26

4

5
HUMANIZING ENERGY

’
. B




PAD. Pages on Arts and Design
International, peer-reviewed,
open access journal

founded by Vanni Pasca in 2005

Editor-in-Chief
Marinella Ferrara
Politecnico di Milano, Italy

Advisory Board

Tevfik Balcioglu

Arkin University, Kyrenia, Turkey

Murat Bengisu

Izmir University of Economics, Turkey

Isabel Campi

Design History Foundation, Barcelona, Spain
Eduardo Corte Real

UNIDCOM/IADE, Lisbon, Portugal

Antonio da Cruz Rodrigues

Universidad Lusofona, Lisbon, Portugal
Soumiya Mikou

Moroccan Design Association, Casablanca, Morocco
Ely Rozenberg

RUFA, Rome University Fine Art, Italy

Mireia Frexia Serra

Gracmon, Universitat de Barcelona, Spain
Andreas Sicklinger

Alma Mater Studiorum Universita di Bologna, Italy
Fedja Vuki¢

University of Zagreb, Croatia

Managing Editor
Chiara Lecce
Politecnico di Milano, Italy

Editorial Assistants
Giorgia Bonaventura
Politecnico di Milano, Italy
Laura Carugati
Politecnico di Milano, Italy

Editorial Board

Giuseppe Amoruso

Politecnico di Milano, Italy

Helena Barbosa

University of Aveiro, Portugal

Michela Bassanelli

Politecnico di Milano, Italy

Letizia Bollini

Libera Universita di Bolzano, Italy

Stefania Camplone

Universita degli Studi di Chieti-Pescara, Italy
Roberto De Paolis

REPRISE - MUR independent scientific expert, Italy
Cinzia Ferrara

Universita degli Studi di Palermo, Italy
Francesco E. Guida

Politecnico di Milano, Italy

Ashley Hall

Royal College of Art, London, England

Elif Kocabiyik

Izmir University of Economics, Turkey

Lia Krucken

Creative Change, Brazil and Germany

Carla Langella

Universita degli Studi di Napoli Federico Il, Italy
Chiara Lecce

Politecnico di Milano, Italy

Giuseppe Lotti

Universita degli Studi di Firenze, Italy

Tomas Macsotay

Pompeu Fabra University, Spain

Alfonso Morone

Universita degli Studi di Napoli Federico Il, Italy
Raquel Pelta

Universidad de Barcelona, Spain

Daniele Savasta

Izmir University of Economics, Turkey
Rosanna Veneziano

Universita degli Studi della Campania Luigi Vanvitelli, Italy
LiZhang

Beijing Information Science and Technology University, China

Publishing Consultant
Vincenzo Castellana, Architect, Italy

Art Direction
Francesco E. Guida

Web Site
Pietro Forino, www.pietroforino.com

Correspondents

Amina Agueznay (Morocco), Héla Hamrouni (Tunisia),
Vesna Kujovic (Montenegro), Can Ozcan (Turkey),

Ana Perkovic (Croatia), Filip Roca (Montenegro),
Azadeh Sabouri (Iran), Marco Sousa Santos (Portugal),
Pascale Wakim (Lebanon)

Reviewers

Anna Anzani, Venanzio Arquilla, Michela Bassanelli,
Marco Boffi, Luca Botta, Laura Carugati, Mauro Ceconello,
Annalinda De Rosa, Barbara Di Prete, Susana Gonzaga,
Chiara Lecce, Francesca Maria Mauri, Dario Pedrabissi,
Nicola Rainisio, Lucia Ratti, Agnese Rebaglio.

PAD

via Francesco Soave 15 - 20135 Milano - Italy
via Roma 171- 90133 Palermo - Italy
info@padjournal.net - editors@padjournal.net

Publisher

Aiap Edizioni

via A. Ponchielli 3 - 20129 Milano - Italy
aiap@aiap.it - www.aiap.it

PAD © ISSN 1972-7887
#26, Vol. 17, June 2024
www.padjournal.net


http://www.pietroforino.com

PAD #26 | HUMANIZING ENERGY

0. EDITORIAL #26

Humanizing Energy. Design and Art for Energy Transition
by Barbara Di Prete, Agnese Rebaglio & Lucia Ratti

I. VALUES: ENERGY CULTURES & BEHAVIORAL CHANGE

Re-Crafting Energy-Related Household Routines. The Integration of Design Methods

in Behavioural Change Theory to Foster More Sustainable Routines

by Giovanni Profeta, Francesca Cellina, Desirée Veschetti, Evelyn Lobsiger-Kagi, Devon Wemyss
& Pasquale Granato

Towards Design Fiction for Human-Centered Energy Transitions.
Imagining Infrastructures and Worldbuilding
by Gijs van Leeuwen & Abhigyan Singh

Environment/Data/People. [Eco] Participatory Data Physicalization as Design Strategic
Tools for Engaging, Sensitizing, and Educating the Community to Energy Transition
by Alessio Caccamo & Anna Turco

Design for Temporary and Sustainable Music Festivals. New Values and Informal Educational
Systems for Humanizing Energy Transition
by Marco Manfra & Grazia Quercia

Talking About Energy: Design and Language for the Energy Transition
by Barbara Di Prete, Agnese Rebaglio & Lucia Ratti

Il. MODELS: ENERGY COMMUNITIES & COLLABORATIVE LANDSCAPES

Services to Design Change: Gamification Opportunities to Generate Virtuous Behaviors
and Design Sustainability Pathways
by Debora Giorgi, Claudia Morea, Chiara Rutigliano, Letizia Giannelli & Luca Incrocci

Energy to Design Communities. Energy Communities and Communities of Practice
to Support Marginal Areas in Abruzzo
by Rossana Gaddi, Raffaella Massacesi, Luciana Mastrolonardo & Davide Stefano

Enhancing Wind Farm Projects: A Systemic and Strategic Design Approach to Community
Acceptance and Engagement
by Carla Sedini, Francesco Zurlo, Stefania Palmieri, Mario Bisson & Silvia Peluzzi

Powered by the People. Human-Powered Energy Generation as Lifestyle Choice
by Andreas Sicklinger & Adrian Peach

006

024

047

066

091

116

142

167

194

225



Designing Community-Driven Energy Solutions. Reflecting on Design for Future Social
Systems and the Ability to Shape Change

by Valentina Auricchio, Marta Corubolo, Stefana Broadbent, Beatriz Bonilla Berrocal

& Chenfan Zhang

1ll. TOOLS: ENERGY TECHNOLOGIES & DIGITAL AWARENESS

Solar Biota. Co-Living with Solar Ecologies
by Suzanna Tornroth

From the Cloud to the Ground. A Data-Driven Research to Build Informative Heritage
onthe Internet’s Energy Footprint
by Fabiola Papini, Francesca Valsecchi & Michele Mauri

Towards Energy Sustainability in the Digital Realm. A Compass of Strategies between
Natural and Artificial Intelligence

by Michele De Chirico, Raffaella Fagnoni, Carmelo Leonardi, Ami Licaj, Giuseppe Lotti,
Manfredi Sottani & Annapaola Vacanti

Understanding the Energy Transition by Analyzing the IT Revolution.
An Infrastructural Reading to Direct Design Approaches toward Energy Sustainability
by Davide Crippa & Massimiliano Cason Villa

Ill. BIOGRAPHIES

About the Authors

249

282

307

329

354

375



ODELS

NERGY COMMUNITIES
& COLLABORATIVE LANDSCAPES




Services to Design Change
Gamification Opportunities

to Generate Virtuous Behaviors and
Design Sustainability Pathways

Debora Giorgi Letizia Giannelli

Universita degli Studi di Firenze Universita degli Studi di Firenze
Orcid id 0000-0002-4640-1702 Orcid id 0009-0005-1465-3250
Claudia Morea Luca Incrocci

Universita degli Studi di Firenze Universita degli Studi di Firenze
Orcid id 0000-0001-6032-0004 Orcid id 0009-0008-3014-2655

Chiara Rutigliano
Universita degli Studi di Firenze
Orcid id 0000-0001-9021-0017

Keywords
Behavioral Design, Education, Awareness, Energy Transition, Key Enabling Technologies.

Abstract

The paper investigates the application of Design for Behavior Change (DfBC) practices

to promote sustainable energy consumption. By employing user-centered strategies,

DfBC fosters the adoption of long-term behavioral modifications that contribute to energy
sustainability. This methodological framework leverages real-time data acquisition, per-
sonalized feedback, and engaging narrative techniques. The research process fosters
positive change and encourages the autonomous adoption of new virtuous behaviors. By
strategically applying these tools and combining design-driven methodologies with social
psychology research, sustainable energy choices can be transformed from perceived
obligations into personal choices desired in everyday life. The article highlights the promo-
tion of activities that contribute to both energy and environmental well-being, emphasizing
the positive societal benefits generated by such endeavors, with a particular focus on the
potential of technological advancements. It presents two case studies demonstrating the
effectiveness of design methodologies and practices in raising public awareness about
climate change, particularly regarding energy sustainability. Through analyzing these cases,
the paper offers valuable insights into how design can promote an energy transition driven
by collective commitment. This radical change requires not only technological interventions
but also social, cultural/behavioral, institutional, and organizational change.
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1. Research Background: Understanding Barriers to
Sustainable Behavior and Opportunities from Technology
Our current energy system is a major driver of global warm-
ing, accounting for about 75% of total Greenhouse gas emis-
sions (IPCC, 2023). As a response to the threat of climate
change, the transformation of the global energy landscape

is therefore of fundamental importance to mitigate climate
change and achieve the goals set out in the Paris Agreement
(UNFCCC, 2015). According to the International Energy
Agency (IEA), achieving these ambitious goals requires sig-
nificantly faster and more widespread progress than has been
seen to date (IEA, 2022). Western cosmology is predomi-
nantly anthropocentric, placing humanity at the center of the
universe and distinct from nature. Rooted in the historical
and social evolution of Western societies, this perspective has
fostered a view of nature as a resource for human advance-
ment, neglecting its intrinsic value and need for protection.
However, the recent surge in new technologies, such as elec-
tric vehicles, solar photovoltaics, batteries, and heat pumps,
has ignited optimism for a potential turning point in combat-
ing climate change and reducing greenhouse gas emissions
(IRENA, 2023). Although the widespread adoption of these
technologies represents a significant step forward, it is insuf-
ficient for a successful transition. Achieving this transition
necessitates a concurrent paradigm shift within the cultural
domain towards sustainability, alongside more ambitious
and impactful political commitments (IEA, 2022). Moreover,
the deployment of these technologies is not without its draw-
backs. They also present a range of geopolitical challenges
that require further investigation.



Designers play a crucial role in shaping sustainable user be-
havior and facilitating cultural transitions towards a sustain-
able energy system. Their influence arises from their twofold
role: shaping the production processes and supply chains of
their products, as well as influencing how users interact with
those products. Understanding and influencing human be-
havior are therefore becoming critical aspects of the design
process for a sustainable future. Climate change awareness
campaigns fail to promote long-term behavioral change due
to their sole focus on mitigation measures, energy efficiency,
and sustainability, neglecting adaptation of the human aspect.
This approach can make energy systems seem complex and
distant from people’s daily lives, leaving them overwhelmed
by the vastness of environmental issues or disconnected from
the immediate impact of their choices.

Espen Stoknes, a Norwegian psychologist, in his 2015 book
“What We Think About When We Try Not to Think About
Global Warming” identifies five psychological defense mech-
anisms that impede effective action on climate change: Dis-
tance, Doom, Dissonance, Denial and Identity. First of all,
the concept of Distance, where climate change is perceived
as a distant issue. When climate change is framed as an en-
croaching disaster that can only be addressed by loss, cost,
and sacrifice, it creates a wish to avoid the topic (Doom).
Furthermore, cognitive Dissonance, which arises from the
discomfort of holding conflicting beliefs, leads us to deny or
feel powerless in the face of information that contradicts our
convictions and reality. Even when aware of concerning facts,
we tend to act as if we are not (Denial). As we filter informa-



tion through our cultural identity, we often filter away what
challenges our existing values and notions. Therefore, if new
information requires us to change ourselves, then we experi-
ence resistance to calls for change in self-identity (Identity).
These defense mechanisms collectively hinder individuals
from taking action. To address this, Stoknes proposes mak-
ing climate change more tangible and personal by highlight-
ing its local and immediate impacts. This requires clear and
constructive communication of the issue, fostering a shared
collective identity, emphasizing membership in a broader
group fighting for a common future, and showcasing the solu-
tions and concrete actions individuals and communities can
take to make a difference.

Technological innovation is emerging as a key driver of sys-
temic change towards a more sustainable future, smart homes
and energy consumption control are clear examples. Specifi-
cally, the integration of new technologies like artificial intel-
ligence (AI), the Internet of Things (IoT), and Digital Twins
(DT) into change-oriented services can accelerate the energy
transition and promote sustainable user behavior.

The Internet of Things (IoT) plays a crucial role in powering
Digital Twins, which have the potential to help users under-
stand their energy consumption and improve efficiency. The
deployment of smart sensors in buildings, industrial facili-
ties, and power grids facilitates the capture of valuable data
on critical parameters like temperature, energy consumption,
and operational conditions. This continuous data stream feeds
into Digital Twin technology, creating a comprehensive and
dynamic virtual representation of the physical system. Beyond



mere replication, the Digital Twin, empowered by this rich
data, transforms into a powerful tool for simulation and opti-
mization. Through the creation of hypothetical scenarios, in-
efficiencies can be proactively identified, and alternative solu-
tions can be tested before real-world implementation. Chevron
Corporation, for example, has adopted artificial intelligence to
develop digital twins and optimize operations. By using pre-
dictive data analysis, the company has significantly reduced
the number of required drillings and improved the efficiency of
maintenance activities. This approach enables proactive opti-
mization of energy performance, resulting in cost reductions
and a minimized environmental impact.

Artificial intelligence can be implemented in sustainable ener-
gy by customizing recommendations and providing real-time
feedback. Recent studies (Ayan et al, 2020; Li et al, 2020, Chiesa
et al, 2020) highlight how these systems, based on microcon-
trollers such as Arduino and Raspberry Pi, enable automatic
adjustment of light intensity, remote control of luminaires and
the creation of custom scenarios. The use of motion, light and
temperature sensors allows lighting to be optimized according
to space occupancy, daylight availability and individual pref-
erences helps users to analyze their energy consumption data,
offering personalized and targeted energy-saving recommen-
dations, helping them to understand the impact of their behav-
ior on energy consumption. This approach takes into account
users’ specific needs, habits and characteristics, suggesting
effective actions based on climate, home comfort and energy
costs. Machine learning allows Al systems to adapt to user pref-
erences, continuously improving recommendations. Intelligent



automation simplifies the process, freeing users from the need
to remember energy-saving actions and allowing them to focus
on strategic aspects such as communication, engagement and
impact assessment. These technologies help design efficient
strategies to promote sustainable energy behavior.

2. Research Methodology

This study explores the application of Design for Behavioral
Change strategies through two case studies. The first case
involved developing a user-friendly interface for a database
containing energy audit results from school buildings. This
platform aimed to enhance accessibility and comprehension
of complex energy data for stakeholders, ultimately promot-
ing informed decision-making regarding energy usage within
schools. The second case study showcases a disciplinary work-
shop about carbon footprint. Students were able to understand
and apply the concept of carbon footprint by analyzing their
daily consumption habits. This interactive exercise increased
the students’ awareness of their environmental impact, encour-
aging them to switch to more sustainable practices.

The “Design-driven” approach (Verganti, 2010) to energy pro-
duction goes beyond merely considering technical efficiency
or economic cost. Instead, it places the very meaning of ener-
gy and its value for people and communities at the forefront
(Badalucco, Chiapponi, 2009). Such an approach demands
interdisciplinary and coordinated actions, involving experts
from engineering, architecture, design, urban planning,
social sciences, economics, and more. It is crucial to over-
come disciplinary fragmentation and adopt a systemic view
of energy production, considering its social, environmental,



and territorial implications. Engaging the society is a key
element, since the energy transition cannot be imposed from
above; rather, it must be the outcome of a shared process that
engages citizens and other local stakeholders.

Ceschin e Gaziulusoy (2016), Explains about the Design for
Sustainable Behaviour evolution of Design for Sustainability.
The authors highlight that an ecodesign approach can provide
designers with a set of design strategies to reduce the envi-
ronmental impact of a product throughout its whole life cycle,
however, the way in which consumers interact with products
can produce substantial environmental impacts.

As noted by Niedderer et al. (2014) there are many different de-
signs for behavior change approaches because there are many
different models of behavior change in social sciences. For
example: the Design for Sustainable Behaviour model devel-
oped at Loughborough University (Bhamra et al., 2011; Lilley,
2009) is grounded on behavioral economics and proposes a set
of design intervention strategies based on informing, empow-
ering, providing feedback, rewarding and using affordances
and constraints; Design with Intent (Lockton et al., 2010) draws
from a variety of fields and proposes eight lenses (Architectur-
al, Error Proofing, Interaction, Perceptual, Cognitive, Securi-
ty, Ludic and Machiavellian lenses) by which to understand and
influence aspects of personal behavior and contexts.

Behavioral design, coupled with collaborative practices, can
facilitate the energy transition by fostering spaces for dialogue
and exchange. This collaborative approach promotes public
awareness of energy issues and aids in identifying user needs
and challenges. Consequently, the design discipline assumes



a multifaceted role: acting as a collector of user experiences,

a social mediator, and a facilitator in the process of assigning
new meanings to energy use. By doing so, design enables ac-
tions that promote and communicate social innovation. Acces-
sible educational processes are then triggered, shaping citizens’
behaviors and incentivizing the adoption of sustainable prac-
tices. This design approach aligns with the field of social psy-
chology. Studies have shown that leveraging theoretical frame-
works from social psychology allows for the evaluation of user
needs and barriers. This evaluation is crucial for implementing
interventions aimed at behavior change. The COM-B mod-

el (Michie et al., 2011), for instance, facilitates an assessment

of the factors influencing the adoption of energy-sustainable
behaviors. It also enables the development of targeted interven-
tions to overcome barriers and promote change (Fig.1).

Figure 1. Michie et al., The COM-B model for understanding behavior of the behavior change wheel. 23
COM-B, capability, opportunity, motivation-behavior, 2011.



This behavior change framework proposes three necessary
components for any behavior (B) to occur: Capability (C), Op-
portunity (O), and Motivation (M). By assessing these com-
ponents, it is possible to understand why a specific behavior
occurs and how to create targeted interventions that lead to
effective change. For instance, if a lack of capability is iden-
tified, training or education interventions can be designed

to increase users’ knowledge and skills. The COM-B model
provides a foundation for the Theory of Change which allows
for the explicit articulation of the logical linkages between the
identified solutions and their related activities, with the ex-
pected mid-term results, long-term goals, and desired impacts
throughout the change process. Therefore it works as an effec-
tive tool for monitoring and evaluating whether the implement-
ed activities effectively lead to the expected change.

Furthermore, recognizing the limitations of solely dissem-
inating information, Engagement Design strategies were
employed to ensure user engagement and maximize the effec-
tiveness of the implemented infrastructures, in order to en-
courage consumers to adopt sustainable choices:

e Gamification: The simplest definition of gamification is
‘the use of game features in non-game situations to enhance
user experience and engagement’ (Deterding et al., 2011).
Gamification projects often rely on elements such as points,
badges and leaderboards to motivate users and encourage
sustained engagement (Huseynli, 2024). Incentives and
penalties, as integral components of gamification, have
been shown to be powerful tools for shaping user behavior



and achieving desired outcomes (Gamma et al., 2021). This
fosters a sense of participation and achievement, motivat-
ing individuals to strive for continuous improvement. Beeta
represents an innovative digital solution that, by exploiting
game dynamics, promotes energy awareness among us-
ers. Indeed, the application invites users to participate in
challenges and competitions, incentivising them to monitor
their consumption and adopt more sustainable behavior.
The results suggest that gamification can be an effective
tool to stimulate behavioral change in the energy field.

e Personalized Feedback and Insights: by providing real-time
customized feedback on their energy consumption patterns,
users can identify areas for improvement and track progress
over time, fostering a sense of accountability and aware-
ness. Energy, being inherently abstract and intangible, has
traditionally been difficult for users to perceive and under-
stand (Burgess & Nye, 2008). To overcome this challenge,
recent studies have focused on strategies that increase the
visibility of energy use, such as real-time home displays
(Pahl, et al. 2016). These tools have proven to be effective in
reducing energy consumption, but their long-term effective-
ness depends on the ability to actively engage users. There-
fore, the design of these tools requires a careful approach to
comprehensibility and interactivity in order to provide per-
sonalized feedback and promote lasting behavioral change
(Nasrollahi, et al., 2023). Numerous applications are com-
mercially available related to raising awareness of a more
conscious use of energy, e.g. Vemer’s Energy Wi-Fi app to
remotely control your consumption, Energy Consumption



Analyzer to calculate the average rate of energy consump-
tion, MyWatt Plug to remotely monitor electrical outlets and
keep costs under control.

Storytelling and Emotional Connection: storytelling can
frame sustainability within a compelling narrative and can
create a deeper emotional connection to the issue. Story-
telling techniques highlight the positive environmental
and social impact of energy conservation, inspiring users
to become active participants in the solution.

Networking and Social Learning enable users to share
experiences, compare results, and learn from each oth-
er’s successes. These services offer significant scalability,
fostering network buildingreaching a wider audience and
reinforcing positive behaviors through social interaction.
Social interaction strengthens motivation and consoli-
dates sustainable behaviors (Cialdini, 2009). For example,
Opower provides users with personalized energy-saving
tips and gamification elements, making energy saving fun
and competitive. Nest, a smart thermostat, monitors home
energy consumption and offers social networking features
to share consumption data with friends and family, en-
couraging conservation through social sharing. Enercities
connects local communities engaged in the energy transi-
tion, allowing users to share experiences, best practices,
and resources, and participate in collaborative projects.
This community-based approach promotes energy conser-
vation by providing support and a sense of belonging.



The presented best practices provide examples that can illustrate
the implementation of the proposed strategies and demonstrate
their effectiveness in promoting sustainable energy behaviors.

3. Case Study 01: User-Friendly Platform for Energy
Efficiency in School Buildings

The project, conducted by BexLab (Building Environmental
eXperience) and coordinated by Professor Antonella Tromba-
dore, in collaboration with the Service Design laboratory led by
Professor Debora Giorgi, developed a user-friendly interface
prototype (Fig. 2). This interdisciplinary research is part of the
Eni CBC Med program, Mediterranean University as Catalyst
for Eco-Sustainable Renovation - Med-EcoSuRe, focusing on
cost-effective energy renovation in university buildings with the
potential to extend results to the entire public building sector.
The methodology is based on a Living Lab approach, creating
an innovative physical and virtual research and learning space.

Figure 2. Service Design Lab, UX and Ul for Bexlab Platform, prototype of the user interface, 2021.



Here, researchers, stakeholders, and students can collabora-
tively experiment to improve energy efficiency, indoor quality,
and well-being in building retrofit processes, fostering envi-
ronmental awareness. Advanced technologies such as Building
Information Modeling (BIM), dynamic environmental monitor-
ing systems with sensors, and the Internet of Things (I0T) are
used to implement the concept of a Digital Twin. This enables
data availability through user-friendly ICT platforms, promot-
ing knowledge of environmental issues and conscious behavior.
Leveraging Digital Twin technology, predictive virtual scenar-
ios assess the technological and economic feasibility of pro-
posed solutions. Real-time monitoring systems gather data and
experiential feedback, enriching the virtual model and provid-
ing a solid foundation for further enhancements. In-depth anal-
ysis within BexLab involved active stakeholder engagement,
including students, faculty, technical staff, and administrators.
Data collection through real-time questionnaires and field
observations provided insights into stakeholders’ perspectives,
concerns, and behaviors related to environmental and energy
comfort in school buildings.

Our contribution included the design of scenarios (Fig. 3)
and storyboards aimed at reflecting real-life situations and
actions that users could take to optimize environmental and
energy comfort. These scenarios, presented as suggestions
based on real-time perception of environmental energy,
actively encourage users to participate in the process of en-
vironmental and energy improvement. The creation of sto-
ryboards were focused on actions and scenarios within the
virtual user experience (digital twin), and it facilitated a mul-
ti-user and multi-level perspective on the collected data.



Figure 3. Service Design Lab, UX and Ul for Bexlab Platform, construction of interested parties in the
project system, 2021.

Figure 4. Service Design Lab, UX and Ul for Bexlab Platform, example of illustrated scenario, 2021.



This approach enhanced everyone’s ability to understand
and interpret the information (Fig. 4). The User Experience
methodology led to a user-friendly interface tailored to dif-
ferent user groups. Intuitive and eavsy to use, the interface
provides clear information on energy consumption and envi-
ronmental parameters. The final output includes a dashboard
with sections for real-time sensor data and overall comfort
perception, suggesting actionable steps to improve resource
management. Continuous improvement is fostered through
user feedback questionnaires, ensuring the platform remains
adaptable to emerging needs and provides a progressively
better user experience. The interaction between physical and
virtual models, mediated by ICTs, transforms into an inno-
vative experience aimed at improving building life quality,
stimulating creativity, and encouraging collaboration among
users. This data management and communication platform
fosters a collaborative environment. Informed by real-time
data, administrators and technicians can devise intelligent
solutions and test them within the digital model. Residents,
empowered with this knowledge, can then implement prac-
tical measures and provide feedback, creating a continuous
improvement cycle.

The smartness of the building, through enabling technologies,
enhances innovation, knowledge, learning, and problem-solv-
ing skills, contributing to raising awareness and changing
behaviors towards a culture of sustainability.



4. Case Study 02: The Use of Ecodesign Tools to Raise
Awareness of Domestic Consumption and Promote
Sustainable Practices

The activities described in this case study illustrate how
Design-driven approaches can effectively educate and raise
awareness about environmental and energy sustainability,
particularly regarding household consumption. This case
study emerged from a workshop within the Service Design
course for the academic year 2022/23, aimed at equipping
future designers with the tools and methodologies necessary
for service ideation, definition, and development (Stanford
d.school, 2024).

The training was structured around a group project for three
participants, tasked with designing and prototyping a social
innovation service for the Macrolotto Zero district of Prato.
The course focused on understanding household consump-
tion patterns to achieve two main objectives. First, it aimed to
raise student awareness of the environmental impact of daily
domestic practices, particularly by linking everyday habits to
household energy consumption and resulting CO2 emissions.
Second, it sought to bridge the gap between theoretical design
principles and their practical application. By using tools and
methodologies from the Service Design course, students were
empowered to define, map, and represent the domestic envi-
ronment as a complex ecosystem.

The activities involved designing tools based on a Design
Thinking approach. Templates were created and shared on
Miro’s jamboard. For four weeks, students documented their
household consumption patterns, logging data on water, elec-
tricity, food, transportation, and waste production.



Storyboard

Quali sono i prodotti che

sono odoiti ¢ ornalmente, a partire dalla mattina quando ti ai2i fino alla sera quando vai a dormire
Rappresentalo attraverso

della tua giornata tipo

Enter caption here Enter caption here Enter caption here

Enter caption here Enter caption here Enter caption here

Figure 5. Service Design Lab, Workshop of domestic ecosystem, Example of storyboard used during
the first activity, 2024.

They then used storyboards to translate a typical day’s con-
sumption patterns into visual narratives. Uploading these
vignettes to a shared jamboard allowed collaborative rep-
resentation of household consumption phases in their daily
routines (Fig. 5).

Building on a lecture about ecosystem mapping (Tassi, 2019),
students mapped all sources of household consumption into
five categories: water, electricity, food, transportation, and
waste generation. This helped them identify all elements of
consumption within the domestic ecosystem (Fig. 6).



Figure 6. Service Design Lab, Workshop of domestic ecosystem, Example of Ecosystem map used
during the second activity, 2024.

After a week, students reviewed their ecosystem maps with
feedback from teachers and began creating an “interpretive
abacus” to quantify each device’s consumption. They con-
ducted online research to find average consumption data for
each device and entered these results into the abacus (Fig. 7).



Figure 7. Service Design Lab, Workshop of domestic ecosystem, Example of Interpretative Abacus
used during the third activity, 2024.

The next activity, “transform-ations,” involved developing solu-
tions to reduce or eliminate consumption problems identified in
previous exercises. Students chose three products from their ab-
acus and used a template on the jamboard to outline the object,
the resource to be recovered, the resource recovery strategy, and
potential solutions to modify family behavior (Fig. 8).

During the final presentation, students shared their “trans-
form-ations” solutions. It was clear that through these activ-
ities, students gained a deeper understanding of household



Figure 8. Service Design Lab, Workshop of domestic ecosystem,, Example of Trasform-azioni used
during the fourth activity, 2024.

resource consumption and the impact of daily actions on
energy use. They recognized the environmental impact of
their choices and proposed innovative solutions to reduce
consumption and promote sustainable practices.

The case studies that were just showcased are a compelling
illustration of how such methodologies can increase environ-
mental awareness and encourage sustainable behaviors. By
engaging students in a series of practical activities, a deeper
understanding of the impact of their daily habits on the envi-
ronment was fostered.

5. Conclusions

“Design for Change” results as a compelling approach within
the framework of fostering sustainable energy. By actively
engaging users, facilitating virtuous behaviors, and nurtur-
ing a culture of shared responsibility, this innovative meth-



odology holds immense promise in addressing the pressing
challenges of our energy-intensive world. Co-creation is
central to Transformation Design in service platform de-
velopment. When project participants actively contribute to
shaping the service, designers must move away from rigid,
pre-determined sequences of actions. This allows for great-
er adaptability and flexibility to meet the evolving needs of
the co-creators. When designers are faced with the need to
disseminate and scale the promising solutions of creative
communities, their contribution takes the form of “enabling
solutions”, or “a system of products, services, communication
and everything else needed to improve the accessibility, effec-
tiveness and replicability of a collaborative service” (Manzini,
2008: 38).

What makes this approach strong is its focus on social psy-
chology, behavioral sciences, and cutting-edge technologies.
This synergy allows for the adoption of dynamics in response
to the complex and ever-changing variables required by this
ongoing transition. Beyond offering immediate solutions,
“Design for Change” fosters groundbreaking advancements
in how we manage and conceptualize energy resources. This
approach ushers in a paradigm shift, where technological in-
novation and predictive scenarios work hand-in-hand to pave
the way for a future with significantly reduced energy waste.
By educating participants, the program engenders a critical
awareness of the environmental and social consequences of
daily routines. This goes beyond simply adopting energy-effi-
cient practices, nurturing a long-term commitment to respon-
sible behavior.



While past experiences offer valuable insights, a critical
approach remains essential to avoid deterministic biases
and uncritical adoption of Key Enabling Technologies. These
innovations demand thorough investigation, comprehen-
sion, and integration to empower users with knowledge and
awareness. This fosters a sense of designer accountability
and stimulates critical design thinking, crucial for tackling
the ever-growing complexity of achieving sustainability and
other ecosystemic goals.
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