process is particularly delicate, and
problems may arise from a wide variety of sources. One of the foremost problems is the
legal regulation of databases due to the attractiveness of well-organized and structured data
and datasets for copyright, which partially closes the accessibility to datasets or links the
data access to licenses. Furthermore, the restrictions on how to use data due to the Database
Directive [48] cause “endless problems” for individuals (e.g., individual researcher, planner,
designer) usually working with an open source or open science. The problems related to
obtaining a license for accessing and using a dataset are not valid for institutions, such as
research centers or public authorities. A second problem may arise due to market reasons.
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Problems linked to legal aspects are accompanied by those due to market reasons.
Data are the basis for several market enterprises, such as energy utilities, and the market
growth of these companies is based on data. A number of companies may be challenged by
sharing their sensitive data for reasons of competition with other companies. This makes
it difficult for researchers, local authorities, and other actors to access important data for
their own activities. Sometimes, data can be accessed with substantial fundings, but this
creates inequalities in access depending on the funds available to an institution. However,
the access to data is not the only problem.

The problems regarding data acquisition are not limited to simply obtaining the data
but may also involve how the data are received. Data can be organized and sent in a variety
of ways. A number of respondents believe that one of the best ways to share data is to use
application programing interfaces (APIs) or other systems where one can directly ask the
system for what one needs. However, this is not always the case. Certainly, an API-based
system would increase interoperability, which is another shared problem. An API-based
system would also make it possible to harmonize the databases collected by the EDMT in
an efficient way. The EnerMaps project also focuses on the quality of the data, which was
another issue encountered by the interviewees.

Another problem faced by many of the experts we interviewed was the quality of the
data. Datasets often do not present a sufficient level of detail for research purposes. The
problem may be related to data segregation, not providing a sufficiently precise detail of
the information, e.g., creating clusters of information with similar features. The second data
quality issue is related to data granularity, which refers to the size into which data fields
are sub-divided. This was indicated nearly twice for each interviewee who mentioned
it. The quality of the data is also based on normalization, which is usually a challenge.
Interviewees who indicated data normalization mentioned it about one time each.

The normalization of data occurs when the handling data are not always based on the
same format, depending on who is providing the data. When a problem of normalization
goes along with problems of low data transparency, the challenge becomes more serious.
For example, when the measurement units or the definitions used to create the data are
unclear or absent, it become impossible to merge different datasets without mistakes,
leading to mistakes in data interpretation and analysis. In order to avoid misinterpretation
of the data and results of data analysis, the representation of results is very important
because data that were not normalized cannot always be compared with other data when
they have differing formats or units of measure.

The last reported problem in data handling was related to representation of the data.
Energetic technical issues are particularly difficult to understand for people without a
specific expertise. The results of analysis or raw data are difficult to be understood by public
administrations or other stakeholders; therefore, it is important to ensure good resources to
design the communication and representation of the data and results. Communicating the
results to a wide audience (not just scientists) is not a skill that all people and all researchers
have. The necessary resources and skills for communication and graphic design must be
ensured, as well as the competences to transform study results into action guidelines or
recommendations.

Most of the interviewed experts stated that they already have experience with software
based on the elaboration and aggregation of several datasets. A number of experts process
their data using internal software owned by the company/institution where they work.
This software is usually centered on merging different datasets, performing calculations or
energy modeling, and creating graphs or other representation of the data. The remaining
experts stated that they perform these tasks using general-purpose programing languages,
in particular Perl [49] or Python [50], or an open-source software. In particular, the useful
software the experts indicated were EnerCoach [51], a free Swiss software created for
energy planning on the local level, and SHARES [52], a software created by Eurostat for the
harmonized calculation of shares of energy coming from renewable sources.
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Regarding previous experience with software, one of the experts mentioned the toolbox
of EnerMaps preceding the H2020 HotMaps project—the HotMaps Toolbox. This software
is an open-source tool for mapping and planning on a European scale in the field of
heating and cooling. This narration is particularly important in our research because the
HotMaps Toolbox provides an approximation of the idea of what EnerMaps will become
upon its release. The review of the HotMaps Toolbox provided an opportunity to improve
the tool and the usability of the tool through the development of the EDMT, especially
by simplifying the way it is used by stakeholders, working on making the stakeholders
autonomous users who do not need support from the EDMT developers, and making
operations smoother.

4.2.2. User Needs

We analyzed the needs expressed by the experts during the narration of their work
procedures and their interaction with quantitative data. In particular, we focused on two
groups of elements: the dataset-related needs and the software-related needs of the experts.
During the interviews, the experts of the sample were asked to address two traits of the
dataset they use in their occupation: the topic of the data and the technical features.

With regard to the data topics, several macro-areas were mentioned by more than one
expert, such as energy production and consumption data (including decentralized ones),
socio-economic, and meteorological data (Table 4).

Table 4. General description of data expected to be included in EDMT.

Data of Interest Description

Energy production Focus on type of energy (renewable or fossil fuel), type of power
plant, type of energy distribution, etc.

Energy consumption Focus on sectors (e.g., industrial, residential, etc.), type of
facilities, etc.

Socio-economic Focus on information such as number of inhabitants and other
demographics, economic status, building stock, etc.

Meteorological Focus on typical meteorological situation, including information
on rainfall, sunshine, solar insulation, NCEP datasets [53], etc.

Data quality is a challenge. Data quality issues can arise due to the originality of
the data usually collected by smart equipment, such as energy meters. High-quality
data do not include statistical estimation, for example. The validation of the data is also
relevant in defining the quality of data, which guarantees the correctness of data and the
absence of gaps in the dataset. Data quality is also given by their granularity, segregation,
and transparency, which can also be ensured by a clear explanation of the data, their
characteristics, and how they were collected. Lastly, especially regarding weather data,
it is important for the expert that the datasets cover a sizeable span of time in the past in
order to spot trends in the data. Indeed, researchers and other stakeholders need historical
datasets, e.g., for making provisions. The necessity to harmonize the measurement units
and methods of production of different datasets should be essential for this kind of software.
Without it, any form of comparative research would be impossible. This topic is linked to
another need expressed by the experts: the importance of data semantics.

“When one person calls something a “coal power plant”, someone else has to use
the same concept when collecting their data or presenting it. [. . . ] So, we have a
definition of “coal power plant” and what “coal” means. Does it include lignite?
Does not include lignite? [. . . ]”. (interview excerpt)

Any software based on complex operations of datasets should have a glossary of all
the common terms employed and an easily accessible wiki, which can be used to answer
the doubts of the analyst.
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Finally, the last feature the experts mentioned as important for a software is the
effort by the developers to create and support a community of users. A community of
users becomes very important for improving, correcting, solving common problems, and
pointing out mistakes of a web tool, such as the EDMT, and it is a good incentive for taking
up a new tool. An active community is usually related to a high-quality software, since
the users debate on the related forums regarding new ways to overcome difficulties and
may develop interesting mods, which can be included in the original software, adding
new functionalities.

In conclusion, the user stories and needs collected in the interviews with experts
revealed recommendations for the design of the EDMT.

5. Content Analysis and Definition of Recommendations for the Design of the EDMT

The current article considers how stakeholder engagement and semi-structured in-
terviews can be important in the creation phase of a new energy platform. It aims to
increase the understanding of the different uses and needs of stakeholders, with the aim
of highlighting the current problems associated with the use of tools such as the EDMT.
Based on the findings, a number of recommendations are proposed:

- The SA is an important methodology to easily and structurally identify the people
and institutions who are interested in the future use of a new tool or platform and
who have the knowledge to improve the design of a new tool.

- The identification and the categorization of stakeholders support the understanding
of which categories of actors are more relevant to be engaged in a tool or platform
design, giving proper weight to each category that interacts with this type of tool in a
professional setting.

- The SNA highlights which actors are most involved in relationship networks around
the topic of interest. This method enables the understanding of how information can be
transmitted more easily and effectively, both at the time of collecting the information
for research and in future communications related to the project.

- Knowing that there are possible links among experts suggests that there is a basis for
the creation of a strong online community that would allow experts to get in touch
with each other and propose new and innovative solutions enhancing the tool.

- The interviews allow information to be added to the research through the direct
testimony of people who usually use this kind of software, tools, or data. Acquiring
the information directly from the experts contributes to the work on clear and accurate
information, highlighting the current problems in the use of this software.

- The information gathered during the interviews was implemented to make the plat-
form as close to the needs of the experts as possible, turning their considerations into
actions. In particular, this study proposed the following recommendations to the
EDMT developers:

A. Ensure a good level of granularity, segregation, and transparency of the data
included in the EDMT.

B. The creation of a web community of experts that interact to solve common
problems and point out mistakes within the EDMT.

C. Easy accessibility of data and good representation of results of the analysis in
order to communicate effectively with public authorities and other stakeholders
who do not have, e.g., a scientific expertise.

D. The access to data about energy production and consumption, meteorological
data, and socio-economic data has to be linked or included in the EDMT.

E. There are a number of legal and market problems, which create inequalities
in data access that should be discussed and solved, also with the support of
policymakers.
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Limits

A number of limits of this study must be highlighted. Although we tried to involve
as many people as possible, the number of stakeholders who participated in our survey
is quite small, at only eight partners. In future research, we should try to involve more
people in the first phase of the SA to have as many points of view as possible. It would
be important to make all participants understand how important this information is for
researchers and how this information can facilitate the design of a new platform and even
more for its use. The most critical aspect of the low sample size of interviewees is that the
number of responses is unsuitable for a statistically significant sample size. Ideally, we
should have reached a quantitatively representative sample size for this study, but this
could not be achieved due to the lack of timing and resources.

In addition, the fact that the stakeholders identified for the interview were all gathered
from the networks of the project partners could result in selection bias, since the stakeholder
selection was not random.

6. Conclusions

The climate and energy transition needs the support of FAIR data and tools to manage,
organize, and share data with the relevant stakeholders to make decisions and take actions.
The EnerMaps project proposes and tests a methodology to involve stakeholders in the
definition of user needs and design of the EDMT, providing a potential solution to the need
to ensure access, co-production, and co-design of data and data-sharing tools, so that data
become not merely a product with economic value, but a service of social relevance for the
energy transition.

• The user stories and needs were an important step in assessing the data demands
of stakeholders and acted as a blueprint for the establishment of the EDMT’s core
data categories. The feedback from stakeholders directly influenced many decisions
in EnerMaps’ development, including the platform’s GUI, calculation modules, and
features that ensure the platform is a robust, dedicated knowledge base.

• The identification and analysis of user stories and needs were based on a mixed-
methods approach of social sciences and humanities. This mix of methods made it
possible to not only focus on the challenges, needs, and resources of the data sector
but also enabled focusing on the relationships among the stakeholders. Integrating
this second set of methods allows us to get an idea of what coalitions of stakeholders
may be in the future that will spur further development of the data sector and what
the main user groups will be. It is important to focus on the user stories and needs,
but it is also important to understand what relationships exist among the stakeholders.
The knowledge about relationships between the stakeholders can incentivize a more
effective deployment of the EDMT and an effective communication between the stake-
holders, as well as ensure the usefulness of the ongoing feedback that stakeholders
in this project gave for the design and implementation of the EDMT. To create a com-
munity of lead and end users to receive continuous feedback on the usefulness and
quality of the EDMT, it was very important to integrate the knowledge of stakeholder
relationships along with the perspectives of individuals.

• The stakeholder analysis method supported a selection of stakeholders to ensure a
wide presence of perspectives based on interdisciplinary and transdisciplinary exper-
tise, gender inclusiveness, and geographical distribution. The selected stakeholders
were interviewed using methods from expert and semi-structured interviews and
content analysis of the interviews. Through the interviews, user stories and needs
relevant to addressing the design and development of the EDMT were collected. The
collected user stories addressed common problems with data handling and previous
experiences with comparable software, while the needs were divided into data-related
needs and software-related needs. Both can be treated in the design and development
of the EDMT. The main results to which the use of this methodology within the project
led is the knowledge of certain aspects that are of fundamental importance for those
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who use and will use these data. Through the interviews, the stakeholders provided a
list of relevant groups of data that may be included in the EDMT and the need to be
transparent on the features of data included in the datasets. Specifically in reference to
data, the importance in the research world of access to certain specific data, such as
energy consumption and production, is emphasized.

• Concerning the software-related needs, the need to create a community for users with
the aim to share and co-develop is underlined. In this sense, familiarization with the
present network using the SNA allowed us to understand how communications take
place, who is in contact with whom, and gave us the opportunity to observe that, very
often, specific stakeholders are outside the relationships and are not very connected to
other stakeholders with whom they share work and ideas unconsciously. Facilitating
connections and relationships by using a tool that allows us to know the types of ties
that exist would allow for a quicker identification of common problems and equally
efficient solutions.

This paper and its methods can be of interest to all projects and actors, which deal with
urgent needs for decisions and actions for climate and energy transitions. These methods
can be reused in other projects where knowledge of the problems and limitations through
the involvement of those who use platforms or datasets regularly is crucial.
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