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Abstract: Energy Transition (ET) is crucial for sustainable development, impacting inclusive pros-
perity and social justice. Knowledge development, innovative solutions, and awareness actions
become crucial as energy systems transform. ET necessitates behavioural and cultural changes
involving individuals in responsible decision making. The active engagement of all societal actors,
including people and communities is essential. The article is authored by a university research
team specializing in Design for Sustainability, Service Design, and Design for Experience, and it
addresses two central research questions: (i) how can individuals and communities contribute to ET?
and (ii) how can design theories, methods, and expertise contribute to generating knowledge and
solutions for ET? The research employs a multidisciplinary literature review and case study analysis.
It is structured into two main sections. The first section examines ET, drawing upon European Union
(EU) official documents and academic literature to outline its values, objectives, actors, initiatives, and
challenges, focusing on the role of citizens and communities. The second section explores the design’s
contributions, summarizing relevant philosophies and solutions aligned with ET goals, challenges,
and bottlenecks. Conceptual maps were created to address the knowledge gap on ET objectives
and guidelines, providing design-oriented reference knowledge and principles. The purpose of the
research is to define a conceptual framework made up of maps to guide researchers, designers, and
design educators in understanding the complexity of ET and to inspire their intervention proposals.

Keywords: design education; design for behaviour change; design for sustainability; design of
product systems; energy transition; experience design; sustainable innovation

1. Introduction

Ensuring access to affordable, reliable, and sustainable energy for all citizens is one
of the main challenges of our times and the focus of “Goal 7: Ensure access to affordable,
reliable, sustainable and modern energy for all” for the United Nations Agenda for the
planet’s sustainable development. The availability of energy at accessible prices impacts
lifestyles and health; it is a prerequisite for accessing services and digitization; and it affects
economic and systemic development, information, and education opportunities. Energy
accessibility is therefore a condition for improving well-being at all latitudes and an essential
resource to enable inclusive prosperity, social justice, and progress. The production of
clean energy and its efficient use impact pollution and are vital factors contrasting climate
change. Energy production and use account for over 75% of the EU’s greenhouse gas
emissions. Decarbonizing the EU’s energy system is crucial to achieving the European
climate targets for 2030 and realizing the EU’s long-term strategy of achieving carbon
neutrality by 2050 [1].

ET, i.e., the transformations required to accomplish the objectives of Goal 7, is therefore
central to social and environmentally sustainable development. ET involves changes in
energy production, supply, and consumption. As energy systems undergo transformative
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changes, the need for knowledge development, innovative solutions, and awareness-raising
actions becomes a vital issue. ET requires behavioural and cultural changes, enabling
all individuals to make responsible choices. It demands the active involvement of all
societal actors, including local communities and individuals. The article is authored by
a university research team specializing in Design for Sustainability, Product and Service
Design, and Design for Experience. As designers and educators, we identify the cogence
and urgency of contributing to ET, bringing it to the centre of our research and teaching
activities. On the other hand, we recognize the complexity of the ET issues and aim to
develop a non-superficial approach to the ET challenges. The research presented in this
document arises from the willingness to identify the goals, values, and principles that
should orient our actions and to produce synthetic knowledge suitable for orienting project
and education activities.

The research addresses two central research questions: (i) how can individuals and
communities contribute to ET? and (ii) how can design theories, methods, and expertise
contribute to generating knowledge and solutions for ET?

The research is based on an extensive and multidisciplinary literature review and case
study analysis; as shown in the Visual Abstract in Figure 1, the article is structured into
two main sections corresponding to the two research questions. The first one examines ET,
drawing upon European Union official documents and academic literature to outline its
values, objectives, actors, initiatives, and challenges, with specific attention given to the
role of citizens and communities. The second section explores the contributions of design
as a discipline and practice, summarizing design theories, philosophies, solutions, and
paradigms aligned with the goals and challenges for ET. Critical issues such as barriers and
obstacles to behavioural changes and people engagement in ET are also discussed.
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Figure 1. Visual abstract that condenses the article’s structure, which encompasses two primary
sections: one addressing the objectives and guidelines of the EU for ET, and the other exploring the
design’s potential contributions and opportunities.

The analysis of the case studies and academic literature reporting addressing ET goals
indicate that the topic has yet to receive extensive investigation despite the considerable
interest from design communities and educators for sustainability. This paper aims to offer
a contribution to fill the knowledge gap on ET objectives and guidelines by providing
a conceptual framework for design initiatives for ET. The framework includes design-
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oriented reference knowledge and design principles summarizing the analysis and findings
in a set of conceptual maps. The document includes a set of visual representations of the
results. The visual maps aim to summarise the primary outcomes of the research and
provide an atlas to be used by designers and design educators. The conceptual framework
generated as an answer to the two main research questions was recently mapped in a grid
to be used as a design tool in the analysis of case studies and in the preliminary design
research for ET-oriented projects. The final part of the document reports the results obtained
by applying the grid to three meaningful case studies.

2. Objectives and Guidelines for ET

The analysis of objectives and guidelines for ET throughout European Union official
documents and academic literature is the grounding step to address the first research
question, namely “How can individuals and communities contribute to ET?”

For this purpose, the analysis draws from the macro policy level to the micro individual
level, highlighting the respective intervention dimensions and challenges. After recognizing
the complexity of action levels and the interaction between the actors involved in ET, specific
attention is given to the role of citizens and communities.

2.1. ET Who and What: Actors and Dimensions of the Transition

ET is a complex goal encompassing numerous and intricate dimensions: macroeco-
nomic, political, and infrastructural levels, as well as citizen engagement.

Within the states of the European Union, the initiatives about the ET depend on several
factors such as the availability of local resources, the private and public stakeholders in
charge of the production and distribution of electric energy, and the attitude of governments
in acting as the active subject in the market and as the controller and mitigator of its trends.
Furthermore, the initiatives for ET are significantly impacted by contingent situations, such
as conflicts and strategies for international relationships and alliances. Comprehensive
modelling of the dynamics involving political and social actors goes beyond the scope of
the research reported in this document, which instead focuses on models derived from the
ET directives and principles.

A systematic analysis of scholarly publications on ET conducted by Harichandan et al. [2]
shows the increasing importance of climate change mitigation, renewable energy, governance
approach, and emission reduction, as well as the need for research to further develop policy
frameworks, energy infrastructures, renewable energy ecosystems, clean energy economic
analysis, and impact assessment.

Focusing on citizens, the literature portrays factors such as individuals’ attitudes,
beliefs, and behavioural factors towards adopting sustainable energy, along with examples
that highlight the role of personal motivation, awareness, and behaviour change [2,3]. The
diagram in Figure 2 systematizes the main ET actors and interventions in a multilevel
perspective representation, highlighting that the European’s efforts primarily focus on
the macro socio-economic and political dimension in terms of policy regulation [4,5],
technology innovation [6], infrastructure development [7–9], investments [10,11], and
market transformation [12,13]. The individual and household levels highlighted in yellow
and deeper are analyzed in Section 2.4 and encompass the concepts of awareness and
agency [14,15].

Figure 2 represents various dimensions of the ET, categorized into three levels accord-
ing to the engaged actors: (i) individual commitment and agency; (ii) local communities;
and (iii) companies and institutions, economic actors, policymakers, and institutions. The
figure captures the multifaceted nature of the ET by showcasing various elements within
each level and their relationships.



Sustainability 2023, 15, 14600 4 of 31

Sustainability 2023, 15, x FOR PEER REVIEW 4 of 32 
 

 

communities; and (iii) companies and institutions, economic actors, policymakers, and 
institutions. The figure captures the multifaceted nature of the ET by showcasing various 
elements within each level and their relationships. 

 
Figure 2. Visualization of ET actions. A three-level representation unveiling the multi-
dimensionality of decarbonization strategies. 

At the economic, policy, and institutional levels, it represents the broader 
socioeconomic and political factors influencing the ET. At this level, it incorporates policy 
interventions [5,6], technological innovation [7], urban infrastructure development [8–10], 
and market dynamics [11–14] that can enhance user experiences and promote sustainable 
practices. Several key aspects encompass smart grids, industry, energy-efficient buildings, 
demand response programs, and digitalization. Each mutually benefits the others and 
contributes to a more human-centred and environmentally conscious urban living 
experience. Citizen participation in demand response programs, achieved via adjusting 
their electricity consumption in response to signals from utilities or grid operators, 
impacts the reduction of the congestion in power grids, delays network upgrades, and 
enhances grid flexibility [14]. At the community level, companies and institutions level, 
awareness and engagement become public [15,16], and possible impacts of social equity 
and just transition [17] on the local working context are illustrated. Finally, Figure 2 
extends to the individual level, where it portrays factors such as individuals’ awareness, 
behaviour change, suppliers, purchase choices, and interventions on houses and domestic 
context. The map is enriched by incorporating specific and non-exhaustive examples that 
highlight environmental impact assessment [18] and international cooperation [19], 
shaping the landscape of sustainable energy adoption. Understanding this complex 
multilevel structure is essential for researchers, designers, and educators, as it provides 
insights into the broader systemic context within which user experiences are situated. The 
visual organization of the dimensions of the ET into levels facilitates a holistic and 

Figure 2. Visualization of ET actions. A three-level representation unveiling the multi-dimensionality
of decarbonization strategies.

At the economic, policy, and institutional levels, it represents the broader socioe-
conomic and political factors influencing the ET. At this level, it incorporates policy in-
terventions [5,6], technological innovation [7], urban infrastructure development [8–10],
and market dynamics [11–14] that can enhance user experiences and promote sustainable
practices. Several key aspects encompass smart grids, industry, energy-efficient buildings,
demand response programs, and digitalization. Each mutually benefits the others and
contributes to a more human-centred and environmentally conscious urban living expe-
rience. Citizen participation in demand response programs, achieved via adjusting their
electricity consumption in response to signals from utilities or grid operators, impacts
the reduction of the congestion in power grids, delays network upgrades, and enhances
grid flexibility [14]. At the community level, companies and institutions level, awareness
and engagement become public [15,16], and possible impacts of social equity and just
transition [17] on the local working context are illustrated. Finally, Figure 2 extends to
the individual level, where it portrays factors such as individuals’ awareness, behaviour
change, suppliers, purchase choices, and interventions on houses and domestic context.
The map is enriched by incorporating specific and non-exhaustive examples that highlight
environmental impact assessment [18] and international cooperation [19], shaping the
landscape of sustainable energy adoption. Understanding this complex multilevel structure
is essential for researchers, designers, and educators, as it provides insights into the broader
systemic context within which user experiences are situated. The visual organization of the
dimensions of the ET into levels facilitates a holistic and comprehensive understanding of
the ET from a user experience perspective by guiding designers in creating meaningful,
feasible, and human-centred solutions.
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2.2. European Union-Driven Initiatives for ET

In the context of ET, the European Union is a global leader that promotes a complex
system of plans, directives, regulations, and funding to direct the efforts of all stakeholders
towards a common direction. For this investigation, it is fundamental to delve into this
complex system of EU interventions to understand the main actors (their level of interest
vs. engagement) and the main objectives (the dimensions of ET focused on in European
plans), but above all, the opportunities and gaps for action in the discipline of design.

The first-level initiative is the Green Deal, a long-term strategy for the ecological trans-
formation of the European economy. The Green Deal revolves around three fundamental
principles: (i) ensuring a secure and affordable energy supply for the EU; (ii) developing a
fully integrated, interconnected, and digitized energy market; and (iii) prioritizing energy
efficiency, improving the energy performance of buildings, and developing an energy
sector based mainly on renewable sources. The plan includes a series of actions to reduce
greenhouse gas emissions, increase energy efficiency, promote the use of renewable energy,
and protect biodiversity and citizens’ health [20]. A series of packages are articulated to
achieve the objectives identified by the EU, which in turn are divided into corresponding
sub-initiatives. The connection lies in aligning funding and resources with the strategic
direction established by the Green Deal. The Framework Programmes [21] provide the
means to finance and implement projects and actions that support and achieve the goals of
the Green Deal. Finally, the National Energy and Climate Plans (NECPs) [22] represent one
of the main tools for implementing EU climate and energy policy and achieving the Green
Deal objectives. Specifically, the NECPs are individual assessments from each Member
State published by the European Commission, providing personalized instructions on
implementing guidelines [23]. As part of the EU requirements, each Member State must
submit a progress report every two years, «to better develop and implement the plans, the
Member States are required to consult citizens, businesses, and regional authorities in the
drafting and finalization process» [22].

Understanding the structure and content of UE initiatives is a determinant reference for
designers and researchers supporting individuals and communities in the search for ET so-
lutions that fit UE values and objectives, as well as the different Member States’ guidelines.

Figure 3 visually represents the hierarchical structure and relationships between EU
initiatives for sustainable transition, facilitating an understanding of their interconnections.
It provides a concise overview of the main initiatives, policies, plans, frameworks, and
funding released by the European Union for its Member States, all aimed at achieving
the overarching goal of sustainable transition promoted via the Green Deal. The scheme
is organized into three main sections: Recognized Focus of the Green Deal initiative, the
Green Deal Policy Framework, and the Founding Mechanisms.

The first section (Focus) aims to establish a link between the sustainable transition
goals and the main EU initiative. The Policy Framework section breaks down the main
plan of the European Green Deal into priorities that directly or indirectly address one or
more focuses of the ET. Focus areas and packages specifically directed to ET are highlighted
in dark blue. Priorities directly addressing citizens are highlighted in yellow. Lastly, the
third section (Foundings) is a collection of financing mechanisms that emerged parallel to
the Green Deal initiatives.

Regarding design research, the figure holds value, as it strives to reorganize and
prioritize ongoing interventions within the EU. Providing an overview of the current prior-
ities enables researchers to identify areas that may have received less attention or require
further intervention. This insightful perspective aims to aid researchers and designers in
developing solutions aligned with the EU’s ET goals, addressing gaps and maximizing
impact in areas that may have been previously overlooked.
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2.3. The Network of Actors for ET

The actors interacting in UE interventions addressing ET build a complex network
spanning from the European Commission to individuals and comprehending public insti-
tutions, independent organizations, private companies, and citizens.

The legislative and executive power of the EU is exerted by the European Commission,
the European Parliament, and the Council of the European Union. The members of the
European Parliament are directly elected by voters in all Member States and represent the
European people’s interests with regard to EU lawmaking. The Council of the European
Union is made up of the Member States’ government Ministers, depending on the legisla-
tion being discussed, who defend their national interests in the Council. Each Member State
nominates one Commissioner to the European Commission, where the interests of the EU
as a whole are promoted. The Commission proposes UE legislations, while the Parliament
and Council jointly adopt them. The member states then implement them by interacting
with local actors, and the Commission ensures that the laws are properly applied [24].

The group of Chief Scientific Advisors provides independent scientific advice directly
to the Commission on topics of high political and strategic importance. The group is
composed of seven Chief Scientific Advisors, appointed in their personal capacity and who
act independently and in the public interest. The advisors interact with all relevant actors
and work closely with the Scientific Advice for Policy by European Academies (SAPEA)
consortium, which gathers expertise in engineering, humanities, medicine, and natural and
social sciences from over 100 academies and societies across Europe [25].

Figure 4 illustrates the principal actors engaged in the ET according to EU guidelines,
wherein core actors predominantly affiliated with EU organizations are distinguished by
a white background. Additionally, the interactions between these actors are elaborately
detailed, showcasing the inputs and outputs associated with each interaction. Notably,
individuals and communities are highlighted in yellow to explicitly demonstrate their
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involvement at various policy formulation stages and clarify their roles. This figure consti-
tutes an instrument for design research, providing researchers and designers with profound
insights into the diverse landscape of actors participating in the ET. Its primary objective
is to enrich research and design processes by facilitating the identification of key actors,
their interactions, and their degrees of engagement. By offering a holistic view of the actors’
landscape, this visual representation enables the exploration of strategic partnerships and
the establishment of effective communication channels to engage with diverse actors.

Ultimately, the figure aims to support the development of tailor-made solutions that
align with the distinct needs, interests, and requirements of actors within the dynamic
realm of ET. It serves as a crucial resource in fostering collaboration and cooperation
among stakeholders, thereby contributing to the advancement of sustainable practices and
innovations in the field of ET.

These patterns reflect the complexity and multi-stakeholder nature of the ET and
sustainability initiatives. While institutions, businesses, and industry players play crucial
roles, there is room for improving people and community engagement to ensure a just
and inclusive transition for all. People participation is a determinant for the success of ET
initiatives, both as political actors in tight correlation with cultural changes, as well as last
mile actuators via behavioural change.
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2.4. The Role of People in ET

In the European Green Deal, the EU emphasizes that the transition towards sustain-
ability must be fair and inclusive, prioritizing people and bringing citizens together in all
their diversity. This requires ambitious and cross-cutting actions to engage and empower
people and communities, supporting behavioural, social, and cultural changes where they
are most needed for a just and inclusive transition [20]. For this to be possible, it is neces-
sary to examine the implications of EU energy policies by explicitly shedding light on the
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accessibility of decarbonization measures, funds, and information and to force a paradigm
shift [26].

The European Union recognizes that adopting a people-centred approach integrated
with technological innovation [27] is necessary to inclusively involve all stakeholders in the
ET process. In this context, among the groups that play a fundamental role, the Group of
Scientific Advisors (SAM) and the Green Deal Support Office are mentioned. The SAM is a
mechanism established by the European Commission to provide scientific and independent
advice [25]. The group explores ways to engage local communities and citizens in the
ET, emphasizing the crucial role of active citizen participation in the success of energy
policies [28].

Another comprehensive approach is the Green Deal Support Office [29], which pro-
vides support and coordination in implementing the Green Deal. The office serves as a
bridge between the EU and the Member States to facilitate collaboration and engagement
of all stakeholders in the ecological transformation process. The office promotes coherence
among the various initiatives (currently 73) and ensures effective information sharing and
best practices [29]. The underlying theoretical framework for all office activities recognizes
citizens and communities as stakeholders and inclusion as an action pillar. As mentioned
in Section 2.1, people’s engagement in ET is based on people’s awareness and agency. The
initiatives undertaken by the European Union and other entities have heavily invested in
engaging individuals and communities at various levels. Specifically, these efforts encom-
pass promoting energy literacy and awareness [30,31], providing access to information and
tools [32], and encouraging citizen advocacy and awareness-raising [33–35]. Furthermore,
additional initiatives focus on advocating for sustainable lifestyle choices [36–39], encourag-
ing the adoption of energy-saving practices [40–42], and subsequently acknowledging and
rewarding the contributions made by citizens [43]. At a higher level of engagement, some
programs involve people’s participation in energy efficiency programs [44] by cultivating
collaborative partnerships, dialogue, and cooperation to discover innovative solutions
and address energy challenges specific to different communities [45]. Moreover, specific
programs encourage and empower citizens to initiate and actively participate in local
renewable energy projects, energy cooperatives, and community-based initiatives [46–48]
and establish mechanisms for citizen feedback [49–52]. These efforts aim to foster a more
comprehensive and inclusive approach to ET, ensuring people and communities’ active
involvement and ownership in shaping a sustainable energy future.

Figure 5 is dedicated to delving into the role of citizens and communities in the
context of ET, mainly focusing on awareness features and typologies of actions. It serves
the purpose of systematizing the tasks individuals undertake to engage in sustainable
actions, as recommended by the EU and parallel initiatives addressing ET. These tasks are
organized within a complex and multilevel structure, emanating from two primary criteria:
(i) awareness and (ii) action.

The first criterion (awareness) encompasses a qualitative understanding of one’s
impact and energy information and a quantitative evaluation of energy usage in daily
activities via metrification and monitoring tools. On the other hand, the second criterion
(action) is based on the concept that individual actions can manifest via various dimensions,
including changes in consumption behaviours, transitions towards more sustainable energy
suppliers, the purchase of energy-efficient appliances, interventions in houses and domestic
contexts such as smart energy management, and improvements in insulation and renewable
energy generation.

The circular arrangement of these tasks is a deliberate choice, influenced by the
realization that awareness and action, along with their respective subtasks, do not represent
sequential stages of people engagement but serve as potential entry points for individual
involvement. The primary objective of this representation is to gather and systematize the
diverse tasks rather than suggesting a specific design strategy. Organizing these tasks into
a coherent structure aims to provide a comprehensive overview of the multifaceted aspects
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of citizen engagement in ET, facilitating a better understanding of the potential avenues for
fostering sustainable actions at the individual and community levels.
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For many individuals, awareness is not enough to change towards pro-environmental
behaviours because they are hindered by several psychological barriers, such as ideological
worldviews that tend to preclude alternatives, sunk costs and behavioural momentum, low
confidence toward experts and authorities, and perceived risks of change [53]. Angheloiu,
Sheldrick, and Tennant [54] identify the key feature to bridge awareness to action in the
development of enabling images of the future. So far, design can support the development
of alternative narratives, products, and services. Also, the agency can affect awareness via
material participation, defined as a specific mode of engagement distinguished by the fact
that it employs objects such as energy-efficient lightbulbs, photovoltaic panels, electric cars,
and smart meters to involve people in environmental campaigns [55].

3. Design Contribution to the Objectives of ET

The second research question driving the reported research focuses on the contri-
butions that design as a discipline and community of academics and practitioners can
offer to the ET challenges. The review focused on design theories—including design ap-
proaches, methods, principles, and values—and case studies reporting solutions for specific
ET-related project briefs. The result points out the main competencies that design can put
at stake in facing the ET challenges and report the evolution of thinking and sensibility
toward sustainability issues. The investigation was extended out of the boundaries of the
design discipline to include theories and valuable knowledge in designing solutions for
behaviour change. Identifying the bottlenecks impeding changes and the awareness of the
complexity of enabling new behaviours are crucial to avoid naive approaches in the design
of solutions for ET.
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3.1. Philosophies and Paradigms

In this section, a specific reference is made to anthropocentric, humanistic, and post-
Humanistic design philosophies [56] and design paradigms focusing on sustainability and
ET (see Figure 6).

User-Centred Design (UCD) focuses on user needs [57], enhances usability [58], and
incorporates user feedback throughout the design process [59]. A positive user experience is
created by understanding users’ preferences, behaviours, and requirements [57] to develop
user-friendly products and systems [58]. The UCD process involves iterative design cycles
and user feedback to refine and improve the design [59]. Limitations of this approach
include focusing mainly on the needs of individual users and ignoring broader social and
environmental factors [60]. Moreover, the prediction of user behaviour and the anticipation
of all possible scenarios can take time, effort, and resources [60,61].

Among the identified approaches in the context of UCD, the focus primarily revolves
around themes of energy efficiency and energy management in the workplaces [62,63],
context-aware systems [64], smart houses [65], commercial buildings [66,67], and residential
buildings [68]. Particular emphasis is placed on the domestic environment via solutions
such as apps [69,70], smart meters [71], eco-feedback systems [72,73], gamification de-
vices/solutions [74], and more general investigation on the interaction with the domestic
environment [75]. In the context of UCD philosophies, some of the theoretical frameworks
identified [70] follow standard phases, i.e., user research, ideation, prototyping, and testing.
At the same time, others are tailored [76], i.e., for the developing strategies towards sustain-
able energy use via three steps: level, type, and impact domain, and three corresponding
actions for designers: (1) Distinguishing between three elements: individual behaviours,
social actions, and technologies. (2) Distinguishing between energy efficiency pathways
and reduction pathways. (3) Distinguishing between the five potential impact domains of
an ET pathway: economy, community, human health, nature, and quality of life.
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However, some positions question users’ priorities and desires concerning global
well-being within the design process [77]. This opinion is based on the notion that the
interaction design community needs to shift towards a new design paradigm, explicitly
considering global well-being in a Human-Centered Design (HCD) process [78]. HCD
seeks to create solutions that are not only user-friendly but also ethically and socially
responsible, promoting the well-being of individuals and communities [79]. In the HCD
process, users and stakeholders actively participate in co-creation, promoting empathy and
collaboration [80]. On the other hand, user groups’ diverse perspectives could be excluded,
marginalized, or underrepresented [81]. It can also be difficult to anticipate future needs,
as designing solely for current needs can overlook new or evolving needs as contexts
change [82]. In the literature of HCD, there is a tendency to address the topic of social
justice [83–86] via community engagement [83,84,87] and co-designed solutions [88–90].
The outcomes of these interventions focus more on the systemic level, such as the food
system [91], the building system [92,93] and the industry working environment [94].

Among the proposed solutions, it is noteworthy to mention intelligent tutoring sys-
tems integrated with augmented reality technology [94]. From a methodology point of view,
an interesting framework was identified that integrates Design Thinking with the Frame-
work for Strategic Sustainable Development [95] to create a process of Sustainable Design
Thinking as a possible approach to achieving strategic and sustainable outcomes [96].

Regarding sustainability, it is argued [97] that HCD has limitations, while Humanist
Design Philosophies could offer a more comprehensive approach. HCD tends to focus
solely on buyers or users, neglecting other actors in the value chain, such as non-human
entities, including animals and natural elements, and overlooking essential stages such as
sourcing and end-of-life [98]. Its methods struggle to address abstract sustainability needs.
Ecological and social issues are often low priorities for customers in user research [99].

Humanity-Centered Design considers the interconnectedness of individuals, society,
and the environment. It embraces a systemic approach and integrates ethical, social, and
environmental considerations into the design process. The Humanity-Centred Design ad-
dresses complex societal challenges, embraces inclusivity and diversity [80] and integrates
human values and ethics [100]. It strives to create solutions that benefit humanity as a
whole. It, however, faces challenges, including balancing conflicting interests, navigating
complex ethical issues [100] and integrating systemic changes [101].

Among the solutions identified are gamification for system management [102], inter-
active narratives for social interventions [103] that extract theories and practices related to
human activity embodied cognition and media studies, and develop tools for navigability,
identification, co-creation, immersion, and transformation.

Life-Centred Design (LCD) emphasizes valuing and preserving ecological systems [104],
integrating living beings’ needs [105], and promoting regenerative and sustainable prac-
tices [106]. With a focus on ecosystem health and the well-being of all living beings, LCD
supports harmonious coexistence between humans, animals, and the environment [107].
However, it faces challenges in managing complex interconnectedness [105], addressing im-
plementation and scalability issues [106], and navigating ethical considerations [104]. When
compared with anthropocentric philosophies, a limited number of contributions are identified.
Among the most relevant contributions is identified in the 2023 issue of the “Disegno Industri-
ale Industrial Design” Journal [108]. This contribution explores circularity and sustainability
in the design process by examining the Packaging System as a paradigm for contempo-
rary commodities and showcasing research at different scales with the collaboration of
prestigious universities. Moreover, a comprehensive framework for LCD is proposed by
Borthwick et al. [107]. It includes principles, actionable methods, and a responsible innova-
tion model, highlighting how interaction designers can utilize this framework to integrate
environmental and ethical considerations during the design of interactive products.

Post natural studies allow designers to explore innovative and sustainable design
solutions by considering the complex interplay between nature and technology [109]. This
expansion allows designers to tackle ecological and social challenges, promoting a holistic
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approach that integrates environmental sustainability and social equity [110]. Post-natural
studies foster critical reflection among designers, encouraging ethical considerations and
a deeper understanding of the consequences of manipulating natural systems. However,
post-natural studies also face limitations that need to be acknowledged. Ethical and moral
complexities arise due to deliberate alterations of natural systems, requiring designers to
navigate these challenges responsibly [109]. Implementing post-natural theories into practi-
cal design solutions can be challenging. This could result in a lack of concrete guidelines or
frameworks for designers to follow [104]. Additionally, limited awareness and adoption of
post-natural concepts within the design community hinder the widespread application.

Evidence shows that in design philosophies, considerable attention is directed towards
sustainability as an overarching theme [32], but way less effort is directed towards the topic
of ET. Based on this ground knowledge, a more focused inquiry was conducted, focusing
on more specific keywords. The outcome of this second research phase entails an overview
of design methodologies explicitly tailored for sustainability.

Results show that notable approaches encompass Environmentally Sustainable De-
sign [35], Regenerative Design [34], and Circular Design [35,36]. Refer to [37] for a more
comprehensive compilation of pivotal publications on Design for Sustainability (DfS). No-
tably, within the ET domain, only recent developments have witnessed the emergence
of research subgroups that acknowledge the role of design. Among the most cited ap-
proaches, there is Design for Sustainability Transitions (DfST) [37], also known as Transition
Design [38].

Design for Sustainability encompasses various design approaches that address en-
vironmental, social, and economic challenges [111]. It is influenced by human-centric,
humanistic, and LCD philosophies by considering design’s social and ecological aspects,
promoting responsible consumption, and aiming for long-term sustainable outcomes. Envi-
ronmentally Sustainable Design focuses on minimizing the negative environmental impact
of products, systems, or processes throughout their life cycle [111]. It aligns with the
human-centric and humanistic philosophies, as it aims to create designs that consider the
well-being of humans while also considering the broader ecological context and the need
for environmental stewardship. Regenerative Design goes beyond Sustainability by aiming
to restore and regenerate ecological systems rather than merely minimizing harm [112]. It
draws inspiration from more-than-human and non-human design philosophies, recogniz-
ing the interdependence of human and non-human elements and seeking to create designs
that contribute positively to the flourishing of all life forms.

Circular Design approaches aim to create products, systems, and processes within
closed-loop systems, where resources are circulated, and waste is minimized [113]. It
aligns with human-centric, humanistic, and LCD philosophies by prioritizing the well-
being of humans and the environment, emphasizing resource efficiency, and reducing the
negative impact of design on natural systems. Design for Sustainability Transitions or
Transition design [114] focuses on enabling societal shifts towards more sustainable and
resilient futures [115]. It draws inspiration from humanistic and LCD philosophies by
recognizing the need for systemic change, engaging multiple stakeholders, and envisioning
new ways of living and organizing society. This field encompasses a diverse range of topics
and approaches. The first cluster of studies [116,117] focuses on theoretical foundations
and frameworks for understanding and advancing sustainability transitions via design.
Others [118] provide an educational perspective on transition design as a framework for
addressing complex sustainability challenges.

Among the methodological approaches identified, Ref. [54] explored the use of alterna-
tive futures as a design approach, while Ref. [119] highlighted the importance of modelling
complex systems to inform policy-making. Ref. [120] examined the role of participatory
design visioning in driving sustainability transitions, and Ref. [121] provided insights into
methodological expansion in studying sustainability transitions. Stakeholder engagement
and participation consist of a significant topic within the literature. The case study [122]
investigated the role of design in specific sustainability transition projects, while Ref. [123]
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examined the importance of citizen engagement. Ref. [124] explored design practices that
envision sustainable futures, and Ref. [118] emphasized the significance of everyday life
and lifestyles in driving sustainability transitions.

Finally, a cluster focusing on social and behavioural aspects of sustainability transi-
tions emerges. Ref. [125] offered insights into the role of behaviour change in sustainability
transitions, while Ref. [126] explored the potential of citizen science in advancing sus-
tainability transitions. Figure 6 consists of a visual synthesis of this section, highlighting
how philosophies and methodologies progressively align in terms of design principles. A
transition towards a more holistic and transdisciplinary approach is highlighted via a shift
from user-centred to community-centred design, a shift from the designer as an expert to
the designer as a facilitator [127], and a shift from user consultation to co-design [128]. As
different design approaches evolve, there is an increasing emphasis on understanding and
addressing the needs and aspirations of not just individual users but also broader human
communities and ecological systems.

This shift recognizes the interconnectedness and interdependence of various stake-
holders and the importance of considering their perspectives and interests in the design
process [129]. There is a growing recognition that designers should act as facilitators rather
than sole experts. This approach involves promoting collaboration, active participation,
and engagement among stakeholders. By adopting a facilitator role, designers can harness
diverse stakeholders’ collective intelligence and expertise, enabling more inclusive and ef-
fective design outcomes [130]. The role of design as a strategic factor for innovation in both
production and social contexts is emphasized. Methods that promote participatory [131]
design and co-production gain prominence [128,131–135]. Co-design approaches involve
actively involving end-users, stakeholders, and communities in the design process, foster-
ing a sense of ownership, empowerment, and shared responsibility. These participatory
methods could enhance the quality and legitimacy of proposed solutions, such as socially
acceptable and sustainable energy systems [136].

As shown in Figure 6, philosophies intersect and converge with design methodolo-
gies. Specifically, the subsequent design methodologies operationalize and expand upon
the foundational principles and perspectives of the previously mentioned philosophies,
employing them pragmatically to tackle sustainability issues and cultivate beneficial social
and environmental outcomes.

3.2. Solutions

Starting from the literature collected in the previous section, this paragraph aims
at reorganizing solutions developed in the context of product, service and interaction
design that targets the broader topic of sustainability and ET. The solutions identified were
clustered into categories in order to provide a wider overview of the possible interventions
that could be developed.

In the broad literature of Design for Sustainability and Design for Sustainable Tran-
sition, which has emerged as the most comprehensive terms, multiple solutions were
identified as the product of designers’ efforts. These solutions include Design for Behaviour
Change, Communities Engagement, Design for Accessibility, Participatory Design Ap-
proaches (User Generated Content and Bottom-Up solutions), Gamification, Educational
Tools, and (social media) Campaigns. The following paragraphs aim at systematizing
solutions collected online.

Design for Behavior Change theories typically derive from behavioral studies and
draw insights from theories such as behavioural economics [137], social norms [138], and
motivational design. They aim to understand and influence the psychological factors that
drive behaviour change by considering human motivations, attitudes, and values.

The main objectives of the ET are increased energy savings and reduced climate
emissions. In addition to developing technological opportunities, attention has long been
focused on the importance of behavioural change solutions. This approach emphasizes
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environmental and psychological approaches to understanding behaviour, contrasting the
previously employed one-dimensional strategies.

The term behavior change encompasses various actions, attitudes, and roles, from
interacting with a touchpoint to fundamentally changing one’s lifestyle. It is essential
to consider the levels at which behavioural change is addressed for sustainability [139],
whether at the human, consumer, customer, or user level. These levels involve changes
in lifestyle, habits, and actions related to a specific context, service, or scenario. Some
solutions focus on defining change dimensions, leveraging the notion that people change
their attitudes only when ready [140]. It is crucial to recognize the key moments to prompt
action based on the different levels of readiness individuals undergo before implementing
change, known as pre-contemplation, contemplation, preparation, action, and maintenance.

In Design for Behaviour Change (DfBC), the architecture of choices is recognized
as a highly influential element. Similarly, the effectiveness of a nudge is preferred over
imposing an obligation [141], and the opportunity to incentivize people via immediate
rewards rather than long-term paybacks is emphasized. The research area of Design
for Sustainable Behavior has emerged to explore measures for reducing environmental
impact by moderating how people use products, services, and systems [142]. However,
the type of change that can be created is complex and multi-layered. For example, it
encompasses (i) raising awareness and engagement, (ii) changing energy consumption
habits, (iii) transforming work and daily life practices, (iv) making choices regarding energy
providers and electric appliances, and (v) actively participating in the smart grid system.
Specifically, it is possible to design interventions that promote awareness, sensitization,
and engagement to drive behaviour change towards electrification.

The literature discusses strategies to communicate and facilitate social change [143] and
the power of social norms in promoting sustainable actions [144]. In addition, consumers’
energy consumption habits are crucial in achieving sustainability goals. Studies have
examined interventions aimed at home energy conservation [145] and the dynamic interac-
tion between personal norms and environmentally friendly purchasing behaviour [146].
Transforming work and daily living practices is critical to achieving sustainable lifestyles.
Research has examined how homeowners interact with smart energy monitor feedback
over the long term and the adoption of a practical perspective on energy use [147]. In addi-
tion, consumers’ choices of energy suppliers and appliances significantly influence their
environmental impact. Several studies have examined the effect of green electricity tariffs
on low-carbon consumption behaviour [148] and the role of energy labelling in consumers’
appliance choices [149,150]. Finally, consumer involvement in the smart grid enables a more
efficient and sustainable energy system. Studies have explored feedback, reinforcement,
and information to reduce household energy consumption and a contemporary approach
to understanding consumer behaviour in household energy use [151].

From a systematic review of theories, methods, and toolkits used in DfBC, it is evident
that the trend is to focus more on the individual rather than the community. Among the
identified solutions that connect sustainable transition goals with everyday life, persuasive
messaging, challenges, and cues are used to guide users towards sustainable choices [152],
such as the One-minute shower challenge [153]. Systems for real-time feedback and energy
consumption monitoring [154–156] are also employed, as well as educational tools, such as
quiz apps about electrification [157], web apps with a real-time map of CO2 emissions [156],
and apps that support the understanding of energy labels [158]. Generally, gamification
apps are used to develop and support sustainable habits [159–164]. The interaction pro-
vided by these tools allows users to engage with electrification playfully, without the need
to discuss responsibility, the urgency of action, the complexity of new technologies, or the
need to change consumption habits. Users can gain a deeper understanding of this subject
and actively participate in and identify with a community while being able to divide tasks
into levels/dimensions/areas to initiate gradual change [165].
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Solutions such as Climate Change Campaigns [166–169] bridge the gap between
citizens and communities and integrate multiple solutions. Specifically, ActNow [170]
promotes tips to be implemented in daily life, proposes challenges to engage communities,
offers impact tracker systems for detailed measurement of every action (CO2, water, energy,
waste), and designs storytelling and educational stories. Moreover, the campaign provides
materials for sustainable transition communication [171].

As a reference for community-oriented solutions, Ref. [172] extracted success factors
from various Community-based behaviour change initiatives. The investigation identi-
fies several solutions targeted at communities, including community-based interventions
promoting energy efficiency that adopt a multilevel perspective [173]. Information and
awareness-based interventions start with a socio-psychological factor analysis [174] and
include eco-district design [175,176], energy-switching programs such as interventions to
convert coal-dependent communities [177], and smart technology-focused interventions
involving eco-feedback interfaces [178,179], IoT, and AI technologies [180].

3.3. Bottlenecks for Citizens’ Engagement

Previous paragraphs emphasize how, in the ET, people and citizens must be actively
engaged to leverage the potential for innovative products, strategies and participatory
processes [181]. In order to address the diverse sensitivities and priorities of individuals, it
is important to relate electrification to processes on three different scales: the individual
level, the local context, and the economic, political, and administrative levels.

The call to action for customers towards the sustainable transition is based on two forms
of engagement: a pragmatic one and an idealistic one [182]. Pragmatic engagement consists
of customers’ participation in the electrification process via concrete actions, i.e., the instal-
lation, the purchase, or the upgrade of energy devices. The ideal form of engagement is
linked to the macro values of sustainable transition, and it engages people via knowledge-
building and opinions, ultimately leading to advocacy. ET impacts people’s habits and entails
a paradigm shift in the system [183,184]. This implies the existence of potential barriers to
the adoption of the solutions developed and explored in the previous paragraph. These
barriers could influence people’s engagement and decision-making processes in daily be-
haviours towards pro-environmental behaviour, also known as environmentally significant
behaviour [185,186].

The literature identifies various barriers linked to the three dimensions: individual,
local, and macro-systemic [187]. Specifically, at the individual level, forces such as atti-
tudinal factors, personal needs, and capabilities come into play [188]. At the local level,
habits and situational factors act as immediate and specific influences in a given moment
and place, such as the surrounding physical environment, the presence of individuals, and
perceptual stimuli [189]. Meanwhile, at the macro-systemic level, contextual forces operate,
constituting a broader set of influences and conditions that extend beyond the immediate
situation, such as social norms, governmental policies, and infrastructures.

Environmental behaviour depends on personal and situational variables in an interac-
tive manner. When a high level of conflict arises between personal and situational variables,
the predictive power of attitudes tends to be minimal. In contrast, it tends to be maximal in
cases of coherence between them. The influence of situational variables depends on the
specific environmental action being considered. In some instances, situational variables
were found to be the most significant, while in others, commitment or moral obligation
played an essential role [187]. This knowledge is essential for developing a comprehensive
framework to guide design research and education for ET. Figure 7 provides an overview
of the recognized bottlenecks in the design field.
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Figure 7 endeavours to gather and systematize the primary bottlenecks concerning
People’s engagement in ET identified by design research. Specifically, it offers a compre-
hensive overview of factors that have the potential to hinder the generation of effective
solutions and hinder the adoption of good practices supporting ET. The visualization
predominantly focuses on the principal challenges people may encounter individually.
These barriers were categorized into two distinct groups: (i) psychological and cognitive
barriers and (ii) practical and organizational barriers.

The primary objective of Figure 7 is to equip designers with invaluable insights into the
prospective obstacles they may face while devising effective solutions. As a proactive tool, it
empowers designers to anticipate challenges and adapt their design approaches accordingly.
This enhanced understanding enables them to allocate their attention and resources more
efficiently, especially during the preliminary stages of a project or in subsequent co-design
and solution validation activities. By pre-emptively addressing these bottlenecks, designers
can enhance the efficacy and feasibility of their solutions, ultimately contributing to a more
seamless and successful ET process.

As discussed in the previous paragraphs, the factors that can influence the individual
dimension encompass personal capabilities and attitudinal factors. Personal capabilities
refer to aspects such as self-esteem, financial availability, and technological skills [190].
These factors significantly shape individuals’ attitudes and behaviours towards adopting
sustainable practices and technologies. As far as attitudinal factors, bottlenecks tend to refer
to a possible resistance to change [191], the difficulty in developing and maintaining new
habits [192], a sense of mistrust or disengagement and an individual or altered perception
of sustainability topics [192,193].

More specifically, people tend to exhibit innate resistance when faced with the prospect
of changing established behaviours and routines, particularly regarding energy consump-
tion patterns; it is almost impossible for the end consumer to break out of this cycle
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alone [194]. Overcoming this resistance requires targeted efforts in education and commu-
nication to clarify the complex benefits of sustainable energy practices.

The perception of ET itself poses a significant barrier to citizen engagement. Often,
the topic is perceived as intricate, technical, and distant in time and space from people’s
daily lives [195,196]. This perception fuels a sense of detachment and disinterest among
citizens, limiting their motivation to participate actively in energy-related discussions and
initiatives. A prevalent attitude among citizens is the tendency to shift the responsibility
for ET exclusively onto governmental entities, businesses, or other actors, often linked to
the belief that an individual’s actions can have only a limited impact.

Sustainability as a normative framework is in constant cognitive friction with indi-
vidual behaviour, reflecting the relationship between personal experience and culture and
external factors [192]. This friction creates conflict or incongruence between an individual’s
cognitions, beliefs, or values and their actual behaviour or choices regarding sustainability.
This phenomenon is known as cognitive dissonance [192,197,198] and is the subject of re-
search in the field of Design for Sustainable Behavior, which seeks to address it via solutions
such as nudges, public commitment [199], induced hypocrisy [200], or the development
of a sustainable consumption pattern [201]. Weder et al. [192] offered interesting findings,
which proposed a new version of narrative inquiry to explain sustainability-related cogni-
tive dissonance. The results of conducted tests show that there is often a limited relationship
between sustainability and personal experiences. Instead, sustainability is represented by
others, such as family members, friends, or culture. Sustainable actions are conceptually
linked to a way of life and are followed as part of daily routines. There is a tendency to
resort to moral corruption to justify the non-adoption of sustainable behaviours.

Dissonances are not the only possible obstacle to citizen engagement in ET that acts on
a psychological-cognitive level. Further cognitive phenomena that can influence the way
people process information and make decisions are personal biases [202–204].

Selective attention bias [205] refers to the human tendency to focus only on specific
aspects of available information while ignoring or undervaluing other relevant elements.
In the context of citizen and designer engagement in ET, attention selectivity can lead
to insufficient consideration of important energy-related issues or innovative solutions,
thereby limiting citizen participation and interest. The status quo bias [206] refers to
people’s tendency to prefer the current situation over a change, even if the change could be
advantageous or necessary. In the context of ET, this bias can hinder the adoption of new
technologies or more sustainable energy practices. The energy efficiency paradox [207]
occurs when efficient energy solutions are available, but consumers or organizations do not
adopt or fully utilize them. This can be due to factors such as lack of awareness, high initial
costs, lack of incentives or motivation, or the illusion that small changes do not significantly
impact overall energy consumption.

3.4. ET Complexity and Design Trade-Offs

The analysis of design theories and studies makes evident the complexity of pursuing
the goals of ET with respect to solutions for people engagement. The criticalities can be
summarized in a list of trade-offs each design initiative could face, including the following:

• Convenience vs. Behavior Change: ET often involves encouraging citizens to adopt
new behaviours and practices, such as reducing energy consumption or using re-
newable energy sources. The trade-off here is between designing solutions that are
convenient and easy to use versus requiring significant behaviour changes. Striking
a balance between promoting sustainable behaviours and minimizing disruption to
citizens’ daily lives is crucial;

• Technology vs. User-Friendliness: Introducing new technologies and systems for
ET may offer numerous benefits, but they can also present challenges regarding
user-friendliness and ease of adoption. The trade-off lies in designing user-friendly
interfaces, intuitive controls, and clear instructions to ensure that citizens can easily
understand and interact with the technology;
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• Cost vs. Affordability: One trade-off is between the cost of implementing ET measures
and the affordability for citizens. While certain renewable energy technologies or
energy-efficient solutions may have higher upfront costs, they can lead to long-term
savings. However, ensuring that these solutions are affordable and accessible to a
wide range of citizens can be a challenge;

• Privacy vs. Data Collection: ET initiatives often involve collecting data on citizens’
energy consumption patterns to optimize energy efficiency and tailor solutions. How-
ever, there is a trade-off between utilizing personal data to improve energy systems
and ensuring privacy protection. Balancing data collection and privacy concerns is
crucial to building trust and maintaining ethical practices;

• Autonomy vs. System Integration: ET initiatives may require citizens to participate
in demand response programs or grid management systems. The trade-off here
is between allowing individual autonomy and preferences in energy usage versus
integrating citizens’ energy consumption into a larger system for better efficiency.
Striking a balance between individual control and system optimization is necessary;

• Short-Term vs. Long-Term Impact: Trade-offs can also arise when considering short-
term benefits versus long-term sustainability. Some solutions may have immediate
positive impacts on energy consumption or emissions reduction, but they might not
be sustainable or scalable in the long run. Evaluating trade-offs between immediate
benefits and long-term viability is important in designing effective ET solutions.

Depending on the constraints and opportunities characterizing the context, the design-
ers will cope with the specific challenges of the project, finding suitable solutions apt to the
local circumstances.

4. ET-Oriented Operational Grid for Design Practice and Education

The vast bibliographic review collected in the research reported in this document
constitutes a large basin to which it is possible to refer in the analysis of case studies aimed
at producing useful knowledge for ET-oriented design practice and education.

In order to identify the most useful bibliographic resources for each specific interven-
tion context, as a final product of the research, a grid was constructed, which correlates the
case studies’ characteristics to the most useful contents. The use of the grid requires the
identification of the main assets of the case study, namely the following:

• Context (domestic energy management, community engagement, education, . . .);
• Target and involved actors (domestic residents, other actors);
• Type of expected solutions (i.e., a monitoring tool for energy consumption information

and metrification; bottom-up solutions via participatory design; educational design
tools; systems for circular design, etc.);

• Citizen engagement tasks (i.e., consumption monitoring actions, informed choices about
service providers and the purchase of home appliances, efficient use of energy, etc.).

Table 1 summarizes the content of the previous paragraphs in four steps: (i) proposition
and pre-requisites, (ii) actors and context research, (iii) benchmarking, and (iv) solution
development. The criteria are presented in the form of questions and are accompanied by
examples to facilitate understanding, as well as the reference to corresponding paragraphs
within the article.

In the following paragraph, some examples show the results that can be obtained by
applying the grid to case studies reported in the literature. The application of the grid
produces meaningful takeaways of solutions for the critical issues involved in ET-oriented
projects. The case studies were chosen to represent different phases of the development of
solutions. Specifically, the first case consists of evaluating an existing solution, the second
case corresponds to the redesign of a solution that is no longer valid, and the third analyzes
some tools and frameworks made available to plan the development of new solutions.
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Table 1. ET-oriented operational grid for design practice and education.

Proposition(s) and
Prerequisite(s)

Actor(s) and
Context(s) Research Benchmarking Solution(s)

Development

What philosophy guides the
approach? (Anthropocentric,
Humanist, Post Natural, etc.)

[Section 3.1]

Which design paradigm is
most appropriate?

(Design for Sustainable
Transition, Environmental

Sustainable Design,
Regenerative Design, etc.)

[Section 3.1]

What level of involvement is
envisioned with the target of

the solution? (Top-down
design, Consultation,

Co-design, etc.)
[Section 3.1]

What is the primary
objective? (To inform, to
engage, to empower, to

support, etc.)
[Section 3]

What is the context for
which the intervention
is designed? (Current or
practices? How would

they are modified?)
[Section 2.2]

Who is the intervention
designed for?

(Any clients, intermediaries,
funders, etc.)
[Section 2.2]

Who are the main actors,
and what is their model of

interaction? (Identifying
needs, design gaps, and

collaboration opportunities)
[Section 2.3]

What tasks for people
engagement are intended to
be promoted? (Awareness,
Action, or their respective

sub-tasks)

What key takeaways
can be extracted from

existing solutions?
Acceptance of the solutions,

specific conditions,
preferences, etc.)

What are the obstacles that
emerge from existing

solutions? (Psychological,
cognitive, practical and
organizational barriers)

[Section 3.3]

Which design action
is intended to be

developed? (Product, service,
experience, innovation,

communication)
[Section 3]

Which solution is intended
to be designed?

(Design for Behaviour Change,
Communities Engagement,

Gamification,
Educational Tools, etc.)

[Section 3.2]

How should the proposed
solution be validated?

(User testing, workshops,
interviews, trial periods, etc.)

4.1. ApplianceNet: A Domestic Energy Management Solution

The first case study analyzed via the grid is reported in the paper “ApplianceNet: a
neural network based framework to recognize dailylife activities and behavior in smart
home using smart plugs” [154]. It was published in 2022, and it is a study conducted in
collaboration with Queens University Belfast (Belfast, UK), the University of West of Eng-
land (Bristol, UK), and the College of Technological Innovation, Zayed University (Dubai,
United Arab Emirates). It focuses on energy management in domestic environments and
aims at empowering and supporting citizens. This academic research introduces a novel
framework, ApplianceNet, leveraging smart plugs to analyze the energy consumption
patterns of home appliances. The framework employs a multi-layer, feed-forward neural
network to intelligently process the collected time-series data and classify activities and
behaviour. The performance of ApplianceNet is evaluated using a publicly available real
homes dataset, demonstrating its effectiveness in recognizing daily life activities. The
results indicate a significant improvement over existing methods. Moreover, the proposed
framework is simple to implement and compatible with existing home infrastructure.

This specific solution requires that the citizens are involved in tasks such as developing
capacity and awareness about monitoring electrical consumption and making informed
energy choices about suppliers and domestic appliances. The case study promotes the
following solutions to involve behaviour change and design for accessibility:

• Data-driven approach. The study emphasizes the importance of utilizing data-driven
approaches to identify various energy usage applications from a customer’s perspec-
tive. These applications include reducing utility bills, contributing to global warming
reduction, non-intrusive monitoring of daily activities, and monitoring behaviours;

• Tailored solutions based on customers’ existing appliances. The study focuses on
recognizing the status and technological opportunities of home appliances owned
by customers to develop a customized solution. The final solution is derived from a
framework designed for energy monitoring devices, ensuring reproducibility;
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• Non-intrusiveness and integration with existing infrastructure. After considering
a wide range of possibilities, the project reflects on the intrusiveness acceptable to
customers and selects the most suitable solution (unobtrusive). The proposed solu-
tion seamlessly integrates with the existing home infrastructure without compromis-
ing residents’ privacy or requiring additional sensors that may affect aesthetics or
complicate interaction;

• Consideration of effort and personalization. The study delves into the effort customers
require during different phases, including installation and actual product usage. The
effort is evaluated based on the information and personal capacity needed to use the
device and the economic investment necessary for its functionality;

• Customizability and freedom of device usage. Once adopted by the customer, the
study emphasizes the importance of allowing space for personalization;

• Accessible presentation of results. The study highlights the need to present results in
an accessible format to facilitate identifying and recognizing patterns for behaviour
change. For example, time intervals can organize results, such as distinguishing
electricity consumption during meals.

The critical limitations of the experiment can be summarized as follows:

• Lack of Prompts or Next Steps Guidance. Visualizing and presenting usage patterns
alone may not be sufficient to activate sustainable actions and induce changes in
consumer routines. Additionally, consumers may become habituated to the device
over time, potentially leading to disregard or ignorance of its recommendations;

• User Acceptance and Adoption. The study assumes that consumers will readily
accept and adopt the proposed solution. However, there may be challenges related to
consumer acceptance, willingness to invest in the required devices, and the learning
curve associated with utilizing the system effectively. These factors could limit the
widespread adoption of the framework;

• Privacy Concerns. Although the study emphasizes the non-intrusive nature of the pro-
posed solution and its integration with existing home infrastructure, privacy concerns
may still exist. Some consumers may be hesitant to have their daily activities and be-
haviours monitored, even if it is for energy optimization purposes. Addressing privacy
concerns and ensuring data security are important considerations in implementing
such frameworks.

4.2. Best Practices in Sustainable Transition for Coal-Dependent Communities

The second case study was chosen as an example of community-driven practice. It is
described by Tarekegne et al. in the document “Coal-dependent Communities in Transition:
Identifying Best Practices to Ensure Equitable Outcomes” [177] and was published in
2021. The research was developed for the U.S. Department of Energy under Contract
by the Pacific Northwest National Laboratory and aimed at the sustainable transition of
coal-dependent communities.

According to Tarekegne et al., the U.S. coal industry is witnessing a significant increase
in the retirement and decommissioning of coal-fired power plants. This shift in the energy
production landscape has profound social, environmental, and economic implications for
communities reliant on coal. To explore the decommissioning process and ensure fairness,
the authors examine the role of communities and present best practices identified by them.
In the resulting report, four case studies were analyzed: Wise County, VA; Anderson
County, TN; Muskegon, MI; and Becker, MN. These case studies provide insights into the
impacts of decommissioning and highlight community-driven best practices. They include
solutions based on participatory design and community engagement. The document claims:
«The need to acknowledge community members as stakeholders in the ET process is critical,
not only because there is no existing framework that identifies a public participation role
for affected communities, but also because these communities were historically denied the
right to oversee how energy decisions affect them» [177].



Sustainability 2023, 15, 14600 21 of 31

The citizens were engaged in tasks such as identifying the components of an equitable
ET, making informed energy choices regarding management models, and co-generation.
The case study analysis produced the following takeaways:

• Community-based decision making. It is crucial for equitable decommissioning pro-
cesses, recognize no universal development plan for transitioning from coal power;

• Tailoring strategies to individual communities and extracting tailored best practices.
Each community’s trajectory via decommissioning is unique, and considering their
specific needs and preferences in ET is of paramount importance. The overall impact
consideration: community impacts of power plant decommissioning extend beyond
job and revenue losses, encompassing cultural, social, environmental, and long-term
health-related effects that should be acknowledged and addressed;

• Commonly identified decommissioning best practices. They include early and contin-
ued community engagement via various communication channels, early planning of
post-decommissioning projects, recognition and mitigation of social impacts, trans-
parency throughout the process, identification of funding sources and technical exper-
tise, and acknowledging communities as stakeholders with decision making rights;

• Assistance for coal-dependent communities in ET. To facilitate knowledge sharing
and decision making, assistance can be provided via technical assessments for alterna-
tive site uses or new technologies, cross-partnership engagement and collaboration,
financial support via grants and loans for redevelopment surveys, job creation, and
environmental cleanup costs;

• Importance of long-term interventions. It requires equal consideration of the pre-,
during and post-intervention phases.

The solutions are tailored specifically to each context, which is a key factor for the
success of the initiatives. Reducing the scale of intervention and targeting specific groups
or areas is often recommended. However, at the same time, having overly specific so-
lutions may risk placing essential decisions in the hands of the community itself, which
may not have the necessary tools to comprehend the consequences or explore alternative
possibilities fully.

4.3. Circular Design Guide for Solutions Development

The third and last case study is the work-in-progress project The Circular Design
Guide [208]. The reported Circular Design Guide is a collaboration between the Ellen
MacArthur Foundation and IDEO, made for designers and innovators. The current
paradigm shift in public and private management practices revolves around transitioning
from linear to circular models. This resource aims to guide innovators seeking to develop
advanced, efficient solutions within the circular economy framework. This resource em-
powers users to explore novel approaches to generate sustainable, resilient, and enduring
value within the circular economy. Although primarily oriented towards the manufac-
turing and product domains of the private sector, it also offers insights for public sector
organizations seeking to embrace circular models, either in external support or internal
operations. This resource provides comprehensive, step-by-step instructions on adopting
circular methodologies and mindsets. Distinct phases represent a structured approach to
design for innovation, enabling practitioners to navigate the complexities of the circular
design process and maximize its potential for creating sustainable and impactful solutions.
Rich multimedia content such as videos, case studies, and supplementary resources ac-
company the guidance provided. Additionally, the resource encompasses practical tools
for implementing circular strategies, including worksheets and pre-packaged workshops
complete with facilitator guides, video lectures, and presentations. The key takeaways
include many activities lined up for designers to release innovative solutions:

• Understand. Acquiring information about circular design solutions and developing
a deeper understanding of transitioning from linear to circular thinking. This phase
involves gaining insights into the principles and practices of circular design;
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• Define. Articulate the challenge you aim to explore and establish specific project
objectives. It entails identifying ongoing opportunities for circularity, whether you are
just starting out or re-evaluating an existing solution. This phase focuses on defining
the scope and direction of the project;

• Make. Understanding the needs of all users in your value chain, identifying opportuni-
ties to generate ideas, and developing and selecting concepts. This phase emphasizes
the tangible design aspect, involving creating prototypes and iterative testing to refine
the solutions;

• Release. Launching the developed concept into the market to continuously gather
feedback to enhance the product, service, and overall business. This phase encom-
passes understanding how to foster new partnerships and drive organizational change
to support circularity.

The main opportunities derived from the circular design approach are as follows:

• Empowerment and Ownership. Engaging citizens in the circular design process allows
them to actively participate and take ownership of ET. By involving citizens in decision
making, their perspectives, needs, and preferences can be considered, fostering a sense
of empowerment, and creating a more inclusive and equitable transition;

• Collaborative Ecosystems. The circular design encourages collaboration and partner-
ships among stakeholders, including businesses, consumers, and waste management
organizations. These collaborations can lead to innovative solutions that address
systemic challenges and create shared value across the value chain.

The analysis evidences the following criticalities:

• Technological Barriers. Implementing circular design principles in the energy sector
may require advanced technologies and infrastructure that are not readily available or
cost-effective;

• Limited Awareness and Knowledge. Citizen awareness and understanding of circular
design concepts and their implications for ET may be limited;

• Behavior Change and Adoption. Transitioning to a circular design approach requires
changes in consumer behaviour and the adoption of new practices;

• Scalability and Systemic Change: Scaling up circular solutions requires coordinated ef-
forts, investment, and collaboration among multiple actors, which may face resistance
and inertia from existing linear models.

5. Conclusions

This research document emphasizes the crucial role of design practice and education
in contributing to ET’s goals and values. The authors stress the need for increased attention
and commitment from all social actors to achieve a clean, sustainable, and accessible
energy future. Recognizing the complexity of ET, the research calls for a cultural effort
to foster dialogue and collaboration among diverse disciplines to effectively manage the
inevitable friction associated with this profound change. While ET initiatives concentrate on
infrastructures and systems, the document highlights the significance of engaging citizens
and stakeholders in social dialogues. By promoting awareness and actions, the involvement
of all actors becomes instrumental in facilitating lasting behaviour change and adopting
sustainable practices. With its unique theoretical frameworks and project expertise, design
can contribute meaningfully to ET. In the face of partially predictable long-term impacts of
ET, designers can play a crucial role in constructing multi-disciplinary project environments
and managing complex system descriptions. Ultimately, the document seeks to inspire
greater engagement of designers in ET, fostering collaborative efforts, innovation, and
solutions for a sustainable and prosperous future.

The research summarized in this document aims to collect relevant insights for design
and design education addressed to the goals and values of ET. The knowledge gap we
intend to cover is the availability of synthetic yet not superficial knowledge supporting the
understanding of the ET objectives and guidelines. The preliminary studies of the research
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presented in this paper revealed the scarce engagement of designers in the field of ET
and the lack of roadmaps apt to orient the commitment of designers acting as researchers,
practitioners, or teachers willing to contribute to the ET goals. Furthermore, during the
work performed on the UE documents, the paper authors developed an awareness of the
possible contributions that the disciplines of design—including service and communication
design and design for experience—could offer to the achievement of the ET objectives.
The research efforts were then oriented toward the production of maps to facilitate the
understanding of ET.

According to the EU guidelines, the most impacting initiatives in ET concern infras-
tructures and systems; on the other hand, we point out the importance of focusing on
the engagement of all citizens and social actors in the social dialogue about this topic, so
to favour awareness, sense of responsibility, and the generation of bottom-up solutions.
Fostering participation and facilitating durable behaviour change, enabling the adoption
of sustainable behaviours, understanding the needs and potentials of local contexts, and
inventing products, services, and socio-technical systems are activities that can bring a
meaningful contribution to ET. To these purposes, design theories and project skills can
play an important part, exploiting specific competencies and expertise.

The principles of Value Sensitive Design and the design approaches focused on experi-
ence can be crucial in providing a holistic description of possible scenarios and alternatives,
favouring co-design and participating initiatives to devise solutions apt to encounter users’
needs and constraints.

The techniques for design research, including design ethnography, digital ethnography,
and contextual design, provide tools and methodologies for investigating behaviours
and activities and revealing mental models, attitudes, and preferences. The expertise in
human-centred design provides the means for user profiling and service personalization;
experience design allows the development of solutions capable of encountering material
and non-tangible needs.

ET will enact transformations that will produce impacts only partially predictable
in advance. In long-term transformation processes, designers can also play a role in
constructing multi-disciplinary project environments and managing complex descriptions
of systems and scenarios.

Design can also play a role on a higher level to address economic aspects. Considering
an anthropological definition, Fry states the ability of design to prefigure what we create
before the act of creating, arguing for an economic paradigm shift led by design [209].

In the context of ET, this ability of design to prefigure alternative futures and, in
particular, pluralistic alternative futures [210] can be applied to solve (i) the divide on
priorities in ET between EU member states with lower levels of economic development
and leading countries; and (ii) the lack of consensus on how fast the transition should and
can take place.

Further development of this study can encompass both the strategic application of
design as a primary agent of economic change and the use of the proposed conceptual
maps as enable for designers and other subjects in the development of ET solutions.
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117. Gaziulusoy, A.İ.; Öztekin, E.E. Design as a Catalyst for Sustainability Transitions. In Proceedings of the Design as a catalyst for

change—DRS International Conference 2018, Limerick, Ireland, 25–28 June 28 2018.
118. Irwin, T.; Tonkinwise, C.; Kossoff, G. Transition Design: An Educational Framework for Advancing the Study and Design of

Sustainable Transitions. Cuad. Cent. Estud. Diseño Comun. 2020, 105, 31–65. [CrossRef]

https://doi.org/10.1007/s10980-013-9894-9
https://doi.org/10.9745/GHSP-D-17-00319
https://doi.org/10.1016/j.envsci.2018.01.016
https://doi.org/10.1175/BAMS-D-18-0201.1
https://doi.org/10.1016/j.cosust.2020.01.002
https://doi.org/10.1007/s10460-014-9479-5
https://doi.org/10.1016/j.rser.2017.08.019
https://doi.org/10.1016/j.cie.2017.09.016
https://doi.org/10.1016/j.jclepro.2015.10.121
https://doi.org/10.1016/j.jclepro.2015.10.092
https://www.dba.org.uk/human-centred-humanity-centred-design/
https://www.dba.org.uk/human-centred-humanity-centred-design/
https://doi.org/10.2752/175630611X13091688930453
https://doi.org/10.1177/1056492618790912
https://doi.org/10.1080/17547075.2018.1430997
https://doi.org/10.1016/j.jrt.2022.100032
https://www.diid.it/diid/index.php/diid/about-the-journal
https://www.diid.it/diid/index.php/diid/about-the-journal
https://issuu.com/xinyuleong/docs/designactivism
https://issuu.com/xinyuleong/docs/designactivism
https://doi.org/10.1080/21681015.2016.1172124
https://doi.org/10.1080/17547075.2015.1051829
https://doi.org/10.1016/j.gloenvcha.2015.04.013
https://doi.org/10.3390/su11133601
https://doi.org/10.18682/cdc.vi105.4188


Sustainability 2023, 15, 14600 28 of 31

119. Mercure, J.-F.; Pollitt, H.; Bassi Andrea, M.; Viñuales Jorge, E.; Edwards, N.R. Modelling Complex Systems of Heterogeneous
Agents to Better Design Sustainability Transitions Policy. Glob. Environ. Chang. 2016, 37, 102–115. [CrossRef]
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