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Abstract

This thesis explores the world of smart energy systems, with a specific
focus on understanding the importance of explainability in meeting user
needs. As smart energy technologies evolve, they offer promising avenues
for energy management. However, the success of these advancements relies
on putting users first, prioritizing their engagement, satisfaction, and trust.
The research design of this study tackles a gap in the understanding of
explainability within smart energy systems. By investigating how users per-
ceive transparency, explanations, and their impact on trust and acceptance
of these systems, the study uncovers what end users truly need and expect.
Through a thorough examination of survey results posed to the Renewable
Energy Communities in Austria, the study reveals valuable insights into
the essential role of explainability. It shows how clear explanations from
intelligent energy systems are vital for fostering user trust, ensuring sys-
tem transparency, and enhancing user engagement. The findings emphasize
the importance of personalized communication and transparent interfaces
in building trust and satisfaction with smart energy systems. This research
advocates for an ongoing focus on user-centric design principles that prior-
itize clear, understandable, and personalized communication. By bridging
the gap between technology and user accessibility, the study underscores
the critical role of explainability in enhancing user trust, satisfaction, and
system usability.



1 Introduction

Smart Energy Systems - an innovative framework resulting from the need to coor-
dinate energy production, distribution, and consumption - has drawn the interest
of pioneers who seek to bring enhanced efficiency, reliability, and sustainability
into the energy sector [1]. Claessen and La Poutre describe smart energy systems
as resulting from the combination of advances in digital technology with the grow-
ing adoption of renewable energy sources [2]. They argue for the strong need for
sustainable energy solutions, and the ability of information and communications
technology to manage the varying nature of energy sources. This need has impelled
governments, industries, and researchers to incorporate smart energy systems as a
key part of an initiative designed to the way we consume and conserve energy [2].
Smart energy systems transformation is described as a complex process influenced
by technological innovation, regulatory frameworks, market forces, and social val-
ues, all of which shape the energy system of today and tomorrow [2]. The journey
of discovery to such integrated systems is not only a technological crossing, but
a socioeconomic shift, that researchers attempt to collectively understand as they
anticipate the future [3].

The journey to weave together a cohesive Smart Energy System is made even
more challenging by the variety of stakeholders involved, each of them holding their
unique ambitions and needs. O’Dwyer and colleagues emphasize the critical role
of advanced computational resources and extensive sensor networks in navigating
the technical complexities engrained in these systems. Systems must harmonize
the objectives of various participants over different scales and timeframes. In their
study, O’Dwyer and colleagues also shed light on recent progress, highlighting the
role of embedded computational intelligence in navigating these challenges . They
argue for the development of resilient and flexible energy networks, designed to
meet the dynamic requirements of users [4].

However, as these systems gain intelligence and autonomy, the importance of
maintaining clarity and comprehensibility for the user comes to the forefront. The
emerging field of explainability in systems, as explored by researchers focusing
on recommendations for energy conservation, highlights the need for smart en-
ergy systems to be not only technically adept but also accessible and usable for
non-experts [5]. This need for explainable smart energy systems is driven by the
understanding that their widespread acceptance and trust are critical to their suc-
cess.

Furthermore, understanding user requirements has become essential in the de-
sign and implementation of interactive systems, therefore also Smart Energy Sys-



tems, as described by Maguire and Bevan [6]. Recognizing user needs is important
for ensuring that smart energy systems are not just efficient and sustainable but
also user-friendly and customized to the specific contexts in which they operate,
as the impact of Smart Energy System technologies on energy demand is deeply
rooted in social variables such as personal preferences, household dynamics, and
daily routines [6] [7]. Therefore, the development of smart energy systems should
be approached from the user-centric perspective, with a focus on ensuring that
technological advancements are accompanied by an increase in user engagement
and satisfaction.

In this scenario, the combination of digital innovations with sustainable energy
sources paves the way for new ideas. However, the success of these innovations
depends on commitment to a user-focused strategy. It is here that the concept
of explainability becomes critical, serving as a link between the complex system
operations and user understanding. The integration of user requirements into the
development of smart energy systems holds the promise of not only enhancing
the performance of these systems but also creating an environment of trust and
cooperation between technology providers and communities.

2 Research Design

Despite the already acknowledged importance of explainability in a broader con-
text, there is still a lot to be explored regarding this topic. Specifically, the rele-
vance of explainability within the domain of Smart Energy Systems continues to
be a relatively unexplored area. This research gap points out the need to clarify
how explainability can shape the interaction between end users and smart energy
systems. It raises questions as to which extent users desire transparency, view ex-
planations as a tool to achieve this, and how these factors influence their trust and
acceptance of these systems. This research aims to close this knowledge gap, by
looking at the specific needs and expectations of end users interacting with smart
energy systems. By focusing on the significance of explainability for end users
within the context of smart energy systems, this research also aims to uncover
how these systems can improve the way they communicate energy management
decisions.

To gain insight into the user experience from the end-user perspective, a sur-
vey was conducted. The decision to use surveys as the primary research method is
rooted in the objectives of this study, which delves into the relatively unexplored
realm of explainability and user requirements within smart energy systems. Several
factors support the suitability of surveys in this context. Firstly, the many topics



surrounded by smart energy systems demand a method that can accommodate
multifaceted inquiries. Surveys provide a framework for asking diverse questions,
allowing the exploration of multiple topics. Another reason for conducting as
survey is their versatility, as it allows the investigation of interconnected themes
within a single study, thereby providing a thorough understanding of the research
domain. Furthermore, the focus of study is understanding user requirements and
the end-user perspective. Surveys offer a direct means of exploring this aspect,
providing valuable insights into what end-users truly need and expect from smart
energy systems. By employing the strengths of survey methodology, the study
ailms to provide a comprehensive exploration of the specific needs, expectations,
and perceptions of end-users within Austrian Energy Communities. Lastly, the
efficiency of surveys makes them particularly well-suited for investigating topics
high societal relevance within a reasonable timeframe. In a rapidly evolving field
like smart energy systems, where technological advancements and user preferences
continually evolve, the timeliness of data collection and analysis is important. Sur-
veys are time-efficient in gathering insights, helping to stay informed about the
latest trends and developments as they unfold.

To be answered in this research are the following research questions:

RQ1: What are the specific needs and expectations of the end users when inter-
acting with smart energy systems in real-world scenarios?

RQ2: To what extent does the explainability of smart energy systems influence
end user trust and acceptance?

RQ3: How can smart energy systems effectively communicate explanations about
energy management decisions to end users?

3 Related Work

This section consists of a literature review relevant to the topic of explainability
within smart energy systems. Its purpose is to establish a theoretical framework for
the following analysis. The exploration contains the topics of smart energy system
fundamentals, their benefits and challenges, the concept of explainability, and user
requirements, which are crucial for building a solid foundation of knowledge before
delving into the survey analysis. The theoretical framework sets the stage for a
better grasp of the survey data and provides essential context and definitions to
interpret the survey findings more effectively.



3.1 Smart Energy Systems

Smart energy systems have emerged from a shift from traditional energy networks
and single-sector thinking, towards more integrated, efficient, and sustainable mod-
els of energy use [8]. A formal definition of smart energy systems, which has estab-
lished itself throughout the research, contains the adaptation of technologies and
infrastructures, that introduce new forms of flexibility, especially in the conversion
stage of the system, which involves the utilization of different technologies and
processes to convert renewable energy sources into energy that can be efficiently
distributed [8] [9] [10]. The underlying architecture of this smart energy system
is a network of smart grids: electricity grids that use intelligent technologies to
balance demands (such as electric cars) with renewable energy resources, thermal
grids that tie together heating and electricity sectors to harness and recycle ther-
mal energy, and gas grids that connect heating, electricity, and transport sectors [9]
[10]. But these systems are characterized by more than just their infrastructures,
they’re about creating synergies among them. Therefore, Smart energy systems
can be defined as networks of intelligent electricity, heating, and gas frameworks,
connected with storage capabilities and managed in a way that maximizes effi-
ciency for each sector, as well as the energy system [8].

Smart energy systems are characterized by the integration of modern tech-
nologies such as artificial intelligence (AI), leading their development being more
responsive, efficient, and intelligent [11]. Critical technologies like smart calcula-
tion and measurement methods [12] or intelligent control [13] support distributed
decision-making and collaborative autonomy, while also increasing security within
the smart energy system framework [14]. Some researchers even argue that Al
technology has not only digitalized the energy industry, but also contributed sig-
nificantly to the emergence of smart energy systems [14].

Another recognition which must be considered, is that the emergence of smart
energy systems isn’t just a technological advancement, but also a societal trans-
formation. In the work of Zaidan et al., it is emphasized that the transformation
of urban communities into smart-energy communities calls for a blending of so-
cial, technological, and economic factors, while utilizing the local and regional
traits to establish a future of energy efficiency[3]. This movement towards more
smart energy communities is highlighted in studies related to smart energy sys-
tems within smart city frameworks, which also further point out the essential
role of computational intelligence [3][4]. Here, the significance of information and
communication technology is underscored as critical for creating a structural and
sustainable shift in energy systems [4]. Moreover, from a European perspective,
smart energy systems are seen as integral to achieving the EU’s goals concerning



energy security, competitive markets, and sustainable energy pracrices[2]. This
vision acknowledges not just the regulatory frameworks, but also the dynamics
among stakeholders, and the technological progress [2].

3.2 User Benefits and Potential Issues of Smart Energy
Systems

One of the key elements of any smart energy system is the end user [15]. Address-
ing future energy challenges requires more than just new technologies and system
changes, the involvement of consumers is essential. They’re not just end-users of
energy. Their actions, choices, and willingness to adopt new technologies greatly
impact how effective and sustainable our energy systems can be [15]. This view
makes it clear that the success of energy systems in the future - balancing what
we need, what’s available, and our environmental goals - depends not only on
new technologies but also heavily on how people behave and accept these changes.
It underlines the necessity of a collective engagement to enhance the efficiency,
adaptability, and environmental sustainability of our energy consumption.

Smart energy systems display a wide set of advantages that are in direct corre-
lation with the requirements of consumers. To begin with, smart energy systems
contribute to significant cost savings by promoting local energy consumption and
conservation [15]. Additionally, they elevate consumer consciousness and enable
the use of valuable data through advanced technologies, including smart meters
and home automation, which provide access to insights that were once beyond the
reach of consumers, as detailed in sources [16] and [17]. Additionally, smart energy
systems empower consumers to actively engage in the energy market, making use
of real-time pricing and collective energy strategies to adjust their energy usage
efficiently [15]. Lastly, they take consumer preferences into account, achieving en-
ergy utilization that is not only efficient but also customized to meet individual
preferences, as shown in reference [18]. Through all of these innovative measures,
smart energy systems are able to meet specific consumer needs while presenting
flexible solutions that elevate the value of services and products.

With this number of benefits, smart energy systems represent a key step to-
wards sustainable and efficient energy management. However, this path is not
devoid of challenges in the areas of technology, economics, and operations. For ex-
ample, incorporating solar power, an important source of renewable energy, high-
lights the economic issue of high initial costs [19]. This reflects broader difficulties
in expanding and scaling up smart energy systems. Moreover, the complexity
of smart energy systems, due to their reliance on advanced data analytics for
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management and optimization, raises a significant challenge: making these sys-
tems ”explainable” [19] [20]. This is crucial because it impacts how transparent
and accountable smart energy system operations are, as well as how much they
are trusted and accepted by people involved. To fully benefit from smart energy
technologies in achieving our sustainable energy goals, it’s vital to address these
challenges head-on, making sure the algorithms that smart energy systems use are
clear and their decisions can be easily explained [19].

3.3 Explainability

Explainability in the context of software-intensive systems, has emerged as a key
quality attribute, essential for creating user trust and ensuring that the system
is transparent [21]. As systems become more intelligent, their complexity also
increases, creating a challenge for both users and developers to comprehend how
exactly they work and the rationale behind their decisions [21]. This complexity,
which is particularly evident in artificial intelligence within smart city infrastruc-
tures, has increased the need for systems to be more interpretable and transparent
[22].

The recent advancements of artificial intelligence, marked by machine learning
and deep learning techniques, have notably improved the capabilities of intelligent
systems. However, this has also led to the creation of complex models that operate
as "black boxes,” where the decision-making process is difficult to understand [22].
This opacity is a significant concern, as it can impact the trust users place in these
systems, which is critical for their acceptance and satisfaction [21].

"Explainable artificial intelligence’ seeks to address these concerns by making
AT’s decisions understandable to humans, therefore bridging the gap between Al’s
complexity and human comprehension [22]. It tries to address the opacity of arti-
ficial intelligence systems, providing tools and techniques for making Al decisions
transparent, understandable, and ethically sound by clarifying the internal logic
of these "black-box” algorithms [23]. By ensuring that AI systems can provide
clear and understandable explanations for their actions, explainable artificial in-
telligence creates a sense of trust and clarity between their technologies and users
[21]. Studies therefore indicate that by addressing the opaque "black box” aspect
of software systems, explainability significantly boosts their perceived trustworthi-
ness, transparency, accountability, fairness, ethics, and additional quality metrics
[24]. This approach is crucial for a broader acceptance and integration of AT tech-
nologies into society, especially in settings as integral as smart cities [22].

The recent advancements in machine learning and deep learning have not only
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heightened the performance of intelligent systems but have also raised human ex-
pectations for a deeper understanding of how these systems make decisions [5].
This is especially important in the context of recommendation systems, which
play a central role in supporting human decision-making [5], especially regarding
energy efficiency within smart cities. For systems like these to effectively increase
user trust and to improve the acceptance of their recommendations, they must
be designed with explainability in mind [5]. Sardinanos et al. emphasize the de-
velopment of explainable and persuasive recommendation mechanisms that are
personalized to user preferences and habits, leading to intelligent recommenda-
tions that promote energy-saving behavior [5]. This highlights the importance of
explainability in enhancing the persuasiveness of recommendations, thereby cre-
ating a more profound trust in AI by providing users with clear, understandable
reasons for each recommended action [5].

Furthermore, the lack of transparency and control in Al systems has under-
mined stakeholder trust, leading to an impact on the rate at which Al is embraced
in the energy field [25]. In addition, the growing complexity in the design and
operational aspects of energy systems, which include numerous variables and re-
quire coordination among various stakeholders, is escalating [25]. This increase in
complexity, paired with risks associated with the critical nature of energy infras-
tructure to societal, national and environmental stability, underscores the need for
more transparent and manageable Al systems [25].

3.4 User Requirements

User requirements express the functions, constraints, or properties that a system
must possess to fulfill the needs of its users [26]. These requirements originate
directly from the users or stakeholders, emphasizing the anticipated benefits or
transformations that a new system is expected to introduce to a specific field [27].
User requirements focus on what users expect or want to accomplish with the sys-
tem, rather than detailing how the system will achieve these tasks [27].

Understanding and accurately capturing user requirements is important for the
design and success of interactive systems[6]. It ensures that the development of
software-intensive systems is in direct alignment with the actual needs and ex-
pectations of end-users, thereby enhancing the usability and acceptance of these
systems [6] [28]. However, it is essential to differentiate between user requirements
and system requirements, as confusing them can lead to complications in project
development. User requirements are about the desired changes or capabilities
from the user’s perspective, while system requirements detail the specific features
or functions the system must have to satisfy user requirements [27].
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The process of identifying and analyzing user requirements is a fundamental
aspect of user-centered design, focused on ensuring that new systems meet the
users’ needs and facilitate their goals in an effective, efficient, and satisfying manner
[26]. As the demand for systems to be more transparent and understandable
increases the importance of clear and well-defined user requirements becomes even
more pronounced [27].

4 Research Method

To look at the needs of end-users who interact with smart energy systems, a
methodical approach is key. The focus is on non-technical end-users, the main
audience for these systems. Therefore, a survey was conducted among members
of the Renewable Energy Communities in Austria, the renewable energy commu-
nities in particular, to gather insights into real-world scenarios and the role of
explainability and user requirements. The process of designing the survey was
motivated by the overarching goal of gaining a thorough understanding of user
needs and viewpoints within the Renewable Energy Communities. It started with
an in-depth exploration of existing literature and theoretical frameworks within
the topic smart energy systems, explainability, and user requirements. This initial
phase provided a solid foundation for understanding the essential concepts shap-
ing user interactions with smart energy systems. As the phrasing of the survey
questions commenced, it was important to assess their general thoughts on these
systems. Following this, attention shifted towards exploring users’ existing expec-
tations and requirements regarding explainability. Finally, direct questions about
explainability were included to delve deeper into this aspect. Special attention was
paid to language clarity, question structure, and response options to resonate with
participants from diverse backgrounds and technical proficiency levels. To capture
the multifaceted nature of user experiences and attitudes, the questionnaire em-
ployed a mixed-methods approach, incorporating closed-ended Likert-scale items
for quantitative analysis and open-ended prompts for qualitative insights. Lastly,
pilot testing was conducted to ensure the reliability and validity of the survey
instrument.

4.1 Survey Design

The structure of the survey for this research is designed in a way to investigate the
dynamics between end users and smart energy systems. The survey, which was
designed in 'Google Forms’ is divided into key sections, each serving a purpose in
unraveling the relationship users have with smart energy systems.
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4.1.1 Survey Introduction

Firstly, the survey sets the stage by introducing the participants to the concept
of smart energy systems and providing a real-world scenario, ensuring a shared
understanding of smart energy systems. This part is essential for enabling more
precise and informed responses throughout the questionnaire.

The introduction explains the basics of smart energy systems to the survey
participants, who might not be familiar with this concept. The introduction em-
phasizes the role of smart energy systems in intelligently managing energy users
and producers to achieve optimal outcomes. It describes how these systems au-
tomate decisions like scheduling electric vehicle charges, enhance grid stability,
and offer cost-effective solutions for users. This section also highlights some of
the benefits of smart energy systems, such as reduced electricity costs for energy
community members and improved grid stability for operators.

The important concept introduced here is ’explainability,” which refers to the
system’s ability to clarify its decision-making processes. An example involving
a smart thermostat illustrates that when it unexpectedly raises the temperature,
leading to higher costs, a clear explanation from the system can help users un-
derstand the reason behind this decision and make the necessary adjustments.
Furthermore, the introduction also contains a link to the English version of the
survey for non-German speakers.

4.1.2 User Experiences and Needs

The following section, about user experiences and needs, explores the users direct
interactions with smart energy systems and their thoughts about them. This part
is designed to uncover the motivations for the adoption of smart energy systems
and to identify the benefits users seek from integrating these systems into their
daily lives. The intention behind these questions is to pinpoint the key factors
that influence user decisions and satisfaction with smart energy systems.

The questions in this section start by asking participants whether they have any
smart energy systems in their homes or communities. Examples provided include
energy management systems, smart thermostats, and electric vehicle charging sta-
tions with charge management. This helps grasp the understanding of the partic-
ipants’ familiarity and experience with such technologies. The following question
delves into the primary motivations for using smart energy systems. Participants
select up to three of their main reasons from a list that includes options such as
optimizing energy consumption, making informed decisions about energy use, re-
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ducing energy costs, improving energy efficiency, and engaging in proactive energy
management based on real-time data. There is also an option for participants to
provide their own motivations if they are not listed.

4.1.3 Challenges to Smart Energy Systems

Following this, the survey also considers challenges and limitations associated with
smart energy systems. By inspecting the main difficulties the respondents en-
counter, this section’s objective is to analyze the barriers that might hinder the
broader acceptance and utilization of smart energy systems. Understanding these
challenges is essential for identifying areas where smart energy systems could be
improved to better meet user needs and enhance system usability.

Participants are asked to select the most important challenges or limitations
they face or might face when using smart energy systems. They can once again
select a maximum of three choices, which they can pick from a list of potential
challenges such as difficulties in understanding the system’s recommendations or
behavior, lack of clarity on how the system impacts their energy consumption,
concerns about data privacy and security, technical difficulties or malfunctions,
and limited integration with other smart home devices. There is also an option
for participants to specify other challenges they might be experiencing which are
not included in the selection.

4.1.4 Importance of Clear Information and Customization

The next few questions, which also belong to the "User Experiences and Needs’ part
of the survey, focus on understanding the value users place on clear communication
regarding energy management decisions and the importance of system customiza-
tion to individual needs. This part includes several Likert-scale questions using
a scale from 1 (not at all) to 5 (very much) to understand these aspects. One
question asks to what extent participants value clear information about energy
management decisions, another question assesses the degree to which users be-
lieve smart energy systems should be customized to individual needs. The next
question asks the participants about the importance of clear communication of
the functionalities of energy management tools to meet user expectations. Finally,
the survey explores how users’ belief in understanding a smart energy system im-
pacts their trust in the technology. These questions aim to reveal how important
clear communication and customization are for user satisfaction and trust in smart
energy systems.
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4.1.5 Explainability Preferences and Expectations

Central to the survey is the exploration of preferences and expectations regarding
explainability. This part of the survey focuses on determining the value users place
on the transparency of decision-making processes of smart energy systems. It seeks
to understand the preferred formats for receiving explanations and how explain-
ability influences trust and acceptance of smart energy systems. The questions
within this section are chosen to assess the importance of clear communication
and the role it plays in user engagement with smart energy systems.

At the beginning of this section, participants are directly asked about the im-
portance of explainability itself, rating how essential they find it for smart energy
systems to explain their decisions. This question aims to directly assess the value
users place on having transparent and understandable systems. To identify specific
benefits or important aspects of explainability, participants choose from options
such as understanding how the system works, increasing trust and acceptance,
identifying potential problems, tailoring the system’s behavior to user needs, and
gaining insights into energy consumption patterns. They can select up to three
options they consider most significant, which helps prioritize the various aspects
of explainability from a user perspective. The following question asks participants
to rank factors that influence their trust and acceptance of explanations. They
rank answers such as clarity and conciseness, tailoring to individual needs, pro-
viding insights into the system’s reasoning, and consistency with their personal
understanding of energy management. This ranking helps identify which factors
are most important to users in accepting and trusting the explanations provided
by smart energy systems. Finally, the survey also explores the preferred formats
for receiving explanations. Participants can select their preferred formats from op-
tions like interactive chatbots, text-based explanations, visual explanations (e.g.,
graphs, charts, dashboards), interactive visualizations, and combinations of these
formats. There is also an option for participants to suggest other preferred formats,
ensuring the survey captures a wide range of user preferences.

4.1.6 Demographic Information

Lastly, the survey finishes with demographic questions, to gather comprehensive
data from a broad spectrum of respondents. Systematically collecting demographic
information contributes to a comprehensive understanding of the survey’s reach.

Participants are asked to assess their technical knowledge in the area of energy

management, choosing from options like no technical knowledge, basic understand-
ing of energy concepts, and higher level of technical expertise. Other demographic
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questions cover age, gender, duration of membership in an energy community, and
the population density of their living area. These questions help categorize the re-
spondents and provide insights into how demographic factors might influence user
experiences and preferences regarding smart energy systems. The demographic
section also includes optional questions for participants who wish to further sup-
port the research or receive survey results. Participants are asked if they are
interested in supporting the research with their technical expertise or if they want
to be informed about the survey results, and they can leave their email addresses
for this purpose. Additionally, there is a space for any further comments they
might have.

Overall, the survey design addresses the aspects of user interactions with smart
energy systems, focusing on experiences, challenges, and preferences for system
explainability. This approach ensures that the survey data will provide valuable
insights into enhancing user engagement and satisfaction with smart energy tech-
nologies.

5 Data Collection

Following the research methodology that was previously outlined, the survey was
developed to gain insights into user interactions and expectations regarding smart
energy systems and their view on explainability in smart energy systems. This
exploration was built on the idea that the performance and success of interactive
systems deeply depend on the understanding of user needs [6]. As pointed out by
Maguire and Bevan, the key of developing information systems lies in the identifi-
cation and integration of user requirements [6]. This aspect is also of importance
in the context of smart energy systems, where the level of user engagement and
satisfaction directly influence the practicality and effectiveness of the system [15].
Recognizing the challenges in understanding user expectations, especially when
the users themselves might not know their future needs for the system, this survey
aims to narrow the gap between user aspirations and system capabilities.

The survey, titled 'Smart Energy Systems: A Survey on Explainability’, targets
members of Austrian Energy Communities, the Renewable Energy Communities
in particular. Its purpose is explore their deeper perspectives about how trans-
parent and understandable smart energy systems are, as well as their expectations
and requirements about smart energy systems. The focus is on explainability,
which is crucial for generating a level of trust and satisfaction among users [29].
By concentrating on the Austrian energy communities, the survey intentionally
taps into a demographic that is relevant to the discourse on smart energy systems.
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By engaging with participants who are likely to be familiar with these systems,
the survey is set to uncover valuable insights. This proactive engagement with
end-users supports a methodological approach that emphasizes the integration of
user feedback into the development process. Focusing on the user-centric perspec-
tive guarantees that improvements are directly shaped by actual user needs and
experiences, leading to solutions that are not only more effective but also highly
relevant to those they aim to serve.

Participants for the survey were recruited from a network of renewable en-
ergy communities. As of January 2024 a publicly available list contained 317
energy communities, which also provided the contact information for their re-
spective spokespersons, who were then individually approached !. The process
involved reaching out directly to these spokespeople, asking for their participation
and their collaboration in sharing the survey to their community members. Due
to the fact that some communities shared a spokesperson, only a single contact
approach was followed through, to ensure efficiency. The distribution of the survey
was conducted through direct emails. This method was chosen for its potential
for higher engagement. The email to each spokesperson included an explanation
of the survey’s purpose and importance, instructions for participating, and a link
to the survey. The spokespersons were then asked to forward this information to
their community members, to open the survey’s reach to a broader audience.

During the data collection phase, some challenges were encountered, for in-
stance a lower than anticipated response rate. This was in part due to the nature
of some energy communities, such as nonprofit energy communities, which faced
certain limitations that ruled out their participation. Additionally, a few commu-
nities were unable to participate due to an existing high volume of requests and
engagements. To address the challenge of low response rates, a two-part strategy
was implemented. Firstly, communities unable to contribute were not approached
again, acknowledging their organizational limits and existing obligations. Sec-
ondly, a follow-up email to the remaining communities was dispatched about two
weeks after the initial request. The purpose of this reminder was to re-engage po-
tential respondents and provided an additional opportunity for those who might
have missed or overlooked the initial invitation to contribute to the study. This
method proved effective in lifting response rates and ensuring a broader dataset
for analysis.

After the follow-up reminders were sent and a sufficient response window had

!Link for the list of the Austrian Energy Communities: https://energiegemeinschaften.
gv.at/landkarte/
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passed, the survey was closed approximately one and a half months after its initi-
ation. This time period allowed for an adequate response time, ensuring a robust
participation rate. Upon closing the survey, the process of data preparation was
started. This included a thorough review of the final 49 collected responses and
the organization of the data to enable a comprehensive and methodical analysis.
This preparatory stage is critical as it lays the groundwork for a deep analysis and
the drawing of significant insights from the survey findings.

6 Data Analysis and Results

The following chapter takes a closer look at user interactions with smart energy
systems, particularly within the Renewable Energy Communities, in an attempt
to address the concerns associated with the adoption and acceptance of these sys-
tems and what role user requirements have in this context. It forms the key basis
of this research, which is to analyze the role of explainability in smart energy
systems from an end-user perspective. Given this, the research captured insights
through the survey into the user’s experiences, pinning their expectations and the
challenges they face to the integration of smart energy systems. The analysis part
of the research closely examines the user feedback to establish the main patterns
and insights that respond to the essential questions this study intended to answer.

The findings shed light on real-world user needs and expectations that should
be included in smart energy systems, the role of explainability in building user
trust, and effective communication strategies for energy management decisions.
The resulting discussion is an attempt to consider the gap that may still remain
between system functionalities and user satisfaction, and to propose means to
improve this in a way that resonates with the user’s perspectives. This section also
provides a foundation for recommendations, that are aimed at fostering sustainable
interaction between end-users and the technology designed to optimally utilize
their energy:.

6.1 Initial Data Review

The data analysis phase of the research started with a review of the responses
gathered through the survey. Following the data collection, the survey results
were gathered and examined to ensure the readiness for an in-depth analysis. Us-
ing Google Forms for the survey implementation has the advantage of ensuring
the completeness of responses. Since this platform supports the configuration of
mandatory fields, respondents had to complete all required questions before they
could submit their responses. This helps with the collection of complete response
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data without missing values, which is particularly valuable for research purposes.
It ensures that every collected response is usable, and that the analysis can be re-
liable and comprehensive. The in-depth review started with an examination of the
aggregated data provided by the survey platform. It conveniently offers a summary
overview of all answers, which serves as the starting point of the analysis. By first
looking at the general trends and frequencies in this summary, a broader under-
standing of the data is gained. This overview helps to identify first patterns and
potential areas of interest. After looking at the collective data, the process moved
to a comprehensive review of individual responses. For those questions with an
open-ended ’other’ response option, where participants could type in their answer
which was not mentioned yet, all such entries have been taken as additional aspects
or another view that the respondent had in mind. Those were important qualita-
tive data, which provided more context and maybe another type of insight than
predefined questions could offer. This option in a survey also allowed for greater
flexibility by enabling respondents to express their true motivations, which then
led to more accurate data and the discovery of unanticipated trends or behaviors.
Each question’s data was then arranged to reflect the frequency and percentage
of each response, therefore indicating the collective viewpoints within the sample
population. This approach was particularly useful for multiple-choice and ranking
questions, as it simplified the visualization of the respondents’ preferences and pri-
orities. In addition to the response frequencies and percentages, the data analysis
also included a look at the demographic information. This approach allowed a
basic alignment of individual responses to demographic categories, providing an
opportunity to consider possible trends or differences of opinion primarily across
age, gender, and community size.

6.1.1 Quantitative and Qualitative Analysis

In analyzing the collected survey data, both qualitative and quantitative methods
were employed, to fully capture user requirements and user’s perceptions of ex-
plainability in smart energy systems. From a quantitative standpoint, numerous
survey questions aimed to collect measurable data points. These were developed
to measure the extent to which the smart energy system was integrated within
their homes, including the levels of importance of explainability dimensions and
the demographic spread of the respondents. The responses were summarized by
the survey platform, and patterns were identified through the use of statistical
techniques. This included looking at measures of central tendency, for example
averages and most common responses, to determine the spread of responses across
scale-based questions. Furthermore, the frequency with which various options were
chosen in multiple-choice and ranking questions was analyzed, to establish which
response categories were more popular amongst the survey respondents. The open-
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ended ’other’ responses were analyzed with a qualitative perspective. In this sense
thematic analysis was employed, allowing for the identification and examination of
relevant themes in patterns that arise from qualitative data, looking at patterns or
possible repetitions. The analytical techniques were selected based on the nature
of the survey questions. Through quantitative analysis, the objective and clear
general view of the numerical data was taken into consideration, which helps in
assessing the preferences of people and majority sentiment in the surveyed pop-
ulation. This was complemented with qualitative analysis, inquiring further into
the details of subjective experiences and views of users to give further depth to
the understanding of the user requirements and perception of explainability. In-
tegrating these approaches gives a comprehensive view of the responses, therefore
also confirming that all aspects of the responses were taken into consideration in
the development of conclusions and recommendations.

6.1.2 Demographic Contextualization

After examining the patterns in response frequencies and preferences, the analysis
expanded to include demographic data, providing additional layers of context to
the survey results. This step was important for understanding how different back-
grounds and community settings might influence people’s perception of smart en-
ergy systems. Analyzing the demographics in relation to the responses, provides a
contextual background showing patterns and tendencies. From the 49 respondents,
a significant majority were male (89.8%) while only 10.2% of the participants were
female. This kind of gender distribution might suggest that among the sampled
group, the engagement and feedback on smart energy systems were dominantly
influenced by a male perspective. As for the length of membership in the energy
community, the majority of the respondents (53.1%) have been a member for 1
to 3 years, which points to people having some kind of experience or knowledge
about smart energy systems and the impacts brought by smart energy in soci-
ety. This level of experience could bias both their expectations concerning the
feedback from the system functionality, and bias the ability of the implementers
to make informed feedback regarding system functionality and user requirements.
Regarding the length of membership in energy communities, most respondents
(53.1%) have been members for 1-3 years. This indicates a level of engagement
and suggests a certain depth of understanding about energy systems and their
impact within communities. Users’ level of experience can affect their expecta-
tions and their ability to provide informed feedback on system functionality and
user requirements. This was further supported by the perception the participants
had of themselves concerning technical knowledge, with a majority (51%) indicat-
ing they have high technical expertise in energy management, and a further 38.8%
claiming a foundational understanding of energy concepts. This demonstrates that
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most participants have at least some level of knowledge in this area, enriching the
survey with a spectrum of insights into energy management. The study considered
the size of the settlements where the participants lived. Most participants (61.2%)
lived in small communities with under 5,000 inhabitants, while the next largest
group lived in small towns, accounting for 26.5%. This distribution profile may
suggest that the benefits of smart energy systems to user needs and community
size could be different. These differences might be due to variations in energy
infrastructure, community involvement, or individual energy consumption habits.

6.2 Key Findings and Recommendations

The survey results, derived from the responses of 49 people, enlighten the current
landscape of Smart Energy Systems and how explainability is key to further user
engagement and trust. Notably, 69.4% of the respondents report already having
smart energy systems integrated into their homes or community settings, a finding
that aligns well with the nature of renewable energy communities. This finding not
only demonstrates the practical sense of adopting smart energy systems in such
progressive environments, but also points to a broader trend towards adopting
smart energy solutions. In addition, the trend observed among the respondents
reflects a wider societal movement towards sustainable energy practices, where
optimizing the use of energy for both environmental and economic benefits is
becoming more and more important. This key finding leads to a more in-depth
exploration of user motivations, personalized feedback, and the critical role of
explainability in the following subsections.

6.2.1 Motivations for Adopting Smart Energy Systems

When looking into the reasons for adopting smart energy systems, an interplay of
driving factors becomes visible. It is important to note that most of the motiva-
tions for adopting these systems are somehow interconnected and contribute to the
overall benefits of the technology. That said, the primary reason for the deploy-
ment of smart energy systems, as cited by 79.6% of respondents, is the reduction
of energy costs. This provides the basis for the practical and, at the same time,
immediate benefit of using smart energy systems as a tool to save money. Addi-
tionally, 69.4% of respondents identified the optimization of energy consumption as
one of the leading motivations. Therefore, they aim to use energy more efficiently,
reflecting a collective acknowledgement of the importance of resource conserva-
tion and sustainability. The survey also surfaced other, relevant reasons than just
costs and optimization that could drive the adoption of smart energy systems,
such as efficiency in energy, stated by 42.9% of the respondents, and management
by proactive energy with real-time data, also stated by 42.9%. These motivations
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reflect the understanding and appreciation of smart energy systems’ capability in
realizing both direct economic savings avenues and long-term sustainability and
efficiency in using the energy resource. The survey also revealed that 20.4% of
respondents value informed decision-making regarding their energy usage as one
of the primary benefits, showing a desire for deeper understanding and control
over energy practices. It is worth mentioning that only 8.2% of respondents cited
personalized energy management as a main reason for implementing smart energy
systems, meaning that despite these systems offering customization potential, this
feature has not yet strongly resonated with most users. The lower percentage
might mean that while personalization is recognized as beneficial, it may not be as
immediately compelling or easily understood as more straightforward benefits such
as cost savings and energy optimization. It might also reflect a current focus on
general improvements that smart energy systems can provide before considering
the more individualized advantages that come with personalization.

Question 2: What are the your primary motivations for using smart
energy systems?

Reduction of energy costs [N 796 %
Optimization of energy consumption [ 69,4 %
Improved energy efficiency [N 429 %

Proactive energy management based on real-time

ger I 5 %

Informed decision-making about energy use [N 204 %

Personalized energy management [l 83 %

0 5 10 15 20 25 30 35 40 45

® Number of Responses
Figure 1: Primary Motivations for Using Smart Energy Systems

The participants of the survey themselves also provided suggestions regarding
motivations for the use of smart energy systems and therefore delivered interest-
ingly different requirements from these systems. For example, one participant
emphasized the role of sustainable energy production, which is in line with bigger
environmental motivations for the adoption of smart energy systems. Another
participant stated that they look for the improvement of the use of photovoltaics,
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suggesting a technological interest in harnessing solar energy more effectively. Ad-
ditionally, the desire to produce and consume energy regionally was mentioned,
emphasizing an approach to energy management that is community-oriented and
in relation to local production and consumption patterns. These personalized mo-
tivations suggest that users are motivated by more than just conventional benefits,
and that they are seeking to align their smart energy systems usage with broader
ecological principles and personal values.

The explored motivations taken together gave an overall view of the adoption
landscape with smart energy systems from a user perspective. This highlights that
smart energy system designers should not only focus on the technological aspects of
the systems but also the broader preferences, concerns, and environmental values
of the users in general. By incorporating features that address these diverse needs
and challenges of users, particularly through an enhanced explainability and user-
centric design, the implementation of Smart Energy Systems will likely lead to
greater acceptance and satisfaction among users.

6.2.2 Explainability and User Perceptions

Through the survey, the concept of explainability emerges as an important factor
in influencing user trust and acceptance of smart energy systems. About half of
the respondents, with 51%, stated that there is a very high need for providing
clear information on energy management decisions, complemented by an addi-
tional 36.7% who also recognize its relatively high importance. Only 6.1% of all
answers valued clear energy management decisions on a moderate level, while the
remaining 6.1% indicated that they saw either little or no necessity for such trans-
parency. This focus on transparency and the need for comprehensible explanations
highlights a crucial aspect of user-system interaction, in which understanding how
the system works and its reasons for making certain decisions are a crucial part of
user satisfaction and trust. The significance attached to explainability is further
underlined by the fact that 59.2% of respondents consider it very important for
their engagement with smart energy systems, and another 36.7% of respondents
consider it to be important. Furthermore, the survey revealed that just 2 of the 49
participants view explainability as not very important, while none of the partici-
pants deemed it completely unimportant. This signals a strong user preference for
systems that are not only efficient and cost-effective, but at the same time provide
transparency and a high level of communication about operational processes and
their decision-making criteria.
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6.2.3 Conclusion and Future Directions

Considered all together, these findings reflect the complex relationships between
the motivators to adopt smart energy systems and the importance that users
place on explainability. Initial adoption may be largely driven by economic and
efficiency reasons, but continued trust, satisfaction, and engagement with these
systems are also influenced by their ability to engage users by providing clear,
understandable explanations of how they work. This brings out the need for
designers and developers to build explainable features into their systems, making
them not only technologically advanced but also user-centred, as supported by
Hassija et al.[30]. This approach is likely to increase user confidence and a higher
rate of adoption. Ultimately, this will contribute to the wider goals of energy
efficiency, cost reduction and environmental sustainability.

6.3 Insights into Implementation Challenges

The responses of the survey do not only shed light on the user experiences and
preferences, but also the complications when it comes to smart energy systems,
therefore providing a valuable framework for understanding how smart energy sys-
tems can be implemented and adopted by a wider range of people more effectively.
This exploration begins with the identification of patterns in the challenges and
concerns regarding smart energy systems as expressed by the participants. Un-
derstanding the limitations faced by users of smart energy systems is important
for several reasons. First, it leads to the identification of areas where these sys-
tems may not be in line with user needs and expectations. By exploring issues
such as the difficulty of understanding system recommendations or behaviors, in-
sights into the level of opacity apparent in smart energy systems can be gained.
The number of respondents expressing this as an issue suggests a potential link
to existing issues with intransparency. Moreover, addressing these challenges can
increase user confidence, encourage wider adoption, and thereby realize the full
potential of smart energy technologies.

6.3.1 Critical Limitations and Issues

Despite the clear benefits of smart energy systems, the adoption and user satisfac-
tion with these systems are also affected by a number of challenges. To analyze
these issues, the survey participants identified the most significant challenges or
limitations they associated with the utilization of smart energy systems. The bar-
riers the survey participants face, ranging from technical difficulties to privacy con-
cerns highlight the specific areas that require attention to improve user experience.
Technical difficulties and system reliability concerns have proved to be the most
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significant challenges. Of the 49 respondents surveyed, 35 (71.4%) identified tech-
nical difficulties or failures when using smart energy systems as significant. Such
technical issues not only disrupt the functionality of these systems, but also impact
user confidence in the technology [31]. The survey findings also demonstrate that
38.8% of respondents still struggle to understand the system’s recommendations
or behavior. This challenge highlights a broader issue within the design and com-
munication strategies of smart energy systems. If the reasoning behind automated
decisions is not made clear, users may feel unable to trust or interact effectively
with the system. This lack of understanding can prevent users from fully engaging
with the system, potentially leading to a reduced perception of its value [5]. In
addition, the interfaces of many smart energy systems lack the intuitive design
necessary to facilitate easy user interaction. If users find these interfaces difficult
to navigate or non-intuitive, it makes it harder for them to make informed deci-
sions based on the system’s recommendations. The lack of explanatory support
within these systems exacerbates this problem, leaving users without the necessary
tools to understand how their actions affect energy consumption and system effi-
ciency. This issue is further emphasized by the fact that 30.6% of the respondents
showed concerns over the clarity of how the smart energy systems impact their
energy consumption. This lack of understandable feedback about how actions and
changes within those systems are affecting their energy usage represents a barrier
to effective energy management and optimization. Users that experience uncer-
tainties over their interactions with smart energy systems could lead to skepticism
over the promised cost and environmental benefits of smart energy systems. If the
data is more transparent and accurate to the users’ consumption, it could make a
difference in trust and proactive engagement with such systems. Integration with
other smart home devices was another area of concern, with 36.7% of users seeing
challenges in integrating smart energy systems with other smart home devices.
When devices do not communicate well or work together effectively, affects the
overall functionality and convenience, impacting the user experience in a negative
way. This limitation might even discourage users from integrating and utilizing
smart home systems, seeing these technologies as too inconsistent or complicated
for proper management. Addressing this interoperability issue is important to
enhance user satisfaction and to enable the full benefits of smart home technolo-
gies. Another issue, privacy and security concerns were viewed as significant by
30.6% of respondents. In a time when data breaches are not uncommon, users
are concerned about the security of their personal information and the potential
for unauthorized access to their energy consumption patterns [32]. This challenge
points out the need for robust security measures and transparent communication
about how user data is collected, used and protected.
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Question 3: Which of the challenges or limitations you could
encounter when using smart energy systems are most important to
you?

Technical difficulties or glitches G 7 %
leflculty understanding the system's _ 38,8 %
recommendations or behavior
Limited integration with other smart home I 67 %
devices ’
Concerns about privacy and data security [N 306 %

Lack of clarity about how the system impacts I 306 %

your energy consumption
0 5 10 15 20 25 30 35 40

= Number of Responses

Figure 2: Key Challenges in Using Smart Energy Systems

Additionally, regarding this topic respondents could once again express ad-
ditional concerns that were not listed. These concerns included slow smart me-
ter data, insufficient network capacity, and uncertainties about the future of the
technology, such as what would happen in the event of a user’s passing, device
discontinuation, or lack of software updates. These issues demonstrate the need
for more attention to ensure the long-term viability and user confidence in smart
energy systems. It can be concluded from this survey that while the benefits of
smart energy systems are clear, their effective implementation and user acceptance
depend on overcoming the set of technical, usability, security, and integration chal-
lenges. The findings provide an important basis for developing strategies that focus
on user-centered design and robust system functionality to ensure that smart en-
ergy systems can meet the needs of users and provide a seamless, safe and efficient
energy management experience.

6.3.2 Addressing Barriers to Adoption

Given these issues, they should be addressed through an approach that not only
prioritizes technical reliability and robust security measures but also focuses on
seamless integration and explainability to enhance user interaction and trust.
Maintaining the reliability of these systems is essential for their effective oper-
ation and long-term efficiency [33]. Strong security measures are also critical to
protect user data and build trust in the system’s safeguards against unautho-
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rized access [34]. Furthermore, strong encryption and clear privacy policies are
essential to protect user data and build trust in new technologies [35]. This is
particularly important at a time when data breaches are becoming more and more
common and users are increasingly concerned about the privacy of their personal
data [35]. Central to this whole approach is the prioritization of explainability.
Smart energy systems can be complex, and making their operation transparent
and understandable to users is essential for adoption and effective use [5]. For
example, the research of Shin [36] emphasizes the role of explainability in building
trust in smart energy systems. This research discusses how interfaces that clearly
communicate how decisions are made can significantly improve user understand-
ing and satisfaction and that systems designed with explainable AI features not
only foster trust, but also encourage users to rely more on these systems for ev-
eryday energy management [36] . Taken together, these strategies can improve
the effectiveness of smart energy systems, ensuring that they are not only more
acceptable, but also more integral to everyday energy management in the home.
By addressing technical, security and integration challenges, and especially by em-
phasizing explainability, these systems can in gain wider acceptance and become
deeply integrated into everyday life in a way that users find useful and trustworthy.

6.3.3 Conclusion and Future Directions

Overall, the introduction of smart energy systems is not just accompanied by ben-
efits, but also with challenges that go beyond just technological progress. These
challenges address various aspects centered around users, thereby demonstrating
the complex relationship between technology and human interaction. Through the
survey results, we gained insights into these complexities, discovering the obstacles
users encounter, from technical glitches to difficulties integrating with other smart
devices. Despite the acknowledged importance of explainability, a lot of users still
find it challenging to comprehend system recommendations or behaviors, revealing
a gap in user understanding. Therefore, while technological advancements are crit-
ical, successful implementation of smart energy systems requires an approach that
places user needs and preferences at the forefront. By addressing these challenges,
including improving technical reliability, enhancing security measures, and refining
explainability, we can ensure the seamless integration and widespread acceptance
of smart energy systems.

6.4 Identifying Key User Requirements and Expectations

As previously uncovered, smart energy systems present significant opportunities
for energy savings and enhanced living comfort. However, their successful imple-
mentation and broad uptake depend not just on advanced technology, but on a
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deep understanding of user needs and expectations. This section of the paper
investigates the core user requirements and expectations that have emerged from
the survey. These insights are of great importance, as they not only support the
technical and functional aspects of smart energy systems design but also shape
the strategies for user interaction, system customization, and long-term user en-
gagement. By focusing on the needs and preferences expressed by potential and
current users, developers and designers can ensure that smart energy systems are
user-centric, accessible, and trusted by the people and communities they serve.
Through a detailed analysis of the survey data, this paper identifies the key as-
pects of smart energy systems that users value highly and examines how these
priorities can be integrated into system design to create higher adoption rates and
satisfaction. From customization based on individual lifestyles to the need for
clear communication about system functionalities, this exploration demonstrates
how aligning with user expectations is not only about enhancing user convenience,
but also about building trust and ensuring the effective utilization of smart energy
systems.

6.4.1 User Preferences for Clear Information

Incorporating the need for clear information about energy management decisions
into the design of smart energy systems is a key aspect of addressing and meet-
ing user requirements and expectations, as supported by the survey results, which
show that a vast majority of users (87.7%) consider clear information on energy
management decisions as either very important or relatively important. This pref-
erence emphasizes that users not only want but even expect systems that provide
straightforward and accessible explanations of their decisions. This demand for
clarity in energy management aligns with broader user requirements for systems
that are intuitive and transparent. Users want to feel assured that they under-
stand how their actions affect energy consumption and cost, which impacts their
trust in and satisfaction with the system, as will be further discussed later in the
paper. Furthermore, the emphasis on clear information underscores a critical user
requirement for empowerment through knowledge. This approach will likely en-
hance user engagement and improve the system’s overall effectiveness by enabling
users to make informed decisions about their energy usage. As uncovered by the
survey, integrating clear communication as a core design principle addresses the
user needs, clearing the way for better energy management practices. Therefore,
smart energy system developers should prioritize transparency and simplicity in
their designs to effectively meet these user expectations. This emphasis on clear
information not only enhances user interface design but also strengthens the re-
lationship between users and technology, creating user confidence and increasing
system utilization.
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6.4.2 User Demand for Personalized Energy Solutions

One of the main insights from the survey regarding smart energy systems is the
demand for customization. A majority of survey respondents indicated that these
systems should be highly tailored to individual user needs. In particular, 49% of
respondents marked the highest level of agreement, suggesting that smart energy
systems should very much be tailored to individual requirements. An additional
40.8% also saw considerable importance to this aspect, although with slightly
less intensity. Notably, only 10.2% of respondents felt that customization was
of medium importance, while none rated it as low importance or unimportant
at all. This highlights a clear preference for personalized smart energy solutions.
This inclination towards personalization highlights a critical user requirement: the
ability of smart energy systems to adapt to different users and their lifestyles and
preferences. The reasoning behind this expectation is straightforward. Energy
usage patterns can vary considerably between households, influenced by a num-
ber of factors, such as household size, daily schedules, energy habits, and even
the specific appliances used. Customizing smart energy systems enables systems
to provide insights and recommendations that are directly relevant to each user,
rather than generic advice that may be less applicable or effective. This level
of personalization not only enhances user satisfaction but also encourages more
conscious energy management practices [37]. It is also interesting to note, that
while the respondents did not necessarily view personalization as one of the pri-
mary benefits provided by existing smart energy systems, they still displayed this
strong demand for customization. This observation underscores an important area
for improvement and focus. Enhancing the personalization capabilities of smart
energy systems should be prioritized to better meet users’ needs and expectations.

6.4.3 Emphasis on Transparent Communication

The survey results not only support the need for information about energy man-
agement decisions, but also indicate the necessity for transparent communication
about the functionality of energy management tools. A significant 71.4% of re-
spondents see clear communication as highly important, and an additional 20.4%
find it relatively significant. This demand for clarity and transparency further
supports the fact that users expect smart energy to be comprehensible and trans-
parent in their operation and management. When users clearly understand how
the system functions and the rationale behind its decisions, their confidence in the
reliability and effectiveness of the system increases. This understanding could al-
low users to utilize the system more effectively and take proactive measures based
on the insights provided. Furthermore, clear communication is likely to enhance
users’ sense of control over their energy management. Users who feel informed
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about their energy management systems functionality might see themselves as ac-
tive participants in the process, and not just passive recipients of technology. This
approach might help meet user expectations and enhance their overall experience
with smart energy systems.

6.4.4 Linking User Understanding to Trust in Technology

Understanding the impact of user comprehension of smart energy systems on their
trust in the technology is another factor that is crucial for designing systems that
successfully meet user requirements. The survey revealed a connection between
the users’ understanding of smart energy systems operations and their trust in
these systems, with a large part of the respondents acknowledging this impact,
where 67.3% viewed it as ’'very high’ and 22.4% as ’'relatively high’. The last
10.2% of users marked the impact of smart energy systems understanding on user
trust as ‘moderate’. This correlation highlights the need for smart energy systems
to prioritize clarity to meet user expectations and foster a level of trust. There-
fore, trust in technology, especially in systems that manage critical aspects such
as energy consumption, is essential not only for convenience, but for effective op-
eration and user satisfaction. Users need to feel confident in the systems they
use, and this confidence at least partly originates from their understanding of how
these systems function and the rationale behind their decisions. When users grasp
the logic and decision-making processes of smart energy systems, they are more
likely to trust these systems’ reliability[36]. The absence of respondents indicating
low importance of understanding to impact on trust further supports the univer-
sal demand for comprehensible and transparent systems. This agreement among
users about the importance of their understanding once again suggests that smart
energy systems must be designed not only with technical efficiency in mind but
also with a focus on user-friendly interfaces that enable easy comprehension and
interaction. Providing transparent, intuitive content, such as real-time feedback
or detailed operating instructions, can make the technology comprehensible and
empower users [38]. Furthermore, incorporating findings from the survey, which
included the varying levels of technical expertise among users, the development of
smart energy systems should also aim to accommodate these diverse ranges of user
knowledge. By providing explanations for users with different levels of technical
knowledge, from those with no technical background to experts, these systems can
make sure that everyone, no matter their level of prior knowledge, fully under-
stands how their actions affect energy use and system efficiency. This approach is
crucial in building user trust and ensuring the technology is accessible and effec-
tive for everyone. In summary, the relationship between user understanding and
trust in smart energy systems, as illustrated by the survey, requires a user-centric
approach to system design. This approach should prioritize transparent communi-
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cation and educational support as fundamental components of the system, striving
to meet the needs and expectations of users. By focusing on these elements, smart
energy systems can be created that are not only technically proficient, but also
deeply trusted and valued by their users. This will therefore likely lead to higher
adoption rates and more effective energy management.

Question 7: To what extent does your belief in a smart energy
system's understanding impact your trust in the technology?

67,3 %
35
30
25
20
15
224 %
10
10,2 %
5
0% 0% .
0
1 - Not at all 2 3 4 5 - Very high

m Number of Responses

Figure 3: Trust in Smart Energy Systems Based on Understanding

6.4.5 Optimizing User Experience in Smart Energy System Design

The insights gained from exploring user requirements in the context of smart en-
ergy systems lead to several important considerations for the design of smart energy
systems. First and foremost, the emphasis on customization portrays the need to
develop systems that adapt to unique user lifestyles and varying energy usage
patterns. The focus should therefore be on creating highly flexible algorithms
that learn from and adjust to individual user behaviors, creating personalized en-
ergy management solutions [39]. Secondly, the importance of clear communication
points to the necessity for user interfaces that are both straightforward to navigate
and full of information. Designers are responsible for developing these interfaces to
provide users with easy access to detailed explanations of how interactions influ-
ence energy consumption. This might be achieved by incorporating tools and aids
that simplify complex technical operations and make the systems approachable
and manageable for end-users [40]. Thirdly, the link between a user’s understand-
ing of the system and their trust in it suggests that building a solid educational
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foundation should also be of high importance in system design, for example by
including informative tutorials or accessible guidance materials. In summary, by
embracing these design principles, developers can create smart energy systems that
not only meet the technological demands of modern energy management but also
meet the practical and everyday needs of end-users. This balance is essential for
encouraging increased acceptance and satisfaction among users of smart energy
systems.

6.4.6 Conclusion and Future Directions

With the detailed exploration and examination of key user requirements and expec-
tations with smart energy systems, distinguishing these insights becomes crucial.
This research has shown that the success of smart energy systems depends not only
on technology alone but likewise on how well these systems can meet specific user
needs. As the results above reveal, there is a strong demand among users for sys-
tems that can be personalized and are responsive and transparent. Personalization
and clear communication emerged as key elements, with users showing a preference
for systems that can adapt to individual characteristics and are straightforward to
understand. Moving forward, it will be necessary to encourage the development of
systems that focus not just on saving energy but also on supporting users and their
requirements. Furthermore, the survey results concerning user understanding of
smart energy systems and their trust in these systems underline the significance of
educational and supportive programs and tools as additional strategies that could
enhance user-system interactions. It becomes clear that once users are equipped
with information and options to effectively manage smart energy systems, they
are more likely to trust, be satisfied with, and have better interactions with these
systems. In conclusion, this examination of user requirements and expectations
offers a promising guideline for future development within the field of smart en-
ergy systems. It shows that an approach that combines technical innovation with
user-centered design, will help ensure that smart energy systems are not only more
effective but also more accepted, fulfilling their primary purpose.

6.5 Extracting Insights on Explainability

In the world of smart energy systems, where artificial intelligence and machine
learning manage intricate data and automate decision-making processes, the con-
cept of explainability has become one of the key elements of user trust and system
transparency [5]. The survey results provided insights into the world of under-
standing explainability from the perspective of end-users. Essentially, explainabil-
ity reduces software opacity, enabling users to understand why a system generated
a particular outcome [24]. Explainability has a double effect, it enhances users’
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understanding of how the system works while also fostering confidence and trust
in the system, as previously uncovered by the survey results. For users to fully
trust smart energy systems, they need to feel like partners with the system rather
than feeling disconnected from it. The current push for the explainability of smart
energy systems is part of the broader trend within the technology design which
acknowledges the need for human-centric values [25]. This section analyzes the
survey results to determine users’ perspectives on explainability and assess the
importance of this topic in their eyes. These insights are intended to support the
further development of user interfaces and decision-support tools in smart energy
systems. Additionally, these findings could also add value to the conversations in
academic and industry circles about explainability, which plays a valuable role in
improving system trustworthiness and empowering users.

6.5.1 Importance of Explainability in Smart Energy Systems

The survey results offer a clear indication of the high level of importance users
place on explainability in smart energy systems. As previously uncovered, in the
topic of smart energy systems, it is crucial to provide clear and understandable
information about how energy management decisions are made. Reflecting on the
survey findings that were previously examined, it is evident that explainability
within smart energy systems is not just preferred but even seen as essential by
a majority of users. Respondents rated the importance of clear information in
energy management decisions on a scale from 1 (not at all important) to 5 (very
important), and the results strongly favored transparency. A significant 51% of
respondents stated clear information as 'very important’, and an additional 36.7%
rated it as 'important’. These responses support the idea that transparency is not
just a helpful feature but a necessary expectation for smart energy systems. This
call for clear information is part of a broader trend toward improving user under-
standing and trust in automated systems [36]. It emphasizes that users are not
only interested in the outcomes these systems deliver but also in understanding
the reasonings behind the decisions. Understanding the reasoning behind energy
management decisions boosts users’ confidence and satisfaction with the systems,
leading to more active and thoughtful engagement in managing their energy us-
age [36]. The findings of the survey have significant implications for the design of
smart energy systems. In essence, they suggest that developers should prioritize
making explainability a core aspect of system interfaces. This means designing
user interfaces that do more than just display the data, they need to show how
decisions are derived in a way that users can easily understand. These interfaces
should simplify complex algorithms for all users, regardless of their technical ex-
pertise. Such an approach not only makes the system more user-friendly but also
empowers users to make informed decisions, which is critical for effective energy
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management [41]. Ultimately, the high value users place on explainability in smart
energy systems calls for a shift in how these technologies are designed and imple-
mented. This alignment of energy management decisions with user-centric values
is vital for the acceptance and success of smart energy technologies, promoting a
more sustainable and efficient energy future.

Such an agreement among the survey participants clearly suggests that ex-
plainability is not only an integral part of smart energy systems but also an issue
critical to smart energy systems developers. When directly asked about the im-
portance of explainability in intelligent systems, nearly 60% of respondents rated
it as 'very important,” while an additional 36.7% considered it 'important’. This
demonstrates that the ability of the system to explain its decisions to its users is
an essential element of their interaction with the system. Furthermore, only two
respondents indicated that explainability is ’somewhat important’, and no one
marked it as unimportant. This illustrates how vital explainability is for smart
energy systems. These survey responses also suggest that the developers of smart
energy systems need to ensure that the systems they design not only work properly
from a technical standpoint but are also capable of providing clear explanations
to their end-users. Explainability therefore makes the system more accessible for
users by letting them see not just the decisions it can make but also the reasoning
behind the decisions and how these may work towards their aims of energy man-
agement and optimization [5]. This insight will assist developers, as when users
trust systems more, they are also more likely to trust their decisions and take
advice from them, possibly even adapting their behavior according to the system’s
advice [36]. They need to consider this information, when deciding on the impor-
tance of making smart energy systems more explainable which the survey shows
is a top priority for the end-users of smart energy system.

As part of the survey, the participants also expressed what aspects of explain-
ability they value in smart energy systems, highlighting its many benefits. A ma-
jority, with 65.3%, agreed that explainability is crucial to understand how these
systems function and make decisions. This understanding is vital because it al-
lows users to see the logic of the system, from input through processing to the
final decision [5]. The importance of explainability in building trust within smart
energy systems is further empirically supported, as a significant 63.3% of survey
participants consider the strengthening of trust and enhanced acceptance of deci-
sions to be core benefits associated with explainability. This insight strengthens
previous findings that clear communication and explainability are essential for
creating user trust in smart energy systems. This transparent communication not
only reassures users about the technology’s decision making and effectiveness but
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Question 8: How important is explainability (the ability of the
system to explain its decisions) to you in smart energy systems?

0%

= Very important
= Somewhat important
= Not very important

Not at all important

Figure 4: The Importance of Explainability in Smart Energy Systems to Survey
Participants

also deepens their trust. This trust comes from a comprehensive understanding
of how the system functions, assuring users that the actions taken by the system
are predictable and based on sound logic [36]. Additionally, 53.1% of users think
of the ability to customize system behavior to meet their specific needs as one of
the key benefits or aspects of explainability. As already uncovered, personaliza-
tion enhances the user experience, and therefore naturally boosts user satisfaction.
Furthermore, 46.9% of participants value explainability for offering insights into
their energy consumption patterns. This aspect of explainability gives users the
possibility to make well-informed decisions about their energy usage, leading to
more effective management and possibly even cost savings. Lastly, about one-third
of respondents (32.7%), stated that they value explainability for its role in identi-
fying potential issues within the system. This functionality enables users to spot
and comprehend errors, promoting a proactive approach to energy management.
By knowing what signs to look for and understanding the performance of smart
energy systems, users can swiftly address or report issues, helping to keep the
system functional. Overall, this section of the survey highlights the critical role
of explainability in smart energy systems and the advantages that it brings. By
having these aspects in mind when designing these systems, developers can ensure
that smart energy solutions not only meet technical standards but also closely
align with user expectations and preferences.
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6.5.2 Factors Influencing Trust in Smart Energy Systems

Another aspect examined in the survey was the factors that influence user trust
and acceptance of the explanations provided by smart energy systems. Participants
ranked the influence of clarity, personalization, insightfulness, and relevance on the
explanations these systems offer. Notably, clarity and conciseness emerged as the
top factors influencing trust and acceptance in explanations, with 32 respondents
ranking these qualities as the most important. Clear and concise explanations
allow users to quickly understand the rationale behind system decisions. There-
fore, when explanations are straightforward and easy to understand, users tend to
feel more trust and acceptance towards these systems. Personalization of expla-
nations was also highlighted as important, with 16 respondents ranking it as their
second most significant factor. This further demonstrates that users appreciate
explanations that are tailored to their individual needs and existing knowledge.
Personalized explanations take the user’s background, preferences, and previous
interactions with the system into account, making the information more relevant
and simpler to understand. This customization enhances the effectiveness of the
system by ensuring that the explanations speak directly to each user, thereby
deepening user engagement and trust with the technology. Additionally, the abil-
ity of explanations to provide deep insights into why decisions are made by the
system was noted as another key factor, enabling users to fully understand the
underlying reasons behind the system’s actions. Fifteen respondents in the survey
ranked the importance of receiving clear insights on the systems decisions through
explanations as the second most influential factor, while 20 respondents consid-
ered it the third most important. Lastly, the survey results revealed that the
factor least prioritized by respondents was the relevance of explanations to their
existing understanding of energy management and consumption. Specifically, 27
respondents ranked this aspect as the least influential. This finding suggests that
while some users appreciate explanations that align with their existing knowledge,
the majority might not prioritize alignment with pre-existing beliefs as highly as
other factors like clarity and personalization. The overall ranking suggests that the
essential factors impacting trust and acceptance in explanations, such as clarity,
personalization, and insightfulness, should be the primary focus for smart energy
systems to meet user expectations and needs effectively. In conclusion, the results
from this survey section indicate that trust in and acceptance of explanations are
heavily influenced by the quality of the explanations provided. Users expect these
explanations to be clear, personalized, insightful, and relevant, which are essential
factors that system designers must address to ensure the technology aligns with
the needs and expectations of its users.
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6.5.3 User Preferences in Explanation Formats

The survey results revealed significant insights into how users prefer explanations
that help them understand smart energy systems. The responses revealed a strong
preference for visual methods of communication, reflecting a broader user desire
for more engaging interfaces. Visual explanations, such as diagrams, charts, and
dashboards, were favored by 57.1% of respondents. This preference highlights the
effectiveness of visual aids in making complex information easier to understand.
These tools help users quickly grasp patterns and system behaviors without need-
ing to study long texts or complex figures. By presenting information graphically,
these systems can highlight key details and trends that might be overlooked in
text-based explanations, thereby enhancing user understanding of the system. In-
teractive explanations, including interactive visualizations that allow users to ex-
plore data, was another preferred explanation, as chosen by 49% of respondents.
This preference indicates that users value the ability to actively engage with infor-
mation. Interactive tools empower users to delve deeper into their energy usage
patterns and the system’s recommendations, which can lead to more informed en-
ergy management decisions. Chatbots also emerged as a noteworthy form of expla-
nation, chosen by 28.6% of participants. Chatbots offer a conversational interface,
making the technology seem more approachable and user-friendly. They provide
quick answers and can guide users through the system’s features and functional-
ities in a dialogue-driven manner. This format might be appealing for users who
prefer personalized responses and may feel more comfortable asking questions in a
conversational setting rather than navigating through menus or reading manuals.
Text-based, static explanations were the least popular among the survey respon-
dents, chosen by 18.4%. This indicates that although some users still appreciate
straightforward, textual information, there is a clear trend toward more engaging
communication methods. Text-based explanations may not be as effective at cap-
turing user attention or facilitating understanding as more interactive or visually
appealing tools. Despite their lower popularity, text-based explanations still have
an essential role, particularly given that the most preferred choice in explanations
was the combination of text-based, visual, and interactive explanations, selected by
59.2% of respondents. This combination suggests that while users appreciate the
clarity and directness of text explanations, they also need the depth and engage-
ment that visual and interactive elements provide. Integrating multiple formats
can accommodate a wider range of learning styles and user preferences, making
the system’s operations more understandable to a diverse user base. In summary,
the expressed preferences highlight a significant trend towards more dynamic and
user-friendly explanation formats in smart energy systems. Users not only seek
clarity and insight from the explanations provided but also value interactive and
visually engaging methods that enhance their understanding and control over the
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system. This feedback is particularly for system designers aiming to improve user
satisfaction and engagement, suggesting that a combinational approach that uses
various explanatory formats could be most effective in meeting user needs. Inte-
grating chatbots into this mix offers an additional layer of interactivity, speaking
to those who favor a more conversational and responsive interface. In addition to
the main preferences in explanations, the survey also captured unique responses
among participants. Video explanations were named, emphasizing the appeal of
multimedia presentations to display complex information. Another participant
preferred personal conversations with people, suggesting a desire for direct human
interaction to clarify doubts. Lastly, one participant mentioned real-time data
visualization and status updates. Each of these responses, further underscores
the diverse ways users wish to receive information, pointing to the importance of
accommodating the various preferences in smart energy systems.

6.5.4 Integrating Explainability into System Design

In the context of explainability, the survey results not only align with the exist-
ing literature but also unveil new insights into its critical role, especially within
smart energy systems. The results highlight its significance in fostering user trust
and ensuring system transparency, which is essential for end-user engagement. A
notable majority of users demand clear and intelligible explanations from their
intelligent energy systems, reflecting a broader expectation for user-friendly tech-
nology. These findings add to the academic discourse, particularly by illustrating
how explainability directly influences user satisfaction and trust in technology.
This aligns with insights from Adadi and Berrada [42], who discuss the growing
necessity for transparency in intelligent systems, underscoring the practical impli-
cations of these theories in real-world applications. The survey also revealed that
participants highly value clear information about energy management decisions in
smart energy systems, which further supports the argument for transparency as a
key factor in technology trust. Trust emerged as a critical theme, not developed
automatically but through repeated interactions where the system’s functions and
logic are made transparent. This is supported by research that regards trust as
foundational to user reliance and satisfaction with technology, especially in do-
mains as critical as energy management [43]. Considering these findings, the path
forward for smart energy systems is clearly influenced by the need for explainabil-
ity that is built into the design process as a base principle. The survey underscores
the necessity to prioritize interfaces that are transparent, intuitive, and respon-
sive, paving the way for a future where technology solutions are aligned with user
needs and cognitive habits [44]. In conclusion, the survey’s insights and their
alignment with existing literature reaffirm the role of explainability in the devel-
opment of smart energy systems. By adopting design principles that prioritize
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user understanding, control, and engagement, we can anticipate a future where
the relationship between users and their intelligent systems is defined by a mutual
understanding. The call for design that incorporates these insights is clear, es-
tablishing the foundation for a user-centric evolution in the world of smart energy
management.

6.5.5 User Demographics and Explainability Needs

Lastly, for a thorough analysis user demographics were also considered, to delve
into how different groups perceive and interact with smart energy systems. These
findings further support the importance of implementing personalized and in-
clusive design strategies that align with the diverse user needs and preferences.
Particularly significant was the consideration of respondents’ technical expertise.
Even among respondents with considerable technical proficiency, where only 10.2%
claimed to have no technical knowledge, 38.8% stated a basic knowledge of energy
concepts, and the majority (51%) indicated a higher level of technical proficiency,
issues of intransparency still persist, alongside with the demand for explainabil-
ity. This highlights a significant challenge. If those with basic or high technical
knowledge already encounter difficulties in understanding these systems, it is rea-
sonable to assume that users with limited or no technical expertise will face even
greater difficulties. The study emphasizes the need for designing smart energy
systems that are accessible to everyone, regardless of their technical background.
Their widespread adoption depends on these systems’ ability to offer clear and
understandable explanations of their operations and recommendations, and this
level of clarity is crucial for fostering trust and acceptance among users of varying
backgrounds. Prioritizing explainability in both the design and implementation
of smart energy systems is vital. Ultimately, by ensuring transparency in system
operations and tailoring communication to suit diverse user needs, these tech-
nologies can gain broader acceptance across various demographic segments. This
user-centric approach is pivotal in overcoming adoption barriers and unlocking the
full potential of smart energy solutions.

7 Conclusion and further research

The exploration of explainability within smart energy systems has revealed deep in-
sights into how users interact with, trust, and accept these systems. This research
emphasizes the critical importance of explainability as a link between complex
technology and users’ understanding, essential for building trust and encouraging
active participation. Through surveying and analysis, the study captured users’
preferences and expectations regarding the usability of smart energy systems. As
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for the first research question, the survey outcomes shed light on the specific needs
and expectations of end users when engaging with smart energy systems. Users
expressed a strong desire for clear and transparent communication regarding the
functionalities of energy management tools. They expect these systems to provide
understandable explanations that enhance their comprehension and management
of energy consumption patterns. Furthermore, users identified the various benefits
that they expect smart energy systems to come with, including optimizing en-
ergy consumption, reducing energy costs, and improving energy efficiency. These
findings underscore the multifaceted expectations users have, encompassing both
practical benefits and a clear understanding of system functionalities. As for the
second research question, the research also explored the role of explainability in
building trust, which emerged as a foundational element for the acceptance and
effective use of any technological system, especially those as integral as smart
energy systems. The findings revealed that when systems transparently commu-
nicate their processes and decision-making reasonings, users feel more confident
in their reliability and are more likely to trust the technology’s recommendations.
Additionally, the research highlighted the importance of personalization in ex-
plainability. Systems that adapt their communications to the individual’s level of
understanding and preferences can notably enhance user engagement. This sug-
gests that future developments in smart energy systems should continue to focus
on enhancing explainability. This involves not only improving the clarity of the
information presented but also ensuring that these explanations are contextually
relevant and aligned with user needs. Addressing the last research question, it is
evident that users not only expect these systems to effectively manage energy but
also to be understandable and adapted to their needs. The strong preference for
visual and interactive communication methods reflects a broader desire for inter-
faces that are engaging and easy to use. Such features can make the complexity
of smart energy systems more approachable, helping the users to make informed
decisions based on the system’s feedback and recommendations. Furthermore, the
implications of this research reach beyond individual user interactions with smart
energy systems, as they explore future technologies in the energy sector, empha-
sizing the importance of a user-centered approach in shaping new systems. These
findings are crucial not only to meet technical efficiency standards but also to en-
sure that new advancements are designed with the end-user in mind. In conclusion,
this research reaffirms the importance of explainability in smart energy systems
as a significant factor for enhancing user trust, satisfaction, and system usability.
It calls for a continued focus on user-centric design principles that prioritize clear,
comprehensible, and personalized communication for the future development of
smart energy technologies. By bridging the gap between advanced technology and
user accessibility, smart energy systems can achieve their full potential, leading to
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more sustainable and efficient energy management practices that users can trust
and rely on.

When considering the future of smart energy systems, several developments
stand out as essential for advancing in the field and maximizing the benefit to
both users and the environment. As technology continues to progress and the
Internet of Things (IoT) becomes more integrated into energy management, there
will be a greater focus on creating energy solutions that are personalized to meet
each person’s specific needs and preferences [45]. By using data analytics, [oT
devices, and smart technologies, energy providers can offer customized energy ser-
vices, optimize energy usage, and empower consumers to make informed decisions
about their energy consumption [45]. Furthermore, the importance of robust se-
curity measures cannot be overstated. With an increasing reliance on data-driven
operations, safeguarding user data against breaches will be of highest significance
for maintaining trust and integrity within smart energy systems [32]. Future de-
velopments will need to focus on implementing stronger security protocols and
ensuring compliance with evolving data protection regulations to preserve user
confidence and system reliability. It is highly likely that explainability will re-
main relevant and increasingly important in the future. Explainability in artificial
intelligence is becoming increasingly relevant and is expected to continue to be
crucial in the future, especially in complex systems like smart energy systems [46].
The transparency provided by explainable Al is essential for building trust, un-
derstanding model decisions, and ensuring accountability in various applications,
including smart energy systems [46].

The exploration of the survey mainly centered on the end user’s perspective
of explainability in smart energy systems. While this perspective is crucial for
understanding user needs and preferences, there are other perspectives that call for
further exploration. For example, investigating the perspectives of energy system
developers, policymakers, and energy industry stakeholders could provide valuable
insights into the design, regulation, and implementation of smart energy systems.
Additionally, considering the perspectives of environmental advocates, community
leaders, and other relevant stakeholders could shed light on the broader societal
implications and acceptance of smart energy technologies. Exploring these diverse
perspectives could lead to a more comprehensive understanding of the challenges
and opportunities associated with smart energy systems, ultimately guiding their
development and adoption in a more holistic manner.
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A Survey Results

This section provides detailed information about the survey, including the results
and additional figures.

A.1 Survey Questions and Responses

Introduction: Smart Energy Systems intelligently manage energy users and pro-
ducers, aiming for an optimal outcome for all involved. In an energy community,
these systems can automate decisions, such as scheduling electric vehicle charges,
enhancing grid stability, and providing cost-effective solutions for users. This con-
trol system offers numerous benefits, including reduced electricity costs for energy
community members and enhanced grid stability for operators. As these decisions
are automated, understanding the underlying reasoning becomes crucial. The
term ’explainability’ describes the system’s ability to clarify its decision-making
processes. For instance, in a smart thermostat, if it unexpectedly raises the tem-
perature causing higher costs, a clear explanation allows users to understand the
decision and make adjustments if necessary. This survey seeks to uncover user
preferences for system explainability by exploring the significance of various as-
pects.

1. Do you have smart energy systems in your home or community? (i.e. energy
management system, smart heating devices, electric vehicle charging sched-

uler, etc.)
Yes = 69.4%
No = 30.6%

2. What are the your primary motivations for using smart energy systems?

Please select the motivations that you consider most significant (maximum
of 3).

Optimization of energy consumption = 69.4%

Informed decision-making about energy use = 20.4%
Reduction of energy costs = 79.6%

Improved energy efficiency = 42.9%

Personalized energy management = 8.2%

Proactive energy management based on real-time data = 42.9%
Other (please specify)
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3. Which of the challenges or limitations you could encounter when using smart
energy systems are most important to you?

Please select the challenges that you consider most significant (maximum of

3).

Difficulty understanding the system’s recommendations or behavior = 38,8%
Lack of clarity about how the system impacts your energy consumption =
30,6%

Concerns about privacy and data security = 30,6%

Technical difficulties or glitches = 71,4%

Limited integration with other smart home devices = 36,7%

Other (please specify)

4. Rank the statements below from 1 (Not at all) to 5 (Very)

To what extent do you value clear information about energy management
decisions?

Number 5 (Very) = 51%
Number 4 = 36,7%

Number 3 = 6,1%

Number 2 = 4,1%

Number 1 (Not at all) = 2%

5. Rank the statements below from 1 (Not at all) to 5 (Very)

To what extent do you believe that smart energy systems should be adapt-
able to the unique requirements of each user?

Number 5 (Very) = 49%
Number 4 = 40.8%

Number 3 = 10,2%

Number 2 = 0%

Number 1 (Not at all) = 0%

6. Rank the statements below from 1 (Not at all) to 5 (Very)

To what extent do you believe that clear communication about the function-
alities of energy management tools is important for meeting user expecta-
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tions?

Number 5 (Very) = 71,4%
Number 4 = 20,4%

Number 8 = 6,1%

Number 2 = 2%

Number 1 (Not at all) = 0%

. Rank the statements below from 1 (Not at all) to 5 (Very)

To what extent does your belief in a smart energy system’s understanding
impact your trust in the technology?

Number 5 (Very) = 67,3%
Number 4 = 22,4%

Number 3 = 10,2%

Number 2 = 0%

Number 1 (Not at all) = 0%

. How important is explainability (the ability of the system to explain its de-
cisions) to you in smart energy systems?

Very important = 59,2%
Somewhat important = 36,7%
Not very important = 4,1%
Not at all important = 0%

. What could be the benefits or important aspects of explainability?

Please select the options that you consider most significant (maximum of 3).

It helps understand how the system works and makes decisions = 65,3%

It builds trust in the system and increases the acceptance of its recommen-
dations = 63,3%

It allows the identification of potential issues or problems with the system =
32,7%

It empowers the customization of the system’s behavior to the user’s specific
needs = 53,1%

It provides valuable insights into energy consumption patterns = 46,9%
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10.

11.

12.

Other (please specify)

What factors would influence your trust in and acceptance in explanations?

Please rank the answers from most influential (1) to least influential (4).

The explanations are clear, concise, and easy to understand = First place
32 times; Second place 11 times; Third place 2 times; Fourth place 4 times

The explanations are tailored to my individual needs and knowledge level =
First place 5 times; Second place 16 times; Third place 20 times; Fourth
place 8 times

The explanations provide insights into the reasoning behind the system’s de-
cisions = First place 4 times; Second place 15 times; Third place 20 times;
Fourth place 10 times

The explanations are consistent with my own understanding of energy con-
sumption and energy management = First place 8 times; Second place 7
times; Third place 7 times; Fourth place 27 times

In what format would you prefer to receive explanations from smart energy
systems?

Please select all that apply.

Interactive chatbots = 28,6%

Text-based static explanations = 18,4%

Visual explanations (e.g., graphs, charts, dashboards) = 57,1%

Interactive visualisations (e.g., visualizations that allow me to explore the
data) = 49%

Combination of text-based, visual, and interactive explanations = 59,2%
Other (please specify)

How would you rate your technical knowledge of energy management?

No technical knowledge = 10,2%
Basic knowledge of energy concepts = 38,8%
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Higher level of technical expertise = 51%
13. Please indicate your age: @) 46.63

14. Gender:

Male = 89.8%
Female = 10.2%
Diverse = 0%

15. How long have you been a member of an energy community?

Less than 6 months = 14.3%
6 months to 1 year = 26.5%
1 to 8 years = 53.1%

More than 3 years = 6.1%

16. How populated is the area you live in?

Rural town (less than 5,000 inhabitants) = 61,2%

Small town (5,000 - 20,000 inhabitants) = 26,5%
Medium-sized town (20,000 - 100,000 inhabitants) = 4,1%
Large city (over 100,000 inhabitants) = 8,2%

17. If you would be interested in supporting our research with your technical
expertise further or would like to know the output of the survey, please leave
your e-mail below:

18. If you have any more remarks:

A.2 Survey Dataset

Access the survey response data on Zenodo here: Survey Data

A.3 Additional Charts

This section contains additional charts for those who are interested.
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Question 1: Do you have smart energy systems in your home or
community? (i.e. energy management system, smart heating
devices, electric vehicle charging scheduler, etc.)

= Yes
= No

Figure 5: Adoption of Smart Energy Systems

Question 4: To what extent do you value clear information about
energy management decisions?
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J— - |
1 - Not atall 2 3 4 5 - Very high

m Number of Responses

Figure 6: Value of Clear Information about Energy Management Decisions
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Question 5: To what extent do you believe that smart energy
systems should be adaptable to the unique requirements of each
user?

1 -Not atall 2 3 4 5 - Very high

= Number of Responses

Figure 7: Importance of Adaptability in Smart Energy Systems

Question 6: To what extent do you believe that clear
communication about the functionalities of energy management
tools is important for meeting user expectations?

1 - Not at all 2 3 4 5 - Very high

m Number of Responses

Figure 8: Impact of Clear Communication on User Expectations
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Question 9: What could be the benefits or important aspects
of explainability?

It helps understand how the system works and

makes decisions. 65,3 %

It builds trust in the system and increases the _ 63.3 %
acceptance of its recommendations.

It empowers the customization of the system's

. zation I 5.
behavior to the user’s specific needs. ’

It provides valuable insights into energy

- I 69 %
consumption patterns.
It allows the identification of potential issues or o
; I 2.7 %
problems with the system.
0 5 10 15 20 25 30 35
u Number of Responses

Figure 9: Important Aspects of Explainability

Question 10: What factors would influence your trust in
and acceptance in explanations?

The explanations are clear, The explanationsare  The explanations provide =~ The explanations are
concise, and easy to tailored to my individual insights into the reasoning consistent with my own

35
30
25
20
15
1

(=R N = }

understand needs and knowledge level ~ behind the system's understanding of energy
decisions consumption and energy
management

m | (mostinfluential) m2 3 =4 (least influential)

Figure 10: Factors Influencing Trust and Acceptance in Explanations
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